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INTRODUCTION

The Intet Memory Design Handbook contains
information on the use of Intel's memory components
and support circuits in system application. it is intended
to aid the system designer to gain a thorough
understanding of the oparation and characteristics of
Intel memory components in a system environment.

The Handbook contains six major sections:

1. An overview, whic.t discusses the evolution of various
members of the semiconductor memory family.

2. Random Access Memories, which discusses the intel
16K, 4K family of dynamic RAMSs, and both high speedand
low power Static 1K RAMs.

3. Read Only Memories, which discusses the intel
bipclar and MOS families of fusible link and Erasable
Programmable Read Only Memories, including the
newest 5V 16K device, the Intel® 2716.

4. Seriat Memories, which discusses the gperation of
Charge Coupled Devices (CCD's) and the information
necessary to design several systems with them.

5. Support Circuits, which discusses the use of the
various refresh controllers and drivers that are available
as companion devices to the Intet storage devices.

6. Appendix, which contains reprints of severa!
previously published articles that are pertinent to the
devices discussed elsewhere in the handbook.

Tha Intel Data Catalog is intended to be a companion to
the handbook, as it contains detailed specitications of
all of Intel's storage devices. You may request a copy of
the Data Catalog from the nearest Intel Sales Office or
distributor listed on the inside back cover.

Bob Greene
Application Engineering

ON THE COVER:

The cover represents the entire process of designing a
semiconductor memory.

1. During the process of manufacture, each
semiconductor memory is "laid out” in a manner simitar
to that used in printed circuit hoards, with a different
mask used for each step to control etching, metal
depaosition, etc. This rendering illustrates a reduced
segment of a mask used in manufacturing an Intel
dynamic RAM.

2. in order to interconnect the storage and control
devices to make an operational memory system, a
printed circuit board must be designed. This pheto
represents the composite icomponent side and solder
side! layou! used by designers to check the electrical
integrity of the circuit connections. Detailed memory
storage card layouts are presented in several sections of
this handbook.

3. No system is complete without a logic diagram of the
control portion. The correct implementation of control
logic is absoiutely necessary to proper operation of any
storage system. NOR gates, NAND gates, as well as
other TTL logic elements are the building blocks used
in designing the control and interface portions of a
storage system.

4. The finished storage card will resemble this photo of
the Intel in-1611 Basic Storage Module, designed and
manufactured by the Memory Systerns Division of Intel.
The in-1611 uses the Intel® 2116 as the basic storage
element. The card is available in either 84Kx18 bit or
128Kx9 bit configurations, and can be used in systems
requiring up to 384Kx72 bit storage systems utilizing the
Intel in-Unichassis.

5. The proof of any storage system is in ils
performance. UUsing a high speed oscilloscope, this
photograph was taken of an access cycle on an {ntel®
2115, a high speed 1K static RAM. The address is
shown as the top trace, and the bottom trace is the Data
Cut signat. This particutar device shows an access time
of approximately 15 nanoseconds at room temperature.

Intel Sorporation 3s5UMET no fespARSibnTy f5f the LEe of 3oy iluwilry CUES Bial Ciivailty enibisdiea] g inted produc: o ather cireLit patent lcenses are implied



- »
intel
memory design handbook

Intel Corporation 3065 Bowers Ave., Santa Clara, CA 25051
Tel: 408/246-7501, TWX: 910-338-0026, Telex: 34-6372

contents Page 1.
1 OVERVIEW . . .ottt 11 OVERVIEW
2. RANDOM ACCESS MEMORIES {RAM}
2116 16K Dynamic BAM _ . . . . . . . .. ... ..o 24
2104A 4K Dymamic RAM . . ., . . . . . Lo oo o 34
2107B 4K Dynamic RAM . . . . . .. . . . . 44
5101 1K CMOS Static RAM . . . . . . . i e e B
Static IKMOS RAMS . . . o o oot et e e e 8. 2,
Product Selection GUILE - . . « .+« v o e e e PSG-1 RANDOM
ACCESS
3. READ ONLY MEMORIES {ROMs}) MEMORIES
Designing with INTEL® PROMs snd ROMs . . . . . ... ... ... 74
3601/3621 & 3301 A Bipolar 1K PROMs & ROMs . . . ... .. 76
3602/3622 & 3302/3322 Bipolar 2K PROMs & ROMs . . . . . 77
3604/3624 & 3304A/3324A Bipolar 4 PROMs & ROMs . . . 78
1602417024 & 1302 MOS 2K PROMs & ROMs . . . .. ... 712 3.
Application of the INTEL®2708 8K Erasable PROM . . . . . . . . . B READ
Application of the INTEL® 2716 5V 16K Erasable PROM . . . . . 9 ONLY
Product Selection GuIde . . . . - . .\ oo e PSG-2 MEMORIES
4. SERIAL MEMORIES
2416 16K CCD . . . . . e e 104
Product Selection Guide . . . . . .. ...« oo PSG-3 4
5. SUPPORT CIRCUITS SERIAL
Introduction . . . . .. L. 114 MEMORIES
Refresh Support Circuits . . . . . ... . .. ... e 111
3222 8ystem Operation . . . .. ... L e 13-
3232/3234 0peration . . . . . . . .. e e e 1138
Drivar Circuits For Memory Arrays . . . . . . . v v r v v v v v n 11-10
Other MOS Level Drivers . _ . . _ _ _ . . _ ... 11-16
3246 0D8ration . . . ... e 11-15 5.
5234 and 5235 Operation . . . . ... ... ... ... 11417 SUPPORT g
Systemns ConSiderations . . . . ... bv ittt e 11-20 CIRCUITS s
Product Selection Guide . . . . . .. ... ... ... .. ... PSG4 &
6. APPENDIX _ 2
21154934154 Compatibility . . . . . . .. .. . e 1241
Enter the 16,384-bit EAM . . . . . . . . . . ... .. ... 13-1
WhichWay ter 16K? . . . . ... ... 14-1 6.
The Biggest Erasable PROM Yet Puts 16,384 Bitsona Chip . . . . 15-1 APPENDIX

Using Charge Coupled Devices Can Reduce Bulk Memory Costs . . 16-1
Non-Volatile Memory Using The INTEL® MCS-40™ with

7. MISCELLANEOUS
INTEL® Military Product Selection Guide . . . . ... ...... PSGE
INTEL® Literature
INTEL® Sales and Marketing Offices
INTEL® (.8, and Canadian Distributors

@ Intel Corporation 1977



Overview

Overview . .. ... . e e 141

=)
—
=
anl
LL)
=
O



OVERVIEW

OVERVIEW

Developments in the semiconductor industry dur-
ing the last six years have resulted in a major shift
in the type of storage technology used in digital sys-
terns. Semiconductor memories used today are low-
er in cost, higher in density, faster in access and
cycle time, higher in reliability and more modular
in incremental size than the comparable core mem-
ory modules that are available. The advantages of
semiconductor memories have been so widely ac-
cepted that semiconductor memory shipments wilt
exceed core memory shipments in 1975. The curves
shown in Figure 1 show this change in the memory
market place and the increasing imporfance of semi-
conductor memaory.

SEMICONDUCTOR MEMORIES

Semiconductor memeries are divided into three
broad categories as shown in Figure 2. With two
cxcepiions, each of these three generic categores
can he implemented with either of the two major
semiconductor technologies: MOS or bipolar. These
exceptions are the CCDs (Charge Coupled Devices)
and EPROMs (Erasable Programmable Read-Only
Memories) which are uniquely implemented with
MOS rechnology.

Random Access Mentories

No other arca of semiconductor memory has grown
as rapidly and as large as that of random access
memories. Leading the way in the explosive growth
of RAMs are the MOS devices. One of the reasens
for the wide acceptance of such devices has been
the increasing bit density of MOS devices. The den-
sity has been guadruphing on the average of svery
two years as shown by the graph in Figurc 3.

In 1969, Intel introduced the 1101, a 256 x1 bit
static MOS random access memory {RAM). This de-
vice was designed primarily for small buifer storage

applications where 256 word modularity, low over-
head support cost, and ease of use were important
design objectives.

In 1971, Intel introduced the 1103, a 1K x | bit
dynamic MOS RAM. The 1103 offered z 4:1 den-
sity improvement along with a 4:1 speed improve-
ment over the 1101. The 1103 was the first semi-
conductor memaory element to be speed and cost
competitive with core memory systems, which ex-
plains the fact that the [103 is the largest volume
semiconductor memory device ever produced.

In 1973, Intel introduced the first 4K dynamic
NMOS memory, the 2107, This product was sub-
sequently improved and is known as the 21078,
which has become the indusiry standard for 4K
RAMs in 22 pin packages. In addition, Inte] now
offers the 2104A, which has reduced the package
size for a 4K RAM to a standard 16 pin package.
The 2104A, in integrating many of the support cir-
cuits internal to the device, has produced an im-
provement in ease of use. Pchannel 1K RAMs, with
their MOS level inputs, required high voltage TTL-
MOS drivers on all input pins. Their low level sig-
nal output required the use of external sense amp-
lifiers. These overhead devices have been integrated
onto the 4K 2104 A chip such that all input and ocut-
puts are fully TTL compatible. The trend has been
and continues to be toward denser, faster, and easter
ta use semiconductor memory devices.

In 1977 Intel introduced the 2116, a 16-pin 16K
dynamic RAM with fatched outputs, thus continu-
ing the evolution shown in Figure 3. This RAM is
also TTL compatible on all inputs and outputs, and
can be plugged direcily into 2104A sockets, pro-
viding a 4:1 increase in density.

While dramaiic improvements have been made in
MOS dynamic memories {such as the 1103 and
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21074, 2107B, 2104A), squal iimprovements have
been made in high density static, TTL compatible
memories. This family of devices, such as the 21024,
2101A, 2111A, 21124, 2114, 21154, 2147, and
the CMOS 5101 has greatly increased the ease of
use of memores in systems which do not require a
large amount of memory. These static RAMs (like
the dynamnic RAMs) are continuing to expand to
include faster devices.

Read Onty Memories

The Read Only Memory, tike the random access
memory, has gone through evolutionary changes in
a short period of time. Innovations in bipolar and
MOS technology have resulted in programmable and
eraseable programmabie ROMs, called PROMs and
EPROMs respectively. These two types of devices
have greatly increased the usefulness and accept-
ability of Read Only Memories in systern applica-
tions,

One of the most unique devices in the ROM famil
is the eraseable PROM (EFPROM}) such as the Intclg
17024, 2708, and 2716. These devices, which have
bit densities of 2K, 8K, and 6K respectively, offer
the system designer maximum flexibility in chang-
ing program instructions etc. in the development of
their systems.

Other user programmable device types (not erasable)
are the Intel® 3601, 3602 and 3604 family of bi-
polar PROMs. These devices offer the system de-
signer very fast access limes along with the ability
ta change programs “in-house’ by merely replacing
an old PROM with a newly programmed PROM,

Since their introduction in 1971, MOS EPROMs
have undergone evolution similar to dynamic RAMs,
only at a somewhat slower rate. Figure 4 indicates
that their density doubles approximately every
two years.

To maintain compaltibility with the new generation
of microprocessors which have a 5V technology, in
1977 Intel introduced the 2716, a 2K by 8 bit UV
eraseable PROM, which requires only a single power
suppty for normal operalion. In addilion, pro-

gramming was simplified and now resembles a bi-
polar PROM type of programming; after raising
programming supply to +26 volts, addresses can be
programmed in random order; with all signals being
TTT. compatible, including the address data and
program pulse-inputs. Erasure requirements remain
the same as the 2708—15w sec/em?2.

In addition to the 2716, true mask ROM replace-
ment is now available in the form of the Intel
2316E. When the programmable Chip Select inputs
are selected in accordance with the suggested pin-
out in the Intel 1977 Data Catalog, the 2316F can
plug directly into the 2716 socket, with no need to
relayout the board. In addition, a system designed
for use with the 2316E can be “customized”™ for
OEM special systems by programming them with
the custom data pattern and inserting them in the
2316E sockets, either at time of manufacture or in
the field.

All of the [ntel PROM family of devices has a
counter-part in ROM {(non alterable or mask pro-
grammable} form. These devices are generally used
in systems which arc in mass production.

Serial Memories

{One of the most exciting new memory products to
be recently introduced is the Intel® 2416, a 16K
charge conpled device (CCD). The high density and
Jow cost of this device makes it very attractive for
use in “drum” replacement lype systcms as well as
terminal and minicomputer applications.

To facilitate the use of the 2416, Intel now offers
the 5244, a clock driver that minimizes the prob-
lems of manipulating the 4 clock inputs by 1) pro-
viding TTL inputs and 2) providing output rse
time control and 3) providing ‘‘cross coupling™
control to minimize intercoupling between phases.
One 5244 will drive 4 2416’ or provide slorage
and transfer clock control for a total of 64K bits.

This handbook contains 4 delailed explanation of
the use of the 2416 in a system environment, The
significance of the unique organization of the 2416
is aiso fully explored so that the designer may take
maxiinum advantage of its charactenstics.
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2116

Application of the
Intel” 2116 16K RAM

Jim Coe
Application Engineering
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2116

INTRODUCTION

The Intel® 2116 is a 16,384 word by 1 bit dynamic
random access memory. The 2116 is fabricated
using Intel’s proven two-layer polysilicon, nchannel
silicon gate MOS technology. The device is packaged
in a standard 16-pin DIP. The pin configuration
and logic symbol are shown in Figure 1.

PIN CONFIGURATION 1LOGIC S5YMBOL
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Figure 1. 2116 Pin Assignments

The 2116 operates with three power supplies rela-
tive to ground: Vpp (+12V), VBB (-3V), and V(CC
(+3¥). The Vo supply is connected only io the
output buffer of the 2116 and may be turned off
during power down (battery back-up) operation.

The 2116 is designed to be compatible with the
industry standard 16-pin 4K RAM, ihe Intel®
2104A. This compatibility allows a single system
desien for both the 4K and 16K devices provid-
ing for memory expansion without additional
engineering.

The use of the 16-pin package is made possible by
multiplexing the !4 address bits (required to ad-
dress 1 of 16,384 bits) into the 2116 on 7 address
input pins. The two 7-bit address words are laiched
into the 2] 16 by the two TTL clocks, Row Address
Strobe (RAS) and Column Address Strobe (CAS).
Non-critical clock timing requirements allow use of
the multiplexing technique while maintaining high
performance,

Data is stored in the 2116 in single transistor, dyna-
mic storage cells, The storage cells require refresh-
ing for data retention. Refreshing is accomplished
by performing a memory cycle at each of the 128
row addresses every 2 miltiseconds.

The purpose of this Application Brief is to describe
the basic internal operation of the 2116 and to out-
line the areas in design which allow a 2104A/2]116
compatible memory sysiem.

Device Internal Operation

Operation of the 2116 is most easily understood
with the aid of the block diagram shown in Figure
2. As is shown in this figure, the 2116 is arranged
as two 8192-bit storage arrays sharing a common
set of column address decoders and a common [/0O
bus. Each array is arranged in a 64 row by 128
column matrix of storage cells with 128 sense am-
plifiers per array. Row address bit Ag is decoded
and selects one of the two arrays to be active dur-
ing any given memory cycle. Thus, only one set of
128 sense amplifiers is active during a ¢ycle main-
taining low operating power.

IZX I LELLS
10F B - —
ROW 17B SENGE AMPS
DECODER
J2 2B CELLE
o
G CUTELT
[ o . _ATCH
] *UF 128 COLUM N DECODER N I AND BUEEER
H AND D GATING 1
! 0% H2FCELLS - '
tOFEd | | - Pt
ROw 123 SEMSE AMPS i [ . |
JHCUEA ; [
i [ |
B A IEOT S L \
. S
1 !
;r re T ren [
. TATCH LALH
. 1ROW L TRT LV s
!
Tt iy |
- )
! Ag Ay Ay Ay By A Ay i
! A g1l LA A
- CLOCk CLOCK
HAS - ] GIRIRATOS . GEMERATOR
N CA5 —ie (s3]
WRITE
DaTA IN
WE —im— EMARE -
P Oy, — o] LATCH

Figure 2. 2116 Block Diagram

The storage cells are implemented with a single
transistor and a “‘storage” capacitor and are called
single transistor cells. A cell is accessed by the
coincidence of a row select (defined by address
bits AQ - Ag) and a column select {defined by ad-
dress bits A7 - A[3). On chip timing and control
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2116

generators provide the internal timing signals for
decoding, data sensing, read/write strobing and 1/0O
data gating. The timing circuits in the 2116 are
activated by_the negative going edges of the lwo
TTL clocks, RAS and CAS.

Data Sensing

Data is stored in the 2116 storage cells as one of
two discrete voltage levels on the cell capacitor;
a high is ~Vpp (+12V) and a low is ~Vgg
(ground). These levels must be sensed by the data
sense amplifiers and propagated to the Data Output
(DOUT) in order to fulfill the function of a RAM
device. Sensing of the stored levels is destructive
and automatic restoration (rewriting) of the sensed
data must also cccur.

The 2116 data sensing scheme is known as the
Dummy Cell Reference technique. The reference
level that the sense amplifier compares Lhe stored
fevel to is a level stored in a special, non-accessable
storage cell. The level stored in this reference or
“dummy™ cell is less than the minimum allowabie
stored high level and greater than the maximum
allowable stored low. Examination of the simplified
sense amplifier schematic of Figure 3 will clarify
the sensing operation.
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Figure 3, Simplified 2116 Data Sensing Schematic

During the RAS clock off time (high), @p turns on
devices (33 and Q6 connecting nodes A and B ta
YDD and precharging the nodes to VX {(~VDD-VT
where VT is the MOS device threshold voltage).
Device Q7 is also lurned on by #p and connects
nodes A and B together assuring that they rcach
the same precharge level, Pp also tums on device
Q9 precharging the dummy storage cell capacitor

(CDSTG) to VREF.

When RAS goes active (low), @ip turns off isolating
nodes A and B and the dummy cell capacitor. When
the row address bils have been decoded and the
row select is valid, @A turns on Q8 and 10, the
dummy cell and storage cell transistors respectively.

This connects the cell capacitors to the bit sense
lines (Bit Sense Line Left [BSLL] and Bit Sense
Line Right [BSLR]}. If the voltage stored in CSTG
is greater than the voltage stored in CpSTG (VREF).
node A will be higher than node B. This vollage
inequality will cause the sense amplifier (a cross-
coupled lateh made up of devices QI and Q2) o
switch when load devices 3 and Q4 are turned
on by @p. The latch will switch node B to Vs§
and node A to ~VppD due to the regenerative
action of the latch. 9B is delayed from 94 suffi-
ciently to allow the voltages on nodes A and B to
stabilize prior to enabling the sense amplifier. If
the voltage stored in CSTG had been less than that
stored in CDSTG, the latch would have sensed a
low and swilched such that node A would be at
V55 and node B would be at ~Vpp.

After the stored level has heen sensed against the
reference level, the sense amplifier will have forced
BSLL to a level corresponding to the level originally
stored in the storage cell capacitor (Vpp if VOSTG
> YREF or Vg8 if VosTG < VREF). Since the
storage cell transistor ((Q10) is still turned on, the
storage cell capacitor will be charged to the RSLL
level, This effectively restores ihe sensed data into
the cell capacitor but at full levels, not leakage or
noise degraded levels, This is also what occurs
when a storage cell is refreshed, the data integrity
is restored through the sensing function.

Note that the stored level only has to be greater
than or less than VREF, not full Vpp or Vgg
levels. This is importanl because leakage currents
from the storage cell capacitor degrades a stored
high level toward VREF while system ground noise
degrades a stored low level toward VREF. Leakage
degraded high levels are the most serious design
problem and VREF is generally set closer to VSS
than to VDD to counteract the leakage effects.
Leakage of stored high levels is also the reason dy-
nantic storage RAMs must be periodically refreshed.

Data Storage

The block diagram in Figure 2 shows that the two
8192-bit arrays in the 2116 share a common 1O
bus and common coluinn decoders. FThe simplified
schematic of Figure 4 shows one szt of correspond-
ing columns from the two arrays with their sense am-
plifiers and [fO gating. As shown. the I/O bus con-
sists of two parallel, opposite polarity data lines
which connect the column(s) to the Data {n and
Data Cut laiches. Referring 1o the previous dis-
cussion of the operation of the sense amplifiers
and storage cells, a “stored level” or data map may
be developed for the 2116.

2.2
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Figure 4. 1/0 Line and Data Column Schematic

Column select device (Q3) connects sense amplifier
Al and its related storage cells to the {0 line. Data
stored in the cells on Al’s BSLR will be inverted
with respect to the data level at the Data Input
(D[N). Data in the cells on BSLL will be the same
polarity as DIN since the [/O bus data is inverted
through the sense amplifier. Conversely, sense am-
plifier B1 and its related cells are connected to the
1/O line by device Q4 and data on it’s BSLL will
be DN while data on it’s BSLR will be DIN. These
data inversions are intermal to the 2116 and are in-
visible to the user since DOUT will be the same
polarity as DIN. The data map for the 2116 is
therefore, as shown in Figure 5. This figure also in-
dicates the address map for the 2116.

Address Latches

The 7-bit row and column address words are latched
into internal latches by RAS and CAS respectively.
These latches capture the TTL level address infor-
mation on the shared address input pins and convert
the TTL levels to the MOS levels (12V) required
internally by the 2116,

Data Latches

Both the Data Input (D[N} and Data Output
{DoUT) information is latched by the 2116. The
input datg is latched by the logical AND function
of RAS, CAS, and WE. When a data cycle is being
performed (RAS low), DIN will be latched by the
falling cdge of the last of the two control signals
(CAS or WE) to go low. In a “fast” write cycle i.e.,
WE tow before CAS goes low, the CAS edge wili
operate the laich. [n a “late” write (CAS low before
WE poes low) or read-modify-write cycle, DIy is
laiched by the falling edge of WE.
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8224 18352
HIGH HIG4 — m
8255 16383

Figure 5. 2116 Address and Data Map

The Data Qutput (DOUT) latch and buffer is
controlled by CAS. The leading (falling) edge of
CAS in any cycle causes DQUT to assume an open-
circuit (HI-Z) state. At access time (tRAC OTtCAC),
DoUT will assume a data state (high or low) depen-
dent upon the type of data cyle performed or will
remain in the HI-Z state if the cyc]e was a CAS-only
deselect cycie. The DOUT state is latched and re-
mains valid until the next cycle during which a
CAS occurs. Table [ summarizes the states the data
ottput assumes for each type of 2116 cycle.
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2116

Refresh Modes

The data stored in the 2116 single transistor storage
cells may be refreshed in any of three modes. The
cells must be refreshed every 2msec.

Read Cycle Refresh: A read cycle at each of the
128 row addresses {(AQ - Ag) of the 2116 will refresh
all the storage cells. This refresh mode is useful
only when the memory sysiem consists of a single
row of devices {16K words X n-bits) and OR-tying
of outputs is not necessary. Each device will access
data during the refresh cycle and OR-tying of device
cutputs would result in conflict between devices
for the outpufi data bus. Write cycles also fulfill the
refresh requircment but the selected cell {deter-
mined by the column address) on the row being
refreshed will have new data written into it while
the remaining 127 cells on the row are simply
refreshed.

Table 1, Data Output Cantent

Type of Cycle Data Latch Content IDouTh
Read Cycle Data from Addressed Memory

Cell :
Write Cycle tnput Data (DN} !

RAS-Only Cycle Data from pravious Cycle or
HI-Z if Devica was Deselected

in previous Cycle
HY-Z {CAS-Only Deselects Device
and Turns Output Buffer Off)

Data Read from Addressed
Memory Cell During Read
Partion of Cycle

CAS-Only Cyele

R-M-W Cycle

Page Mode Entry Datz from Addressed Memory

Cycle Cel}
Page Mode Aead Data from Addressed Memory
Cyele Cell

Page Made Write
Cycle lor Page
Mode Write and
Exit Cyele)

Input Data {D4N}

RAS-Only Refiesh: A cycle with only the RAS
clock active, performed at each of the 128 row
addresses will refresh the 2116 storage cells. This
mode is useful when the memory system con-
sists of multiple rows of devices. The data cutputs
of the RAMs may be OR-tied when RAS-only re-
fresh cycles are performed since the DOUT line of
each 2116 will remain unchanged during the refresh
cycle.

CAS-Before RAS-Refresh: The 2116 storage cells
may be refreshed with only 64 cycles each 2msec if
the CAS-before-RAS mode is used. In this mode,
initiated by CAS being valid {low) when RAS goes
low, both 8KX1 halves (see Figure 2) of the 2116
are turned on and one row in both halves is refreshed
during each cycle. Since there are 64 rows of cells
in each half, only 64 cycles are required to refresh
all the celis. This refresh meode is also useful in sys-
tems with multiple rows of devices since receipt of
a CAS before the RAS turns off all device outpuls,
thereby preventing OR-tied data conflicts,

APPLICATIONS INFORMATION

The Intel® 2116 is functionally compatible with
the industry standard Intel® 2104A 16-pin 4K
RAM. Tt is pin compatible with the 2104A with
the exception of the seventh address bit (Ag) input
pin. The 4K RAM uses that pin as the Chip Select
(CS) input pin. The CS signal on the 4K RAMs was
essentially freated as a seventh column address bit
and, therefore, there is considerable similarity be-
tween the 16K and 4K 16-pin RAMs.

The following applications information will con-
centrate on designing compatible 4K/16K memory
systems rather than on just using the 2116. Addi-
tional basic applications information on the use of
16-pin, muiltiplexed address RAMs is contained in
the next section of this Handbook.

Implementing Refresh

The 2116 may be refreshed in any of three modes.
Read cyeles and RAS-only cycles refresh the row
of storage cells {1 of 128 rows) addressed by Ap
through Ag and, therefore, require 128 cycles each
2msec to refresh the storcd data. The third 2116
refresh mode, CAS-before-RAS, refreshes two rows
of storape cells during each cycle and, therefore,
only requires 64 cycles each 2 msec to refresh the
stored data.

The 2104A is compatibie with all three 2116 re-
fresh modes. A very simple compatible refresh
sysitem would perform 128 -only refresh cycles
each 2 msec on both the 2104A and 2116. The
2104A would of course be refreshed twice as
often as nccessary but this is not a problem. The
advantage would be that no logic or timing change
would be necessary to differentiate between the
4K and 16K RAM: for refreshing.

Read cycles could also be used with 128 cycles each
2 msec but the 21044 CS input would need to be
driven high {deselected) during each cycle to pre-
vent data bus conflicls between OR-tied 21044 data
outputs during refresh. This requires a logic control
funtion of C§ during refresh (and read cycles also
dissipate more power than RAS-only cyeles) so
mast systems will use RAS-oniy refresh.
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Each of the first two refresh modes require 128
refresh cycles each 2 msec, Assuming asystem cycle
time of 300 nsec, 3.2% of the available memory
time is required for refreshing. In many systems,
this loss of memory availability is of no conse-
quence. In the high throughput memory system
environments found in many large and mid-sized
computer systems, however, any loss of memory
availibility is undesireable.

For these systems, the 64 cycle refresh mode is
advantageous since it requires only 1.6% of the
available memory line, a 50% savings over 128
cycle refresh. 1t is also compatible with the 4K
RAM systems presently in use since the the 4K
RAMSs requirc only 64 refresh cycles each 2 msec.

The 2116 automatically goes into its 64-cycle
refresh_mode when C?é is low (active) at the
time RAS goes low (active). When this CAS-before-
RAS condition is satisfied, the 2116 ignores address
bit Ag and refreshes one row in each half of the
device, thus refreshing all 128 rows of storage celis
in only 64 cycles. Address bits Ag through As de-
termine which rows are refreshed. The 2104A will
also accent the TAS-before-RAS cycle and will
simply perform a READ cycle on the row addressed
by address biis Ap through Aj, thereby refreshing
the row of storage cells. The 2104A CSinput should
be driven high (unselected) during this refresh mode
to prevent conflicts between OR-tied data ouiputs
just as with normal read cycle refreshing.

Address Multiplexing/Refresh Timing

After the refreshing mode has been selected, the
address multiplexer and refresh address counter/
timer must be configured to support the selected
operational_mode. The simplest compatible mode
(128-cycle RAS-only refresh) will again be devel-
oped first. Figure 6 shows the detailed block dia-
gram of the logic required to perform the multi-
plexing/refresh function for the 2104A/2116 com-
patible system. An implementation of the required
logic using the Intel® 3222 and Intel® 3242
Schottky TTL memory support devices is shown in
Figurs 7.

The 2104 A requires 12 address bits multiplexed in-
to 6 address input pins plus a Chip Select (CS) in-
put. The 2116 requires 14 address bits multiplexed
into 7 address input pins and no 8 signal. Rather
than requiring jumpets or strapping at each address
multiplexer input pin, the address assignments
shown in Figure 1 are “scrambled” to minimize
the strapping requirements as much as possible. This
address scramblingeffects only the column addresses
to the 2116. It results in the column address to the
memory devices progressing in the order 0, 2, 4, 6,
e, 124,126, 1,3, 5,7, ....125, 127 as the
column address bils (Ao through A13) from the
proccssor progress in the order 0, 1,2,3,4,... .,
125, 126, 127. This does not effect refreshing
since only the column address bits are scrambled.
No systemn effects will result from this technigque
but it is necessary to be aware of the addressing
charactenstics while troubleshooting the system.
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The circuit of Figure 7 assumes a memory board
configuration of four rows of memory devices
(16K words X n-bits with the 2104A or 64K words
X n-bits with the 2116). It also assumes that row
selection will be via RAS gating for both the 2104A
and 2116 and that the RAS-only refresh mode will
be used with both devices. The address decoding
for row selection and RAS gating is performed by
the 3205. Only address inputs Ag and A of the
3205 are used and the E3 cnable input pin is used
10 inhibit the address decoding during refresh cycles.

Processor address bits A3 and A3 are decoded
by the 3205 when the 2104A is used (14 system
address bits total) and address bits A4 and Ajs

are decoded for row selection with the 2116 {16
system address bits total). This requires strapping
of the proper system address bifs into the 3205 as
indicated in Figure 7.

A 74800 quad Nand gate is used in 2n inverting QR
gate configuration to provide either l-of-4 EETS
enables during data cycles or 4-of4 RAS enables
during refresh cycles to refresh all rows at once,

The 3242 includes the refresh address counter and
the counter is incremented following each refresh
cycle by the high-to-low {ransition of the REFRESH
ENABLE signal at the 3242 COUNT input.

An optimization of the configuration of Figure 7
would be to select between 64-cycle refresh for the
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2104 A and 128<vcle refresh for the 2116. This The C§ pin of the 2104A must also be driven high

would optimize the memory availability for each during refresh cycles to prevent data output bus
device type while using RAS-only refresh cycles, conflicts. One possible logic configuration to per-
Figure 8 shows the modifications required on the form the switching function is shown in figure 9.
circuit of Figure 7 to implement the refresh switch-

ing. Power Distribution/Decoupling

If 44-cycle refresh is desired for both the 4K and The recommended printed circuit board layont for
16K RAMSs, clock control logic is necessary to the memory device array is shown in Figure 10.
switch CAS low prior ta RAS during refresh cycles. Notice (hat each power supply distribution system
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in this double-sided layout is gridded both horizon-
tally and vertically at each device location. This
technique provides a low inductance, high quality
distribution system which performs as well as multi-
layered layout technigues.

When the layout of Figure 2 and the following
recommended decoupling capacitance values are
used, power supply noise levels within the memory
device matrix will be within the required operational
limits for the 21044 and 2116.

Recommended decoupling for the 2104A is as
Follows:

VDpD: A 0.1gF ceramic capacitor between Vpp
and Vg5 at every other device location.
A 10ul tantalum or equivalent bulk capac-
itor adjacent to the array foreach 16 devices
in the array.

VBB: A O.iuF ceramic capacitor between VR
and Vg5 at every other device location
(preferably atternate devices to the Vpp
decoupling),

A 10pF tantalum or equivalent bulk capac-
itor adjacent to the array foreach 32 devices
in the array.

Vo A 0.0lpF ceramic capacitor between Vo

and V§S for each 8 devices in the array.

Recommended decoupling for the 2116 is the same
as for the 21044 with the following exceptions:
VDD: Use 0,33uF ceramic capacitors rather than
0.1uF.
Use a 20pF tantalum rather than a 10uF,

A common configuration would be to use 0.334F
ceramics for VDD decoupling with both the 2104A
and 2116. Also use a 10uF tantalum on Vi for
each 8 devices in the array. The VBY and Vo de-
coupling would use the recommended values for
the 2104A. This configuration would vield accept-
able results with both the 4K and 16K devices and
would most likely be more economical than using
two different configurations.

bin Dout

DECOUPLING CAPACITORS
D =033 uFtoVpn TO Vgg
B = 0.1uF Vg TO Vgg

€ = 0.01 uF ¥ TO Vg

Figure 10. Hecommended twa-Sided Board Layout for 2116
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2104A

INTRODUCTION

The Tntel® 2104A is a 4096 word by 1 bit dynamic
random access memory. The 2104A is fabricated
using Intel’s proven n-channel silicon gate MOS
technology. The device is packaged in a standard
16-pin DIP, The pin configuration and logic symbol
are shown in Figure 1.

PIN CONFIGURATION LOGIC DIAGRAM
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Figura 1. 2104 A Pin Assignments

The combination of Intel’s nchannel silicon gate
process and circuit design has resulted in a part
that is fast, easy touse, and economically produced
in large volume. In addition, the combination of
process and device design has resulted in a small
davice using conservative layvout rmles. The small
size offers advantages in both large volume produc-
tion and increased reliability.

The 2104A operates with three power supplies
relative to ground: Vpp {(+12V), VBR -5V}, and
Ve (+5V). The Voo (#5V) supply is connected
only to the output buffer of the 2104A and may
be turmned off duting power down operations.

The unique design of the 2104A allows it to be
packaged in the industry standard 16-pin dual-in-
line package. The 16-pin package provides the
highest system bit densities and is compatible with
widely available auiomated handling equipment.

The use of the 16-pin package is made possible by
multiplexing the 12 address bits (required to
address 1 of 4096 bits) into the 2104A on 6
address input pins. The two 6-bit address words are
latched into the 2104A by the two TTL clocks,
Row Address Strobe {RAS) and Column Address
Strobe (CAS). Non-critical clock timing require-
ments allow use of the multiplexing technique
while maintaining high performance.

The dynamic storage cell provides high speed along
with low power dissipation. The memory cell
requires refreshing for data retention. Refreshing is
most easily accomplished by performing a tead
cycle at cach of the 64 row addresses every 2 milli-
seconds.

The purpose of this application note is o describe
the internal operation of the 2104A and cutline
those areas in system implementation to which the
designer should pay particular attention.

DEVICE CIRCUIT OPERATION

Operation of the 2104A is mosL easily understood
with the aid of the block diagram shown in Figure
2. As is shown in this figure, the memory array is
arranged in a 64 row X 64 column matrix of
storage cells. The storage cells are implemented
with select transistors and “storage” capacitors.
The operation of the storage cell will be discussed
later. The cell is accessed by the coincidence of a
row select (defined by addresses AQ-As) and a
column select (defined by addresses Ag-A 1) signal
at the desired address, On chip timing and control
generators provide the internal timing signals for
decoding, read/wrife sirobing, daia gaiing and
output gating. All of the timing circuits in the
2104A are activated by the negalive going edges
of the two TTL clocks, RAS and CAS.
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Figure 2. 2104A Block Diagram

Data Accessing

Prior to discussing the mzc_ﬁ timing relation-
ships, a discussion of the basic operation of dynamic
4K RAM devices is in order. Access of stored data
from a dynamic memory device consists of two
discrete retrieval operations. The first of these
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operations is the selection of the desired row of
storage cells €1 of 64 rows of 64 cells in the 21044),
sensing the data stored in each of the cells with
sense amplifiers (64 sense amplifiers in the 2104A),
and restoring the sensed data back into the cells
since the readout is destructive. When this opera-
tion is complete, the sensed data (64 bits) is avail-
able at the output of the sense amplifiers. This
operation may be completed with only the row
address and a clock (RAS with the 2104A) having
been supplied to the memory device. This first
operation fulfills the refresh reguirement on the
setected row since data has been restored in the
cells on the row.

The second operation consists of connecting the
output of one of the sense amplifiers to the device
data output via a multiplexer (64 to 1 in the 2104A)
and latching the data into the output data latch.
In essence, this is accessing data from the sensc
amplifier outputs rather than from the data cells,
This operation requircs s column address and a
clock (CAS with the 2104A). This second operation
is the characteristic which makes page-mode opera-
tion possible. Page-mode will be discussed in the
Applications [nformation Section.

The two access operations may occur in parallel
as in the 18-pin and 22-pin 4K RAMs or in a time
sequentizl manner in a 16-pin 4K RAM such as the
2104 A. With proper design techniques such as used
in the 2104A, the sequential mode of operation
may be used, saving package pins and with no per-
formance loss as compared to the parallel mode
RAMs.

In the parallel mode RAMs (such as the Intel®
2107B) all address information is applied to the
RAM at the same time and beoth access operations
oceur simultaneously. The cell data access is the
slower of the two operations and is the limiting
factor in device speed. The selection of the proper
sense amplifier output for connection to the
device output is completed prior to the time it is
BCCESSATY.

In the sequential mode 2104A RAM, cell data
access is begun first by the latching in of the row
address information (6-bits for 1 of 64 row select)
by the RAS. The access of data from the sense
amplifier outputs is faster and thus may be started
later without impacting overall access time [up to
70 nanaseconds (tRCL(max) later in the 2104A-21.
The 6-bit, 1 of &4 sense amplifier data address
{column address) is latched into the 2104A-2 by
the CAS. As long as the sense amplifier output data
access is started prior to 70 nanoseconds into the
memory cycle, the limiting access time is tRAC,
the data cell access time plus the propagation time
through the sense amplifier data select multiplexer.

This access time is the same as the parallel mode
access time would be.

If the column address latching is delayed until later
than 70 nanoseconds into the memory cycle, the
limiting access time will become the sense amplifier
data access time. In this instance, the access time
will be tCA(C (access time from CAS which includes
the sense amplifier output data multiplexer propa-
gation time) plus tRCT, actual (the actual RAS to
CAS delay time). It is obvious thal it is desirable to
fatch the column address inio the 2104A-2 at or
prior to the 70 nanosecond point in ithe memory
cycle to preclude lengthening of data access time.

In the 2104A-2, a 45 nanosecond window is pro-
vided during which CAS may be switched while
maintaining device access time. In other words,
the CAS leading edge may occur at any time
between 25 and 70 nanoseconds following RAS
and the acoess time will be tg AC. Timing accuracy
required between RAS and CAS is thus reduced.
The advantages of this timing “window™ will be
discussed in the Applications Information Section.

Clock Input Buffers

The two device clocks, RAS and CAS, are TTL
compatible, active-low signals. The clock input
buffers are inverters which convert the TTL levels
to the MOS (12 volt) levels required within the
2104A. The major design consideration for these
buffers is speed since it is desirable to respond to
the clock inputs as quickly as possible to obtain
minimum data access. The speed is obtained by
implemeniing the inverters with high gain (large
geometry) devices operafing at relatively high
current levels. The inverter circuit is shown in
Figure 3.
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Figure 3. Simplified CLOCK Input Buffer
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The inverter uses a bootstrapped, 0.7 milliampere
(typical) load device, The bootstrapping is used to
assure that the load device ((Q2) is fully turned-on
so that the drain voltage of Q1 reaches Vpp. With-
out the bootstrapping, the drain of Q1 would only
reach VDD-VT where VT is the load device thres-
hold voltage. This would slow down the inverter
operation and affecl the response time fo the
clock(s).

The current requirement of the input buffer
accounts [or the difference in standby power levels
between the 16-pin TTL ¢lock devices and_the 18
or 22-pin MOS clock devices. When the RAS clock
is inactive (high), the 2104A RAS buffer is on and
the inverter load current (2.0mA maximum} is
drawn from The Vpyp supply vielding the 26.4mW
maximum standby power specification. MOS clock
devices (such as the Intel® 2107B) have inactive
low clocks and no buffer is on during standby,
yielding standby power specifications under 3mw
maximum (leakage currents only). This standby
power reduction at the memory device level is off-
sct at the system level by the larper power dissipa-
tion levels of MOS level clock driver devices versus
TTL level drivers. The 2104A TTL clock inputs are
lower in capacitance than the MOS clock inputs (7
picofarads versus 25 picofarads). At a given speed,
this means a typical TTL driver can drive 32 2104A
clock inputs while a typical MOS clock driver can
drive only 10 2107B clock inputs.

Address Buffer/Latch

The T1TL-level compatible address bufferflatch
circnit is shown in Figure 4. This circuit senses the
mput TTL level, translates it to MOS signa! levels,
and latches the address information. There are two
groups of six input buffer/laiches in the 2104A;
one for the six row addresses and one for the six
column addresses. The operation of each group of
latches is the same except for the clock signals
which control their function.

The operation of the address buffer/latch is as
follows: During the clock (RAS or CAS) off time
(tRP or tCP) both sides of the latch (Nodes A and
B} are precharged to VX (=10 volis) by devices
Q7 and Q. Device Qg is turned on during the
precharge period to assure that the two nodes
charge to the same potential. Internal signal dp
controls_the precharge devices and is on while
the RAS and CAS clocks are off (at V[H). When
the appropriate system clock (RAS or CAS) goes
low (active), @p turns off isolating the two pre-
charged nodes and internal clock phase $a turns
on comuecting the TTI. address (AIN) to Node C
{the gate of the input buffer device Q7 and capa-
cifor C1). Clock phase @ stays on for the address

hold time {taH) and then turns off isolating Node
C from the shared address input pin. The TTL level
which was on the address pin duning tAp is still
stored on capacitor €] allowing the address latch
additional time 1o capture the address. This
“sample and hold” technique allows shorf address
held times to be achieved.

Figure 4. Simplified Address Butfer/Latch Schematiz

Internal clock phuse @B tums on after a slight
delay from phase @A tuming on. Phase g enables
the buffer/latch by tuming on load devices Q3, Qg,
and 1. The buffer (Q7 and Q3) converts the
TTL level address input to MOS lovels {Vgg and
Vop) and drives Node A of the latch. The delay
between @A and @R is to allow the voltage at Node
C to stabilize prior to enabling the bufferflatch.

A TTL high level at the address inpul will force
Node A to Vgg. The cross-coupled latch devices
{Q4 and Qs) will then switch driving Node B ta
VDD. Conversely, a TTL low level at the address
input will force Node A to ~Vpp and Node B to
Vg§. Since the buffer/latch is isolated from the
address input after taf, the latched address wilt
remain in the latch even though the TTL level at
the address input may change duc to the multi-
plexing of the addresses.

Data Sensing

A major contribufor to the operating marging of
the 2104 A is the use of two single-transistor storage
cells per bit of storage. The effect of using two
cells per bit rather than one is best understood by
comparison of the data sensing function whern used
with one and two cells per bit.
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Figure 5 illustrates the commonly used sense
amplifier and reference voltape scheme for single
cell per bit 4K RAMSs. The sense amplifier in Figure
5 senses data stored in a storage cell by comparing
the voltage level in the storage cell capacitor to the
voltage level in the cell capacitor of a “dummy”
storage cell. The dummy cell capacitor contains a
voltage which is less than the minimum high level
and greater than the maximum low level which
may be stored in the storage cell capacitor, The
sense amplifier then senses the differential level
between the storage and dummy ccll eapacitor
voltages, The level stored in the dummy cell would
ideally be equal to one-half the difference between
a minimum written high and a maximum written
low as this would vield 2 maximum differeniial
across the sense amplifier during sensing. Unfor-
tunately, leakage cusrents from the storage capa-
citors degrade the written high levels toward the
written low levels. This nomally requires that the
designer set the dummy storage cell level lower
(closer to a low level than a high level) to compen-
sate for leakage degradation of a stored high level.
Although this *“lower” reference level tends to
compensate for a jeakage depraded high level, it
also makes it more difficuli to sense a ground
(Vg8) noise depgraded low level. Thus, designs
with dummy reference cells must nceessarily be a
compromise in the maximum differential level
between the storage and dummy cells and can
never have a dilferential greater than one-half the
difference between a high and low level.

The dummy cell technique is used (rather than
simply developing a reference voltage level with a
registive divider} because it contributes fo the
capacitive balance of the sense amplifier.

‘The sense amplifer of Figure 5 will operate with
maximum margins only when the capacitance seen
by Nodz B is the same as the capacitance seen by
Node A, i.e., the capacitances are equal or balanced.
The capacitances of the left (BSLL) and right
(BSLR) bit sense lines as well as the dummy cel
and storage cell capacifances can be made approxi-
mately equal by layoul constraints. The effect of

the IO line connection to the right bit sense line is
to add capacitance on the right bit sense line which
is not offset or balanced by capacitance on the left
bit sense line, The placement of the dummy cell on
the bit sense line also contributes to capacitance
imbalance since its location is not a mirror image
of the accessed storage cell. The resistive effects of
the bit sense line magnify the effect of this place-
ment disparity during the data sensing process. The
ideal situation would be a dummy cell mirroring
the placement of the accessed data cell and a
balancing capacitance fo the 1/} connection
capacitance

This is essentially the technique used in the Inte/®
2104 A. Instead of a dummy cell containing a refer-
ence level of one-half a minimum high level, the
2104A stores the full opposite data level in a
mirror image storage cell physically located near
the accessed storage cell as shown in Figure 6. Not
only does this tean that the storage cell and
“image” cell capacitance and location with respect
to the sense amplifier are equal, but the data level
is now being sensed against the full opposite level
rather than one-half of the minimum high level,
Thus, the sense amplifier is seeing the maximum
possible differential signal during the sensing opera-
tien.

Alsa, notice in Figure 6, that there is an [/ con-
nection to each bit sense line rather than only fo
one. The IfO capacilance contribution to the bit
sense line capacitance is therefore equal, contri-
buting again to the overall balance of the sense
amplificr,

The 2104A sense amplificr sces cssentially equal
capacitances at nodes A and B and this contributes
greatly to the margins of the sensing operation.
This balance of the sense amplifier and the sensing
of data against a reference of a full opposite level
allows the cell capacitors to be a smaller value than
with the dummy cell approach (for equal marging)
and allows 8192 cells to occupy only slighily more
chip area than 4096 cells previously occupied in
the Intel® 204,
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Data Sense Amplifier

The data sense amplificr of the 2104A is a cross-
coupled static latch as shown in Figure 7. The state
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Figure 7. Simptified Data Sense Amplifier Schematic

the latch assumes during sensing of the stored data
depends upon the differential voltage between
nodes A and B. If the voltage on node A is higher
than the voltage on node B, transistor Q2 will turn
on switching node B and the gate of transistor Q)
to V8 turning transistor Q) off. Conversely, if the
voltage on node B is higher than the voltage on
node A, transistor Q1 will turn on while transistor
Q2 will be turned off. Devices Q4 and Q5 act as
loads for the switching transistors Q) and Q2,
respectively. Additional transistors (Qg through
Q10) shown in the circuit diagram of Figure 7
scrve to precharge nodes A and B to ~Vpp in pre-
paration for the next memory cycle. This pre-
charging assures that the sense amplifier and bit
sense lines begin each memory cycle in the same
known condition or state with no “history™ or
“memory” of data from previous cycles eliminating
data pattern effects on the sensing function. Note
that the 2104 A has precharge {ransistors connected
to both ends of the bit sense lines to speed up the
precharging of the lines and sense amplifier. This
increases the timing margin of ihe clock off time
{(tRP} and enables the 2104A to run short memory
cycles without degradation of the precharge func-
fion. The “folded”™, close proximity bit sense lines
shown in Figure 6 and transistor Qg of Figure 7
assure that the precharge level of each pair of bit
sense lines and the associated sense amplifier nodes
reach the same precharge level contribuiing to the
balance of the sensing function.

Transistor Q3 in Figure 7 turns the sense amplifier
on by completing the current path to ¥$5 when
the row address bits have been decoded and the
desired row of storage celis selected. The gated
shutoff circuit controls transistors Q] and Q12
to reduce the power dissipation of the sense ampli-
fier following the sensing of the stored data. The
shutoff circuitry senses the levels on Nodes A and
B and turns off the load current to the switching
transistor (3] or Q2) which is turned on to Vgs.
This reduces the Ipp current drawn by the sense
amplifier and contribuies to the low power dissi-
pation of the Z104A.
Output Data Latch/Driver
A simplified schematic of the 2104A outpur data
latch/driver is shown in Figure 8. The three opera-
tional states for the output driver are:

13 “1" output (Q on and Q7 off)

2) 07 outpui {Qq off and Q2 on)

3) Open output (Qq and Q7 off)
Devices Q1 and Q) are large geometry devices
which allow the output of the 2{04A to source
and sink the relatively large current levels associa-
ted with TTL interfaces, Devices Q3 through Qg
control the output driver stage in conjunction with
the data latch.
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Figure 8., 2104A Qutput Data Latch and Buffer

The inputs to ihe latch are data from the selected
cell and a clock phase {PacC) which is related to
access time from the cell matrix, At the proper time
after the memory cycle starts, PACC will go high,
clocking the data from the selected cell into the
latch. The  and Q@ outputs of the latch then drive
Lhe gates of devices 3 and 2 controlling the out-
put level. The accessed data will remain in the laich
until the next cycle when new data will be clocked
into the latch. During a write cycle, the data input
to the latch is the data on the IO lines which is the
data to be written into the selected cells. The data
latch will, theretore, contain the input data follow-
ing a write cycle. The first two of the three possible
qutput data states are, therefore, related to the
data level stored in the latch.

The third or open-circuited state occurs when
devices Q1 and Q72 are both off (gates at Vgg).
Internal signal $op turns on devices Q3 and Q4
connecting the gates of devices (31 and Q2 respec-
tively to Vg§ from shortly after the CAS input
switches low until data access time. This signal
forces the data output to the open-circuited condi-
tion following CAS in every memory cycle guaran-
tying that no two OR-tied data outputs in a
system will be on at the same time.

The control clock phase @D is a logic function of
CAS and CS. Table I lists the various combinations
of CAS and CS and the corresponding stfates of

#oD.

Devices Q5 and Qg in Figure 8 are simply serfes
switches which isolate the Q and Q outputs of the
data latch from output devices Q1 and Q7 until the
latch data has stablized. (5 and Qg are controlled
by the inverse of BQD so thal the latch is isolated
from Q[ and Q2 when the gates of Q1 and Q7 are
connected to Vs,

Table I. Operatianal States of dgp

RAS | CAS | TS |#gp COMMENTS
LOW | LOW | HIGH | HIGH Device Deselecied by
CS {DgyT = HK-2)
LOW [ LOW | LOW LOW | Device Selected by
CS{DoyT = Datal
HIGH | Low [::On ' | HiGH | Device Desefected by
are CAS (DoyT=HI-2)

APPLICATIONS INFORMATION
Addressing

The 2104A RAM combines the advantages of a
very high speed RAM with the high packing density
of the industry standard 16 pin dual-in-line pack-
age. The use of the 16 pin package is made possible
by multiplexing the 12 address inputs (required to
access 4096 words) on 6 external address pins.
Two externally applied negative going clocks, Row
Address Select (RAS), and Column Address Select
(CAS), are used to strobe the two sets of & address
bits into the internal address bufler registers. The
first clock, RAS, strobes in the six low arder
address bits (AgrAs) which select one of 64 rows.
The second clock, CAS, strobes in the six high
order address bits (Ag-A]]) which select one of 64
columns and Chip Select {CS).

Note that CS and WE do not have to be valid until
the second clock, CAS, Tt is, therefore, possible 1o
start a memory cycle defore it is known which
device must be selected or what type of cycle is
to be performed. This can result in a significant
improvement in system access time since the
decode time for chip selection does not enter into
the calculation for access time.

Read Cycle

A memory cycle begins with addresses stable and
a negative transition of RAS. The data-out pin of
the selected device will unconditionally go to a
high impedance state immediately following the
leading edge of CAS and remain in this state until
valid data appears at the output (refer to the Data
Output Operation Section}. The selected output
data is internally latched and will remain valid until
a subsequent CAS is given to the device by a Read,
Write, Read-Modify-Write or Refresh cycle. Data-
out goes to a high impedance state for all non-
selected devices (CS high) that receive RAS and
CAR.

Device access time, LAC(, is the longer of two cal-
culated intervals:
I} tACC=tRAC
OR

2) tACC=tRCL HtT T ICAC
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Access time from RAS, tpA¢, and access time
from CAS, tCAC, are device parameters. Row to
column address strobe lead time, tR¢L, and transi-
tion time, tT, are system dependent timing para-
meters.

Substituling the device parameters for the 21044-2
and assuming a TTL level transition time of 5nS
yields:

3) TACC =tRAC =200ns for tRCL + tT <70 ns
OR

4) tACC=1TRCL +t{T+ICAC = tRCL+ T +
130ns for tRey + tT > 70ns

Note that if tRCL + tT < LRCLmax, device access
time is determined by equatien 3 and is equal to
tRAC- If tRCL + tT > tRCLmax. access lime
15 determined by equation 4. A 45ns interval
{tRCLmax — tRCLmin} in which the falling edge of
CAS can occur without affecting the access time is
provided to allow for syslem timing skew in the
generation of CAS. This “designed in” skew window
at the device level allows minimum access limes to
be achieved in practical system designs.

Note that both the RAS and CAS clocks are TTL
compatible and do not require external level shift-
ing to high voltage MOS levels. Internal buffers in
the 2104A convert the TTL level signals to MOS
levels inside the device. Therefore, the delay asso-
ciated with extemal TTL-MOS level converters is
not added to the 2104 A system access time.,

Write Cycle

A Write Cycle is performed by bringing Write
Enable (WE) low before or during CAS. If Write
Enable goes low at or before CAS goes low, the
input data must be valid at or before the CAS falling
edge. If Write Enable goes low after CAS, Data In
must be valid at or before the failing edge of WE.
If Write Enable is low before CAS goes low, the
data-out buffer will contain the written data at
access time. However, if Write Enable goes low
while CAS is low, a rcad operation may alse be
performed and data-out will go either high or low
depending on the stale of the accessed cell before
the write takes place {refer to the Data Output
Operation Section)}.

Refresh

Each of the 64 rows internal o the 2104A must be
refreshed every 2 msec to maintain data. Any data
cycle {Read, Write, Read-Modify-Write) refreshes
the entire selected row (defined by the 6-bit row
address}. The refresh operation is independent of
the state of CS. It is evident, of course, that if a
Write or Read-Modify-Write cycle is used to refresh
a row, the device should be deselected (CS high) if

it is desired not to change the state of the selected
cell. RAS-only cycles may also be used to refresh
the 2104A at a savings in power dissipation over
data cycles. )

Page Mode Operation

Page mode operation with the 2104 A allows faster
successive memory data operations at the 64 column
locations in a single address row. Receipt of 2
RAS and a 6-bit row address byte causes the RAM
to access the 64 data cells on the addressed row.

At access time all 64 data bits are available at the
sense amplifier outputs as long as RAS is held
active. By cycling the CAS clock and addressing
the desired data bit with the 6-bit column address
byte all 64 data bits may be brought to the data
output of the device. Data access and cycle time in
this mode, called page modc, is faster than normal
data cycles. Page mode is an excellent way to
transler blocks of data to and fromn memory at
high speed, but it is impacted by refreshing.

The refresh requirements of the device limits the
number of consecutive page mods cycles that may
be performed. The device may remain in the page
mode for a period no tonger than the time required
between refresh cycles. As an examnple, recall that
the distributed refresh mode requires a refresh
cycle every 3! microseconds. RAS may then
remain low (active} for 31 microseconds maximum
before it must be cycled high to precharge and
then perform a refresh cycle. System page mode
cycle times of 485 nanoseconds or less will enable
all 64 data bits in the selected row to be examined
or writfen between refresh cycles, maximizing the
usefulness of page mode.

Power Dissipation/Operating

The power dissipation of a continnously operating
2104A device is the sum of Vpp x Ipp and
VEB x IBR. For a cycle time of 320 ns (including
a tpp of 100ns} the typical power dissipation of
the 2104 A-1 is 289 mW.

Standby .Power-Refresh Only

The standby power-refresh only is calculated by
the following cquation;

t 1cYc
1) PReF = Pop (64@1;5) + Pss[l—(64tlc{ﬁ:)]

Where:

PRIF = Standby power-refresh only.

Poyp = Power dissipation-continuous operation,
tCy( = Refresh cycle time.

tREF = Refresh period.

Pgp = Standby power dissipation.
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Table 1l. 2104A Family Current Specifications

Limits

Symbol Parameter Tve Mayx Units Comments

[in]0Y] Vpp Standby Currant 0.7 2.0 mA Voo = 13.2 Volts

ipn? Voo Data Cycle Operating Current 24 35 mA 2104A-1 toye =320 ns
22 32 mA 210442 toye = 320 ns
20 30 mA 2104834 1oy =376 s

Inpa VoD RAS-Only Cycle Operating Current 12 25 mA 2104A-1 210y =320 s
10 22 ma 2104A-3,4 toyc =375 ns

IBR1 VR Standby Current 5 50 LA

IBB2 Veg Operating Current 160 400 LA Minimum Cycle Time

The standby power dissipation PSR is given by:
2) Psp=VpD x IDD1 + VBE x IBBI

The operating power Poyp is given by
3) Pop=VDD xIDD2 + VBB x IBR2

tor read and write data cycles or by:

4y Pop=VDD xIDD3 + VBB x IBB2
for RAS-only refresh cycles.

Table T tists the pertinent current values for the
2104A family of devices.

Calculating the standby-refresh only power dissi-
pation for the 2104A-] using equations 1 through
4 above and the data from Tabte I} yields:

a) For RAS-only Refresh:

PREF = 330mW (0.01) + 26.7mW {0.99) =
29.7mW maximum
For Read or Write Cycie Refresh:

PREF = 462mW (0.01) + 26.7mW {0.99} =
31.0mW maximum

b)

at Vvpp = 13.2 volis, VER = -5.5 volts and
the specified maximum current levels.

Data Output Operation

The operation of the output data lateh is controlled
by the CAS clock. Figure 9 indicates the content
of the data latch following access time during
various types of 2104A memory cycles. Table I11
summarizes the information on data content
shown in Figure 9.

POWER DISTRIBUTION/DECOUPLING
General

Typical IpD and [pR current waveforms for the
2104A are shown in Figure 10. Examination of
these waveforms shows that transient current
drawn from the memory circuit board power distri-

Tabte HLI. Data Latch Content at End of Cycle

Type of Cycle Data Latch Content {DgyT)

Read Cycle Data from Addressed Memory
Cell

Write Cycle Input Data (D)

BAS-Only Cycle Data from Previous Sycle or
HI-Z if Device was Deselected

in Previous Cycle

hﬁS-On!y Cycle HI-Z [m-Only Deselects Device
and Turns Output Buffer Off)
R-M-W Cyele Data Aead from Addressed

Memary Cell During Read
Portion of Cycle

Page Mode Read
and Entry Cycle

Bata from Addresssed Memory
Celt

Page Mode Read
Cycle

Page Mode Write

Data from Addressed Memory
Celi

Input Data (D)

Cycle {or Page
MMade Write and
Exit Cycle}

bution system is a function of the two device
clocks, RAS and CAS. The peak amplitude of the
VDD current transients is approximately 60 milli-
amperes with rise and fall times in the 5 to 10
nanosecond range and widths of typically 20 nano-
seconds. Rise and fall times of this magnitude
generate significant harmonic noisc components in
the 10 MMz and above frequency region. The
power distributionfdecoupling techniques used to
suppress these noise components must be effective
at these higher frequencies. The series inductance of
the circuit board traces and the decoupling capaci-
tors mmust be minimized to reduce time constant
response effects of the distribution/decoupling
system.
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Printed Circuit Board Trace Characteristics

Figure |1 shows the nominal lumped constant
cquivalent circuit of one-dinch of 10 mil wide
2-ounce copper trace on a typical double sided
printed circuit board with traces on both surfaces.
The effect of the series resistance Rg is very small
when compared to the series inductance Lg and can
be ignored in practice. The series resistance is also
non-reactive and its impedance is not frequency
dependent. The following discussions will, there-
fore, not consider the minimal effects of Ry
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Figure 10, Typical Supply Currant Waveforms

Decoupling Capacitor Characteristics

Capacitors used to decouple noise arc not ideal
devices and, therefore, exhibit inductive and resis-
tive effects. Figure 12 shows the lumped constant
equivalent circuit of a capacitor. The shunt resis-
tance R[] is a very high value (>>10 M{2) in capa-
citors of modern design and has minimal effects on
the capacitor function. Therefore, the effect of
RgH will not be considered in the analysis of the
decoupling capabilities of the capacitor.

The series inductance Lg in small disc ceramic and
monolithic ceramic capacitors consists of lead
inductance and is approximately 10nH/inch.

fs Le Rg - 4 mCRMINCH
A 8 L5 - IBnRinCe
Cp = LERFANGH

Cp

Figure 11. Lumped Constant Trace Equivalent Circuit

g

figy = Wmeq CHM

Figyy L Varset With Canseuenpn
of Cepacitur
1z Catacstor Valug

Figure 12. Lumped Constant Capacitor Equivalent Circuit
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The series inductance in bulk capacitors such as
tantalum and aluminum electrolytics is much larger
due to the construction of the capacitors. The
internal series inductance of the electrolytic units
varies widely with capacitance value, physical size,
and construction type and is generally much greater
than the lead inductance. For this reason, the
effectiveness of electrolytic type capacitors as
decoupling components [or noise frequencies
above 10 MIlz is minimal. Their use in the power
distribution/decoupling network is to provide a
bulk power storage element located on the
memory array board. This placement eliminates
the inductive effects of the system backplane
wiring on the power distribution to the memory
array board.

Power Distribution System Characteristics

Now Lhat models for the printed circuit board
traces and decoupling capacitors have been genera-
ted, various power distribution/decoupling schemes
can be compared for effectiveness in minimizing
power supply noise levels,

Figure 13 shows a VP decoupling technique
often used with dynamic RAMs, Total lead length
external to the 0.1pF decoupling capacitor is
approximately l-inch. Add to that the 0.5 inch
internal lead lenglh ol a typical disc ceramic capa-
citor and the lead length in series with the capacitor
is 1.5 inches. This equates to a series inductance of
1.5 inches) {10nH/inch) = 15 nH. The impedance
of Lg as a function of frequency is shown in Figure
14. When a current pulse occurs, current is drawn
from the capacitor through the series inductance
Ls.

4 INCE

Yoo
=G INCE

Figure 13. Commeonty Used Capacitor Connection on VDD

The impedance of the capacitor varies from 64
millichms at 25 MHz to 16 millichms at 100 MHz
and is very small compared to the lead and trace
impedance. Most of the impedance the current sees
is in the indvctance Ly and this is the impedance
component of most concern to the system designer.

Fortunately, the energy spectrum of the current
pulse is similar to that shown in Figure 15 which
indicates that most of the energy is containgd in
the lower frequency components of the pulse.

Let’s usc Figurcs 14 and 15 as a hypothetical
example and calculate the approximate noise
generated by the leading edge of a 60 milliampere
current pulse with a fast rise time. For simplicity,
only the hypothelical components at 25, 50, 75,
and 100 MHz will be included in the calculations.
Also, the supply voltage will be assumed te be con-
stant so that the vertical axis of Figure 1 5 represents
current, I, as a percentage of total.
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Figure 15. Hypothetical Energy Spectrum of Current Pulse

Vnoise = (225) (128) + (Z50) (Isp) + (Z75) (I75) +

(Z100) (1100)

= (2.36) (35x10°3) + (4.71) (22x107%) +

(7.06) (15 x 10-3) + (9.4) (10x10-3)

= (.386 volts
In other words, the voltage between the VDD and
¥g5 pins on the memory device would drop by
ncarly 0.4 voit when the current pulse occurred.
Considering all the current components would pre-
dictably increase this to 0.5 volt or more. Add to
this the noise coupled into this LC circuit from the
other similar circuits in the memory array and it
becomes apparent that this memory device may see
VDD noise levels approaching 1.G volt. While the
device may operate with that noise level, opera-
tional margins of the device may well be reduced.
Every practical effort should be made by the
designer to reduce the owverall noise level to 0.5
volts peak-to-peak or less,
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One way this can be accomplished is by simply
reducing the inductance in the circuit. Figure 16
shows a way to reduce the induciance. The equiva-
lent inductance of the two traces from pin 16 to
the capacitor is the parallel combination of the two
paths since:

_Lits _ (10nH) (10nk)
Le= T,75; 20nH

Add that to the inductance of the capacitor lead
length and the 0.25 inch trace from the capacitor
to pin 8 of the device. The total inductance is
then:

= 5nH

Lg = SnH + (0.75 inch) (10nH{inch}
=12.5nH

¥eg

=1 NMCH

Figure 16. Reduction of Inductance by Paralleling Traces

The impedance of this inductance at 25 MHz and
100 MHz is 2.0-ohms and 7.8-chms respectively.
This compares to 2.4-ohms and 9.4-chms tor the
original circuit at those freguencies and is a reduc-
tion in impedance of almost 17%.

Vas Voo Yeno

Vig
—.—} ———-i—l

T

Figure 17. Gridded Voo and VSS

Additional reductions can be achieved by addition
of more parallel traces or wider, lower inductance
traces. Neither of these approaches is really practi-
cal, however, since board space is generally at a
premium. A more practical, equally effective
method of inductance reduction is the use of “*grid-
ded™ power distribution. This involves bussing each
power supply distribution network both herizon-
tally and vertically on the circuit board. Anexamnple
of this type of distribution for Ypp and V§§ is
shown in Figure 17 for a matrix of six devices on a
double sided printed circuit board. Consider the
path of the current drawn by device B in Figure 17.

As indicated, in addition to the primary path PR,
there are no less than six other secondary, parallel
paths (g1 through Pgg) due to the gridding of the
Vgs supply distribution system. Each of these
secondary paths or traces is in parallcl with the pri-
mary trace reducing the equivalent inductance of
the current path between pin 16 and pin 8 of
device B. Similar parallel paths exist for all the
devices in the matrix.

Use of such a gridded power distribution network
is recommended for all dynamic RAM systems due
to the characteristics of the device current wave-
forms. Experience has shown the gridded distribu-
tion system to cqual the performance of the more
expensive muflti-layer printed circuit board with
internal power layers.

Additional power supply distribution traces may
be added to the layout example of Figure 17 with
only slightly greater side-toside and end-to-end
spacing between adjacent devices. [t is recommen-
ded that VDD, VBB, and Vg§ distributicn systems
be gridded. Figure 18 shows a recommended
double-sided layout for |6-pin 4K and 16K RAMSs.
Voo may be gridded but it is generally sufficient
to distribute V¢ in one direction only since the
2104A itself does not draw power from the V¢
supply buf only uses it to supply input levels to
the peripheral TTL devices connected to the DQUT
pin (refer to the Device Circuit Operation Section).
Alternate power distribution layout techniques
may be used with dynamic RAMs and some will
show comparable results to the gridded system
depending on memory array size, the number and
placement of the decoupling capacitors, and the
number of memory devices which are active in any
given cycle. The gridded system has been proven in
many production systems, however, and its use will
result in predictable, workable power supply noise
characteritistics. One commonly used distribution
system is illustrated in Figure 19. This technique
should definitely not be considered for use with
dynamic RAMs simply due to the length of the
current path between the VDD and V§s pins of
any device in the matrix. As an example, device B

31




2104A

iy Cout

oy Dout

DECOUPLING CAPACITORS
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Figure 18. Recommended Two-Sided Board Layout for 21044

in Figure 19 has an unnecessarily long and, there-
fore, high inductance current path between its
VoD and V8§ pins. Compounding the problem,
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Figure 19, Unamptable.l’owe.r ﬁistribution System

it shares most of that current path with device C
and al! of it with device A. The magnitude of the
noise between the VpD and Vg pins of device B
is greatly dependent upon the noise generated by
the other adjacent devices. This sytem is unaccep-
table at best and is to be avoided. Unfortunately,
this is the power distribution scheme found on
many of the “*prototyping” printed circuit boards
availgble on the market. Examine your prototyp-
ing boards carefully and avoid the use of this type
for the memory array or add wiring to the board to
arid the supplies.

Recommended Decoupling Values

The decoupling capacitors used in the memory
array should be types which exhibit good high
frequency charactesistics as discussed eatlier. It is
recommended that a 0.luF ceramic capacitor be
connected between VDD and V§s at every other
device in the memory array. Itisalso recommended
that a 0.1uF ceramic capacitor be connected
between VBR and V§g at every other device in the
array, preferably the alternate devices to the Vpp
decoupling. Smaller capacitor values such as 0,01 uF
may be substituted but noise levels will increase
with any given distribution scheme due to Lhe
higher capacitive impedance. Empirical compara-
tive data should be taken and decoupling efficiency
considered with the distribution system being used
before the smaller capacitors are used. The small
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cost difference between 0.1pF and 0.01uF capaci-
tors may be negated by degradation of system
Teoise margins.

A 0.01gF ceramic capacitor is recommended
between Vor and Vg§ for approximately each
eight devices in the memory array to prevent noise
coupled to the Ve line in the memory array from
affecting the peripheral TTL logic in the system.

In addition to the ceramic capacifors in the
memory array, it is recommended that a 10uF
taritalum or equivalent capacitor be connected
between VD and VSg adjacent to the array for
each 16 memory devices in the array. An equal or
slightly smaller value bulk capacitor is also recom-
mended between VRR and Vg5 for each 32 memory
devices on the array. These hilk capacitors elimin-
ate the inductive and resistive effects of the
memory system backplane wiring connecting the
memory array boards to the system power supplies.

IBB Characteristics

The high performance of the 2104A results from
advanced design and processingtechniques developed
by Intel. These techniques yield slightly different
characteristics in the IRR parameter than with the
previous Intel 4K Dynamic RAMs. These changes
have little effect on the VBB power supply require-
ments of a typical system but they do require that
IRR be specified in a different manner and for this
reason, igp will be discussed here in detail for
clarification.

In a typical MOSFET integrated circuit the current
from the VBB (subsirate) supply when the device
8 turned off is essentially the leakage from the
source and drain diffusions inta the substrate. This
leakage current is in the nancampere range for each
individua! MOS transistor but when muliiplied by
the 6000 or so transistors in a typicai 4K KAM, the
total leakage is typically 50 to 60 microamperes.
When the device tums on and current is conducted
between the drain and source, charge carriers flow
between the drain and source through the gate
voltage induced channel between the two terminals.
As the carriers move through the region of high
electric field close to the dmain, they generate addi-
tional carriers by impact ionization. Most of these
cartiers join the initial carriers and move between
the source and drain terminals due to the influence
of the electric field created by the potential differ-
ence between the source and gate terminals. Some
of these carriers however, are accelerated through
the boundaries of the channel into the substrate and
add to the leakage currents from the drain and
source diffusions. This increases the IBB current
slightly during the time the device is operational.
The number of these additional carriers is relative-

ly low in typical 4K RAM and results only in a 15
to 20 pA increase in IBB during the time the device
clocks (RAS and CAS) are active. This is because
the energy, i.¢. speed, of the carriers in the channel
is not high enough to generate many additionat
carriers via impact ionization. The 2104 IBR speci-
fication was [00uA maximum.

In the 2104 A, shallow diffusions are used for the
source and drain and thin gate oxide is used for
speed/performance reasons. This resulis im much
higher energy, i.e., faster, carriers in the channel
due to the high electric field in the channel. These
higher energy carriers are capable of generating
more carders than in previous 4K RAMs, The
increase in IgR during this action is significant,
typically 100uA or more. Importantly, however,
this increase is only during the time the clocks
are active.

As a result of this difference in IBg during inactive
(standby} and active conditions of the clock, the
2104A has two Ipp specifications. Igg| is the IBB
current during standby and IgR?2 is the IgR current
during a memory device cycle. Interestingly
enough, the standby IRB current for the 2104A is
lower than for the earlier 2104 due mosiiy to pro-
cessing and design improvements. Due to these
same improvements, however, the operating IBB
specification, IBR?, is fypically 160gA {400uA
maximum).

What does this higher Igp during operation mean
in a typical 16K by 3-bit system? Assumning a 50%
duty cycle due to data and refresh cycles and a
cycle time of 500nsec, the average IBR per device
during any 2 msec refresh period wilt be:

(IBB2pq5) (1msec)

iBBavg = 2msec

(BB pax) (1msec)

= 225pA max
2msec

and typically:
0 6y (1x10°3)

160x1
tBBave(typ) = 53 *
' (5x10- 6} (1x1073)
T —— = T .
2x10-3 83uA typ

Variations in duty cycle will decrease or increase
these values but most systems will experience IBB
values not much different than with other 16-pin
4K RAMs. In the 16K X 8-bit system example, the

total IBBavg will be no greater than 7.2 milliamperes.
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INTRODUCTION

The Intel* 2107B is a 4096 word by 1 bit dynamic
random access memory. The 21078 is fabricated
using Intel’s standard reliability proven n-channel
silicon gate MOS technology. The device is pack-
aged in a standard 22-pin DIP. The pin configura-
tion and logic symbol are shown in Figure 1. Note
that the 2107B can be used as a replacement for
the 2107A.

LOGIC SYMBOL PIN CONFIGURATION
21078 21078
— ™
— A
Ja o
— A
i
9%
— & Cour P
1 Re
—1 %
—1 &
=1 An
G5 CE WE
Y1y

Figare 1. 21078 Logic Symbel and Pin Configuration

The combination of Intel’s® p-channel silicon gate
process and circuit design has resulted in a part that
is very fast, easy to use, and economicaliy produced
in large volume. In addition, the combination of
process and device design has resulted in a very
small device (see Figure 2} using conservative lay-
out rules (same as 2102A). The small size offers
advantages in both large volume production and
increased reliability. The 2107B operates with three
power supplies reiative to ground; Vpp (+i2V),
Vg (—5V), and Ve (#5V). The Voo (+5V) sup-
ply is connected only to the output buffer of the
21078 and may be tumied off during power dowi
operations.

Mila On A Side

Figure 2. 2107B Comparative Die Size

The 2107B has one MOS level clock {Chip Enable)
with all other inputs being low level TTL compati-
ble (+2.4V Vi minimum). The output is capable
of driving 1 TTL load.

The purpose of this chapter is to describe the in-
ternal operation of the 21078, outline those areas
in system implementation to which the designer
should pay particular attention and to discuss typi-
cal examples of the uses of the 21078 in systems
environment. The chapter is arranged so that each
of the above sections can be read independently of
each other without having to go through any un-
wanted detail in the other sections.

INTERNAL DEYICE OPERATION

Internal operation of the 2107B 5 most easily
understood with the aid of the block diagram
shown in Figure 3. As is shown in this figure, the
memeory array is arranged in a 64 row X 64 column
matrix of storage cells. The storage cells are imple-
mented with a single transistor and a “storage”
capacitor and are called single transistor cells. The
operation of the storage cell will be discussed later.
The memory cell is accessed by the coincidence of
a row select {defined by addresses Ag—As)and a
column select {(defined by addresses Ag—Aq]) sig-
nal at the desired address. An on chip timing and
control generator provides tor the internal timing
signals for decoding, read/write strobing, data
gating and ouiput gating. All of the timing circuits
in the 2107B are activated by the positive-going
edge of chip enable.

Chip select controls the data /O gating circuits

internal to the 2107B. When chip select is high the
output data buffer is in 2 high impedance state and

4 -0 Yoo
by MEMORY et
- RDW DECODE L -—a
:2 [ and BUFFER A ARRAY o

s -—a
“: HEGISTER FY Ty Yo
Ay O]
TIMING
CE  deeme] CONTROL A&ptlli'l‘;ns
GENERRTOR
0y o= COLUMN DECODE
WE o—m 1o i
= BUFFER REGISTEA

l SRR

B A Ay A A Ay

Figure 3. 2107B Block Diagram
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the data-in buffer is electrically isclated from the
data-in input pin. Since chip select controls only
the internal data buffers and not the timing genera-
tors or address buffers internal to the 21078, it is
possible to refresh the 2107B with chip select high
by initiating a read/refresh or write cycle.

The address buffer registers consist of latches acti-
vated at the leading edge of chip enable. Since the
addresses are latched shortly after chip enable goes
high, it is permissible to change the address iong
before the memory cycle is completed to set up
for the next cycle.

The write enable input activates the data-in buffer
gating data to the selected memory cell. Input data
must be valid at the time write enable goes low to
assure that the proper data is written into Memory.

Circuit implementation and operation of each of
the mejor inputfoutput and storage portions are
discussed belaw.

Storage Cell Operation

The storage cell used in the 2107B is implemented
with a single transistor and storage capacitor as
shown in Figure 4. From this figure it is shown
that a charge on a storage cell is gated to the bit
sense line by the MOS device connected to the col-
umn select line. {(Note that for a given cotumn
select, 64 storage devices are gated to the respective
64 bit sense lines.)

Consider first a read operation and the case where
the storage capacitor Cgrg is discharged; i.e., node
(1} is at Vgg (GND). Prior to chip enable going
high, the bit sense lines have been precharged to V'
by device Qy. [V is a voltage between Vpp (+12V)
and Vgs.] After the address decoders have stabil-
ized, the proper column select tine is brought high,
turning on device Q. The storage capacitor s then
electrically connected to the bit sense line. At this

time the charge on Cyyg (proportionat to the pre-
charge voltage V') is redistributed between Cro
(parasitic capacitance of bit sense line) and Csres-
Since Cgyg was initially discharged (node 1 at Vsl
the voltage will distribute between Cyjo and CgTg
according to the following reiationship:

Cyo

Vit sENSE (t1) = VBIT SENSE (t0) (m)

Since Cyo is very much larger than Cgyg the
change in the voltage on the bit sense line will be
very small. The sense amplifier (S/A) is designed to
detect very small changes in bit sense line voltage
and to latch in a state near Vgg {(GND) or Vpp
{(+12V}, depending on the state of the storage cell,

Sensing an initial charge on Cgrg (proportional to
Yy where Vy = Vpp~Vry, Vi is the effective
MOS threshold) is identical to the sequence de-
scribed above. The only difference is that now the
bit sense line is driven above the initial V' precharge
voltage. Again the sense amplifier detects the small
change in bit sense line voltage and latches in the
appropriate state.

Note that during a read operation of the storage
cetl, the original charge (data) on the storage cell is
changed (ie., the read operation is effectively a
destructive read}. Datais rewritten back on the stor-
age capacitor Cgtg by the sense amplifier aficr it
has latched in the proper state. For example, if
Cs1g was initially charged to Vyx (~10V), the sense
amplifier will latch the bit sense line to Vyx and,
since the column select line is on (high), the origi-
nal data is automatically rewritten into CsTg- The
entire operation is transparent to the user.

A plot of the voltage on the bit sense line for the
two cases described above is shown in Figure 5.

v

o

COLUMM SELECT

o

1T SENSE LINE l_-ls.r-\ HIT SENSE LINE
T= =1 1 | Ie =TT
L Cug 'Lf-‘l.ro L 1
ax a1x VO LINE
@ 0y -
H
NODE (1} P
Carg Cs1e -
_ T T 3
x| = * L1 )
AMPUT
o ouTRT
DATA [N — poata ke ok Pen [ D [0 Dout
REW SELECT ROW SELECT

Figure 4. 2107B Mamory Cell and Associated 1/0 Circuitry
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Figure 5. Bit Sense Line Voltage

A write operation is identical to the rewrite portion
of a read cycle. In this case, however, the incoming
data “overrides” the state of the sense amplifier
(if different from the desired state) and writes into
the selecied cell. 1t is important to remember that
the data-outpui at the output pin is the logical in-
verse of the data written into memory.

Data Sense/Latch

As discussed praviously, a sense amplifier on the bit
sense line i8 necessary to detect the low level data
signals generated on the bit sense line during a read
cycle. A simplified circuit schematic used for the
sense amplifier is shown in Figure 6.

HEV Srif e

SR
BT SENSE, BIT SEMGE
LEFT : i FIGHT
I ola E‘.
B e e

Vs

Figure 6. Data Sense/Latch

Before chip enable is brought high, both sides of
the bit sense lines are precharged to V' (as dis-
cussed previously). At the proper time (after all
data transients have subsided) devices Q) and Qs
are tumed on by ¢p going positive. At this time,
the state of bit sense left is compared with bif sense
right causing the latch to lock in the appropriate
state. For exampile, if the right bit sense lineis at a
higher potential than the left bit sense line, device
Q3 will begin to conduct. The cross coupled latch
wilt then fully switch with bit sense left going to
Vgg and bit sense right fo V.

Address Buiffer/Latch

The address buffer/latch is shown in Figure 7. The
input to the address bufferflatch is low voltage
compatible which the circuit senses, translates to
MOS level signals and laiches.

Operation of the address buffers is as follows: Dur-
ing chip enable off time {CE low) both sides of the
latch are precharged to Vy (~10V) by devices Qq,
Q2, and Q3. Device Q3 is used to assure that the
initial prechiarge on each side of the latch are equal.

When chip enable goes high, the input to the ad-
dress buffer (Apy) is gated.to the cross coupled latch
which latches the appropriate MOS level at Ayand
Ar. For example, if the TTL address input is-high,
then device Q7 will turn on at ¢4 time. The cross
coupled latch then regenerates, turning Qg off. The
quiescent state of the latch for this input is Qg off,
Qg on, thereby setting Ar and Aj to MOS level
high and low, respectively.

This type of latch is capable of triggering and latch-
ing at very high speeds which allows the addresses
to be removed from the input as soon as possible.
However, thers are a few characteristics of this
laich which have an effect when the device is

lacad in a gvetam anyironment
Placed 1h a eystem gnvirohment,

First note that node (1), Figure 7, has been pre-
charged to a high MOS level of Vx (~10V). When

L3

DOAESS PRECHARG

Ay [MOS LEVEL) —_

b— &) IMOS LEVEL

Ay i TTL LEVELI

Figwra 7. Addrass Buffer/Latch
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chip enable goes high turning on Qu, the charge
on this noede is connected to the address input
node (AlN) for a short period of time (until
the latch switches). This results in a small positive
voltage shift on the address input Apy. It follows
then that the more 2107B devices attached to a
given address driver the larger the voltage excursion
will be. This excursion has been found to cause no
problem in any reasonable system environment (as
described later}and amounts to ne more thar 9 mv
positive shift for each 2107B. The amount of posi-
tive charge coupling depends upon the address
driver and the address line impedance. As should be
expected, the most sensitive address level is the low
level {VyL ) since any positive coupling decreases
the available noise margin.

Another characteristic to be aware of in this type
address buffer is the input current drawn through
the address driver when an address goes from a low
state to a high state during chip enable high. This
condition results from the latch being set in the
state where Qg is on as well as {4 and Qs. Current
is then drawn through devices Qu, Qs, Qg and Q.
This cuerent is typically in the order of 0.5 mA.
Note that although this may cause a load on the
address driver and cause it to drop below 2.4V,
there is no effect on the memory component since
the desired address has been latched in. This current
is drawn only as long as chip enable is high. When
chip enable goes low, device Qy is tumned off,
opening the current path. This effect will be shown
on various type drivers in a later section (Low
Voltage Buffer/Drivers).

Output Driver

A schematic of the output buffer is shown in Fig-
ure 8, Note that the output is in a high impedance
state if either chip select is high or chip enable is
low. Further, the V¢ shown in Figure 8 is the
only connection the Voo makes on the 21078,
This aliows Ve to have a wide range of values (up
ta Vpp) if types of sensing other than TTL is
desired.

21078 Bit Map

Figure 9 gives the location of eack cell in the mem-
ory matrix for each address. As shown in this

Ve

[.l

i
¥s5
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{E

DATA GUT

Figure 8. 2107B Qutput Driver
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Figure 9, 21078 Bit Map

figure, the addresses run sequentiaily starting from
the lower Icft corner (device oriented as shown).

2107B SPECIFICATION

Although the device specifications for the 21G7B
are concise and self explanatory, some sections are
included here to emphasize those areas of most
interest to the designer. Consider first the DC and
operating characteristics shown in Table I marked
with a [5].

The Vpp supply current during chip enable off is
specified at 200 ua maximum with chip enable no
higher than 0.6V, It is important to hold the low
level of chip enable at or below this vatue {io a
maximum of —1.0V) to assure that devices internal
to the 2107B.do not turn partialty on. Note that
considering only the AC operating environment,
chip enable can go as high 2s 1.0V above Vgg and
the device will still operate properly. This require-
ment on chip enable off is most important in those
systems being placed in a low power refresh only
standby mode.

The Vg supply current load {Igg) is maximum at
100 pa and includes all leakages. It is not necessary
ta add the other leakage currents (e.g., 115, L ¢} to
Ipp to calculate supply drain on Vgg.

The input low voltage (for low level signals) Vg, is
specified as a function of the chip enable rise time
and js referenced to a transition with t1 = 20 nsec.
It is recognized that in some system applications, the
load on the chip enable driver may result in transi-
tions of 30 nsec or higher (to a maximum of 40
nsec). If the chip enable transition in the system is
not 20 nsec or faster (1o a minimum of 10 nsec),
then the typical low level for the low level drivers
is shown by the graph in Figure 10. It is important
to include any noise which may be on the address
line during tapy (address hold) time. An example of
the noise expected on an address line when chip
enable goes high (during refresh) is shown ir Figure
11. The noise shown here is the result of 36 devices
attempting to raise the address driver (see Address
Buffer/Latch) level during refresh time. Refresh

a4
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Table I. D.C. and Operating Characteristics

T, = 0°C to 70°C, Vpp = +12V £6%, Voo = +5V £10%, Vg '] = ~BV 5%, Vigg = OV, untess otherwise noted.

Lirnits . -
Symbol P, - Unit Conditions
Min. | Typ.12] Max

input Laad Current Vin = VIL min 10 ViH MAX

It N .m 10 HA a
tall inputs except CE} CE = V¢ or ViHe

e Input Load Current .01 | 2 A Ving = ViL mim 0 Vid max
ol Output Leakage Current o e pA | CE=Vj g or CS = Wiy

for high impedance state Wp =0V 10 526V

Voo Supply Current -
1 - 200 =- +.6v

oo e et 110 pA | CE=-1V 1o +6

Voo Supply Current _ =
lpp2 during CE on 6Q ma GE=Vipe, C5 =V
lop av 5| Average Vpp Current 38 B4 mé Cyele time= 400ns, tee =230ns

. CS5=V|L: Ta =256°C
Vee Supply Current ! —
4 = =

oo 4] during CE off .01 10 pA | CE=V) corCS =Wy
g8 Vgg Supply Current 5 100 LA
vy 181 Input Low Valtage -1.0 06 v t1=20ns — See Figure 10
ViH Input High Voltage 24 Veetl v ty= 20ns
Vie CE Input Low Voitage -1.0 +1.0 Vo
Wiycl® | CE Input High Voltage Vpp-1 Vop+1 v
VoL Qutput Low Valiage . oD 0.45 V| lgL = 2.0mA
Vau Qutput High Voltage | 24 D Voe 0 V| lgy=-20mA
NOTES:

1. The enly requiremsnt for the sequence of spplying volzage to tha device & that Vi, Voo, and Vg should never be 0.3V mare

negative than VBB‘

. |
!

|- CETRAMSITION AT1=0

COUPLING

1
ADORESS LINE
i

ADDAESS OUIESCENT

/LO‘I‘S‘I’&'I‘E
. |
0 - &0 Ba
2 (o]

3 THI?H DEVICES ON ACDRESE DRIVER
AEFRESH CYELE

Coupling to Address Line Caused by Chip

2. Typical vatues are for Ty = 25°C and norinal power supply voltages.
3. The Igg and )y currents flow to Vgg The Igg current is the sum of all [eakage currents.
4_ During CE on ¥oe supply current is dependent on output foading, Vg is connected to output buftfer only.
5. See discussion — 21078 specifications,
‘e
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is the worst case since all chip enable signals will be
simultaneously decoded and driven at the same
time.

The chip enabie high voltage, Vigc, can vary be-
tween Vpp+1.0 and Vpp~1.0 volts. This allows
maximum flexibility in the driver design and pro-
vides for adequate noise margins.

The average Vpp current {Ipp Av) during a read/
write cycie is specified to be a maximum of 54ma.
This current is a function of both cycle time and
temperature as shown in Figures 12 and 13, re-
spectively. As shown by these curves, the maximum
power occurs af low temperature and maximum
duty cycle.

" -
L) Vog = AV —]
Vop - BN
L} —d
Vige = 138V
o AN AR
E_ g - MOne
% ‘“'_!E = Mlew . Y
_g 30— tes " 200w "'\_\
- \H\\:b ]
10 l .
°0 200 00 ﬂﬂ L) W0 1200 A
Tey tml
Figure 12. Ipp ay vs Cyde Time
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-“*'EU:L‘{’EED i
' T
- -~
t
E—— o
3 I
%0 -] L
CYELE TIME = #40na ;
tgg = T30 | i
s = [} o
T, Eh
Figure 13, Ipp av vs Temperature
Timing

The timing relationship between the control, ad-
dresses, and data infout is very straightforward as
shown in the specification. For reference, the Read/
Refresh, Write and Read-Modify-Write cycles are
shown in Figures 14, 15, and 16, respectively, for
minjmum timing. Selected points arc discussed

which may cause the most problems if they are
violated irt a system environment.

For all cycles it is imperative to make certain that
the address inputs are valid at or before chip enable
reaches the Vgg+2.0V level (tac). The high Speed
of the 21078 address buffer/latches means that if
the address inputs are not valid until just after chip
enable goes high, the wrong address is likely to be
latched in the chip. Likewise, the input data must
not change after write enable goes low while chip
enable is high (tpw). Again, violation of this
tequirement may result in incorrect data heing
written into memory.

Note that for all cycles, the data-out output goes to
a low state shortly after chip enable goes high. This
prohibits the output from being tied directly to a
clear or preset input of a latch.

Problems can occur when one or more parts of
these specifications are violated.

Transient Currents

Although the transient currents in the 2107R are
easily handled, proper attention should be paid to
the peak values and adequate decoupling provided
to handle the expected transients. Figure 17 shows
the transient currents present in the 2107B.

Consider first the transient current supplicd by the
chip enable driver lcg. It is noted that this current
does not have a resistive component but is strictly
a charging current represented by the relationship:

_ o
t=c(%)

As expected, the largest transient current drawn
by the 2107B is the Vpp supply and is represented
by Ipp. The first portion of this curve shown as A
is the result of internal nodes charging up for op-
eration. The section shown as B is the resuli of the
address buffers/decoders turning off. Portion C is
the “steady state” current drawn by all internal
circuits while chip enable is high.

Portion D of the transient current is the result of
feedthrough capacitance (internal to the chip)
coupling to Vpp when chip enable goes low. Por-
tion E is the precharging of selected internal nodes
by the chip enable gencrator {e.g., precharging bit
sense line. See section on Internal Device Opera-
tion}

The transients associated with the Vgp supply Igg
should be reviewed closely. Note that the peak
values are approximately 20 ma during a cycle
with a time base as shown. Special attention is
called to this because even though the average DC
current is very small (maximum 100 ga) the peak
currents can be two orders of magnitude higher.
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{Numbers in parentheses are for minimum cycle timing in ns}
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1. Far Refrash cycle raw and codumn addressas must be stable before tan and remain stabie For entire 14,4 period.
2. Vi MAX ia the reference lsvel for measuring timing of the addresses, C5, WE, and DiN.

3. V|H MIN is the reference leve! for measuring timing of the addresses, T5, WE, and DN

4. Vgg +2.0V is the reference tevel far measuring timing of CE.

5. Wpp -2V is the referance lavel for measuring tirming of CE.

6. Vg +2.0V is the refarsnce fevel for measuring the timing of DoyT-

7. During CE high typically 0.5mA will be drawn from any address pin which is switched from low to high.
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{Numbers in parentheses are for minimum cycle timing in ns.)
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. Minimum cycle timing is based on tT of 20ns.

. Vi MAX is tha reference favel for maasuring timing of the addresses, T8, WE, and DyN.

. V14 MIN is the reference level for maasuring timing of the addressss, 5, WE, and Dy,

. Vgg +2.0V is the reference level for measuring timing of CE.

Voo -2V is the reference level for measuring timing of CE.

Vi +2.0V is the raference level for messuring the timing of DoyT.

. WE must b at Vi until end of 100

During CE high typically 0.5mA will be drawn from any address pin which is switched fresn low 1o high.
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These transients are characteristic of any dynamic
RAM and are in part related to the density of the
RAM. Again, if adequate decoupling measures are
taken, very little noise will be generated on the Vgp
system distribution.

Notice that the transient current for Ipgp is not
shown. This is because the Voo supply is con-
nected only to the internal output device and its
transient depends on the load placed on the output.

A full discussion on decoupling the power distribu-
tion in 2107B arrays appears in the decoupling sec-
tion. As it is shown later, the use of a multilayer
memory board is not required by the 21067B.

SYSTEM CONSIDERATIONS

The previous sections of this application note have
dealt with the characteristics of the 2107B as a
stand-alone device., This section will outline the
types of interface, system design considerations,
power calculations and testing considerations when
using the 2107B.

MOS Level Drivers

There are many types of drivers capable of driving
n-channel RAMs such as the 2107B. The drivers
can be used in one or more of the configurations
as shown in Figure 18a, b, and c. Each of the
driver types shown in Figurc |8 has an optimum
circuit load that it can drive and each has spceial
design considerations. These drivers are catagorized
in three general types; those which:

1. Require external drive fransistors.
2. Require an additional power supply.
3. Require no special components or valtages.

In case (1) above, there is insufficient high level
drive capability in the driver, hence a PNP external
discrete transistor must be used to generate suffici-
ent up-going transition (Figure 18a). Note that this
transistor is driving in the saturated mode so the
minirnum high level criteria (Vpp—1.0) on the high
level MOS clock are easily met.

Driver type {2}, shown in Figure 18b, does not
require external discrete transistors but does re-
quire an additional power supply. This extra supply
is usually 3V higher than the ¥Ypp supply for the
RAM (e.g., using this type of driver with the 2107B
would require Vpp = 12V and Vppj = 15V). The
additional supply is necessary to assure that the
minimum up level (Vpp—1.0) requirement of the
MOS clock is met.

The 3245, shown in Figure 18¢c, has been designed
to maintain the Vyquy requirements of the
21078, while some other types of drivers using a

single Vpp supply may not maintain a sufficient
Vigmin  level. The 3245 is recommended for all
new degigns using the 2107B.

¥oo

TTL {IN} O—av T270
la)

b TTL (W) WO U]

Yoo

1] TTL (NI D E MO LOUT)

Vg

Figure 18. Three Types of MOS Level Drivers

It is important to remember to place the MOS
level driver outputs physicaily as close as possible
to the memory array. This will minimize any trans-
mission line impedance mismatch between the un-
loaded stub and heavily loaded line in the memory
array. The effect can most easily be seen with the
aid of Figure 19. The impedance of the intercon-
neci is:°

L
. Zo =,\/%]'

where Cy is the capacitance per unit

length of the interconnect

L s the inductance per unit
length of the interconnect

INTERCOMNECT TC ARRAY
2z

wo [TTTTTTTTTT

I
LOADE

DRIVER

I
|

Figure 19. MOS Level Driver Loading

4-9




21078

For all practical purposes, the inductance per vt
length of the printed line is independent of the
externally connected loads. Therefore, the imped-
ance of the loaded section of transmission line can
be represented as:

L
2. Loy = %:+C2

where Cj is the added capacitance per unit length
to the printed transmission line.

For most practical systems, capacitance per unit
length of an unloaded transmission line will be
approximately 1-2 pFfin. {C|). C; is the capaci-
tance effect of the 2107B per unit length. Since
the spacing between memory devices is approxi-
mately 0.5 the typical loading effect of C2 is 30
pFfin. (i.e., 15 pF assumed for each chip enable
input).

The ratio of the twg impedances is calculated as

follows:
Zoq Ci+C: f33 4
Zoey C 2

This means that the impedance of the stub is
four times the impedance of the loaded section.

If the loads are placed close to the driver output
the effect of the stub wilt be negligible and will
cause no problem.

3245 MOS Level Driver

The Intel® 3245 is a quad MOS level driver, with
each driver capable of driving 260 pF load with
maximum delay of 30 nsec. The 3245 requires two
power supplies; Voo (+5V), and Vpp (+12V). The
pin configuration and logic diagram of the 3245 is
shown in Figure 20. For reference, inputfoutput
waveforims are shown in Figure 21, with delays
given in Table II for worst case conditions.

Note that Table II gives the minimum input to out-
put delay for a lightly loaded line (C = 150 pF) and

the maximum delay plus rise time for a heavier
load ¢C=25G pF). The minimum delay time is
given so the system designer can guarantee that the
chip enable driven by a particular driver does not
occur before the address lines have stabilized. The
maximum delay plus rise time is given to guarantee

3245 z
——— -
Yo ] w6 [ v E—
L wl e,
i "
s N D3 =Dt
L+ ) naf g of— .
ﬁ =D
R[] 125
4 [ n[h . L |
1 T B
=N oo, ! } =
3w [] al Jne _ . ]
DD
_—
£
 PINNAMES
LT, DaTamnpurs IoD0,  DRIVER DUTPUTS
£.€,  ENABLE IWUTS | Wox 5V POWER SUPPLY
R PEFRESHSELECTINFUT | Vo, 112V POWERSUPPLY
C CLOCK CONTROL INPUT | i

Figure 20. 3245 Pin Configuration and Logic Diagram

HAUTE
L]

Figure 21, 3245 Input/Qutput Waviforms

Table Il. 3245 A.C. Characteristics

Ta=0°Cto 75°C, Ve = 6.0V 5%, Vpp = 12V 5%
Symbal Parameter MinlVl [ Typl2) | Max I3l | Unit | Test Conditions
toy Input to Output Delay 5 1" ng Rsepies = 0
toR Delay Plus Rise Time 20 32 ns Rseries = 0
ty Input to Gutput Delay -3 7 ns Rseries =0
toe Defay Plus Fall Time 18 32 ns | Rgeries =0
tr Output Transition Time 10 17 26 ng Rseries = 2002
toR Delay Plus Rise Time 27 38 ns | Rserieg = 2092

NOTES: 1. C_=150pF 2. Cy =200pF & To = 25°C 3, Cy - 250 pF

1=
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a required system access or cycle time can be met.
The capacitance values specified for the 3245 of
C' =150 pF, C=200 pF, and C= 250 pF are repre-
sentative of the minimum, typical, and maximum
capacitance, respectively, of nine 2107B Chip En-
able inputs plus associated stray capacitance.

Graphs showing the effect of capacitance loads on
delay and rise times are shown in Figure 22a and b.

agl -
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£
R
t.
el T
o | [ | | i
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{a} INPUT TO OUTPUT DELAY
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1 frsach
&
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1 | |
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o

1 I
So e 2@ 3w
CLonp pFt

(b} DELAY PLUS TRAMNSITION TIME

Figure 22. 3245 Delay and Transition Time as-a Function

ot CLoaD

The 3245 offers a great deal of flexibility in driving
large arrays of 2107Bs. A sample of its logic capa
bitity is shown in Figure 23. A given card is selected
by Card Enable i, byte control is maintained with
Byte Enable, and: the desired row selected by Row
Enable i. The basic chip enable timing pulse is
provided by CE timing.

At refresh time it is necessary to activate the Card
Enable i, Byte Enable and Refresh Enable to re-
fresh the entire card at one time. In most systems,
it is desirable to refresh all cards simultaneously. If
the cards are decoupled properly (see Decoupling
section), the power supply transicnts during refresh
will be minimal and are acceptable. The basic con-
figuration of such a card is shown in Figure 24. For

CARD ERABLE | O

R R A T T ———

m——D

CHIF ENABLE O

RCW T ENARLE '_\! —D— CHIF ENABLE 1

RPN 3 ERABLE —:D - —D— CHIF EMABLE 2

amp ¥ = I S
REFAESH ENABLE —4

CETIRING

Figure 23. 3245 Enable Configueation

F28E
ROW Ca Oy ROW 3
ROWY 2 f— T Op ROW 2
ROW 1 Qg Oy RO 1
Apw of—{% 02 ATAY 0
LEFTRYTE RIGHT B¥TE
i M r

CARDS

Figure 24. System Organization and Driver Placement

this system, the entire 16K X 16 memaory array can
be driven with fwo 3245s placed as shown between
the two memory arrays.

Waveforms of the 3245 driver in a system similar to
thai shown in Figure 24 are given in Figure 25a-d.
The driver configuration used is shown in Figure 26.
Figure 25a and b shows theleading and trailing edge
of chip enable at both the beginning and ending of
the printed line for an added series resistance R of
10§2. Note the transition time and overshoot for
each af these edges. The overshoot 15 worst case at
the leading edge at the driver end and on the trail-
ing edge at the end of the line. The trailing edge
overshoot is 2.2V while the leading edge overshoot
is 1.5V. Both vaiues are very marginal for system
apetation.

The effect of increasing the series resistance to 2082
for the above driver is shown in Figure 25cand d.
Note that the transition time has increased but is

411
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Figure 26. 3245 Typical Driver Waveforms
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. . . TTL
Figure 26. MOS Leve! Driver Configuration AEF
CE HEF

still within entirely acceptable limits and the vver-
shoots have been cut in half. The driver is now
operating in an acceptable mode with minimal
overshoot.

The effect of temperatures on the 3245 is shown in
Figure 27. A 2082 series resistor i3 used with the
driver,

The results of board measurements of a typical
3245 driver driving 18 loads and 9 loads is shown in
Table III. Note that the delay does not change ap-
preciably with temperature but the transition time
increased approximately 2—3 nsec from 25°C to
70°C.

T =10 nSfEIY

Figure 27. 3245 Driver Waveform with
Temperature = 70°C

3210 MOS Level Driver

The pin configuration and logic symbol far the
3210 driver is shown in Figure 28. As shown in this
figure, this driver consists of one MOS level driver
and four TTL low voltage buffers. These low volt-
age bulfers can be used to drive inputs which re-
quire a 3.5V high level (such as the 2107 A address

n
e
¥
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Table 111, Summary of 3245 Driver Board Delay Measurements

MEASURED CONDITIONS MEASURED MEASURED
NUMBER 21078 LOADS INPUT TO OUTPUT DELAY DELAY(3 DELAY!)
AND CIRCUIT CONFIGURATION L0 o2 PLUS RISE PLUS FALL
worsT!®! | | worsT!® woRsT!S! woRsTIS!
WP case | 7| case | TP| case | 7P| case
3245 18 LOADS®!  R=200 12 12 10 10 34 37 33 s
3245 9 LOADS R = 205 1 10 30 330 | 25 27171
MNOTES:

1. TTL151ta \i’ss +1 valt
2 TTL 1S toVpp -1 volt
3 TTL 15 to Vg -1 volt
4. TTL 1.5 10 Vgg +1 volt

5. Warst gase driver on board at 70°C and 5% power supoly variation.
6. 18 loads 2047 split resistor (see Figure 26).
7. Projectexd from 18 load delay.

cwa st o ]
owasr myt b ||
oata mit ;[
e mamrt oy [ J4
ELTCE TN I £
oaTh et b [Tw
patameut i, [+

waTa e oy [

Figure 28. 3210 Pin Coonfiguration and Logic Symbeol

inputs) or they can be used to drive high capaci- -

tance loads with minimum delay. For reference,
the input/output characteristics of the 3210 are
shown in Figure 29 and table IV, respectively.

The driver. configuration for the 3210 MOS level
output is shown with the aid of photos in Figure

30a and b for series resistances of 1082 and 208,
Table V summarizes the results of board measure-
ments for the 3210 as a function of series resistance
and temperature.

Low Voltage Driver/Buffers

The address, data-in, write enable, and chip select
inpuis on the 2107B are all low voltage TTL com-
patible requiring no special interface. This section
will discuss the types of drivers which can be used
to drive the low voltage inputs along with the
advantages and disadvantages of the dnvers.

The types of low level drivers capable of driving the
2107B are shown in Figure 3). Two observations
are pointed out regarding the use of TTL drivers
shown in Figure 31.

1. There are no pull up resistors,

2. Series 748 iype gates are not recommended.

Table IV. 3210 A.C. Chatacteristics
Ta =0°C to 76°C, Vg = 5.0V 5%, Vpp = 12V 5%

SYMBOL PARAMETER MIN. T'fP.["_ MAX. | UNITS | TEST CONDITIONS
tLoR Delay Plus Rise Time for Low Voltage Drivers 17 25 nS C, =200 pF

1LppP Delay Plus Fall Time for Low Voltage Drivers 16 25 ns Cy =200 pF
TH-+ Input to Ourput Delay for High Voltage Driver 8 16 nS €. =175pF
tHCR Delay Ptus Rise Time for High Valtage Driver 27 40 nS Cy = 360 pF

T Input to Quiput Delay for High Voltage Driver 4 ) 8 S | CL=175pF

tHDE Delay Plus Fall Time for High Voltage Driver 18 30 nS C =380 pF

tpe Delay to Base Drive to External PNP Pin 12} 4 8 17 nS

NOTE: 1. Ta=25C
AC. CONDITIONS OF TEST:

Input Puisa Amplitudes. 3.0V Input Pulse Rise ang Fatl Times: 5 nS between T volt and 2 volts Measucemant Points: See Waveforms

4-13
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Figure 31, Low Level Drivers

(a}

TTL Drivers

Since TTL devices will typically pull up actively
to 2.8V to 3.4V, which is well above the required
minimum high level, pull up resistors are not
needed. Standard Series 7400 type gates are speci-
fied to supply 400 ua up level current at 2.4V worst
case. Since each address input of the 2107B
has 2 maximum leakage current of |0 ua, this type
of driver is capable of driving 40 2107B address
lines. However, it should be noted that these 40
address inputs have a capacitance of 240 pF. This
load will increase the delay through the seres 74
gates.

When driving the 21078 address inputs with TTL
gates it is advisable to use a NAND type circuit

T
e =y
Figure 29. 3210 Input/Qutput Characteristics

WA —

CE __CE

T vy IOV
TTL W TTLIN
iy I D OF
TRANSMISSION TAANSMISSION
LINE LINE

BEGINNING DF
TRANSMISEION
TT

BEGINMING OF LINE TTL
TRANSMISSION REF HEF
LINE CE CE
REF REF
T" UL HEY TE}I\:r
LEADING EDGE, A = 1082 LEADING EDGE, R = 200
ta} ib}
Figure 20. 3270 Typical Waveforms
Tahle V. Summary of 3210 Driver Board Delay Measuraments
MEASURED CONDITIONS MEASURED MEASURED
NUMBER 21078 LOADS INPUT TO OUTPUT DELAY DELAY?S! DELAY W
AND CIRCLHT CONFIGURATION e e PLUS RISE PLUS FALL
i5) 3] [sl ]
WORST WORST WORST WORST
TYP. CASE TYP. CASE TYP. CASE TYP. CASE
321018 LOADS!S! R =200 16 16 10 10 48 | 50 3% a5
32109 LOADS R = 2002 14 8 0| 27 ] 2507

NOTES:
1. TTL1G 1 Vgg +1 volt
2 TTL 1.5 10 ¥ -1 valt
3 TTL1Gw Yoo —1 volt
4. TTL 1.5 10 Vgg +1 volt

6. 18 Inads 2057 split resistor {¢ee Figure 26/,
7. Proiected from 18 |oad delay.

5. Worst case driver on board at 70°C and 5% power supoiy variation,
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(such as shown in Figure 31) with an enable input.
This will allow all addresses to be set up in a high
state (above 2,.4V) and be driven low when appro-
priate. Since TTL gates have much better drive
capability in the high to low direction, the increase
in delay due to the large capacitance is reduced.

It is not recommended that Schottky type TIL
gates be used to drive the low level inputs of the
2107B. This is because under worst case conditions,
the down level of the Scheitky device is approxi-
mately 100 mv higher than for a regular or H series
TTL gate. This higher level coupled with the ad-
dress noise coupled from the 2107B (see Address
Buffer/Latch section) might make some systems
marginal in operation. In addition, the effect of
chip enable transition on address low voltage re-

duces the maximum positive down level on the
addresses. (See Device Specification section.)

An example of TTL circuits {7400, 74H0Q, 74500)
driving 36 address inputs on the 2107B at refresh
time is shown in Figure 32. Figure 33 shows the
same TTL gate at “Read™ time. Note the high level
loading effect is greatly reduced because only 9
loads (2107 B) are turned on at one time. Note that
a Series 745 gate was used and is shown for refer-
ence only. From these photos the amount of over-
shoot present in driving high-low is clearly seen.
Therefore, even with TTL drivers it is desirable to
use series resistors to decrease the negative over-
shoot. This resistor value depends on the load on
the driver and 20£2 is recommended when driving
36 address loads.
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Figure 32. TTL Driver Waveforms {Refresh Cycle)
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In the discussion of the address latch circuitry
(Address Buffer/Latch section) reference was made
to input currents drawn by the address buffer when
an address is switched from a fow to high level dur-
ing chip enable. The decrease in high level shown in
Figure 32 is due to the 0.5 mA/2107B loading of
the address line following the low to high transition
while chip enable is on. (All photos from Figure 32
are faken at refresh time when all devices are on.
This condition is worst case.)

Figure 32 also shows the effect of 36 memory
devices coupling charge back to the address line
[see Note (1} on photos]. This coupling limits the
series resistance vatue which can be added to the
address drivers to minimize overshoot. It also sug-
gests that the address drivers be placed as close as
practicat to the memory array.

The photo shown in Figure 34 is the current
associated with the low to high level address transi-
tion for 36 devices at refresh time. (Note the time
delay of current relative to address voltage change.
This is the result of delays associated with the cur-
rent probe relative to the voltage probe.) For this
example, the driver used is 8 3210.

Other Low Voltage Driver/Buffers

When speed and high level drive capability is needed
it is desirable to use drivers which are designed spe-
cifically for driving high capacitance loads with
minimum delay. The 3245 and 3210 can be used
to drive the 2107B low voltage inputs.

When operating the 3245 in a low voltage mode,
the device is connected per schematic shown in Fig-
ure 35. As shown in this figure, the Vpp) pin (pin
1} is connected to Voo (+5) and the Vppa pia (pin
9} is connected to +12V. Photos of the waveforms
of the 3245 in the low voltage drive mode are
shown in Figure 36a and b. The circuit configura-
tion is shown in Figure 35. As shown in the photo,
the 3245 has very high drive capability in both the
positive and negative directions.

For comparison, the low level buffer portions of
the 3210 are shown in Figure 37a and b. As is
shown, both the 3245 and 3210 make excellent
low tevel buffer drivers for heavily loaded address
lines. '
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20 mAiDIv

Jmp —

REFRESH
CYCLE

TTL

ADDRESS

(ATl

TTLREF

gl |

CE REF __|
twge!

T - B0 n5/DIY

Figure 34. Typical Address Input Current

L[ p—

Figure 35. 3245 Connacted in Low Voltage Drive Mode
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Figure 37. Typical Waveforms, 3210 Low Voltage Mode

QUTPUT
v DI

T 105DV

NEGATIVE ADDRESS TRANSITION
b

Qutput Sensing

The output of the 2107B can be sensed with any
TTL compatible series 74, 74L, 74LS or 748 gate.
In addition, Intel provides a latch {3404} which
features high speed and high density in a single
package. The pin configuration for the 3404 is
shown in Figure 38.

The Ve input to the 21078 goes only to the out-
put buffer as shown in Figure 8. This means that
other types of outputs can be used instead of
standard TTL devices if so desired. However, since
there are many different ways to utilize this fea-
ture, do not exceed the maximum limits on voltage
when using the 2107B in a non-standard manner.

Typical curves of ouiput current as a function of
output voltage are included in Figure 39a and b to
facilitate the ouiput interface of non-TTL loads.

System Timing and Control

The simplicity of design when using the 2107B
memory component is shown by the schematic
given in Figures 40, 41, and 42. The basic timing
for this schematic is shown in Figure 43,

- = M=)
a4 2
u,:L@,.‘ @'—‘:n
By e 2
iy = i S0
P T Y
2l
A= =
aaz gt = S

Figure 38. 3404 Pin Configuration

The design shown is for an expandable 16K X 18
system featuring:

1. Asynchronous memory requests/multiple ports
2. Free running refresh

The timing cycle consists of a start initiated by a
memory requesi (MREQ) which trggers the busy
latch and begins chip enable. The busy signal is used
to disable other ports from requesting a memory
cycle while the memory is being accessed from
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Figure 39. 2107B Output Charagteristics
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However, several things need to be said about the
refresh circuitry., As many system desigaers know,

READ CYCLE when a memory system with asynchronous refresh

P f runs into trouble in the checkout state, it is 99%
sure to be refresh interference in one form or an-

.Eh X other in the control logic. The most Likely cause of

problems for asynchronous refresh is glitching be-
tween a refresh request and 2 normal cycle request
resulting in false starts or the system not knowing

S‘- L
uREQD | / \ whether or not it is in a refresh cycle or normal

MSEL

— /_— cycle.

To alleviate this problem it is necessary to deter-

mine that there are no possible requests coming

from an external port to the memory when a re-

"ﬂ_._/ \_ fresh cycle is started. This will prevent the low
./

order address line from making transitions at the
I wrong time {due to the multiplexer between the

o 1\ — refresh and normal addresses) and taking excessive

fime to recover to the proper level.

CENBL

MILFHN

Bt V The circuit which performs the function of delay-
= ing the onset of a refresh cycle is shown by G3 in
5y \ / Figure 40. Here, refresh is delayed for as long as

] | ; | t  necessary o assure that the refresh required latch
(REF REQ) has had time to block further requests
from all ports attachicd to the memery.

Attention is also called to the power on reset
(PWRST) signal shown in Figure 40. This signal
is necessary to assure that all latches have been
another device. Since further timing signals for a reset (of set} to the proper state after power has
read/write cycle are straightforward they will not been applied. In addition, note that the refresh/
be discussed further. addresses RAp thru RAg are changed after the

Figure 43. 16K X 18 Memory System Contrgl Timing
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refresh cycle is complete. This assures that the
address will not be changing during refresh as chip
enable goes high.

Memory Array Layout

The fayout for the 2107B memory array can be
identical to that used for the 2]107A. An example
of such a layout is shown in Figure 44, The layout
in this example is constructed with grided power
busing which minimizes power distribution noiss.
When using this technique it is Important to remem-
ber to bus afl power lines both vertically and hori-
zontallv through every memory component.

The effect of proper power distribution in the
memory array cannot be overemphasized. It is
most desirable to bus the power lines both ver-
tically and horizontally at every memory device

location (even if it means running a 15 mil wide
printed line to achieve the connection). If it is not
possible to make such & connection at cvery loca-
tion, then the intercennect should be done as much
as possible throughout the array.

As a general rule of thumb, power distribuiion can
be considered adequate if the distance from each
power pin (e.g., VYpp to capacitor and Vgg to
capacitor) to the closest decoupling capacitor is
less than or equat to 1.5 inches.

For some layouts, particularly those which have all
timing and control as well as the memory on a
single board, it may be desirable to build muiti-
layer boards. Atfcntion should be paid to the con-
struction of the internal planes to gain maximum
effectiveness from these planes. If all the required
power supplies cannot be distributed on internal
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planes and any have to be teft out and put on the
upper surfaces of the board they should be re-
moved from the internal plane in the following
order:

3. Vpp
4. Vgg

I. Voo
2. Vpg

Numbers | and 2 can be interchanged if there is z
particularty heavy Ve load due to timing, conirol,
etc. circuitry on the board.

When constructing inlernal planes, care should be
taken to obtain the most continuous plane possible.
For example, the plane should have “fingers™
between each IC feedthrough to minimize induc-
tance.

Decoupling

As mentioned in the Transient Currents section, it
is imperative to adequately decouple all supplies to
the 2107B. The type and amount of decoupling
recommended is mosi easily shown with the aid of
the diagram given in Figure 45. In this figure, every
other location for decoupling is Vpp—¥ss using a
1.0 pF capacitor. Alternate locations can be Vygp—
Vs or Voo—Vss. His suggested that Vyp—Vgg be

et et e L] e e e

1 2 ¥ z 1 2 1 2

DECOUPLING KEY
VpoeVsg — 1OuF
Vap-Veg - 0.1uF
Vop-Veg -~ DpF

- W om oa

Vop-Vss — +TuF

Figure 45, Recommended Memory Array Dacoupling

decoupled more heavily than Vpo-Vgg (as shown
in Figare 435), because of the higher transients on
Vag- Noise on the Vg distribution is shown in
Figuze 46.

1
‘,le 1
STE&DY

T =G0 nSfDIV
111 ¥gg A.C COUPLED, 100 my/DIV

Figure 46. Typical Vgg Array Noise Decoupling par
Figure 45

In addition to the 1.0 pF decoupling discussed
abave, it is necessary to provide a bulk of ~100 uF
Vpp—V¥ss per 36 devices located near the mem-
ory array. Also, placing 4.7 uF capacitors between
Vopp-V¥sg along the end of each row as shown will
¢liminate noise problems during refresh time.

The effect of changing decoupling capacitance in 2
system is shown in Figure 47a, b, ¢, and d.

These photos show the effects of different de-
coupling schemes on the Vpp supply and the effect
of adding a more solid power distribution bus. {In
this case #27 wire was paralleled with the existing
power distribution of grided 15 mil printed line.)
Each of the photos shewn in Figure 47 were taken
at the worst case location in the memory array at
refresh time.

Figure 47a shows the Vpp supply with 0.1 uF
spaced at every third device, no additional Vop
busing and no bulk capacitors (4.7 gF) at the end
of each row. Note that the Vpp supply decreases
to approximately 300 mv below desired setting
with spikes driving the supply down a maximum of
440 mv. This excursion is not acceptable.

Figure 47b is for the condition of decoupling with
0.1 pF every third device and adding a 4.7 uF
capacitor at the end of sach row. Additional power
busing on the Vpp and Vgg lines was added but
was observed to have litile effect on the noise,
shown in Figure 47b. For this case, the Vpp sup-
ply is observed to decrease approximately 180 my
with spikes adding a further reduction to 240 mv.
The major difference between this condition and
the one shown in Figure 47a is the addition of the
4,7 pF capacitors at the end of each row. However,
the decrease in Vpp voltage is still unacceptable,
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Figure 47. Vpp Noise as & Function of Decoupling

Figure 47c shows the Vpp supply where Vpp in
the memory array is decoupled at every other
memory device location. All other conditions are
per Figure 47b. Note that the offset is now only
100 mv with spikes taking the supply down to 170
my below nominal. Such decoupling results in adc-
guate but marginally acceptable sysicim opération.
Figure 47d shows the Vpp supply decoupled at
every other memory device location with 1.0 gF
ceramic capacitors. All other conditions are per
Figure 47c. Note that the offsct is approximately
20 mv with spikeslowering the Vpp to a maximum
of 200 my for the length of time shown.

The most desirable decoupling of Vpp to Vgg in
a memory array is therefore 1.0 uF at every other
device location with 4.7 gF at the end of each row.

The above recommendations on power distribution
and decoupling will result in minimal memory ar-
ray power noise. However, it is certainly not the
only way to suppress power distribution noise. Ad-
equate distribution and decoupling can be assumed
if the following values are achieved:

1. Vpp--Vss 200 mv peak
2. Vpp—Vss 100 mv peak

\.l’ss —
T -0 nS/DIV
1l
3. Voo -Vss 100 mv peak
4, Vgg—Vgg 200 mvpeak (comer to diagonal
corner)

Debugging A Memory System

The design and build of memory systems using the
newer, ¢asier to use dynamic RAMSs, usually resutts
in minimum system debugging time. However,
when this is not the case and the control and mem-
ory are not playing together well, life can be mighty
miserable for the designer while the probiem is
being tracked down.

This section wilt deal with some of the more com-
mon problems that can affect dynamic memory
systems in general, their characteristics and how to
better identify them. An integral part of this sec-
tion is the testing of the system to identify those
conditions which cause the most problems for the
memory system. In the following it is assumed that
power supplies and timing are set to nominal values.

In debugging a memory system the most logical
place to start is to determine that all specified
criteria are met. This means looking at chip enable
timing during each type of cycle both high and low

4-23
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voltage level (read, write, read-modify-write, if
used, and refresh). In all cycles make sure the ad-
dresses and chip setect are set up at the proper time
and are held for the minimum hold time. Check all
other signals for proper levels (this especially in-
cludes the address down level at the time just after
chip enable goes high). Remember that the maxi-
mum address down level is a function of the chip
enable rise time. Erratic operation results from a
slow transition and a marginal address down level.
Next, check all voltage pins for excessive noise. It
is vsually desirable to check the power noise at re-
fresh time since all memory devices will be on then
and noise will be at a maximum.

After the above, sync on a read cycle and make
sure that the system data strobe, if any, occurs be-
fore chip enable going low has a chance to reset the
data. Also check to make sure no spurious write
signals are getting through at read time. In a write
cycle check the write enable waveform and make
sure data-in is valid at or before write enable goes
low.

In a refresh cycle, write enable should be held high
unless chip select is high. Also, while in the refresh
mode, make sure that all refresh addresses are being
accessed. This is most easily done by syncing on the
high order refresh address, As, and looking at the
low order addresses for one cycle of As. Checking
a read-modify-write cycle is merely' a combination
of the above discussion of read and write.

After confirming that the specification is met in all
regards and that power supply noise is within toler-
ance in all cycles, the designer is probably tempted
to harbor ill feelings toward the memory compo-
nent andfor manufacturer of same. However, it is
not yet time for such.

If the memory is failing most of the data and
address paiterns that are being used for the test, it
is useful to inhibit refresh, When doing so, make
sure that the test cycle is such that refresh is being
done “‘automatically” by the normai cycles oc-
curring at a fast enough rate. When inhibiting
refresh it may be necessary to rvestrict the test ad-
dressing 5o that all cells can be “refreshed” by a
normal ¢ycte. If the problem goes away after in-
hibiting refresh, you are now in the army of people
who have used dynamic RAMs to be caught with
refresh interference.

The only thing that can be said about refresh inter-
ference is that refresh is coming in at the wrong
time! In properly designed systems, the most iikely
culprit is a noise glitch getting into the refresh
timing circuitry to cause the problem. One of the
most common causes for other types of system de-
sign is the improper use of “D™ type latches. For
example, if an asynchronous input (relative to
clock) is applied to the D input of a latch and
clocked, there will be times where the change on

the D input occurs simultansously with the clock.
In some laiches this can cause an order of magai-
tude increase in delay instead of simply missing the
D input (see Figure 48). This problem also exists
when using a latch made of NAND gates (see Fig-
ure 49). The method of correcting the refresh inter-
ference problem of a system is left to the imagina-
tion and luck of the designer. If the problem is not
refresh interference, do not harbor ill feelings yet!

LTYPE LATCH

o

Figure 48,

Figure 49. Cross-Coupled NAND Latch

After checking all of the above with no change in
results, the next ptace to start is to determine
whether the system is sensitive to addressing pat-
terns. An effective test for evaluating address
patiern sensitivity is Galpat. The structure of Gal-
pat is shown in Figure 50, This test is time consum-
ing and requires a careful monitoring of the failed
data and its addresses.

Failures caused by a Galpatonly type test are
most likely due to address line noise, address
coupling to other signals, or refresh relaied. If ad-
dress type noise is suspected a careful look at every
point in each address path is in order. The best
place to concentrate is around the address and its
complement that failed.

Refresh related problems can occur during Galpat
because this test takes a long time and may not
“automatically’ refresh the memory. (A sequential
type test can refresh the memory automatically
if it cycles faster than the maximum allowed
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A “galloping™ “1" ar “0" thru memory consists of initializ-
ing the contents of memory {all *1s” or *0s"} and imple-
menting the fallowing sequence at each successive memory
location:

1. Write opposite data {from inftialized state) into Lest

address (AggT)
- Read next address (Apggp + 1)
. Read test address (Aygg)
. Bead AppgTt2

[ T

- Read test address — conlinue read sequence for en-
tire memory

. Write t2st address back {o initialize state
Go to next address for new ArgsT

. Repeat steps 1—6 until entire memory Lested

R R =

. Complement initial data pattern and repeat steps 1-8

Figure 50. Galpat Flow Chart

refresh period.) If any address fails to get refreshed
during the refresh period, Galpat will most likeby
pick it up.

If the above does not yield a clue, then a check of
the data pattern across a word is in order. In many
tests each bit in a word contains the same data.
This can cause certain groups of data lines to
couple into adjacent contro! or address lines. This
problem can be tracked down by aliowing only one
bit in a word to change a1 a time.

If the memory system is having massive failures, it
is very likely that the above debug procedure will
reveal the problem. The second type of problem to
be discussed is that of soft failures at frequent in-
tervals. In general, these arg problems caused by
system noise, marginal timing, flaky peripheral de-
vice(s), or marginal memory component.

For soft failures, the first item to suspect is refresh
interference. Proceed per above to isolate the prob-
lem.

A great deal of information on soft failures at
nominal voltage settings ¢can be obtained by shmoo-
ing the memory system. A shmoo consists of vary-
ing each voltage in a manner which is worst case for
certain copditions.

The voltage points which emphasize certain tend-
encies in the memory are contained in Figure 51.
The device failed address should be noted at each
shmoo point Lo give a clue to the problem.

A broad guideline here is as follows:
Failure
1. Vpp low, |Vpg| high

Cause

— timing marginal
{memory tends to
slow down),

2. Vpp high, IVgpl low — noise in system.
Look for Vgs, Vpp,
VBB noise,

Temperaturs vadation can atso reveal similar prob-
lems. For example:

Failure Cause
1. High temperature — timing should be sus-
pected.
2. Low temperature — noise should be sus-
pected.,
If MIN, OFE FEATING CORNER 121079 |
Y e -
| NOISE SENSITIVE CORNER /lF
I |
wl |
) |
|MAX. CPERATING CORNER (210761, |
iy .__\____.____-_\'__
| - SPEED SENSITIVE CORMER |
1 L

N Ypo vy
Ve - MOST POSITIVE vag
Vg = MOET NEGATIVE Yg
V' — MOSTPOSITIVE Vo

Vi - MOST NEGATIVE Voo

Figure 51. Example of Memory System Shmoo Plat

Power Calcalations

The typical power dissipation for the 21075 with a

chip enable on time of 230 nsec and a 400 nsec

cycle is calculated as follows for a typical device:

Device Power

VDo X Ipp AY

T =
por [*VBBX 1§:3]

Since the catculation of standby power without

refresh for dynamic memory is meaningless, the
following calculations are for standby with refresh:

]

[110)( 0.11 mA
+5.0X 0.t mA

]

120X 38mA7 _
+5.0% 0.1 mA:I = 436.5 mw

- | Vpp X lpD1
% Poop = [+ VEB X 1gB

] = 182 mw
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NTCy
TREF )

T —NT
rvor (SHEEY)

3. Ppsp = Pnop(

where: Ppop : = Operating power disspiation

PNOP = Nonopetating {chip enable low)
pawer dissipation

Ppss = Standby/Refresh power

N = Number of refresh cycles in refresh
pericd

TREF = Refresh period in lisec

Tcy = Refresh cycle time in psec
For the 2107B, the following values apply:
N = 64
TREF = 2000 psec
Toy = 0.40pzec
_ 6 {0,400}
4. Ppgp = 4365 ( 2000 )
2000-25.4
ot
5. Ppsp = (5.84 1+ 1.80) mw

6. Ppsp = 3.6 mw

The above calculations do not include Voo power
since it is dependent only upon the output load
used. The output of the 21078 is in a high imped-
ance state when chip enable is low or chip select is
high and oniy leakage level currents flow under
these conditions.

System Power

In most systems only a portion of the memory
devices will be continually accessed. For example,
in the system previously described (16K X 18)
worst case power is a continual access of one row
(the other three rows are dissipating power in the
refresh oaly mode).

System power for the 16K X 1§ sysiem is calcu-
lated from:

I. PRys = PpS X N+Ppa X M+ Ppop X D+Ppsp X E

where: Pps = Power dissipated in drivers during
slandby (including refresh)
N = Number of drivers in standby
Ppp = Power dissipated in drivers during
max. duty cycle operation
M = Number of drivers in max. duty cycle
aperation

Ppor = Power dissipated by memory device
max. duty cycle

4] = Number of devices in Ppop

PpsB = Power dissipated by memory devices
during stzndby (including refresh}

E = Number of devices in Ppgp

For this cxample, all drivers are assumed to be
3210s. Therefore:

Pps = 387 mw N=¢6
Ppa = 467 mw M=2
Ppop = 456.5 mw D= 18
Ppgy = 2.6 mw E = 54
or Memory Component
DriverAPower PoJ\t'er

Pgys = 387 X (6)+ 467 (2} +456.5 (18} + 8.6 {54)
Drivers Memory Devices
et e— H
2. Pgyg = 2322+934 +8217 + 464
PDRIVERS = 3256 mw

PMEMORY = 3681 mw
or

Total Svstem Power:

3. Pgyg = 11.Y watts

The power dissipated by the drivers is approxi-
mately 26% of total system power in a4 max.—duty
cycle operating environment.

Total standby power (including refresh is caicu-
lated from equation (1) where:

N=8 M=qQ D=0 E=72

or.

Driver Memory
P ——, e e,
4. Pgysg = 387(8) +8.6(72)

Poysg = (3096 + 619) mw
or

PORIVERS = 3092 mw
PMEMORY = 619 mw
5. Psys = 3.7 watts

Note that in this case, driver power amounts to
approximately 83% of total system power.

Power Supply Sequencing

The Vggp substrate bias supply must never be al-
lowed to be morc positive than 0.3V above Vgg,
Vpp. or Ve at any time. Catastropic device fail-
ure can result if these criteria are nat met. To mini-
mize this problem of power sequencing and inad-
vertent power shorts, it is recommended that Vgg
be referenced to Vgg.
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INTRODUCTION

The Intel® 5101 i5 an ultralow power 1024 bit
static RAM organized as 256 words X 4 bits. It is
fabricated with an advanced ion-implanted silicon
gate CMOS technotogy. The 5101 is fully TTL com-
patible, uses only a single supply voltage Voo (+5V)
and does not require a clocking operation on the
chip enable input. This device is ideally suited for
low power and high speed applications where bat-
tery support for non.volatility is required.

The purpose of this application note is to describe
the internal circuitry and operation of the 5101 and
to outline various circuit fechniques for battery
supported non-volatile operation. In addition, de-
signs using the 5191 will be described and the intet-
face discussed.

DEVICE DESCRIPTION

The 5101 is pin compatible with the Intel® 2101 n-
channel silicon gate static MOS RAM. The internal
circuitry, however, differs from the 2101 in thai the
5101 is implemented with CMOS technology and
the 2101 is implemented with n-channel technol-
ogy. (However, both the 5101 and 2101 are TTL
compatible.) The pin configuration and logic sym-
bol for the 5101 are shown in Figure 1. Memory
expansion is simplified by the use of two chip en-
ables CE; and CEq, CE, may be used to place the
memory in the ultra low power standby mode com-
pletely independent of the state of aff other inputs,
In addition, an output disable pin is provided to
place the internal data output buffers in a high
impedance state. This is particularly useful in those
systems which have a common data bus. Both the

PIN CONFIGURATION LOGIC SYMBOL

E1nt L3 0]
b
N 2B0% .
a1z a4, — 5,
41> 0 [Jamw — %
£y w TR -
b L
a s w ] oo — a
Ly o 17 [ ce2 —
—
[ . % oo,
—{ D Do, f—
avo ] & 15[ 1o, ] Dr; nn; s
o, []» u [Joo, — o ooy |—
oo, [] i3 [ol, e dl
—] on
o, 12 oo, AM CEZ CEI
1y
PIN NAMES
Ol; ‘Dl CATA INPUT J ) OUTPUT DISABLE
Ay —#;  ADORETS IWUTS [ DG ,— DO, DATA QUTMIT
Am__ mesomiTe RuT | v POWER +5]
CELCE?  CHWP EMAMLE

Figure 1. 5101 Pin Configuratian and Logic Symbol

output disable and chip enable features will be dis-
cussed in more detail in the Systems Considerations
section.

A block diagram for the 5101 is shown in Figure 2.
The memory array s arranged in a 32 X 32 matrix.
The five low order addresses Aq-Ay select 1 of 32
Tows; the three high order addresses As-A7 select
1 of 8 column select lines. Each of the column se-
leci lines enable 4 of the 32 columns. Figure 3
shows a selection matrix for fhe selection of a given
address to the 5101.

% 1 — @ Yoo
‘1 CELL ARAAY e
L% ol . L] 32 ROWS
“z BUFFEAS DECODERS 22 COLUMNS
A‘ E—

(NS £}
ee2
CEl

TIEABLE) |

4

eyt

DATA

CONTADL

a0 8 3
A Ag Ry
HEm () - PINNUMBERS
Figure 2. 5101 Block Diagram
COLUMN
SELECT C; 7
SELECTED
g CELLS
ROW e
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R
MEMORY
ARRAY
SENSE
AMPLIFIER
,d__:_—;.—_.-"S—-—'-_d_H_,d_—L' BUFFERS
by

VTS LSS VAR v 2SN 3
-I—ODO,
(az

e opg;
—o b0,

Figure 3. 5101 Selection Matrix

As shown in the block diagram, CEj and CEg con-
trol the input data buffers and output data buffers.
If either CEp is high or CEg is low, the data-in and
read/write buffers are diszbled and the memary is
isolated from the datain inpuis. Likewise when
either or both of the chip selects are in the non-
select state (see Table I) the output buffers are
placed in a high impedance state, When the chip is
selected (i.e., CE{ is low and CE» is high), the out-
put disable pin (OD) can be used to place the out-
put buffers in a high impedance state.

51
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Table I. 5101 Output State & Selection Matrix

oD C_E_1 CEp Salection Qutput

H H H DOrezelected High imp.
H H L Desetected High Imp,
H L H Selected High Imp,
H L L Deesebectad High Imp.
L H H Dasalacted High Imp.
L H L Deselectec High Imp,
L L H Selpcted Enabded

L i L Deselectad High Imp.

Device Operation
STORAGE CELL

The storage cell used in the 5101 is implemented
with 6 MOS transistors as shown in Figured, The
six transistors are connected to form a cross-coupled
lateh which acts as the memory element. Note that
the logic and gating transistors @1, Qa, Qs, and Qg
are nchannel enhancement mode (normally off)
MOS devices. The load transistors Q3 and Q4 are p-
channe] enhancement mode devices,

Wz (454

BT Vg IGNDY R By
FENSE SELECT SENSE
LEFT RIGHT

P = PLCHANNEL DEVICE
N« H-CHANNEL DEVICE

Figure 4. 5101 Storage Cel)

In the following discussion of storage cell operation,
remember that an n-channel device will be *on”
if the gate is at a high level (~Vpg). A p-channel de-
vice will be “‘on™ if its gate is at a low level (~GND).
Operation of the storage cell is as follows:

Assume that the gate of Q3 is at a high level (Vgg),
device @3 is therefore turned on (it is an n-channel
device) while device Qg is turned off (it &s a p-
channel device). Node (1)is therefore pulled to Vgg
(ground) and crosscoupled back to the gates of
devices Q4 and Q5. This low level on node (1) will
turn device 4 on and Qs off. Since the output of

Q4-Q5 is fed back to the gates of Q9 and Qg, an
initial charge of Voo on the gate of Q3 will hold
the latch in the above state. This logic state (node 1
at GND) is defined as a “1”, The cell contains a
logie *0” if the gate of Q4 and Q5 is high (Veo)
which puts node (1) at Voo . Table IT summarizes
the state of the memory cell for a logic “1” and
logic 0.

Table [I. 5101 Memory Cel! State

Coll State Qg Gy [ ¥} Qg
Lagic “Q™ On Off Otf On
Logic 1" Off On On Off

Note that in the above discussion no mention was
made of any d.c. currents flowing to set the proper
voltage levels in the latch. This is because there
aren't any. For the example given, the gate of Qg
is held high (Vo) by device Q4 {the pchannel load).
Since Qs is off there is no d.c. path for the current
to takein the quiescent stata. The only current flow-
ing is the junction leakage currents associated with
the sourcefdrain of the MOS devices. This current
is typically in the nano-ampere range.

The memory cell is accessed for a read or write
operation by activating the appropriate row select
line (i.e. row select is brought to Vo). This tums
on devices Q1 and Qg and allows data on the bit
sense lines to be written into the cell or the state of
the cell to be interrogated (read) by a sense ampli-
tier placed on the bit sense lines. For a write opera-
tion Bit Sense right is set high (Vpr) to write a
“1™ or Bit Sense left is set high (Vee) to write a
“0”. The opposite Bit Sense line is held low (Vgg).

ADDRESS BUFFER

The address buffers translate the low level TTL ad-
dress inputs (Vg max. = 0.65V, Vi min. = 2.2V}
to a CMOS level (high = Vg, low = Vgg) for in-
ternal use. The buffer configuration used is shown
in Figure 5.

P = PLHANNEL DEVICE
N = N-CHANNEL DEVICE
TTLIN

A

TO DEGDDERS
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The first stage of the address buffer consists of a
NAND gate (@, Qg) with control gates (Q2, Q4)
added to disconnect the TTL address from the
decoders when the device is not selected (that is,
CE2 is low). This places the address buffers in a
standby mode (only leakage currents flowing) and
eliminates the need to control the state of the ad-
dresses during standby. The internally generated sig-
nal PD which blocks the input addresses from the
internal decoders is generated from CEa. The second
stage is an inverting buffer to provide increased
drive for the A; addresses.

Note that when the device is in a quiescent state
no d.c. current is being drawn by the buffer. There-
fore, the power dissipated during operation is very
small and amounts to only the leakage current as-
sociated with the source/drain p-n junctions.

DECODERS

The row decoders (selecting 1 of 32 rows}on the
5101 use an AND gate of the type shown in Fig-
ure 6. To activate the selected row decode line, the
five addresses going to that particular decoder must
be at a high level and the internal chip select (C8)
must be high. (Chip select is formed by the logical
AND of CEg and CEj). If 2l address inputs to the
decoder are high, a low is placed on the gates of
the inverter buffer (devices @1 and Qg) which will
turn Q1 off and (2 on. The selected row decode
line is thereby brought high, turning on the appro-
priate gates in the selected memory cells, If the
device is not selected, then CS forces all row de-
caoder lines low which disables any access to all
memory cells.

2
F
r
W+
F
=
&
=

P = P-CHANNEL DEVICE
N = N.CHANHEL DEVICE
CE% = CE1-CE2

Figure 6. 5101 Row Decode

The column decoders use a NOR type gate shown
in Figure 7. The selected column decode line goes
high if the 3 addresses (A5-A7) being decoded are
all at a low level. Note that the internal column de-
coder uses only three address inpuis. These three
inputs select 1 of 8 separate decode lines. Each of
the 8 decode lines select 4 columns for each word
addressed.

- COLUMN
DECOOE

"

o Ag

T L

Ve

P = PCHANNEL DEVICE
H = N-CHANMEL DEVICE

Figure 7, 51071 Column Decode

INTERNAL DATA SENSING

A simplifie¢ schematic of the 5101 eolumn sense
amplifier is shown in Figure 8. The sense amplifier
is constructed in an AND configurafion with the
/O left line of each column of memory cells
AND’ed with a particular column decode (devices
1 and Q2). The line to the outpui buffer, Op, is
held at Voo by device @3 unless both the I/0 left
line and the column decode line (for that particu-
lar column) are both high (logic “0” in the memory
cell). In this case, the output of the sense ampiifier
Op will be driven to a low level (slightly above
GND). For example, if memory cell “M* shown in
Figure 8 contained a “¢°* (IO left high) then Op
would be low. However, if “M” contained a 1"
{i/0 left low) then Op would remain high.

Devices Q4 and Qg shown in Figure 8 are used asa
load on the particular T/Q line. The n-channel de-
vices {Q5 and Q@7) are used to limit the logic swing
on the [/O lines,

Data is written into the memory cell by the circuitry
shown in Figure 8, Note that the I/O right line goes
high only when a logic *“1" {high level) is applied to
the data-in input on a selected device during a write
cycle. The 1O left line, however, goes high when
either a Jow is on the data-in input or the chip is
non-selected, (Recall that for a non-selected de-
vice, all row selects are at the non-selected state,
i.e. low level.}

OUTPUT BUFFER

A simplified schematic for the 5101 output buffer
is shown in Figure 9. As shown in this figure the
output buffer is implemented with complementary
n-channel and p-channel drivers. For this type of
driver, the gates of devices €@ and Qg must be at
the same logic level (high or low) so that one of
these devices is on while the other is off for a nor-
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mal read operation. However, when the chip is de-
selected (the internal C8 is low) or output disable
is high, both @71 and Qp are tumed off and the
Data Out output goes to a high impedance state.

Ve 1BV Vg 150
ﬁl::" 5" Jr'[:" E"D
IR
ROW DECODE ¥ —
MEMOR'Y
CELL —y
d
— 140 LEFT . WO RIGHT
DECOCE MEMGRY
NRITE CELLE
1]
cez
DATA N E
= Ny
I— . "cc_} -
| I' I ™
1 ouTMUT
— = sI.IIFF'EN
0B
AMPLIFIER | —l~ | 7 SENSE
1 | AMPLIFIERS
{ coLumn l
| PECODE v
| |
i = |
e e — J

Figure 8. 5101 Column Sense Amgplifier

DATA FROM
M

SEMSE
AMPLIFIER

WHERE: €3 - ce2 - T}
O - OUTPUT DISABLE
P + P.CHANMEL DEVICE
W - H-CHANNEL DEVICE

Figure 9. 5101 Output Buffer

Device Specifications

READCYCLE

Minimum timing for a 5101 read cycle is shown in
Figure 10. This timing diagramn shows the relation-
ship of all necessary control signals required for a
read cycle and is for a general application. How-
ever, if the user has certain flexibitities in his sys-
tem, other modes of operation are possible,

For those systems which have separate data inputs
and outputs in the memory array, the output dis-
able input (pin 18) meay be tied low. Also, if the in-
put and output pins of the 5101 are not OR tied
to any other device both chip enable inputs may be
held true (i.e. CE7 is held low and CEs is held high)
while the addresses are being cycled in any order
for a series of read cycles. For this case, the read/
write input must be held high throughout the read
operations, However, when operating the 5101 with
CEg held high, it is necessary to control the voltage
level of all inputs if ultra low power dissipation is
desired, The ultra iow standby power can be a-
chieved with CE1 only deselected (i.e. at a high
tevel) by holding all address, chip enable, data-in
and read fwrite inputs to one of the following levels:

1. Vigp <0

2V

2, Vin 2Veo—0.2V

Note that CE1 may be tied low, if so desired, and
the ulira low standby power controlled only with
CEg2 (ie. CEg< 0.2V, all other inputs in a “don’
care” state). The definition of terms outlined in
Figure 10 is contained in Table III,
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Tabte 1. 5101 Read Cycle A.C. Characteristics.

Ta = 0°C 1o 70°C. Yoo = 5V £5% uniess atherwise specifisd,

Symbol Parametsr Min. |[Typ.| Max. | Unit Test Conditions
tae | Read Cycle 650 ns
ta Access Time - 650 ns Input Pulse Levels
teon Chip Enable (CE1] ta Qutput 600 ns +0.65V 10 2.2V,
teos Chip Enable [CE2} to Qutput 700 ns Input Pulse Rise and
tan Output Disable To Output 350 ns Fall Times 20 nsec.
1 Data Output to High Z State Q 150 ns Timing Measurement
of : e ? — Reference Level 1.5V.
oM © | Previous Read Data Valid with 0 ns Output Load 1 TTL
Respect to Address Chan
: il Gate and Cy = 100pF.
: Previous Read Data Valid with
tou? 0 ns

Respect to Chip Enable

Table 1V, 5101 Writa Cycle A.C. Characteristics.

Ta=0PC to 70°C, Voo = 5V £5% unless otharwise specified.

Symbol Parameter Min. Typ. | Max. | Umnit Test Conditions
twe Write Cycle 6580 ns

taw Write Defay 1680 ns Input Pulse Levels
towt Chip Enable (CE1) To Write 550 ns +0.65V to 2.2V.
tows Chip Enable (CE2} To Write 550 ns Input Pulse Rise and

Fall Times 20nsec,
tow Data Setup 400 ns .

Timing Measurement
oH Data Hold 100 ns Reference Level 1.5V.
twe Write Pulse 400 ns Output Load 1TTL
twr Write Recavery 50 s Gate and C_ = 100pF.
tog Qutput Disable Setup 1680 ns

WRITE CYCLE must be provided for the row and column decodeérs

Minimum timing for a 5101 write cycle is shown
in Figure 11. The waveforms shown in Figure 11
are for a general application of the 5101 during a
write cycdle and may be modified to some degree de-
pending on the users requirements. For example, if
no other data inputs or outputs are OR tied to the
5101, CE; may be held low, CBz heid high and oui-
put disable hetd low.

However, it is not permissible to hold the read fwrite
line low while eycling through addresses for a series
of write cycles. Attempting to perform a series of
write cycles in this manner will result in writing
into multiple address locations during address
transitions.

Although it is not necessary to conform exactly to
the waveforms shown in Figure 11 for a write cycle,
care should be taken to assure all minimum timing
constraints, listed in Table IV, are adhered to. Par-
ticular attention should be paid to Tayw {address io
write set-up time), Tew1 and Tewy.

Since the 5101 is a completely static random access
memory, it does not require an edge on any input
line (e.g. chip enable or address) to initiate a cycle,
Therefore, when a device is enabled (i.e. TEq is low
and CEy is high) and addresses are changed, time

to settle (T 4v) before commencing a write to make
sure undesired address locations are not partially
rewritten by the data on the data input line.

k g 1650}
AD(JRESSD<_ _)C
] r-—‘m‘lml__— L
- /
cee ‘4/ \ .
jiuk I 1 b
twmmo?m:f

HUWEBERS IN PARENTHESES ARE IN NSEC,
1. FOR SEPARATE 150 CPERATION OD MAY BE TIEQ LW,

Figure 11, 5101 Write Cycle
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Table V. D.C. Operating Characteristics. Ta = 0°C 10 70°C, Voo = 5V £5% unless otherwise spacified.

Symbol Parameter Min. | Typ.['l | Max. | Unit | Test Conditions
iy Input Current 5 nA Vi = 0to 5.26Y
ILoH Output High Leakage 1 A | CE1=2.2V.Vour=Vec
oL Qutput Low Leakage -1 uA | CE1=2.2V, Vour=0.0V
. Vin =Vee Except CE1< 0.01V
leey Operating Current 9 22 mA Outputs Open
. Vin=2.2V Except CE1<0.65V
leea Operating Current 13 27 ma Outputs Open
1 Vis=010 Ver, £ t
|0(:|_[2 Standby Current 15 LA C‘ENQ < ODZVOC xoep
Yie Input “Low" Voltage -0.3 0.65 W
Vin Input “"High™ Yoltage 22 Vee V'
Yoo Output "Low™ Voltage c4 v lgL = 2.0mA
Vau Cutput “High™ Valtage 2.4 v lpy = -1.0mA

NOTES: 1. Typical values are Tg, = 25°C and nominal supply valtage.
2. Current through al! inputs and outputs included in o

Table VI. S107L Low Ve Data Retention Characteristics. Ta=0"Cto 70°C, Ve = 5V 5% unless otharwise specified,

Symbol Parameter Min, | Typ.l1l | Max. | Unit | Test Conditions

VoA Vi for Data Retention 20 \'4

lecor Data Retention Current 15 HA CE2<0.2v Vo =2.0V
Chip Deselect to Data Retention

tcor Time 0 ns

tR Operation Recovery Time tgel? ns

NOTES: 1. Typical values are Ta = 26°C and nominal suppy voliage.

2. tRg = Aead Cycle Time.

D.C. OPERATING CHARACTERISTICS

The D.C. operating characteristics of the 5101 are
given in Table V. Icor, (standby current) in Table V
is emphasized because of its importance in standby
battery back-up operation, Note that the maximum
value of the standby power supply current is an ex-
treely low 15uA (and is typically only 0.2pA). If
CE2is used to control the low power state (i.e. CEg
% 0.2V), then the state of all other inputs is a
“don't care.,” If CEj is used to control the low
power state, all inputs must be either high or low
(as defined in Read Cycle section). As is shown
later, (in the Systems Considerations section) this
allows the designer maximum flexibility in the de-
sign of simple battery interfaces to implement a
battery back-up system.

As shown in Table V, the 5101 is capable of driving
4 maximum TTL load of 2mA at an cutput voltage

VoL of 0.4V. Attempting to sink more than 2mA
will result in an increased Vor,.

LOW Ve DATA RETENTION

The 5101L family of RAMs has ultra low standby
current and requires only that Voo be between
2.0V< Voo 5.25V to maintain data. As shown,
these devices are guaranteed to operate in a stand-
by mode with Voo a minimum of 2.0V. Table VI
gives the low Voo data retention characteristics of
the 5101L. The waveforms for low Voo data re-
tention operation are shown in Figure 12,

As shown in Figure 12, CEg must be brought low
(<0.2V) at or before the Vgc supply drops to
4.75¥. In addition, CEg must remain in the low

OATA RETENTION
MODE

SUPPLY VOLTAGE (Ve b © @ 4.715¢
et Iy :bn
L]
GHIP ENABLE {CE2I @ ® t @ ®oav
L
@ FD

Figure 12. Low Voo Data Retention Waveforms
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state for a period equal to a read cycle time after
Voo has reached a minimum of 4.75V after power-
up. It is important to note that the supply voltage
Voo does not have to be reduced below 4.75V as
shown in Figure 12. Remember that the standby
current Igpr, is a maximum of 15xA up to Voo =
5.25V. The typical data retention current as a func-
tion of Vpgr (Vge in data retention mode) is shown
in Figure 13.

Typical 1CCDR e, VDR

Igepr 1A
B

Vo W)
Figure 13. S101L Daw Retention Current Vs. Vpp

SYSTEMS CONSIDERATIONS
Since the 5101 iz a completely static TTL compat-

ible random access memory device requiring no’

clocks, refresh or special driversfsense circuitry, the
designer can treat the 5101 as any other TTL com-
patible device. Because of the ease with which the
5101 can be used, this section on Systems Consid-
erations will concentrate on eircuitry assoclated
with battery-supported standby operation. Discus-
sions of any interface butfers (if required) to a 5101
system will be relative to the eifect these buffers
have on the standby power source {e.g. baitery}
and what can be dohe to minimize the adverse ef-
fects of the buffers. Additional information regard-
ing buffers for static TTL compatible RAMs can be
found in the next section, “Designing with Intel’s
Static MOS RAMs™.

Low Power Standby Operation

When designing a non-volatile semiconductor mem-
ory system, the basic requirements can be cutlined
as follows:

1. Maximum data retention time-battery back-up.

2. Maximum load current during standby-data re-
tention mode.
3. Physical size requirement of battery.
4. Access/cycle time (operating mode).
Access time is important as it effects the selection
of address and data buffers required by the system.
If high speed operation is desired, it may be neces-
sary to use series 748 type gates for the buffers. If
speed is not of primary interest then CMOS type
buffers may be used. Clearly, TTL type buffers
will draw considerably more power than CMOS buf-
fers if left connected to the battery supply during
the data retention mode. The battery inferface to
both TTL and CMOS buffers wili be discussed in
the battery section.

The required data retention time for battery sup-
ported standby operation is of primary importance
in the selection of a battery. The usual trade-offs
associated with data retention time are:

1. Memory size (number of words that must be
non-volatile}.

2. Physical battery size desired (determines if the
battery is to be placed on a printed circuit
card or is external to the card).

Within reasonable constraints of memory size and
data retention fime, there are many types and con-
figurations of batteries that can be used.

Power Switching

Two basic types of power switching circuits {swiich-
ing beiween the main supply and the hattery) are
deseribed which are simple and inexpensive.

These two types are:

1. Diode Coupled
2. Switch Coupled

These two types of switching circuits are shown in
Figure 14, The diode coupled circuit requires the
main d.c. supply to be above the required Vor
voliage by the amount of drop through the diode.
The diode used should have a low forward drop
(such as found in Germanium diodes) and low
series resistance.

v D

BATTERY i’ Va
Ve TO
N { MEMORY
MaiN + | % I ARRAY
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SUFRLY
A. Dicde Coupled
NiGd J:_ Iy [ |
BAT'I'EﬁY-'l— L
= 5
Ve TO
WA 4 + {MEMORY
Ml “ f ARRAY
suPPLY - TRIRIDGE *
= TH-1056

RELAY

POWER
vaLp D A et Vi 1454
] RELAY
oIl

B. Switch Coupled

Figure 14. Power Switching Circuits
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If it is not desirable to have a power supply voltage
above Vo (e.g. existing +5.0V supplies are to he
used), then a normally open switch can be used in
place of the diode. The switch is held ciosed by a
simple TTL buffer gate as shown in Figure 14 as
long as POWER VALID is held low. When power
loss is detected (see Power Loss Detect Section)
the switch is opened and the battery automatically
supplies power {o the memory array. (Note that if
the memory is to be used for a short period to load
memory, etc., after POWER VALID goes high a de-
lay must be included in the switch line to take pow-
er from the supply before it drops below 4,75V).

Power Loss Detect

In memory systems which have TTL interface and
other control circuitry, it is usually necessary to
have advanced waming that A.C., power has heen
lost. This allows the orderly shut down on the sys-
tem and can provide time to store datafrecords in
the non-volatile portion of memory. Such a circuit
is shown in Figure 15.

AEQULATOR

O
L]
DC. WOWER

PHIMARY L
d B
rOWER

SCHHIDT
TRIGGER

Figure 15. Power Loss Detect Circuit

The detect circuit uses a separate transformer wind-
ing (available on many power supplies) to provide a
positive (=+5V) voltage reference to a schmidt
trigger. A separate winding is used so as not to in-
terfere with the regulation of the main d.c, power
SOUrce.

Operation of the detect circuit is as follows:

A high level (~ 5V) is established at the input of a
schmidt trigger (e.g. 7414) by the diode bridge net-
work and zener Z. Resistor RLiMIT is a cwrrent
limiting resistor between the bridge and schmidt
trigger input network. The RT Cr cotnbination
contrals the discharge rate of the input voltage to
the schmidt trigger when reference power is lost.
The time constant is used to prevent short (a few
cycles) a.c. power loss from shutting down the sys-
tem, The only restriction on the maximum value of

the time constant is the POWER VALID signal
must go high before the main d.c, power source
drops below the minimum allowable operating volt-
age of the main d.c. source,

In general it is not desirable to combine the power
loss detect circuitry with the main d.c. power
source for two teasons:

1. Adverse effect on d.c. output regulation by
R pvrT resistor, and

2. The large decoupling capacitor, Cp, on most
d.c. supplies,

The large decoupling capacitor Cp will cause a time
constant which is too large and may not allow suf-
ficient time between POWER VALID going high
and the main d.c. power dropping below acceptable
minimums

Batteries For Non-Volatile Semiconductor
Memories

The first place to begin in the sefection of a battery
for a particular application is to analyze those fac-
tors dictated by system requirements and fit the
battery to the requirement. Some of these important
criteria are:

1. Load current imposed on battery.

2. Battery voltage-full charge.
3. Battery voltage-end of life.
4

. Life of battery under maximum load condi-
tions. )
5. Environment-temperature range (operating,
non-pperating).
6. Physical factors (size, weight).
7. Battery operation.

Of the seven criteria listed above, the one most
likely to be overlooked is the effect of temperature
on the capacity and life of the battery. For many
batteries comtnerical grade temperature require-
ments (0°C to 70°C) may adversely effect both the
capability and life of the battery.

Criteria seven, battery operation, refers to the op-
erating schedule the battery is expected to meet.
For example, if the battery is expected to main-
tain data only on a.c. power outages which are as-
sumed to be rare, then a rechargeable battery
(secondary cell) with a slow recharge rate may be
selected. For this ease, it may even be desirable to
use a non-rechargeable battery {primary cell) with
battery replacement scheduled at appropriate in-
tervals (six months to 1 year).

However, if the system is operated in a mode where
power is tumed on in the moming and off in the
evening then fast rechargeable batteries (with ap-
propriate recharging circuity) may be reguired.
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In the evaluation of the seven criteriz listed pre-
viously, one of the first things to be determined is
what type of battery is to be used in the system.
The chart shown in Table VII outlines the charac-
teristics of various storage cell types. Consider first
the primary type.

PRIMARY BATTERIES (NON-RECHARGEAELE}

The use of primary batteries in a memory system is
usually limited to those systems which require stand-
by data retention infrequently or where very high
battery capacities (mA-hr) and very small battery
physical size are required. For these cases, both
mereury and silver-oxide batteries offer large capac-
ity combined with very small phsyical size. The
small size of these batteries is shown in Figure 16
for a silver-oxide battery (110mA-hr).

b =S

i 4 3
Figure 16, Silver-Oxide Button Cell

Typical voltage discharge curves for sitver-oxide and
mercury batteries are shown in Figures 17 and 13
respectively. Note that in both cells, the cell volt-
age remains nearly constant during discharge —a
highly desirable characteristic. In addition, the
mercury cell generally has greater capacity for a
given size as compared with a silver-oxide battery.

Carbon-zine batteries offer the lowest cost of any
primary batlery described, butl suffer from a severe
degradation of output voltage as a function of use.
This characteristic makes carbon-zinc batieries un-
desirable for most standby power applications,

Alkaline batteries have a much betier discharge
characteristic than carbon-zine, but are not guite as

RATED CAPACITY — 160 HR,

SOURCE: MALLORY BATTERY C0
B RATED CAPAZITY AT 2.5m#a

2EmA

. 1.5mA
DRAIN .

DRAIN ™.

CELL VOLTAGE

HOURS OF SERVICE AT 7P F

Figure 17. Silver-Oxide Cell Typical Voltaga
Discharge Characteristics

1.7 - SOURCE: MALLORY BATTERY 00, RATED CAFACITY — SO0mA HR,

RATED CAFACITY AT 16ma

10emd
DRAIN
|
a0

sa

CELL VOLTAGE

16mA
DRAIN

1 0 = 3

HOURS OF SERYICE AT 70°F

Figure 18. Mercury Cell Typical Voltage
Discharge Characteristics

good as mercury or silver-oxide. The relative low
cost of these batteries can make them attractive
for use in some systems applications,

Both carbon-zine and alkaline batteries are dis-
cussed in detail in the Eveready Battery Appli-
cations Engineering Data handbook (see Biblio-
graphy 3), It is emphasized that adequate attention
should be directed to the output voltage character-
istics of these two batteries before vsing them in 2
standby power application.

Because of printed circuit board area limitations
small battery size is usually the reason for selecting
a primary cell for batiery support. In this case, it
may be desirable to limit the number of cells in a
particular system to one, However, this requires that
a voltage boost circuit be used in the system to
achieve a minimum sustaining voltage of 2.0V at
end of battery life to operate the 5101 Such a boost
circuit is shown in Figure 19,

Figure 19. Basic Voltage Boost Circuit

Voltage Boost

Operation of the voltage boost circuit is as follows:
The input te Q1 is a low duty-cycle signal. This sig-
nal turms Q1 on foreing current through inductor L.

When Q1 is turned off, current i cannot change
instantaneously and is diverted through diode D,
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Tabla VII. Battery Characteristics

i. PRIMARY TYPE (NON-RECHARGEABLE} (1]

Cell Construction

Cell Voltaga {Typ.) [2]

Commants

Carbon-Zine {Leclanche)

15 Lowast cost; discharge characteristics may be inadequate tor some systems
Silver-Oxide ~ 1.6 Good for low temperature operation, discharge characteristic sxcellant for
oSt Systern requirements
Mercury 14 Good for high temperature oparation, discharge charactavistic excellam far
mast systams, long shelf life
Alkaline 1.5 Good efficiency for use with systams requiring 10120 batiary cperation

. SECONDARY TYPE (RECHARGEABLE)

Call Construction Catl Voltage (Typ.)

Commants.

Nickel-Cadmium 1.2

Exceflent ail around charecteristics for battery back-up, widely used

Lead-Calcium 2.0

all around ch istics for battary back-up

i1

by Unien Carbide Corporation.
21

Cetls can ba put in series to obitain multiples of basic cell voilage.

Same information in this table condensed from "EVEREADY" Battery A

ns and Engi ing Data Handbaok copyrighted 1571

charging capacitor C. The voltage to which C
charges is a function of the capacitance C, load R,
and zener Vg.

In order to minimize the load on the battery and to
maximize the efficiency of the boost circuit, it is
necessary 1o turn on @1 only for the minimum
amount of tirme which will still maintain the de-
sired output standby voltage, Such a circuit is useful
only if there is a way to power the input oscillator
required for Q1 off the same battery Vgp. Such a
circuji is shown in Figure 20. The 5801, shown in
Figure 20, is 2 low voltage CMOS oscillator made
by Intel (used extensively by Microma, an Intel
subsidiary). The output of this oscillator triggers a
CMOS singleshot which in turn drives the voltage
boost circuitt shown in Figure 19. Note that the
5801 is powered by the battery (Cell voltage =
1.6V) and the 4047 (CMOS single-shot) is powered
by the boosted Vg’ Tt is, therefore, necessary to

W,

Wia Wl

:
Vee

t
- | agmn WTEL DSCILLATOR
- 4047
O _L sap [~ ourrur
ZFgF e a, NPT
Fon 2 SEE FIGURE 181
CRYSTAL

Figure 20. Voltage Boast Oscillator Circuit

assure that the standby voltage Voo does not fall
below 3V (minimum 4047 operating voltage) be-
fore starting the oscillator circuit. A power loss
detect circuit can be used to wamn of an impending
power down condition and allow the boost circuit
to be turned on in time to hold the Ve valtage to
=3V.

As stated previously, the power conversion efficien-
¢y of the oscillator and voltage boost circuits should
be maximized to minimize the current drain on the
battery. The efficiency of these circuits is largely a
function of the duty cycle of the oscillator, Figure
21 shows the waveforms of the input signal to the
voltage boost eircuit and the current i through in-
ductor L. A summary of the data in Figure 21is
shown in the graphs of Figure 22. Note that the
curve of Vg levels out at 4.0V, this is the result of
the clamp zener Vg {Figure 19). Also note that the
efficiency is markedly decreased as the input pulse
to Q1 is lengthened. For a given duty cycle on Q 1,
the efficiency of the voltage boost circuit will in-
crease if the load current is reduced.

SECONDARY BATTERIES (RECHARGEABLE)

As outlined in Table VII there are two basic types
of rechargeable batteries ideally suited for memory
system standby power-down operation. Nickel-Cad-
mium (Ni-Cd) and Lead-Calcium {such as Gel/
Cell® ), This section will outline some of the salient
features of each type. No attempt will be made to
compare the two for general operation, It is rec-
ommended that the system designer interface di-
rectly with the battery manufacturer to obtain
guaranteed specification data, operating limitations
and safety precautions (if any).
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NickeHCadmium

Nickel-Cadmium batteries are available in a wide
variety of capacities (mA-hr) sizes and styles (see
Figure 28), The styles include button, cylindrical
and rectangular cells and may be placed on the mem-
ory printed circuit card or in the same enclosure as
the main d.c. power supply. (Enclosing the batteries
in with the main d.c. supply is usually done only
in large back-up capacity systems.)

There are many manufacturers of Ni-Cd batteries
who can supply the desired battery configuration.
A useful place to begin locking for a battery supplier
is Electronic Buyers Guide (McGraw-Hill publica-
tions.) (Also see bibliography.)
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Figure 23. Sizes of Selected Cyfindrical Ni-Cd Batteries

Electrical Characteristics

Electrical characteristics such as capacity (mA-hr)
and cell voltage as a function of discharge rate for
Ni-Cd batteries are temperature dependent. Ii is
important for the designer to realize that high sys-
tem operating tempetratures may have an adverse
effect on battery life and capacitance even though
the battery is not expected to be called on to pro-
vide standby power at those temperatures.

An example of the effect of temperature on capacity
{(based on GE battery specifications} is shown in
Figure 24 for two types of General Electric Ni-Cd
batteries. Note that two types of usage are given:
one for infrequent discharge with extended periods
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of Temperature

of overcharging, condition {I), the other for fre-
quent discharge, condition (2). In most memory
applications condition (1) will apply, which is the
condition for maximum capacity as a function of
temperature.

Ni-Cd batteries also have a self discharge character-
istic which is a function of temperature, One result
of this characteristic is that these types of bat-

teries should not be stored in a charged condition
for an appreciable length of time, Therefore, before
inserting these batteries into a system or after the
system has been powered down for an extended
time (i.e. no trickle charge available and batteries
disconnected from load) care must be exercized to
assure that the batteries have sufficient charge to
perform in a power down standby mode. In addi-
tion, when calculating the capacity of the battery
for a particular load, the self discharge character-
istic of the battery must be included. This self dis-
charge rate can be as high as approximately 7%/day
loss of capacity at 50°C to an average of 1%/day at
roomm temperature (25°C) for Ni-Cd batteries.

The discharge characteristics of Ni-Cd batteries are
flat, making them ideal for use in memory systems
requiring standby power. The general shape of such
characteristics s shown in Figure 25. Note that no
scales are given in this figure because the output
voltage as a function of time varies between manu-
facturers of Ni-Cd batteries. The curves are shown
todemonstrate the flat voltage characteristics at end
of baitery capacity for Ni-Cd batteries.

. GISCHARGE RATE
RATED CAPACITY

WHEREC =

CELL ¥OLTAQE

END OF USEFLIL
RANGE [ASSMED!

THWE —

Figure 25 Ni-Cd Valtage Discharge Characteristic

Bince the single cell voltage of a Ni-Cd battery is
approximately 1.2 volts (as shown in Figure 25), it
is necessary to boost the voltage with external cir-
cuitry (discussed previously) or stack the cells in
series to obtain the proper operating voliage for
the 5101L, If it is desired to stack the cells in series
to obtain a higher voltage, care should be exercised
to assure that the cells are ressonably matched.
Cells which are not matched can cause problems
during charging when placed more than three in
series. Most manufacturers will provide Ni-Cd stacks
of the desired size which should be adequately
matched to avoid any charging problems. It is im-
portant to discuss this phenomonon with the bat-
tery manufacturer if several Ni-Cd batteries are to
be used in series,

5.12
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Trickle Charge Nickel-Cadmium

Ni-Cd batteries used as standby suppori power for
memory systems should be provided with a con-
tinuous charging current from the main power
source. This assures that the self discharge charac-
teristic of the battery does not deplete battery ca-
pacity. The trickle charge current should be a con-
stant current at a rate of one-tenth the total battery
capacity (e.g. a 400mA-hr Ni-Cd should be trickle
charged with 40mA current). A simple trickle
charger is shown in Figure 26. If the system is to be
operated at high temperature, care should be taken
to assure that the maximum battery cell tempera-
ture is not exceeded during charging.

Ni-Cd L_ v [l
BATTERY _l &
Rt
- ':'T €
Voo TO
N { MEMORY
:2'" + " 4] ARRAY
sPRLY -

| = CHARGING CLURRENT

WHEN V), 1S ON
Ver -V =
A = WHERE T = BATTERY
T CAPACITY
A. Diode Coupled
Ve TO
4 MEMORY

ARRAY

TAIRIDGEY
1005/
RELAY

B. Switch Couplad

Figure 26, NI.-C:I Trickle Charger

Fast Charge Nickel-Cadmium

Some Ni-Cds can be charged at a much faster rate
than that described above. Howerver, the charging
current must be monitored and reduced to trickle
charge when the battery is fully charged. Failure
to properly handle the charging of Ni-Cd batteries
can present safety problems. The manufacturer
should be consulted for recommended fast charge
techniques.

Lead-Calcium

Lead-calcium batteries are also ideally suited for
use as a standby power source for semiconductor
memories. A popular brand of lead-calcium cell is
the Gel/Cell® mede by Globe Battery (Gel/Cell®

is a registered trademark of Globe-Union). These
types of batteries have several highly desirable
characteristics such as:

1. Small size-to-capacity ratio.

2. Low standby self-discharge characieristics.

3. Flat operafing discharge chamacteristics.

4. No permanent cell reversal.

5. Good operating temperature range.
Several manufacturers supply lead-calcium type bat-
teries. However, for the purpose of this application

note only the characteristics of the Gel/Cell® will
be discussed.

Gel/Cell® Characteristics

A small Gel/Cell® battery is shown in Figure 27.
The nominal cell voltage of this type of battery is
2.0 volts (the capacity of the battery shownis 1
amp-hr). This battery is ideal for use in those sys-
tems having a relatively high discharge load {(~1mA).
The output discharge characteristics are shown in
Figure 28.

Frocagraph courtsgy of Globe Battery .
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Q L 1 | | L1 | | 1 1 | 11
W W e 2 4 EBI0 X e 2 & SEWEA
SECONCE MINUTES HOURE

COURTESY: GLDRE BATTEAY CO.

Figure 28. Gel/Cell™ Voltage Discharge Characteristics
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Note that the minimum discharge rate shown in
Figure 28 is a hefty 45mA. At this rate the battery
can supply power for 20 hours. At the rate of LmA,
this battery will last 1000 hours or approximately
6 weeks. Lower discharge rates will of course in-
crease the battery life time proportionally.

These types of batteries are optimally used in sys-
tems having a large current drain. Although the
batteries are indeed very small for a given capacity,
the cell voltage is a nominal 2.0 volts which is the
minimum acceptable for maintaining data in the
5101L. Therefore, either two batteries are required
(series connection) or the voliage hoost circuit de-
scribed earlier must be used. In those systems hav-
ing very small current drains in standby, the addi-
tion of a second battery will most likely take up
too much room on the p.c. hoard. For these sys-
tems other types of batteries are recommended
(such as Ni-Cd, Mercury, etc.).

Capacity of a Gel/Cell® as a function of tempera-
ture is shown in Figure 29. As is shown in this fig-
ure, at low temperatures the battery loses a great
deal of capacity. Therefore, when designing sys-
tems using this type of battery, proper attention
will have to be paid io the environmential lempera-
ture extremes expected in the system and proper
hattery selection made.
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Trickle Charge Lead-Calcium

Unlike Ni~Cd batteries, which accept a constant
current trickle charge, the lead-calcium battery is
trickle charged by a constant voltage source. The
voitage required is 2.25 to 2.30 volts per cell. At
this voltage, referred to as the float voltage, a Gel/
Cell® will accept only the amount of charge nec-
essary to maintain capacity.

The implementation of a trickle charger for lead-
calcium batteries in a system is not as straight for-
ward as for Ni-Cd batteries, A simple charger is
shown in Figure 30. In this figure, the “float” volt-

age is maintained by zener Z, and potentiometer
P. The potentiometer is used to adjust the voltage
at node (1) to the proper level (2.25 to 2.30 volts
per cell). Most zeners are accurate ta no more than
+5% which is not adequate for the desired “float"
voltage. Diodes I} and Dy isolate the battery and
power supply from each other.
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Figure 30. Lead-Calcium Trickle Charger

It is important to select a very low leakage zener
{21) to minimize the parasific load on the battery
during power down operations. Indeed, it may be
desirable to insert a normally open switch at loca-
tion (A), Figure 30, to disconnect the zener from
the battery during standby operation. The switch
would be controlled identically to 81, as shown in
Figure 30,

It is clear from the example given that providing a
trickle charge to a lead-calcium battery and having
the battery ready for instantaneous operation is
more complicated than for Ni-Cd batteries. Other
charging methods are available {see bibliagraphy 4)
but they all require that the battery and system
voltage be identical and in 2 volt increments. Since
operation of the 5101 is 4.75 <Vgo <5.25 and
standby operation is 2.0 Vg <5.25, the charger/
supply combinations described in the reference
have limited value for the present applications.

Summary: Lead-Calecium

Lead-calcium batteries are particularly useful with
those systetns which have a relatively high standby
discharge rate (greater than 1mA}. The high energy
density of these batteries also lend themselves to
providing power in normal operation {taking into
account Voo requirements of the 5101L) of some
systems.
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The primary disadvantage of lead-calcium cells is
the relative complexity of supplying a trickle charge
to the batteries in those systems where the standby
voltage is lower than the operating supply voltage
Veo.

System Implementation

The 5101 is an extremely easy 1o use static RAM.
No refresh timing is required, enly one power sup-
ply (+5V) is needed, and the device is fully TTL
compatible. In addition, current transients on the
Vee (+5V) pin are minimal and require no special
deccupling techniques. Therefore, this section will
concentrate on interface techniques to the 5101 in
order to minimize the power in power down/stand-
by applications.

1K X 16 MEMORY SYSTEM

The discussion on interface techniques to the 5101
is illustrated with a 1024 word X 16 bit system
shown in Figure 33. The memory array is con-
figured as shown in Figure 33. Note that for a read/
write access one of four columns is enabled by one
CEq (CE9A, CEgB, CEgC, CEgD). The other chip
enable (CE{} and the output disable pin are tied to
ground to simplify the layout. All corresponding
addresses are bused together and driven by one
buffer as are the read jwrite inputs. Data in and data
out pins are OR tied along a given row. Access is
then simply a matter of providing the correct ad-
dress {Ag-A7), selecting a read or write function
and enabling the proper row. Two simple methods
for providing the proper CEg signals are shown in
Figure 31,

TTL Interface

Interface circuits shown in Figure 33 can be imple-
mented with sither OMOS or TTL, dovices If accessf
cycle time of the memory system is to be minimized,
then series 74 or 748 type TTL can be used. How-
ever, for power down operations where a battery is
used for back-up power the Voo (+5V) supply to
these TTL devices must be independent of the V¢
supply to the memory array. This is most easily ac-
complished by a slight modification to the power
supply diagram shown in Figures 26 and 30 as modi-
fied in Figure 32. As shown, when the main supply
Vm goes off, switch 5; is opened (isolating Vm
from the memory devices).

The state of the addresses, read fwrite, CE , output
disable and data-in to the 5101 memory array are
in a “don’t care” condibdon for standbyfpower
down operation. Only CEg is required to be low
(£0.2V) for the low power state. For CEx TTL
interface drivers, a resistor to ground is required io
maintain CEy at the proper level when power is
removed from the series 74/748 gates. The resistor

value required is caleulated by considering two re-
quirements:

1. CEy high (V[ =2.2V) during operation.

2. CEg low (Vi1, £0.2V) during standby/power

down.

The first requirement above is determined by the
maximum source current capability of the TTL
drivers {Igg) allowed which guarantees the proper
high level output. Requirement 2 above is a func-
tion of the maximum leakage on the CEg line from
the four 5101 devices driven by the CEjp line. The
range of values for the pull down resistor is 6.2k{2
<R <50k for Series 74 drivers.

The POWER VALID input signal {(shown in Figure

. 83) is derived from a power loss detect circuit. The

power loss detect circuit should be able to detect a
power loss before the output Voo falls below
4.75V (lowest guaranteed operating power level for
TTL circuits). A power loss detect circuit to im-
plement the POWER VALID signal is discussed in
the POWER LOSS DETECT section.
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CMOS Interface

Using CMOS cireuits to interface to the 5101 mem-
ory array eliminates the need of switching out Vce
to the interface during power down/standby. The
ultra low power CMOS interface will dissipate ap-
proximately the samne power as the memory array
{assuming 1K X 16) and can easily be handled by
the back-up hbattery.

Photos of CMOS waveforms driving the 1K X 16
5101 memory array are shown in Figure 34. Also
included in the phote is the noise generated on the
Voo supply during operation. As is shown, noise
on the power line is virtually non-existent.
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Figure 35. 5101 1K X 16 Array Layout

1K X 16 MEMORY ARRAY LAYOUT AND CARD
ASSEMBLY

The layout used on the 5101 1K X 18 system de-
scribed previously is shown in Figure 35, Note that
Ve and ground are distributed in a grided matrix
and decoupled as shown, More decoupling was used
in this systemn than is ordinarily required so the de-
signer can use his own judgement in this regard.

The 1K X 16 memory card used was configured
per the diagram in Figure 36. Notice that the card
is completely self contained for standby/power
down operation with the battery inctuded on the
card. With this configuration the card can be un-
plugged, transported to another location {with data
being maintained by batteries) and operation re-
stumed.
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Figure 36. Dual 1K X 16 5101 Memory Card

5101 ORGANIZATION ADVANTAGES

The organization of the 5101 as 256 words X 4 bits
has distinct advantages over memory devices orga-
nized as 1024 words X 1 bit ih many systems appli-
cations. These applications include terminals, CRT
displays, microprocessors and others which have
most {or at least a portion) of their memory ex-
pandable in 256 or 512 word increments. For these
cases, the number of devices requived for a 256 X 4
memory device is much smaller than for a 1024 X
1 memory device.

SUMMARY

There are many selections of 5101 256 word X 4
bit devices available. Table VIII is the product se-
lection guide for this family of devices. As shown,
the designer has a wide range of choices in select-
ing the device most suited to his particular require-
ments.
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Table VHI. 5101 Product Selection Guide

PART STANDBY +2¥ ACCESS

NUMEER CURRENT POWER DOWN TIME
MA/BIT OPTION (NS)
51011 15 No 450
510111 16 ¥es 45{
5101-2 200 No 450
51071L-2 200 Yes 450
5101 15 No 650
5101L 15 Yes 650
8101-3 200 No 650
51113 200 Yes 650
51012 500 Ko 8OO
WM5101-4 20 Mo 800
"M5101L4 200 Yoy 800
WMS11-5 1000 No 80
"MS101L-5 1000 Yas 800

*Temp Range —55 ta +125°C
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STATIC RAMS

INTRODUCTION

Intel’s introduction of reliable, low cost, static,
high-density MOS RAMs has done much to stimu-
late the use of semiconductor memory in new and
unique applications. These RAMs, which do not
require special refresh or timing circuitry, are used
with as much ease as the standard TTL gates.

The Intel family of static high-density MOS RAMs,
shown in Table I, offers the system designer flexi-
bility in memory configuration, speed and ease of
use. The devices in this family are directly TTL
compatible in all respects: inputs, output(s) and
power supply. Internal circuits are designed for
full DC stability requiring no clocks or refreshing
to operate. These static RAMs are manufactured
with Intel’s reiiability proven N-channel silicon
gate and CMOS silicon gate process.

The purpose of this application note is to outline
the internal operation of these static RAMs, how
they are used, and to present system design con-
siderations in their use. In addition, suggested
layout configurations for larger memory systems
and techniques for reducing power dissipation
during standby will be discussed.

DEVICE DESCRIPTIONS

As shown in Table 1, there are two data organiza-
tions in the Intel static RAM family—1024 words x
1 bit and 256 words x 4 bits. The memaory devices
organized as 256 words x 4 bits are available with
separate dafa input and output pins with an output
disable pin (22 pin DIP), combined input/output
pins with an output disable pin (18 pin DIP), and
combined input/output with no output disable pin
(16 pin DIP).

The seciions on Device Operation detailed below
describe the internal circuits which are common to
both the 1024 ward x 1 bit devices and the 256
word x 4 bit devices. The operational differences
between the devices in the static RAM family are
limited to the logic state and timing of chip enable(s)

and data IO lines and are discussed separately
under the heading for each device type.

General Device Operation

Each of the Intel N-channel static RAMs uiilize 2
DC stable six transistor cell configuration for the
starage medium. The storage cells are arranged in a
32 x 32 matrix as shown in Figure 1. Data selection
on the 1024 x 1 devices is accomplished by the
coincidence of a row select (Ag—A4, 1 0f 32) and
column select (A5—Ag, | of 32). For the four bit
wide configured RAMs, the selection is made by a
row select (Ag—Agq, 1 of 32) and four column
selects (Az -A7. 4 of 32). The data contained in
the selected celi(s) is sensed, buffered, and pre-
sented to the data out pin D,. In all devices the
polarity of daia read from memory is the same
polarity as the data written into memory.

Storage Cell Operation

The two types of siorage cells used in the Intel
static RAM family are shown in Figure 2A and 2B.
Static RAMs suffixed by “A” (e.g., 2102A) ufilize
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SELECT
A COL LM
COLUMN ' o farraanaenae SeLinT o
SELELT S
DECODERS
Ag g Bz Py Ay
[E—

I
USED ON 10T X 1
CEVICES DMLY

Figure 1. Simplified Memory Block Diagram

Table |. Intel Static MOS RAM Family

INTEL CONFIGURATION DATA QUTPUT NUMBER POWER DOWN MNUMBER
PART NUMBER | {WORDS X BITS) |INPUT/DUTRUT | DISABLE | CHIP ENABLES | CAPABILITY | PACKAGE PINS
21014 1024 X1 SEPARATE N/A 1 NO 16
2102AL 1024 X1 SEPARATE N/A 1 YES 18
21014 256 X 4 SEPARATE YES 2 NO 22
114 266 X 4 COMMON YES 2 NO 18
21124 26X 4 COMMOCN ND 1 NG 16
5101410 256X 4 SEPARATE YES 2 YES* 22

*Extremely low standby current at 15.4 va total,
{1} {CMOS)
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depletion mode load devices, which are normally
“on™ {Fig. 2B). (Farlier product designated witl-
out the “A” suffix (e.g.,, 2102, 2101, ctc.) utilize
enhancement mode load devices which are normally
“of f [Fig. 2A1.) The basic operation of these two
types of cells is similar in the manner in which
data is written, stored, and retrieved. The differ-
ences between these cells will be discussed later.

Consider the storage cell shown in Figure 2A. Data
is stored as a charge on the gate of either Q3 or Q4
{which determines the logic state of the cell). The
voltage on the charged node is approximately
Yoo - YTH (where VTy is the effective threshold
of the load devices) and turns Q3 or Q4 on. By
definition a logic *“0” is stored in the cell if Q3 is
on and a logic “1” is stored if Qq is on. If it is
assumned that Qg is on (logic *0” stored) then
current will flow from the load on Q3 {device Q3)
through Q3 to ground (Vgg). This current will
cause the voltage at node (1) to assume a value
near Vgg {the voltage is proportional to the effec-
tive on resistance of Q2 and Q3). The resultant low
voltage on node (1) turns device Q4 off. Device Qg
maintains the charge on the gate of Q3 by replacing
charpe lgaked off through the high impedance para-
sitic leakage resistor R EAKAGE- (This leakage is
typically in the picoampere range.) The storage
cell will remain in this logic state until an external
forcing function is applied (write cycle).

( A} Vi 1-5Y1

LE 5

seLEeT 1 ér_J

1
Vg GO

{B) Yo 4BV

— ' :: I ’

E. 1o
FLEanage é
il

A

Vg [GND)

Figure 2. Storage Cell

Operation of the storage cell shown in Figure 2B is
similar to that described above except for the im-
plementation of the load device. A brief discussion
of differences between enhancement and depletion
type devices will aid the understanding of the
storage cell operation.

A depletion type MOS device has a channel im-
planted between the source and drain (see Fig. 3).
The effect of this conducting channe! is to shift
the threshold of a standard enhancement device
such that it is on at lower gate voltages. The basic
operation of these two types of devices can be
summarized as follows for N-channel technology:
An enhancement mode device requires a positive
gate voltage (relative to the source) to turn the
device on. A depletion mode device requires a
negative gate voltage (relative to source) to turn it
off. These two conditions are shown in Figure 3.

{The actual threshold of the depletion mode de-
vice can be controlled by the degree of channel
doping used in the fabrication process.)

Operation of the storage cell is as follows: assume
the gate of (3315 high turning Q3 on causing current
to flow in Q3 and Qp. Since devices Qy and Q3
are ratioed (that is, Q7 has a higher impedance than
Q3) the voltage at node 1 will drop close to Vgs.
Note that the gate of (3 is tied fo node |; there-
fore as node 1 decreases in voltage, the voltage
drive on (9 is reduced, making the effective im-
pedance of Q higher. This allows the voltage at
node | to move even closer to Vgg.

¥p " CONSTANT

DEFLETIGN MODE

ENHANCEMENT MODE

¥ = CONSTANT

] .
¥ (VOLTS!

DRAIN i1 CRAIN DO
IMPLANTEE
GATE G o BATE |31
..__| e SUBSTRATE _Ii SUBSTRATE
fos e
SOURCE iSH SOURCE 151

DEPLETHM DEVICE ENHANCEMENT DEVACE

Figure 3. Enhancemeant/Depletion Characteristics
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Since node 1 is low and is tied to the pate of Q,
device Q4 is off. The charge on Q3 is maintained
by the load device Q5. Note that only leakage
currenis flow through device Qs which has a
minimal effect on the voltage at node 2. Since
increased positive voltage at node 2 increases the
voltage drive on Qs, device Q4 tumns on hard. The
voltage at node 2 is therefore equal to Voo (note
that there is no threshold drop across device Qs
since it is a depletion mode device).

Accessing the Storage Cell

The storage cell is interrogated for a read or write
operation by activating the proper row select line
which turns devices Q| and Qg on (Fig. 2A, 2B).
For a read operation, a sense amplifier (see Fig. 4)
connected to both the I/O “0” and I;O *“17* out-
puts of each column detects the state of the
selected storage cell in that column. If Qg3 is on
(logic “07) then current will flow in the F/Q “0”
line. If Qg is on (logic “17), current will flow in
the /O *1” line. A write buffer (Fig. 4) places a
high level {~¥ ) on the IfO “0" line to write a
logic *07, and a high level on the [/O ““17 to write
alogic “1”. For both write conditions, the opposite
line is held low (Vgg).

As is shown in Figure 4, there are internal data-in/
data-out buses. Data is gated toffrom the appro-
priate columns by column select. Note that chip
gnable(s) gate the output data to a three state
buffer and then to the output pin. Therefore, if a
chip is not selecited, the output pin goes to a high
impedance state {allowing the outpui pins to be
OR tied).

Address Buffers/Decoders

Typical address buffers and decoders, for the static
RAM family are shown in Figures 5 and 6 respec-
iively. As is shown in ihese figures, ihe address
buffers and decoders are static requiring no pre-
charging for operation. The buffers/decoders re-
spond to changes on the address lines and do not
latch the input addresses. Therefore, in those sys-
tems where the address lines are not stable
throughout the cycle, it may be necessary to buffer
them with external latches. An example of such a
system is discussed later.

It shouid be noted however that in many systems
requiring memory the addition of external address
latches is not required. This is particularly true of
MiCIoprocessor systems.

2102A OPERATION

As discussed before, the 2102 A device is organized
as 1024 words x 1 bit having separate data-infdata-
out pins. The memory is organized internally in a
32 row by 32 column matrix as shown in Figure 7.
The pin configuration and logic symbol are shown
in Figure 8.

EEL R

ROW SELECT

b cEu |4

INTERKAL DATA
QUT BUE

4 nx l

[CHIF ENAALE.
RE.

COLLMN

BELECT

Yoo
SERSE
[ ameLirien

DATA
ouT

L] oweire |
BUFFER
CHIF ERABLE
P | nx INTERMSL DATE
N wy NS |
COLUSN BELECT ey
CATA 1N

Figure 4. Intarnal Data Path

Voe V)

I

ADORESS ™ I':Jl I_—I'j
i

Vg 13N

Figure 5. Address Input Buffer

ROWACCH LN SELECT

A—] A—]

‘\—“{l:

Wog (GNDY

Figure &. Address Dacoder

There arc only two control inputs to the 2102A:
Read/write and chip enable. For unselected de-
vices (chip cmabie high), the data-in input is
electrically disconnected from the input data bus
internal to the 2102A and the data-out buffer goes
fo a high impedance state. The addresses, however,
ar¢ buffered and decoded (generating an internal
row/column select} independent of chip enable.
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BLOCK DIAGRAM
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Figure 7. 2102A. Block Diagram

PIN CONFIGURATION

2102A 21024
A} Ay
s ] ) _»
now (] Ay —* th f—
—a
~7 L. .
] Dals QUt ::
— &y
[ DATA 1N a tour
] Ve i b
~] cwo AW CE
1
PIN NAMES 1
O DATA INPUT CE CHIF ENABLE
Ag — Ag ADDRESS INPUTS Ooyr DATAQUTPUT
RN READ/WRITE HNPUT Vg POWER {+5V]

Figure 8, 21024 Pin Configuration, Logic Symbol

Read Cycle

Basic read cycle timing is shown in Figure 9. Note
that alihough chip enable is shiown as a pulse
occurring after the address changes, there is no
specified time at which it must occur {either before
or after address change). It is therefore permissible
to tie the chip enable input low if the data-out pin
is not OR tied with other outpuis and operate the
memory device with only the readfwrite line and
address inputs.

For example, if a series of read cycles are to be
performed (such as for CRT displays), and the
data-out pin is not OR-tied with another output,
chip enable may be held low and the addresses may
be cycled in any order to access data. During this
time, however, the read/wsite input must always be
in the high state. For this case, output data will be
valid at Tp as shown in Figure 9 and specified in
Table 1. :

A second method may be used to read data from
the memory. If the addresses are set up before a
read decision can be made, then chip enable may
be brought low at the read decision time. Output
data will be valid at tgog (Table II) for this
condition.

Write Cycle

Basic timing for a write cycle is shown in Figure 10.
In the write ¢vcle it is not permissible to perform
a series of write cycles by holding chip enable and
read/write low and cycling through the desired
addresses. However, chip enable can be held low
for continuous writes if the readfwrite input is
timed per Figure 10. For the 2102A, a minimum
write to address set up time, t 4, must be observed
per Table IEl. The minimum data held time, tpgy,
beyond readfwrite is O ns.

READ CYCLE

L1
AOD“ESSXE‘
log———m
CHIF
ENABLE

-
oars .
X

e

= o,

I 1svouTs
I zovouTs
3 0avOTs

Figure 8. 2102A Read Cydle

WRITE CYCLE

— e

LT
tew
o
—da- L
[ Yon
DATA DATA CAN Dara can
1N CHANGE PATA STABLE CHANGE

@ 15VOLTS
Figure 10. 2102A Write Cycle
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Table 1. 2102A Read Timing

READ CYCLE

Symbal Paramater Min. Tyo. hl Max. Unit

tre Read Cycle 350 ns

ta Agcess Time 350 25

teo Chip Enabie ta Output Time 180 as

ton Previous Read Data Valid with 40 ns
Respect to Address

tops Pravious Read Data Valid with a ng
Respect to Chip Enable i

Table I, 2102A Write Timing

WRITE CYCLE

Symbol Parameter Min, Ty i Max. Uit

twe Write Cycle 350 ns

taw Address to Write Setup Time el ns

twe Write Pulse Width 250 ng

WR Write Recovery Time 0 ns

tow Data Setup Tima 250 ns

toH Bata Hold Time 0 ns

tow Chip Enable ta Write Seyup Time 250 ns

NOTE: 1. Typical vaiues are far T, = 267C and nominal supply voltage.

Note that the minimum write cycle may be ob-
tained by using the minimum times associated with
taw, twp and twg (Fig. 10), that is:

twe (MIN) = taw + twp + IwR
Read-Modify-Write
A read-modify-write cycle is merely a combination
of a read cycle and a read/wiite pulse, tywp. The
minimum read-modify-write cycle {ime is {herefore
tRe + twp. The timing associated with the 2102A
read-modify-write cycle is shown in Figure [1.

D.C. and Operating Characteristics

The D.C. and operating characterstics for the
2102A is given in Table [V. Power supply currcnt

: e e —
ADORED XH_ N ¥
4 A | T
Dayr X X i

DATAVALID

DATA M X

Figure 11, 2102A Read-Modify- Write Cycle

versus VO supply voltage is shown in Figure {2
for the 2102A. Power supply current as a function
of temperature is shown in Figure 13 for the 2102A.

ke Il
¥
b

Vo IVOLTR

Figure 12. 2102A Power Supply vs. Supply Voltage

Vg MAX
S [ TrHCAL
8 . .
n |
j
2 1 m ur 40 w 1] n
it

Figure 13. Power Supply Current vs. Ambient Tempereturs,

B-5




STATIC RAMS

TFor reference, typical A.C. and D.C characteristics
for the 2102A are shown in the graphs of Figure

I4. In particular, note the relative insensitivity of
access time as a function of load capacitance.

OUTPUT SINK CURRENT VS,

Vin LIMITS VS, TEMPERATURE OUTPUT VOLTAGE
18 - In T
. | i [
' , ‘|hfP1CAL I . :
3 ‘ — 3
= 14 + =
2 Vie May a
= -—-—.'..__\_\‘-P_‘\ =
| ' :
2 : . - ;
e | | :
b | : :
10 i i L L
1] 10 n k-] a0 50 &0 kil o 1 2 a
T, CCh UOL (VOLTSR
ACCESS TIME Vv§. ACCESS TIME VS,
AMBIENY TEMPERATURE LOAD CAPACITANCE
i | Vo . T, =25°¢
! | 1 TTL LDAD “ﬁc‘""\; o
T, - 00pF 1 TTL LG
0 | ] I s, s
TYPICAL [t | ; 1':;:-:
g |— ‘ ! H
150 I ! i 150
OUTPUT REFERENCE LEVELS: Vg, = 2.0 DUTPUT AEFERENCE LEVEL - 15V
L i | Vo - 0av |
i i i
| i ! i ! i
(8 1 H L i [ A,
10 20 a0 Lli] 50 60 m L] 100 200 k] o 500 L]
Ta I CH Cy ipFb
Figure 14. 2102A Typicat D.C. and A.C. Characteristics
Table 1V. 2102A D.C. and Operating Characteristics.
Ta = 0°C 10 T0°C, Ve = 5V £5% unless otherwise specified.
21024, 210284
2102AL, 2102AL-4 21028.2, 2102AL-2 210246
Limits Limits Limits
Symbol Parameter Min. Twp.ll Max. [Min.  Typ.[? Max. [Min.  Typ.[1) Max. | Unit | Test Conditions
Iy Input Load Current 1 10 1 0 1 10 dA | VN = 0 to 5.25V
Itgn | Qutput Leakage Current 1 5 1 5 1 5 ph {CE =20V,
Vour = Vou
lLor | OutputLeakage Current -1 -10 -1 -10 -1 -10 | pA {CE=20v,
Vout = 14Y
oo Pawer Supply Current 33 Note2 45 65 31 55 maA | All Inputs = 5.25V,
Dara Qus Qpen,
Ta=0°C
ViL tnput Low Voltage -0.5 08 |05 08§ |-05 0.65 v
Vin Input High Voltage 24 Vee | 20 Ve | 2.2 Yoo v
Vor Dutput Low Voltage 04 1.4 0.45 | WV |l =21mA
Von Dutput High Voltage 24 24 2.2 V| Ign = -100pA

Notes: 1. Typical values are for Tp = 28°C and nominal supply voltage.

2. The meximum Igg value is 55méa for the 21024 and 21024-4, and 23mA Tor the 210241 and 2102AL4.
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Power Down Standby Operation

The 2102AL may be placed in a power down mode
where data is maintained with greatly reduced
power dissipation (maximum of 42 mW vs. 368
mW). Data is maintained at a reduced power setting
because the load devices in the storage cell (7 and
Q3) shown in Figure 2B are implemented with de-
pletion load devices. As mentioned previously, a
depletion mode device is normally “on” and requires
a negative voltage (below ground} to reach cut-off
in operation (see Fig. 3). The only requirement,
therefore, to assure data retention is to guarantee
that the minimum V- voltage allowed in standby
operation is sufficient to bias the gate of the appro-
priate storage node (Q3 or Q4 Fig. 2B) on. (Recall
that there is no threshold drop across the depletion
load device supplying the on drive to the storage
device.)

A summary of the power down requirements and
characteristics for the 2102AL family are shown in
Figure 15 and Table V. As is shown in this figure,
there is a requirement that chip enable be brought
to a level of 2,0V, or higher, a Tep time {minimum
0 nsec) before Vo drops below its minlmum value
(475

Figure 15. 2102AL Family Standby Characteristics,

Ver

CHIF ENABLE

Figure 16. Chip Enable Generator for Power Down Made

To assure that stored data is not overwritten, the
chip enable input must either be heid at a level of
1.5V, or higher, or allowed to track with Vg at
the same or higher voltage level and same or slower
discharge rate as V.

A circuit that implements the tracking of chip
enable with Voo is shown in Figure 16, In this
figure, the chip enable NAND circuit is powered
by the same supply, Vo, that is discharging. A
power down signal {power down) is generated to
set the chip enable signal high at the appropriate
time (discussed later). As Vo begins to discharge
beyond the limit of TTL operation, resistors Ry and
Ro are used to assure thai the chip enable output
stays high and tracks the discharging Ve indepen-
dent of the chip enable input.

The power down signal can occur at any time if
the memory is in a read cycle or is inactive. How-
ever, if a write cycle is being executed and power
loss is detected, then the power down signal must
be delayed until the write cycle is complete. In most

Table v. 2101AL Family D.C. Standby Characteristics.
Ta = 0°Cte 70°C

2102AL, 2902AL-4 2102AL-2
Limits Limits
Symhol Parametes Min.  Typ.[1) Max. | Min.  Typ.i%}  Max. | Unit | Test Conditions
Vro Ve in Standby 1.5 1.5
Veesl?) | CE Bias in Stendby 20 2.0 2.0V<Vpg <Vee Max.
Vo Vep v 1.5V <Vpp< 2.0V

lpp1 Standby Current 15 23 20 28 mA | Alllnputs= Vppq = 1.5V
lpoa Standby Current 20 30 25 38 ma& | Altloputs=Vppo=2.0¥
tcp Chip Desetect to Standby Time 0 0 ns
g3 Standby Recovery Time tre tRC ns
NOTES:
1. Typical values are for Ta = 26°C and nominal supply the standby voltage is less than 2.0¥ but greater than

voltage. 1.5¥ {¥ppMin ], then CE and standby voltage

2. Congicler the test conditions a3 shown: I the stang-
by voltape [Vpp is betwen 5.28Y (Vo Max.) and
2.0V, then CE must be hald at 2.0¢ Min, {V|q), if

must be at ieast the same value or, if they are dif-
terent, CE rmust be tha more positive of the twe.
3. tg = tpc {READ CYCLE TIME).
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systemns this is entirely feasible since the decoupling
capacitors will hold V¢ power long enough to
finish a complete write cycle at full power.

A schematic representation of a sudden loss of
normal Ve power is shown in Figure 17. If at
t = 0 the V¢ supply is removed, power will be
supplied to the lead (L) from the capacitor (C)
until the load voltage (V1 }is a diode drop below
the battery voltage (Vg), after which power to the
ivad is supplied by the battery. There is no require-
ment to control the rate at which V¢ discharges.

Similarly, when the supply voltage is restored, the
voltage at the load (V) will begin to rise when the
supply voltage becomes greater than the battery
voltage.

- ¥

4

W AYOLTS

a TINE

Figure 17. Battery Backup Characteristics

Note that the 2102A is capable of retaining data in
a power down mode over a Vo voltage range of
1.5 to 4.75 if the chip enable input is always a high
fevel equal to or higher than ¥Vpp during standby,
This allows maximum flexibility in the selection of
batteries for standby. Remember that chip enable
tracking requirements to Voo are required only if
the state of the chip enable input can not be
guaranteed to be a high level during the entire
standby period.

256 WORD x 4-BIT STATIC RAMs

The introduction of static, high density MOS
RAMs organized as 256 words x 4 bits has signifi-
cantly reduced the complexity, size and component
count of systems not requiring large storage
capacity.

With the Intel family of 256 word x 4 bit RAMs it
is now possible to realize more benefits of “dis-
tributed™ memory using MOS devices with their
attendant low power and simple interface.

designated as 2101A, 2111A, and 2112A. In sum-
mary the 21014 is packaged in a 22 pin DIP, has
four data-in and four data-out lines, two chip enables
and an output disable. The 2111A is packaged in
an 18 pin DIP, has four common data-in/dala-out
lines, two chip enables, and an output disable. The
2112A is packaged in a 16 pin DIP, has four
common data-in/data-out lines, one chip enable
and does rot have an output disable. These selec-
tions allow the system designer almost any con-
liguration he might desire.

211 A QOperation

Internal operation of the 2101 A is similar to that
outlined for the 2102A. The storage cell is shown
in Figure 2A; the address input buffers and internal
decoders are shown in Figures 5 and 6 respectively.

Maximum system design flexibility is achieved with
the 2101A for those applications requiring 256 word
X 4 bit memory devices. Since the inputfoutput
lines are separated, it is not necessary to multi-
plex these lines unless reguired by the system,
The two chip enables of oppusite Jugic polanly
simplify system interface design (especially with
the 8080 microprocessor as discussed in the Systems
section).

The pin configuration and logic symbol for the
2101 A are shown in Figure 18. The block diagram
is shown in Figure 19.

The 2101 A may be operated in the same operating
modes as the 2102A. For example, a seres of reads
may be performed on a given device with the chip
enables at the proper selected state and the output
disable line beld low. The write and read-modify-
write cycles may be performed per the 2102A de-
scription. For reference, the read and write wave-
forms are shown in Figure 20 with A.C. characteris-
tics given in Table VI. D.C. and operating charac-
teristics are shown in Table VIL

As discussed previously, the 2101A has separate
input and outpui pins for data. When operating
the device with the cutput QR-tied, it is permissible
to tic the output disable pin low for all operations.
If the data output pins are OR-tied with other
devices, the chip enable inputs are used to electri-
cally disconnect the unselected devices from_the
output data buses. In this unselected state (CE1
high or CE2? low) the output devices are placed in
the high impedance state,

The 2101A may also be operated with the corres-
ponding input and output lines tied together. In
this mode of operation output disable must be
used to place the output devices in the high im-
pedance state during a write cycle or the write
portion of a read-modify-write cycle.
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PIN CONFIGURATION LOGIC SYMBOL

BLOCK DIAGRAM
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Figura 18. 210 A Pin Configuration/Logic Symbol.
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Figure 19, 2101A Block Diagram.
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or 0D, whichever occurs first.
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Figure 20, 21014 Read/Write Waveforms.
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Table VI, 2101A A.C. Characteristics.
READ CYCLE Tp - 0°C to 70°C, Vg = 5V £5%, unless otherwise specified.

Symbol Parameter Min. { Typ'l Max. | Unit Test Conditions

tre Read Cycle 260 ns

i Access Time 250 ns .t = 20ns

1500 Chip Enable To Qutput 180 s input Levels = 0.8V or 2.0V
oD Output Disable To Output 130 ns Timing Reference = 1.5V
tpg (3] Data Gutput to High Z State 0 180 ns Load = 1 TTL Gate

o et At w0 B ot e

WRITE CYCLE

, 11]] o
Min. Typ. Max., Unit |

Symbol Farameter Test Conditions

two Write Cycle 170 ns |

taw Write Delay 20 ns t. t = 20ns

tow Chip Enable To Write 180 ns Input Levels = 0.8V or 20V
tow Data Setup 150 ns Timing Reference = 1.5V
oM Data Hold 0 ns Load = 1 TTL Gate

typ Write Pulse 150 o s and G = 100pF.
twr Write Recovery 1} JII ns

the Cutput Dicable Setup 20 I ns

Table V. 21071A D.C. and Operating Characteristics

Ta = 0°C 10 70°C, Ve = 5V *5% unless otherwise specified.

Symbol Parameter Min. Typ.[” © Max. Unit Test Conditians

I Input Current 1 10 pa Vi - 0 1o 5 25V

I on Data Cutput Leakage Current 1 10 A Output Disablad, YoyT=4.0V

lioL Data Qutput Leakage Current i -1 ) -16 1 ,uA T butput Dis.ahled-,_\f.-g_u-_;:ﬁ.i'ﬁ\f

legy Power Supply 21014, 2101A-4 3% 5§ mA Vi = 5.25V, Ig = OmA
Current 210142 45 65 Ts = 25°C

leco Power Supply 21014, 210144 80 mA Wiy = 5.25V, I - OmA
Current 2101A-2 70 Ta =0°C

VL Input “"Low” Voltage -0.5 . +H).8 v

ViH lnput “High" Yaltage 2.0 Voo v

Voo Output ~“Low"* Voltage T v0as | v | gL =2.0ma

Von Output “High*  2101A, 210142 | 2.4 ‘v {ign =-200pA
Valtage 210144 | 2.4 V | lon = -150uA
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2111A Qperation

The 2111A has common inputfoutput data buses
and operates in a manner similar to that described
for the 2101 A with the data bus made common,
The only logical difference between the two devices
is the logic level of the two chip enables. For the
2111A both chip enables are true in the low state.

If either or both of the chip enables are high the

internal input output data buffers are electrically
disconnected from the external data bus.

The pin configuration and logic symbol for the
2111 A are shown in Figure 21. The block diagram
is shown in Figure 22,

As indicated previously, the read/write, address,

and data in liming requirements for the 2111A
are the same as for the 2101A operating in the

PIN CONFIGURATICN LOGIC SYMBOL

“zlj 1 18 [ Jvee —1 &
)2 L] LS —1a, "oy f—
2] L LY —fa, o, —
i B ek, —] e .
a[]s 14y J1oa — -, vy b
ag[ |8 13 Jiras a,
ar[]7 1[Jres — oo
G [ Ja n[ o, A,
=4 B 1] Dc;-‘» R CE, CF,
P T
1
PIN NAMES
Ag Ay ADDRESS INRUTS
G CUTFUT DISABLE
R AEADWRITE INFUT
3 EHiF EMARLE 1
i LEg CHIP ERABLE 2
VO (M0, DATA INPUTGUTPUT

Figure 21, 2111A Pin Configuratian/Logic Symbol
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STATIC RAMS

common data hus mode. For reference, however,
the read/write waveforms for the 211 1A are shown
in Figure 23 with the A.C. characteristics shown in
Table VT, D.C. characteristics are given in Table 1X.

2112A Operation

The 2112A operates in a manner very similar to
the 2111A. The major difference is that no output
disable pin is available and one {instead of two)
chip enables is used. Pin configuration and logic
symbol for the 21124 are shown in Figure 24, The
block diagram is shown in Figure 25.

Since no output disable pin is available for the
2112A, care should be exercised to assure that the

data in bus is not activated any time the readf
write line is high (read cycle). When operating the
memory in a write, read-modify-write, or write-
verify-read cycle, the read/write input is used to
perform the function of an output disable. The
output is disabled on the chip according to the
following logical equation:

OD = R/W + CE

where:

OD = OUTPUT DISABLE
The basic read /write timing waveforms are shown in
Figure 26 with the A.C. characteristics given in
Table X.

READ CYCLE
Tac
ADDRESS >< ><
cHIp —_— - fra -—= —_—
ENABLES _\_ /_
(CE3, CEXH
T
DuTPUT ton —ei e
DHRARAL E . I
t = tor —»
) e o] Sy — W--
vaTaIY ) LD )
——m e ———— -

NOTES 1. Typica! vatues are 1or Ta = 25°C and nominal supply voit

age.

2. Thiz parameter is periodically sampled and 15 nes 100% rested.
3. tpF v with respect va the trailing edge of CEy, CEs, or OO, whichever accurs farst,

Figure 23, 2111A Read/Write Waveforms,

WRITE CYCLE
I e
ADDRESS + )"
!
cHip X T —— T
ENABLES 3, /
1CE, . CE,]
i
ouTeyT 4 | t
DIsaBLE I
_/ —= lgp = -
s — T ——— Iy ——
—— e — i —
X Emr [ X
-_—— — —f—
| — T —— | Tyn -]
HEAU
WEITE [
- Taw

Table VI, 2111A A.C. Characteristics

READ CYCLE T, = 0°C ta 70°C, Vg = 5V £5%, unless otherwise specified.

Symbaol Parameter Min, ]I Typ{.” Max. Unit Test Conditions

o tRC Read Cycle 250 ns
ta Access Time 250 ns 1, t = 20ns
teo Chip Enable To Qutput 180 ng Input Levels = 0.8V or 2.0V
ton Output Disable To Output o 130 | ns Timing Reference = 1.5V
tpr (31 | Data Output to High Z State 0 180 | ns | Load=1T7TL Gate
YoH Previous Read Data Valid 40 s and € = 100pF.

after change of Address

WRITE CYCLE
Symbol Parameter | min. | e Max. | umi Test Conditions
twe Write Cycle ) 170 ’ ns T
tAW Write Detay B ' 20 ns t, t = 20ns
tew Chip Enable To Write 150 ns Input Levels = 0.8V or 2.0V
tow Data Setup 150 ns Timing Reference = 1.5V
tpH | ‘Data Hold 0 i . ns Lead = 1 TTL Gate
typ | Write Fulse 150 Tl e and Gy~ 100pF,
e Write Recovery a ™

_ "D_S Dutput Disable Setup 20 ! ns :

g1z




STATIC RAMS

Table |X. 21114 D.C. Characteristics.
Ta =0°C to 70°C, Voo = BV £5% , unless otherwise specified.

I T
Symbal ' Parameter Min. | Typ. [T Max, Unit Test Conditions
Iy Input Load Current . 1 10 -} Wiy =010 5.26W
lLoH 1/C Leakage Current S 10 uA Output Disabled, Vyn = 4.0V
ILoL 1/C Leakage Current ) -1 -10 LA Output Risabled, Vi,g=0.45V
legs Power Supply 2111A, 2111A-4 - S 55 A Wi = 5.25V
Current 211142 ©oag 65 lyo = OMA, Ty = 25°C
lecs Power Supply 21114, 211144 : &0 A Ving = 5.25V
: f m
Current 211142 P 70 lyp =0mA, Ty = 0°C
Vi Input Low Voltage -05 0.8 v
Vin input High Voltage - 20 . | Vec v
VoL Output Low Voltage : : {045 ¥ lgL = 2.0mA
v Output High  2111A,2111A-2 | 24 | ! v loH = -200uA
oW Voltage 2111A4 24 vV - lgy = -160pA
PIN CONFIGURATION LOGIC SYMBOL BLOCK DIAGRAM
T —
—— s L.
s 16 Jvec _Ia R b
' 22 0] BECH
£ I F 15[ 14, — & Oy b= 0] som MEMORY ARAAY
- It hi SELEST 32 s
Mt wliw —Ja, 1o, b— o 32 oL
- —l va b P
a[ s ra|_]oE @® ]
— .ﬂ‘ By C\ E
as[T]s 12[Ji0. a ! e L :
ag[]e 1o —1s, 2000 UMM G CIRCLATS |__11
; 3 AL LN SELECT IH ‘]
A?Er w[Jros —da, X |.-n|o;T-BE s 3 I[‘ IH "I‘:
ool 18 af Jon we  cE roz ﬂ L a— N —E§ I
T T AT — B E @ d_—._i
@‘I A5 &g a7
1104 o1 b — ‘—E
H T
PIN NAMES 1 e —— ol
B Ay BDDRESS INFUTS 3 ; ’
] WRITE ERSALE & = . i
<3 CHIP ENABLE INPUT ;[: .
140,110, DATA. INFUTTOLTPUT i - mmumpers
Ve POWER -5V} i - id . ﬂ}
Figure 24. 2712A Pin Configuration/Logic Symbaof. Figure 25. 2112A Block Diagram.

READ CYCLE WAVEFORMS

ADDAESS l(_
NOTE 1: Oata Hald Time [Tyl is referenced 16 the

L trailing edge of CHIF ENABLE (CE} or
GHIF
! ENAELE_//_\——/__ READMRAITE [RAYI whichever comes first.

—tgn . -

INPLTGUTRUT X T

Figure 26, 21124 Read /Write Waveforms.
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STATIC RAMS

WRITE CYCLE #1 WRITE CYCLE &2

|.. ..... R — |.._..,_.._. < ey -

ADDRESS X ADDRESS. * *

— | | oy |
£RIF ENABLE o o — i
i

1
— Yo —

DATA 1M !
INPUTAOLITPUT STABLE *
| —_— - gp
wE y q ;

i
— w1 e —=

NOTE: 1, Typical values are for Ta, = 25° C and nominal supply vofrage,

Figure 26. {cont'd)

Table X, 2112A A.C. Characteristics.
READ CYCLE Ta = 0°Cto 70°C, Vg = BV £5% unless otherwise specified.

Symbal Parameter Min. Tvp.l” Max. | Unit Test Conditions

tRrc RAead Cycle 350 ns t;, tr = 20ns

ta Access Time 350 ns | tnput Levels = 0.BY or 2.0V
too Chip Enable To Qutput Time 240 s Timing Reference = 1.5V
tco Chip Enable To Output Disable Tini_ ll 1 200 ns Load = 1 TTL Gate

to E;_Iea\r:;zsofﬁgaéid?;:a Valid AHer 40 ns and €, = 100gF.

WRITE CYCLE #1 Ta = 0°C to 70°C. Ve = 5V 5%

Symbal Parameter Min. T\rp_l” Max. Unit Test Conditions

wer Write Cycle 270 ns t,, 1 = 20ns
Tawi Address To Write Setup Time 20 ns Input Levels = 0.8V or 2.0V
Towe Write Setup Time 250 ns Timing Reference = 1.5V
e Write Pulse Width 250 s Load = 1 TTL Gate
Ios Chip Enabie Setup Time 0 ns and C,_ = 100pF.
toHY Chip Enable Hold Tirme 0 ns
wR1 Write Fecovery Time 0 ns
oH Data Hold Time 0 ns
tewn Chip Enabde to Write Setup Time 250 ns

WRITE CYCLE #2 T4 = 0°Cto 70°C, V¢ = 5V 5%

Symbal Parameter Min. | Typ!"Y| Max. | Unit | Test Conditions
__bweo Write Cycle 470 ns t,, 1y = 20ns

tawz Address Te Write Setup Time 20 ions i Input Levels = 0.8V ar 2.0V
1 i i i

DW?2 Write Setup Time 250 ns Timing Reference = 1.5V
twpoz | Write To Qutput Disable Time 200 L Load = 1 TTL Gate

t Chi i |

ol-h] I.D Enzble Setup Time Ju] ns and €, = 100pF.
oMz Chip Enakle Hold Time 4] ns
twAz Write Recovery Time 0 ns
toHz Data Hold Time ‘ 0 ns

NOTE: 1, Typical vatues are far Ta = 25°C and numinal supoly voltage.
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Figure 27. 4K x 8 Memory System.
SYSTEM DESIGN/OPERATION . o me  xe o s ke me  me
The design of timing and interface circuits for }
memory systems utilizing Iniel static RAMs is evta l |
simple and straightforward. In this section, details
of system designs using these static RAMs will be aom p———
discuse = XX
Consider first the 4K x 8 sysiem shown in Figure —
27. This syster, Intel’s in-26 self-contained mem- = i —/—_
ory card, is expandable in both the number of T pPe—a—
words and number of bitsfword directions. (Ex- - \ X/
panding the number of words per system is ¢ e me  me sk w0 ee w0 bW
accomplished with the module select input.) Note
that there are only three input control lines: 'W:Ll | |
write, module select and cycle request (CYREQ) |
(with byte control provided). Operation of the 4K ;
X 8 memory system is explained with the aid of the .“—E—I l——
timing diagram is shown in Figure 28. - | —— Y
At time T, the 100 nsec CYREQ pulse is applied, ——
the addresses made valid, the write input, and data m_f.:\
is made valid (for write mode only). The module
select input is set low no later than 80 nsec after ““"E“*:X o Y
|

To- (f only one board is used, the module select
line may be permanently tied to ground.) Output
data is available at time defined by timing diagram
(650 nsec) with cycle completed for both read
and write at 650 nsec after start of cycle. (Note

Figure 28. Timing Diagram, 4K x 8/9 System.
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Figure 29, 2K x 12 Memory System.

that the in-26 is designed for use with standard
2102-1 devices. Faster system accessfcycle times
can be obtained by using 2102A devices and 74H
or 748 series instead of 74 series gates in the
CYREQ and module select data paths.)

Note that the input data is latched at the end of
cyclerequest (CYREQ). It is possible to remave the
iwo monostable multivibrators from the sysiem
and control the memory device read/write line
externally further simplifying the memory system.

An example of a 2K x 12 single card memory
system (IN-24) with full control and interfacing is
shown in Figure 29. In this system, the input/out-
put data is on a single bus. Note that data output
enable is provided by an address selection for this
system. Operation of the in-24 is similar to the
in-26.

STATIC RAM MEMORY ARRAY

A layout of the memory array for the 2102A static
RAM is shown in Figure 30. Note that there are no
[ayout conskraints as a result of noise considerations
caused by high level clocks. Power busing is greatly
simplified over other MOS RAMSs because only one
supply plus ground is required for the memory.

Memory array fayout for the 2101A, 2111A, and
2112A is entirely simitar to the layout shown
above. The exception, of course, is the number of
data jnputfoutput lines in the array. Decoupling

is handled in a manner identical to that shown in
Figure 31.

INTERFACING WITH MICROPROCESSORS

The Intel static RAM family is ideal for use in
microprocessor applications. Contral and timing
functions are all performed by the microprocessor
itself so that additional timing is not required by
the memory.

An example of a microprocessor system utilizing
both read only (ROM) and random access memory
is shown in Figure 32, Although it is not the pur
pose of this application note to explain micro-
pracessor systems, several comments on the opera-
tion of the system are in order.

The buffered 16 bit address bus is tapped {as
shown) to provide both chip select and memory
address to the static RAMs. {In this case the 2101A
equivalent for microprocessors, the 8101 is used.)
A control circuit used with the 8080 generates a
memory read signal which enables the output on the
8101. Since both chip enables and output disabie
are used to pate data out of the 8101, the data out
tus from these sources is in a high impedance
state whenever the ROM is being addressed. This
allows OR tying of the data out lines to the data
bus. Note that in this case the data in/data out pins
of the Bi0i are tied together (see discussion of
2101A operation).

Care should be taken when connecting P-channet

B-16
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Figure 30. 2102A Memary Array Layout.
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Figure 31. Memory System Decoupling.
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Figure 32, Microprocessor System,

Figure 33. Output Data Bus.

ROMs such as the 1602A and 1702 A to the data
bus as shown in Figure 32 to assure that the mini-
mum output low level is compatible with the
N-channel RAMs being used. 1t is necessary to pro-
tect the data line of the static RAMs if the output
level of the ROMs attached to the line can drop
below Vgg -0.8V. This protection can bc done by
using a diode to ground and current limiting
resistor on those data lincs effected (see Fig. 33).
It is also permissible to use an exclusive OR which
has an internal clamping diode on its input con-
figured per Figure 34B. Note that series 74L86
cannot be used in this application because it does
not have a terminating dicde.

In the figure shown in Figure 33B, resistors R
are pull up resistors to the unselected data out line.
Ra is a current limifing resistor connected to the
output of the P-channel ROM. The maximum value

permissible for this resistor is determined by the
maximum sink current drawn by the ROM device
and the maximum acceptable {mos{ positive) down
level required for the input of the exclusive OR.

SUMMARY

The Intel static RAM family is a broad and expand-
jng line of simple to use high density MOS RAMs,
This application note has detailed those portions of
the internal MOS circuits of these RAMs which are
of primary concetn to the system designer. Through
a better understanding of the internal workings of
the device, the designer is able to take full advan-
tage of the capability of these RAMs.

A summary of some of the more important tech-
nical specifications for each device and device spec
type is given in the Product Selection Guide at the
end of this section.
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RANDOM ACCESS MEMORIES

Eiecivical Ch teristles Qver Temp
Pawer
No. No. | Accesa | Cycle Dlasipation
L] Qrgeni- | ol | Tine | Time Max{1]
Type Blis Description tallon |Pina| Max. | Max. | Opersting/$ Suppllesf¥]
111A 255 | Static Fufly Decoded 2hbx1 16 | 1500ns |1500ns [665mMW/340m W +5 -3
1Mo1A 256 |Hi-Speed Siatic Fully 256xt 16 [ 1000ns | 1000ns |6E5MW/340mwW +5, -G
Decoded
1103 1028 | Dynamic Fully Decaded 1024x1 | 1B | 300ns | 580ns | A00mMW/S4m\W +16. +19
1103-1 1024 | Dynamig Fully Decoded  [1024x1 | 18 | 150ns | 340ns | 437mW/T6mwW +19, +22
11034 1024 | Dynamic Fully Decoded F024x1 | 18 | 205ns | 580ns [400mW/G4mW +15, +19
1103A-1 1624 | Bynamic Fully Decoded 1024x1 | 18 | T45ns | 340ns (627mW/10mw =19, +22
1103A-2 1024 | Dynamic Fully Decoded 102421 | 18 | 145ns | 400ns |S70mN10mW =19 +22
21014 1024 | Static, Separate 1/0 256x4 [ 22 | 350ns | 350ns ; 300mW +5
2101A-2 —102_4.‘--Static‘ Separate 1/0 256x4 | 22 | 250ns | 250ns |3S0mw -5
211 A-a 124 | Stahie, Separale 1/0 256x4 | 22 | 450ns | 450ns | 300mW +5
21024 1024 |High Speed Static 024x1 | t6 | I50ns | 250ns |275mw +h
27024-2 1924 ;High Speed Static 1024x1 | 16 | 2560ns  250ns |325mw +5
2102A-4 1024 | High Speed Statc 1024x1 | 16 | 450ns | 450ns [275mw +5
2102A-6 1024 | High Speed Static 1024xt | 16 | 850ns | 650ns |275mwW +5
2102AL 1024 | Low Standby Power Static |1024x1 | 16 | 350ns | a50ns 165mW!35mW +5
2102AL-2 1024 |Low Standby Power Static | 1024x1 ib‘ 250ns | 250ns [325mWré2mw &
210241 -4 1024 | Low Standby Power Static (102461 | 16 | 450ns | 450ns [165mwW/Aasmw -5
8 M21024-4 1024 | Static. Tp =-55°C to 1024x1 6| 450ns | 450ns | 350mN -5
& “125°C
E 210441 4036 | 16 Pin Dynamic A09Ex1 | 14 ’ISOns 3200s | 420 W1 Bmw +12, +5 -5
g 2104A-2 4096 | 16 Pin Dynamic 4096xt | 16 | 200ns | 320ns | 334mWIBmW +12, 15, -5
8 2104A-3 4096 | 16 Pin Dynamic 4096x1 | 16 | 250ns | 375ns | 3E0OmW/ 1BMW +12, +5, -5
g 2104A-4 4096 1 16 Pin Dynamic 4086x1 16 | 300ns | 425ns | AG0MW/ 18mW +12, *57
2107TA 4096 | 22 Pin Dynamic 4096x1 | 22 | 300ns | 70003 |45Amw/2mw 1245 -5
2107A-1 4086 122 Pin Dynamig 4086x1 | 22 [ 280ns | 550n% | S1GmMW/2mW +12, 5 -5
21074-4 4096 ;22 Pin ODynamic 40%96Gx1 | 22 | 350ns 1 840ns [ 450mMW/2mw =12, +5 -5
21074-5 4096 | 22 Pin Oynamic 4096x1 | 22 | 420ns | 970ns | ATEMW/2ZmW 12, +5 -5
21078 4026 | 22 Pin Dynamic 4G96x1 | 22 | 200ns | 400ns | BASmW/ dmW =12, +5, -5
21078-4 4086 |22 Pin Dynamic A096x1 | 22 § 270ns { 470ns |G4BMWidmW 12, +5 -5
21078-5 4066 | 22 Pin Dynamic 40961 | 22 | 300ns | 53005 |BAAMWSmW +12, +5, -5
2108-2 B192 |16 Pin Dynamic 8182x1 | 16 1 2000s | 350ns |82BmW24miy *32. +5, -5
2108-4 8192 | 16 Pin Drynamic B8182xT | 16 | 300ns | 425ns | 780mMW, 24mw +12, +5, -5
H114 624 | Sratic. Common 140 with | 256xd | 8 | 250ns | 350ns |300mw +5
Qulpul Deseatact
2111A-2 1024 | S1atic, Common 1/Q with 256x4 18 | 250ns 2.5-(}n5 350 W +5
Oulput Deselect )
Z111A-4 1074 !Static, Common /0 with 25614 18§ 450ns | 450ns I:lD()mW +5
{Qutput Desetect
[ Zi1za 1024 | Static, Gommon 170 25644 | 16 | 3505 | 350ns | 300mW “5
withous Output Deselect
2112A-2 | 1024 :Slatic. Common 110 | 266x4 | 16 | 250ns | 260ns [ 360mw s ]
withoud Oulput Deselsct
2112a-¢ | 1024 | Static. Common 10| 256¢d | 18 [ asons  450ns | 300mw R
withoul Chatpul Deselect :
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RANDOM ACCESS MEMORIES (Continued)

-55°C t0 125°C)

[ I Electrical Characterloiles Over Temperature
! ! Powsr
No. : i Mo, j:accu! Cycie Dissipation
of Organi-| of + Time | Time Max.[1]
Type Bits Descriplion zation | Ping| Max. | Max. | Operating/ Standby  Supplies[V]
2114 40066 I. Siatic, Common 17O 1024%4 | 18 | 4500s | 450ns | F10mW 5
2114-2 4096 ; Static, Commen /0 1024x4 | 15 | 200ns | 200ns | 710mMW +5H
2114-3 4096 ! Staue, Common O 102dx4 © 18 | 300ns @ 300ns | T10mW +5 |
21141 4026 ! Stanc, Commaon |70 10241-4 18 450ns | 450ns | 3I70mMW +5
2114L-3 4006 ; Stalc, Common L'Q 102dxd 16 300ns 300ns | 3TDMW +5
21154 1024 : Static, Open Collector 1024x1 : 16 45ns | 45ns | GEOmMW +5
2115A-2 1024 | Static. Open Colleclor i 1024x1 168 © 7ons Tons . BEOMW "5 ’
2116AL 1024 | Slatic, Qpen Collecror © 1024%1 16 | 45ns 45ns  395mW -5
21154AL-2 1024 | Slatic. Open Collector ) 102421 . 16 | 7oms 70ns  3G5mwW +5
M2115A 1024 | Stalic. Open Collectar . 1024x1 16 548ns 55ns | BOOMW +5
M2115AL 1024 | Stalic. Open Collector  © 1024x4 16 | 75ms  75ns  415mMW +5
g 2115 1024 . Stabc, Qpen Collector 1024xt 16 85ns Q5ns  B2EmW 5
z 21152 1024 1 Static, Open Callector . 1024x1 | 16 | 70ns © FOns | 650mW Y
E 2115L 1024 | Static, Jpen Callegior T o1024x1 !6 -95ns T_Qﬁns T.‘:;415m'«\|'"_ ' + 5‘ 1
Z | 21254 1024 | Static. Three-State T0zex1: 16 . 45ne | 4fns . GEOMW +5
E 2125A-2 1024 | Statc, Three-State 1024x1 16 M roms  70ns Essd{iw -5
# 212541 1024 | Static, Three-Stale 1024x1 16 | 4503 4Sns | 395mW 5
2125AL-2 | 1024 | Static. Three-State 1024x1 18 | 70ns  7oms | 3850w T -5
M2125A 1024 | Staliz, Three-Slate ! idzdxl ; 16 55ns ESns  AROMW 5
M212560 1024 | Static, Three-Siate I 1024x1 I 16 | 7Sns  F5ns - £15mW ~5
2125 1024 | Slatic, Throe-Siate ' 1024x1 16  HEms 45ns | S25mW +5
2125-2 _.7024 Static, Three-Slate i 102451 16 Tins Tins 660m\v_\|‘ +5
21250 1024 | Static, Thres-State I 1024x1 15 S8ns 9hns 345mwﬂ__‘ ta
2116-2 16364| 16 Pin Dynamic U 46384x1° 16 200ns  350ns | 82BMWI24mwW +12, *5, -5
2116-3 16384 16 Pin Dynamig 162841 18 250ns | 375ns B16rnw:‘;;r;ﬂr +12. -5 -%
2116-4 _16384 16 Pin Dynamic 16384x1 16 | 300nrs | 425ns | 780MW/24mwW +12, +8.-5
2147 409  High Speed Slatic 409621 1B 60- | B0~ | SO0MW I S0mW +5
. a0ns ! 20ns (Typical)
> ol 64 Fully Decoded Yo 16xd 1€ | &0ns B0ns | 525mW +5
E E 301A 64  High Speed Fully : 1634 i6 3%5ns  35ns | S25mW +5 _
g g Decoded . , .
Q5 [ 3104 16 Content Addressable | 4xa | 24 30ns  40ns . 625mW +5
Mermory _
5101-5 “1024 Slatic CMOS RAM 2h6x4 22 | 80ons ADOns ~ 150m W2 Smin *3
5101L 1024  Sratic CMOS RAM 25614 I 22 | B50ns * 65005 | 135min20uW -5
z § S101L-1 1024 Stalic CMOS RAM l. 25Gx4 22 . a50ns [ 45&15? 135mW 20pW +5 i
33 5101L-3 | 1024 Stalic CMOS RAM | 256x4 | 22 | 650ns | 650ns - 136MWI ImW -5
5 : M5101-4 1024 ' Static GMOS RAM 25524 ! 22 | Boons  800ns 168mWY ImW +5
© (-55°C 1o 125°C) :
M5101L-4 | 1024 Static CMOS RAM 25664 | 22 ; B00Ns  BOONS  168mMW400LW -5
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INTRODUCTION

The combination of low cost, high speed. system
design flexibility and data non-volatility has made
read only memories an important part of many
digital systems in production today. The rapid
development of semiconduclor read only memories
has produced a succession ol faster, larger, and
more flexible devices.

Today, Intel combines the best of Schottky bipo-
lar and P- and N-channel MOS semiconductor pro-
cessing technologies 1o manufacture the fastest and
largest line of read only memory products available
anywhere in the world.

This chapter is divided into three sections. In the
first section, Understanding the Technology, the
varions technologies used ro produce read only
memories and programmable read only memores
ate discussed in arder to achieve a good understand-
ing of how these devices operate and how onc
technology differs from another.

The second section describes the device from an
operational and programming point of view, and
presents Intel’s extensive line of read only memo-
ries. In the third section, System Applications, the
system aspects of address driving, output ORing,
array configuration, printed circuit board layout,
and power supply decoupling are presented.

Read Only Memories

A read only memory is an array of selectively open
and closed unidirectional contacts. In the 16-bit
array example shown in Figure 1, half of the ad-
dress lines are decoded and used to energize one of
the four row lines. This, in turn, activates those
column lines which have g closed contact to the
one selected row line. The remaining address lines
are decoded and enable vne of the column sense
amplifiers. If chip select is true, the data is gated to
the output pin by the output driver.

The primary differences in read only memories is
in the forming of the open or closed contact: that
is, in the design of the celi. In mask programmable
read only memories (ROMs) the contact is made to
selectively including or excluding a small conduct-
ing jumper during the final phase of semiconductor
manufacture. fn bipolar programmable read only
memories (PROMs) the contact is made with a
fusible material such ihat the contact can later be
opened, allowing the data pattern to be configured
by the user after the device has been manufactured.

Once programmed, Erasable Programmable Read
Only Memories (EPROMs) allow the programmed
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Figure 1. 16-Bit Simplified Array,

contacts to be restored to their initial state, such
that they can be te-programmed as often as desired.

UNDERSTANDING THE TECHNOLOGY

As shown in Figure 2, there are two basic PROM/
ROM technologies — bipolar and MOS. Their pri-
mary difference is in access time; bipolar access
times are approximately 50-90 nS, and MOS access
timmes are about an order of magnitude higher. Bi-
polar read only memories are available in 1K, 2K,
and 4K bit sizes, while MOS read only memaries are
available in 2K through 16K bit sizes. Although
PROMs and ROMs are available from both technol-
ogies, EPROMSs are available only with MOS tech-

nology.
| Mas |
(S0 nS
|

HICHAOME SHOHTEQ
FUSE JUNCTION

BPOLAR
60 ek

SILICON
FUSE

Figure 2. PROM/ROM Tachnology Family Tree.
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Bipolar Technologies

As previousty mentioned, bipolar devices offer high-
er speeds than MOS devices. For very high volume
usage with those devices whose data pattern never
change, mask programmable read only memories,
commonly called ROMs, provide the lowest cost.

Electrically programmabie read only memonies, or
PROMs, allow the data pattern to be defined when
the device is used rather than when the device is
mar.ufactured.

MASK PROGRAMMABLE READ ONLY
MEMORIES

Integrated circuit devices are fabricated from a
wafer of silicon through a number of processing
steps, including photo masking, etching, and dif-
fusing in order to create a pattern of junctions and
interconnections across the surface of the wafer.
One of the final steps in the manufacturing process
is to coat the entire surface af the silicon wafer
with a layer of aluminum, and then to selectively
etch away portions of the aluminum, leaving the
desired interconnecting pattern. In the manufac-
ture of mask programmed read only memories, the
row-to-column contacts are selectively made by
the inclusion or exclusion of aluminum connec-
tions in the final aluminum etch process.

The normal lead time required for fabrication of a
new integrated circuit can be foreshortened from 9
to 10 weeks to about 4to 6 weeks because the
wafers can be manufactured through the point of
metalization and held in storage until the data
pattern is defined. By this method, the lead
time required for delivery of 2 particular ROM
pattemn is only the time required to produce the
mask and etch the final metal pattem on the wafer,

ELECTRICALLY PROGRAMMABLE READ
ONLY MEMORIES

Electrically programmable read only memories al-
low the data pattern to be defined after final pack-
aging rather than when the device is manufactured,

Three types of electrically programmabie read only
memories, commonly called PROMs, will be dis-
cussed here,

The Nichrome Fuse

The first PROMs were made with a nichrome fuse
technology. Nichrome, an alloy of nickel and
chrome, is deposited as a very thin film link to the
column lines of the PROM. Heavy currents cause
this fitm to “blow”, opening the connection be-
tween the row and column tines. The cell is actually
constructed of a transistor switch and the nichrome
fuse, as shown in Figure 3. When the row is
selected, the transistor, Qxy. is tumed on, and,
if the fuse is intact, the column bus is pulled
towards Vec (+5V). If the fuse is “blown” or
open, the column bus is left floating.

ROW K
Vg t5vt

ELItE

COLUMNY ¥

Figure 3. Typical Fuse Cell.

Nichrome Problems

Prablems with nichrome fuses are all relatedl to the
technology. The selection of aluminum as the con-
ductive material in integrated circuits and transis-
tors did involve some sedous metalturgical consid-
erations. Of major importance is the fact that
aluminum readily adheres to silicon dioxide, but
does not rapidly diffuse through it. In addition,
aluminum forms non-rectifying (ohmic) contacts
with silicon.! Still, the formation of good silicon-
to-aluminum contacts has always been a problem;
the formation of good, reliable nichrome contact
is a greater problem.

In addition, nichrome is not the easiest material to
work with, especially considering the extremely
thin layer {(about 200 Angsiroms) that must be
deposited in order to achieve the desired resistance
in the fuse. This deposition is very hard to control
and the nichrome is additionally subject to cor-
rosion. 2

IPari-(er, G. H., ). C. Cornet, and W. 5. Pinter, “Reliability Con-
siderations in the Design and Fabrication of Polysilicon Fusible
Link PROMs.” A lecture to the IEEE 12th Annual Proceedings
on Reliability Physics, 1974,

2Bauel. Joseph B. “Military Microcircuit Packaging," The Elee-
franic Engineer, July 1972,
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The maost serious problem assaciated with nichrome
fuse technology is probably the phenomenon com-
monly referred to as “gmwback",3 the reversal of
the programming process such that a single bit will,
after some time, go from the programmed state
back to the unprogrammed state? Considerable
analysis has been done to investigate this growback
phenomenonz'Tin nichrome fuse PROMs to under-
stand how the nichrome fuse blows,**9 to deter-
mine the location and movement of the metals
before and after fusion.5® and to determine why a
small number of these fuses {once blown) appear to
reconnect. 236

Fusion occurs under a layer of glass which has
been added to the entire wafer to provide scratch
protection and io minimize electron migration in
the metal. Since fusion takes place without oxygen,
or any other atmosphere, oxidation cannot play an
important part in the fusing. It appears, rather,
that the nichrome heats up under heavy current
and becomes molten, forming a very narrow gap.
Figure 4 is a picture taken with a scanning electron
microscope of a blown nichrome fuse, Motice the
finpers, or dendrites, of nichrome. Studies indicate
that it is dendritic relinking that causes the fuse to
begin to reconduct after some period of time.3

Phota courtesy of HI-REL Laboratories
San Marina, Californiz

Figuie 4, Blown Nichrome Fuse.

Electron microscope investigations reveal that ran-
dom concentrations of nickel appear around the
fused links,® and that the mickel reacts with the
underlying 5i07 in the gap,’ forming a nickel-glass
structure that resists chemical etching.® Also, chro-
mium was found present in the gap.’

A CASE STUDY OF NICHROME GROWBACK

In one particular study of nichrome fuse failures per-
formed by L.illfs‘n,5 the PROMs “were random sam-
ples from PROMs supplied by four manufacturers
representing a buy of aboutb twenty thousand 1024
PROMs over a three-year period. These PROMs were
purchased to a high reliakility full-temperature range
specification reflecting a Mil §td-383 Class B screen-
ing requirement.”

From this same stedy _ ..

“It was found that there appeared to be a glass ni-
chrome reaction which resulted in the formationef
a glass structure which resisted the etch. These re-
sistors had exhibited the reappearing bit phenomena
after being in the computer in service in the field for
some length of time. Further analysis of these re-
mstors by ihe electron beam mictoprobe provided
information needed to achieve a conceptual under-
standing of this growback reaction.”

“Hard te propram bits were associated with provess
control and PROM design. It was concluded that
better than state of the art process controls were re-
quired, Thesefore, additional screens were needed 10
insure rcliability. The limilation of the number of
program pulses and the energy te program was of
extreme importance.”™

The refiability problems with nichrome fuse PROMs
all relate to nichrome fuse processing technology;
“erowback™ is inherent in the use of this technal-
ogy. Somc etforts have been made to find fesis that
will isolatc PROM fuses that have a higher probabit-
ity of relinking. These testing techniques include
temperature stressing, temperature cycling, high
temperature bum-in, and testing at reduced voli-
ages. No iest has been devised which will eliminate
the relinking problem.

3Ba.mes, D. E. and J. E. Thomas, “Reliability Assessinent of a
Semiconductor Memory by Design Analysis.” A lecture to the
1EEE 12th Annual Proceedings on Reliability Physics, 1974,

4Devaney, John R_and A. M. Sheble, 1i1. “Plasma Etching PROMs
and Other Protlems.™ A lecture 1o the IEEE 12th Annual Pro-
ceedings on Reliability Physics, 1974,

SEisenbetg, P. H. and R. Nosler, “Nichrome Resistors in Pro-
grammable Read Only Memory Integrated Circuits.” A lectuze
to the IEEE 12th Annuat Proceedings on Reliability Physics,
1974,

OCcanklin, Paul and David Burgess. “Reliability Aspects of Ni-
chrome Fusible Link PROMs (Programmabie Read Only Merm-
ories).” A lecture to the IECE 12th Annual Procesdings on
Reliability Physics, 1974,

TBaiLinger, W. E., N. Winograd, J. W. Amy, and J. A. Munarin.
“Nichrome Resistor Failures as Studied by X-Ray Photoclectron
Spectroscopy {XPS or ESCA}" A lecture to the JELCE t2th
Annual Proceedinigs on Reliahility Physics, 1974,
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The Silicor Fuse

Intel bipolar PROMs, a typical cell of which is
shown in Figure 3, work in the same manner as do
the nichrome fuses, with the exception that the
fuse material is polycrystalline silicon, which is de-
posifed in a thick layer at the appropriate stage in
the manufacturing process. This is the same stand-
ard, rcliable technique that has been used by Intel
in producing millions of MOS L3I circuits every
week using polycrystalline silicon.

All of the Tntel bipolar PROMs have included on
the die a test row and column which are blown at
wafer sort. The extra row and column are incorpo-
rated primarily to improve the programming yield
of the final end product. By addressing this test
row, the functionality of the decoders and the pro-
grammability of the fuses can be verified. The test
fuse circuitry is designed such that arrays with un-
usual fuses that could cause programming yield
problems can be screened at clectrical test.

The fuse, shown in Figure §, is a notched strip of
pelycrystalline silicon. Figure 6 shows ai amay of
12 cells. Each cell consists of a single transistor
in an emitter-follower configuration with the sili-
con fuse connecting to the column line as shown
in Figure 3. A cross section of the cell is shown in
Figure 7.

WOAD LINE

T i -

LiNE

FUSE —

Figure 5. Unblown Polysilicon Fuse.

The thickness of the silican fuse is nominally 3000
Angstroms, 15 times the thickness of the nichrome
fuse. Resistivity of the fuse is controlled by doping,
as in standard integrated circuits,

BIT BIT BIT

LINE

LINE LINE

~— WORD LINE

== WORD LINE
FLISE
{1 OF 10}

~— WORD LINE

Figure 6. Polysilican Cell Array.

POLYSILICON
FUSE

T it
| A

Z»

Figure 7. Polysilicon Fuse Cross Section.

The fuse is blown with a pulse train of successively
wider pulses, with a current of 20-30 mA typically
needed to blow the fuse. During this “blowing”
operation, temperatures estimated at 1400°C are
reached in the notch of the polysilicon fuse. At
these temperatures, the silicon oxidizes and forms
an insulating material. Figure 8 shows a blown and
unblown fuse. The use of silicon eliminates con-
ductive dendrites and the existence of conductive
materials in the fused gap.

Figure 8. Blown and Unhlown Polysificon Fuse.
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Since silicon is a standard integrated circuit mate-
rial, no new contact problems ot problems with dis-
similar materials are encountered. Growback does
not exist with the silicon fuse. Afrer 3 billion fuse
hours of system life testing at 83°C, zerp failures
have been found.

The Shorted Junction

A third type of bipolar PROM implementation is
the shorted junction. The shorted junction cell is
shown in Figures 9 and 10. In this cell, diode Q
is reverse-biased and the heavy flow of electrons in
the reverse direction causes aluminum atoms from
the ernitter confact to migrate through the emitter
to the base, causing an emitter-to-base short. Ex-
rreme care must be taken such that sufficient con-
tact is made to the base without actually punctur-
ing and shorting through the base.

-—

o, Oy

COLUMN

Figure 9. Schematic of Shorted Junction Cells.

MOS Technology

FAMOS IMPLEMENTATION

As mentioned earlier, it is possible to produce
PROMs and ROMs using MOS technology. In 1971
Intel introduced a unique erasable PROM thai
allows the programmed information to be erased
by exposure to ultraviolet light of the correct
wavelength and intensity.

The storage element is the Floating gate Avalanche-
injection MOS8 {FAMOS) charge storage device, a
cross section of which is shown in Figure 11 The

FLOATING 5 GETE ——/

N.TYPE 5 SUBSTRATE
L DR

FLOATING GATE "15141 SUBSTRATE
SOURCE

Figure 11. FAMOS Storage Cell.

Z
\\\\X\ \\\\\\\\<\®

Figure 10. Cross Section of Shorted Junction Cell.

Although the shorted junction PROM does not
have the reliability problems associated with the
nichrome fuse, programming is greatly complicated
by the fact that underprogramming results in insuf-
ficient or intermittent contact with the base and
overprogramming results in possible internal shorts.
The problem of distributing heavy currents around
the chip requires the use of multiple-layer metaliza-
tion, and, as a result, most major semiconductor
companies have not committed to the shorted june-
tion technology.

operation of the cell depends on charge transport
to the floating gate by avalanche injection of
electrons. The device is essentiaily a silicon gaie
MQS field effect transistor in which no connec-
tion is made to the silicon gate. Operation of the
FAMOS memory structure depends on charge
transport to the floating gate by avalanche injec-
tion of electrons from either the source or drain.
A junction voltage in excess of =30V applied to a
pchannel FAMOS device will result in the injection
of high-energy electrons from the p—n junction
surface avalanche region to the floating silicon
gate, The amount of charge transferred to thec
floating gate is a function of amplitude and dura-
tion of the applied juncticn voltage, as shown in
Figure 12. The presence or absence of charge can
be sensed by measuring the conductance between
the source and drain.

Once the applied junction voltage is removed, no
discharge path is available for the accumulated
electrons since the gate is surrounded by thermal
oxide, which is a very low conductivity dielectric.
The electric field in the structure after the removal
of junction voltage is due only to the accumulated

75




PROMS and ROMS
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Figure 12. Charge Transfer vs. Programming Pulse Width.

electron charge and is not sufficient {0 cause
charge transport across the polysilicon-thermal-
oxide energy barrer.

Charge decay plots as a function of time at 125°C
and 300°C are shown in Figure 13. An extrapola-
tion of the 300°C charge decay resuits indicates
that 70% of the initial induced charge will be
retained for as long as 10 years at 125°C.
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Figure 13. Charga Decay vs. Time.

Since the gate electrode is not electrically acces-
sible, the charge cannot be removed by an electrical
pulse. However, the initial condition of no elec-
tronic charge on the pgate can be restored by
illuminating the FAMOS device with ultravioiet
light, which results in the flow of a photocurrent
from the floating gate back to the silicon substrate,
thereby discharging the gate to its initial condition.
This erase method allows complete testing of a
complex programmable read only memory array.

SPECIFIC DEVICE DESCRIPTIONS
Bipolar Devices

Intel manufacturers a complete line of bipolar
PROMs and ROMs as shown in Table 1, and in the
Product Selection Guide, page PSG-2.

Tahle ). The Intel PROM/ROM Family.

1K ZK 4K
{256 x 4} (512 % 4) (512 x 8
16-Pin 16-Fin 24-Pin
ocll) | 1si@ | ocl |rsld | el | 7sid
PROMs | 3601 | 3821 | 3802 |3622 | 2604 | 3624
ROM:s | 3301A | —— 3302 | 3322 | 33044 | 2324

NOTES: 1. Open-collector output
2. Thres-stata putput,

Each PROM is pin-for-pin compatible with its mask
ROM counterpart. Programming is accomplished
by “blowing™ a polysilicon fuse in the emitter leg
af the bipolar transistor that serves as a data stor-
age cell. Because of the internal circuitry, the initial
(unprogrammed) state of the output of the 3601
PROM is low, while the 3602/3622 and 3604/3624
devices have an initial state that produces a high
output.

In the 2K and 4K sizes, the part can be ordered
with either an open-collector or three-state output.
360143621 AND 33014

The 3601/3621 and 3301A 1K PROM and ROM
pin configuration and logic symbol are shown in

e |: 1 5 :' Vee — = 0y f—
a5 I: z 5 :I a7 — =
- A
] w{| & . o2 e
Ay C 4 13 j == w1 az
601 o
w[]s 2] e 1%
[ oy —
. " -3
N a -
=[] w7 ] — %
e[ e #[ ] — & oy }—
Ap-Ay | ADDRESS INFUTE
0y-04 | GATADUTAITS
[ G2 55, | owie seLeey el

Figure 14. 3601/3621 and 33071A Pin Configuration
and Logic Symbol.

Figure 14, and the address and data waveforms are
shown in Figure 15. The device is organized as 256
4-hit words. The AC characteristics are summarized
in Table II, and the DC characteristics in Table II1.
Capacitance is shown in Table IV,
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Uit

CHIP f
SELECT 15v

INPUT

\lS\r

- o __—‘
QUTPUT 1.5% - 1.9V OUTPUT \1.5\' 1.6¥
Loe - —mn LY —-—i L-—-—-— te ] .-_ i, — ] |.-_
Figure 15. 3601/3301A Address and Data Waveforms.
Table 1, 3601/3301A AC. Characteristics.
LIMITS
SYMBOL PARAMETER DEVICE | uNIT TEST CONDITIONS
! TYPE | o°cla25°c| 75°C
]
ass, ta_ : Addressto Output Delay | 3301A | 45 | 45 | 45 S | C5y and TS must be at Vi to
Taer Ta 4 3607 0 80 70 ns activate the PROM.
36011 | 50 50 | 50 nS
tss, ts_ | ChipSelect to Output Delay | 3301A 20, 20 | 20 oS
3601 /i 2% | 2% ns |
3601-1 ‘ 25 ‘ 2% | 25 nS

A simplified block dijagram is shown in Figure 18,
with a typical -bit schematic shown in Figure 17.

Addresses A3—A~ select 1 of 32 rows by activating
b of 32 decoders. Each row consists of 32 cells. Ad-
dresses Ag A; enable the | of 8 decoders, multi-
plexing 1 of 3 bits to the appropriate sense ampli-
fier as shown in Figure 17. The logical AND of
€8, - €S energizes all the columns in the array
and provides a programming path as will be de-
scribed later. €S, which is also active low, enables
each of the four output buffers.

The transistors are Schottky barrier diode clamped
to allow faster switching speeds than devices fabri-
cated with a conventional gold diffusion process.

Each of the address lines has a low voltage diode
input clamp to minimize line reflections.

The outputs are open-collector, which allows them
to be OR-connected for memory expansion. The
capacifance of the data out pins is typically 7 pF,

as shown in Table TV, or 56 pF for eight devices
OR-tied together.

Programming the 3601 is agccompilished by puising
Voo and 083 with waveforms as described in the
programming section. The initial (unprogranmymed)
state of the device is with all outputs low; that is,
a bit is considered programmed when the output js
high.

3602/3622 AND 3302/3322

The 36023622 and 3302/3322 pin configuration
and logic symbol are shown in Figure 18,

The 3602/3302 has an open-collcctor output, while
the 36223322 is a three-state output. A simplified
block diagram of the part is shown in Figure 16.
The schematic is shown in Figure 17. As indicated
in Figure 6, the organization is 512 X 4 bits.
Operation is analogous to the 1K PROM described
earlier.

7.7
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Table 11, 35601/3301A D.C. Characteristics.

All limits apply for Voo = 5.0V 5%, Ta = 0°C to +75°C

SYMBOL PARAMETER Min | Typlll ‘ MAX | UNIT | TEST CONDITIONS
lea Address 1nput Load Current -0.05 ‘ 035 | mA | Vee = 525V,
i Va = 045V
lgs Chip Select Input Load Current -0.05 -0.25 ma Voo = B.26V,
VS = 045V
Ina Address Input Leakage Current 40 HA Voo = 525V,
Va = 4.0V
lasg Chip Select Input Leakage Current 40 LA Voo 525V,
VS = 4.0V
Vea | Address Input Clamp Voltage -0.7 -1.0 v | vee = 475V,
la = -5.0mA
Vs Chip Sefect input Clamp Yoltage -0.7 -1.0 V| Vee = 475V,
Ig = -5.0mA
Vo, Qutput Low Voltage 0.3 0.45 W Voo = 4.78V,
lgL = 15 mA
igex Output Leakage Current 00 . wA | vec = 6.25V,
Vcg = 5.2V
ice Power Supply Current 3601 20 130 mA Voo = 526V,
3301A 90 125 ma | Yag = Va7 = OV
Vg = Vg; = OV
Vi Input “Low"” Voltage 08s \ Vog = 5.0V
ViH trput “High™ Yoltage 20 v Voo = 5.0V
NOTE: 1. Typical values are at 25" C and 31 nominal voltage.
Table IV, 3601/3301A Capacitancel1) .
SYMBGL PARAMETER TYP MAX | UNIT TEST CONDITIONS
Cina Address Input Capacitance 4 pF Ve =5V V=28V
Cing Chip Select {nput Capacitance 3] pF Voo =BV Wy = 2.8V
Caut Output Capacitance ¥ pF Voo =5V Voyr = 2.5V
NOTE: 1. This parameter is only periodically samples and is nat 100% tested.

Referring to Figure 17, addresses Az - Ag select |
of 64 rows, each row consisting of 32 ceils. Ad-
dresses Ag—A; enable the | of 8 decoders, multi-
plexing 1 of 8 bits to the appropriate sense
amplifier.

Chip select, TS, enables the output buffer, and
provides the prograinming path.

The 3302 and 3322 provide ROM capability for
applications that have matured sufficiently to allow
use of a fixed data pattern.

The 3602L-6 and 36221L-6 have the additional
capability of reducing power whenever the chip is
deselected; i.e., €S high. The standby power is
236mW, compared to 685mW for the 3602 and
3622,

360473624 AND 3304A/33244A

The 3604/3304A pin configuration and logic sym-
bal are shown in Figure 19, and typical waveforms
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are shown in Figure 20, Table V summarizes the
AC characteristics, with capacitance and DC char-
acteristics summarized in Tables VI and YN, re-
spectively.

The organization of the device is 512 X & bits. The
basic operation of the 4K device is directly analo-
gous to the 1K PROM as shown in Figure 17. Ad-
dresses A3—Ag select 1 of 64 rows, each row con-
sisting of 64 cells. Addresses Ag—A; enable the
decoders, multipiexing 1 of 8 bits to the appropri-
ate sense amplifier, CS, provides the programming
path, while CS; - €53 - €83 - CS4 provide an en-
able to the output. The 4-chip select terms may
facilitate decoding when working with large arrays.

The 3604L-6 has the additionai feature that when
the chip is selected (i.e., C8; or CS3 high), the
power is reduced by approximately 70%. To utilize
this feature, pins 22 and 24 must be connected as
shown in Table VIII, which compares the 3604 and
360416 Ve connections,

ADDREZS Asu 157 3

L mp——

th o —]

CHIF \_
EELECT

1.5v 1.8¥
INPUT \

et —

Figure 20, 3304A/3604 Address and Data Waveforms.

CUTPUT 15v L&

Table V. 2304A/3604 A.C. Characteristics,
Voo = +8Y 5%, T4 =0"Cto+75°C

SYMBOL PARAMETER MaXx UNIT TEST CONDITIONS
ta++ ta—— | Address ta Output Delay 33044, 70 nS €8y =C8,=V_ and CS3=CS,=V
tas_, ta—+ 3604 n nS 1o select the FROM.

3604L-6 290 nS
t5++ Chip Select to Quiput Delay 3304A 30 nS

3604 a0 nS

3604L-6 30 5
15— Chip Select to Qutput Delay 3304A 30 ns

3604 30 nS

B 3604L-6 120 ns .
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Table V1. 3304473604 Capacitancel1l

SYMBOL PARAMETER TYP | MAX | UNIT TEST CONDITIONS
Cina Address Input Capacitance 4 10 pF Veg=5Y  Vy =25V
Cing Chip Select Input Capacitance 6 0 pF Veg=5Y  Viy=25V
Cout Qutput Capacitance 7 12 pF Vep =BV Vgyur = 2.6V

NOTE: 1. This parameter is only periodically samples and is not 100% tested.

Tahle VII. 3304A/3604 D.C, Characteristics.
Adl iimits apply for Vg = +5.0V #58%, Ta = D°C to +76°C

SYMBOL PARAMETER MIN Typll! MAX | UNIT TEST CONDITIONS
Iga Address Input Load Current -0.05 -0.26 | mA Voo = 5.28V, Wa = 0.45V
{31 Chip Select Input Load Currert -0.09 -0.50 | mA Veg = 5.25V, Vg = 0.45V
Ira Address Input Leakage Current 40 h A Voo = 5.25V, Vs = 5.26V
Ins Chip Sefect Input |eakage Current 40 uA | Vog=5.26V,Vg=4.0V
Vea Address Input Clamp Veltage -0.7 -1.0 v Voo =475V, 14 = -5.0mA
Vs Chip Select Input Clamp Voltage 07 |10 | v [ vee=475v,15=-50ma
VoL Output Low Voltage 0.3 0.45 v Voo =475V, IgL = 15 mA
lcex Output Leakage Current 100 ey Vo= 5.25V, Ve =5.25V
e Power Supply Current 190 maA, Voo = 5.20V, VagrVar = OV
3304A and 3604 CSy =CS2 =0V
X , C83-C84=5625V

lecz Power Supply Current (3604L.6) | oy " Vegg = .25V, Vogt = Open

Active 140 ma ; Chip Selected

Standby 45 mA  Chip Deselected
VL {nput “Low" Voltage 0.85 v ol Vg =bhov
Vi Input “High" Voltage 20 v Veg=50V

NOTE: 1. Typical values are at 25°C and at nominal voltage.

Table VIN. 3604/3604L-6 Connections and Power Consumption,

DEVICE TYPE CONNECTION READ PROGRAM POWER
Fin 22 +5Y or No Connect Pulsed 12,5V
3604 998 mW maximum
Pin 24 +5V Pulsed 12,5V
Pin 22 +6Y Pulsed 12.5V | 735 mW maximum with chip selected
3604L-6
Pin 24 Mo Conneet [1] Pulsed 12.8V | 238 mW maximum with chip desalected

NOTE: 1. Donaotconnect pin 24 of the 2604L-6 to any other pin

The 3304AL6 mask ROM is available for ROM and its mask programmable counterpart, the 1302,
users who wish to take advantage of the power  are 2048 bit MOS devices, organized as 256 x 8 bits.
reduction feature of the reduced standby power. The 2704 and 2708 are, respectively, 4K (512 x 8)

. and 8K (1024 x 8). The 2308 is the mask counter-
MOS Devices part of the 2708. The 17024, the 2704 and the
The Intel family of MOS PROMs and ROMs can 2708 EPROMs are all implemented with the Intel
also be divided into two groups. The 1602A71702A, FAMOS technology.
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Figure 22. 16024/17024 Block Diagram.

16024/1702A/1302

The logic symbol and pin configuration for these
devices 1s shown in Figure 21, and the block dia-
gram is shown in Figure 22. The 1302 mask pro-
grammzble device is pin for pin compatible with
the clectrically programmable devices.

The FAMOS data storage cell used in the 1602A7
1702A is described in the technology seclion.

The operation and clectrical characleristics of the
1602A and the 1702A are identical; the 1702A is
packaged with a quartz lid to allow erasure by high
intensity ultraviolet {ight as described in the tech-
nology chapter. The [602A/1702A switching char-
acteristics are shown in Figure 23, and ACand DC
characteristics are summuarized in Tables IX and X,
respectively. Capacitance is shown in Table Xi,
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e T
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BATA I BATA OUT , f Datacur
ouT I INVALIT AT S mvain
¥ -
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iy
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VL

Yig ———— | ooy
ot | |
Vip % I on
VOH — |
DATA |
auT |
Ve |

oo

CONDITICHS OF THFST:
INPUT PLILSF &MPIATUDES: 0 T0 &Y,
tR. bp =50 w5

OUTPUTS LOAD 151 TTL GATE, MEASLIRE-
MENTS MADE &Y OUTPUT OF TTL GATE
ftopy % 15 a8). Ty = 15.9F

Figure 23, 1302/1602A/17024 Waveforms.

The operation of the 16024717024 is similar to
the bipolar PROMs described carlier. The higher
order address bils As—Ay perform the row decode
function. while the low order address bits provide
the column decede. Chip select, C§, is active low
and enables the eight output buffers.

For low power applications, with the 1602AL/
1702AL it is possible to clock the Vg (-9V) sup-
ply. resulting in a decrease of power proportional
to the Vog duty cyele,

As with the bipolar PROMs, care should be taken
with the number ol devices that are OR-tied to-
gether such thal access time is not compromised.

The initial (unprogrammed) state of the [602A/
17024 is all “0's™ {output low). Programming is
accomplished by writing **1’s” (output high) in the
proper bit locations.

Figurc 24 presenis various parametric curves that
will assist the designer in determining worst case
conditions when using the device.

i
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Table IX. 1302/1602A/1702A A .C. Characteristics,
Ta=0"Cto+70°C, Voo = +5V 5%, Vpp = -9V 5%, Ygg = -9V +56%, unless otherwise specified.

|
SYMBOL PARAMETER miv 0 Tyel! MAX uNIT
Frequency Repetition Rate . 1 MHz
toH Previous Read Data Valid i 100 nS
I
tacc Address to Output Delay 0.7 1 MS
toves Clocked Vg Set Up 1602AL/1702AL 1 : us
1302 1 . us
ics Chip Select Delay 1602A/17024 100 nS
1302 200 nS
tco Qutput Delay from CS 1602A/1702A 900 nS
1302 500 ns
top Output Deselect 300 nS
toHe Data Cut Hald In Clocked Vg Mode!?! 5 uSs

NOTES: 1. Typical values are 81 25°C and at naminal voltage,

2. The outputs will remain valid for tgHe as fong a5 clocked VGG is 8T Voe. An address change may occur 5 500n as the output is
sensed {clocked Vg may stil be at Vil Data becomes invalid tor the old address when clocked Vg is rerurad to Vag.

Table X. 1302/1602A/1702A D_C_ and Operating Characteristics(1] .

Ta=0°C 10 +70°C, Vo= +5V 6%, Vpp = -9V £5%, VD = -0V £6%, unless otherwise specified,

$YMBOL PARAMETER min | TYP | max | uniT TEST CONDITIONS
Iy Address and Chip Select 1 HA Vig=0v
Input Load Current !
he Output Leakage Curren: 1 A Vaut = 0.0V, 8 =vgo-2
Iopo Power Supply Current 5 10 mA | Vgg=Vee €5 =Vee-2
lgL =0.0mA, T, =25"C
lop1 Power Supply Current 35 50 mA | C8=Vee-2 3
lgL = D.0mA, Ta=25°C
Ipp2 Power Supply Current 32 46 mA | C§=00 Continuous
. _ loL=0.0mA, Ta=25°C Operation
'oo3 Power Supply Current ®e | 80 wA | C8=Vee-E
loL = 0.0 mA, T4 =0°C
ler Qutput Clamp Current 8 14 mA | Vpur=-1.0V, T4 =0°C
lcpz Cutput Clamp Current i 13 - mA | Vpour=-10V, Ta=25"C)
lgg Gate Supply Current 1 LA
Vi i Input Low Voltage for ¢ ~1.0 0.65 v
i TTL Interface i
Yz , Input Low Voltage for | Voo Vg6 v
- MOS Interface
YiH ! Address and Chip Select Vo2 Veet0d v
~ Input High Voltage ; ; )
™ ! Output Sink Current 16 a mA | Vour = 0.45V
rD—H_ " ""Output Source Current 2.0 maA | Vgur= 0.0V
Vap " Qutput Low Voltage - 07 " o5 v ___I;;"_--;"‘I.G mA
Vou | Output High Voltage 35 I 45 ! Ty lom = ~100 uA
- . —_— 1 L

NOTES: 1. In the programming mode, data inputs +—8 are pins 4—11, respectively: CS = GHD,

]

VGG mwy D@ clacked to recuoa power dissipation. In 1his mode aversge Ion decresses in proportion 1o Yag duty oycle,

wa

Typical values are at 25°C and at nominal valtags.

713
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Table X{i. 1302/1602A Capacitance.

Ta=26°C
SYMBOL PFARAMETER TYP MAX, UNIT TEST CONDITIONS
Cin Input Capacitance 1302 5 10 pF
1602A/1702A | 8 15 pF | Vin=Veg
Caur Output Capacitance 1302 I 5 10 pF SS - vft\‘} T:gwsed p';ns are
1802A/1702A4 10 15 pF our * Voe [ 81 AL ground.
. Vae = Veo
Cvag Vg Capacitance {Clocked Vg Mode) I 30 pF
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PROGRAMMING

All of the PROMs described earlier require that
data be entered by a technique different from that
required to read. There are two ways of pro-
gramming a PROM; one is to satisfy the control
requirements for a particular address, apply some
sort of pulsed voltage to the appropiiate connec-
tion, and proceed to the next location. The other
is to put the information on & mark/sense card or
paper tape and give it to somehody. Both methods
are presented here.

PROGRAMMING THE 1K BIPOLAR PROM{3601)
The 360! muay be programmed using the basic
circuit of Figure 25. Address inputs are at standard
TTL levels. Only one output may be programmed
at a time. The output to be programmed must be
connected to V¢ through a 30082 resistor, This
will force the proper programming current (3-6mA}
into the output when the Ve supply is later raised
to 10V. All other outputs must be heid at a TTL
low level (0.4V maximum).

The programming pulse generator proeduces & series
of pulses to the 3601 Vo and €85 leads as shown
in Figure 26 V¢ is pulsed from a low of 4.5V
£0.25V to a high of 10V 2025V, while CSy is
pulsed from a low of ground {TTL logic 0) to a
high of 15V 20.25V. It is important to accurately
maintain these voltage levels; otherwise, improper
programming may result.

The pulses applied must maintain a duty cycle of
50% £10%, and start with an initial width of 1 uS
+10%, and increase lincarly over a4 period of ap-
proximately 100 mS to a maximum width of § uS

+10%. Typical devices have their fuse blown within
1 mS8, but occasionally a fuse may take up to 400
mS to blow.

During the appiication of the program pulse, cur
rent to CSy must be limited to 100 mA. The output
of the 3601 is sensed when CS; is at a TTL low
level oniput. A programmed bit will have a TTL
high output. After a fuse is blown, the Ve and
CS; pulse trains must be applied for another 500
us

PRLK
PULSE GEMERATIN
Voo
bl
T il ‘E AP
= Zn
By it AV
2601736011 _t
A O— wy T o
0 vy
A O0—
A2 O—
woRp AT O = a0
SELECTION - 3 3 Yy
A5
AE O—]
a2 G 14 il
3 LE]

Figure 25. 3601 Programming Connections.
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Figura 26, 3601 Programming Waveforms.
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PROGRAMMING THE 2K AND 4K BIPOLAR
PROMs (3602/3622 AND 3604/3624) [1)

The 3602/3622 and 3604/3624 parts are also pro-
grammed by forcing curreat into the ontput, but
with the 3622 and 3624, the three-state outputs
that are not being programmed must be allowed to
ficat. Figure 27 shows the basic eircuit for pro-
gramming the 2K and 4K family of PROMs.

The programming current that inust be provided to
each output is 5 mA £]10% for the 3602/3622 and
3604/3624.

The low standby power devices can be programmed
in the same way, the only differences being that
Veei. Yooz, and CS) must be connected and pulsed
in accordance with Table XII and Figure 28.Note
that pin 24 of the 3604L-6 must not be connected
to any other pin, or the power down circuit will
not operate.

Note that the Ve and Ve programming levels
are 12,5V 0.5V for the 3602, 3604, 3622, and
3624,

1. The 3621 is also programmed by this technigue.

+adv

PRUGRAMMING CLIRRENT
PULEE GEMERATOR 'SOURCE
CHi Vo % j_/
L ) Gy
AUDRESS
SELECTION *
o1, [
&8, ©5, 3,
- MNOTE:
" The g pmpea stirws 01 oy
progeammed and the un
L] pragrammed sutput flosting
MNOTES:

1. For the 3627 and 3605/3625 family only the program pulse
may be applied to either C5q or C53.
2, C53, C84 are only for the 3604/3624 PROM family.

Figure 27. 3621, 2K and 4K Bipoklar PROM Programming
Cannections.

Table X11. 3604/3604A L6 Programming Connections.

PIN 22 24
MODE Viecz Veer
READ 3604 Mo Connect +5V
or +BY

3604L-6 i 45V No Connect [ 1)

PROGRAM 3604 Pulsed 12,5V Puised 12.5V
3604L-6 Pulsed 12.5V Pulsed 12.5V

STAMDBY

POWER 3604L-6 Fower dissipation is automatically

reduced whenever the 3604L-6 is
deselected.

NOTE: 1. Donot connect pin 24 of the 360ML to any ather pin

o
s
12.5:05% 0%
i Vo TBO0WA mast asv 35V
A5
. il
il
|1
1520 &Y i
= {160mA mexi
" max 28V
asy
0.0+0.85v 15

=10y

¢l SENSED =5y
QUTPUT =0y

Unpragar med Si

e TP ]
13msh

1

— T D Level

Froqrartrtwd Bi?

{11 Data Sense Time should be at 90% lor greater} of t,. A bit is considered programmed sfter 128 successful verlfications. The program
pulsas should continue to ingreass in accordance with the ramp shown above, After 128 successful veritications, the 0T over grogram time can
start.

NOTE: AN times in parenthesis are in microseconds and are in minimum times uniess otherwise specified,

Figure 28, 3602/3522 and 3604/3624 Programming Waveforms.
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Programming the 1602A/1 7024

In its inifia] state the 1602A/1702A array will have
all outputs low. Programiming is accomplished by
writing highs in the proper bit locations. The peak
{pp current that must be provided for program-
ming the 1602A/1702A is approximately 200 mA,
and the entire device can be programmed in about
2 minutes, Figure 29 shows the waveforms required
for programming, while Table XIFI shows the con-
nections used. Table XIV and XV show the A.C.
and D.C. characteristics for programming.

During prograiumning, Yoo should be held at ground
and Vgp should be held at +12V. Address levels
are approximately —40V for a logic “0" {output
low), and approximately OV for a logic “1” {output
high). Note that these levels are larger in magnitude
but in the same polarity sense as those used for
rcading {from the memory:

logic “4": -1V< logic “0” .65V,
logic “1*: = Vpp -2

where Vo = 5V 5%,

When programming, the negative-going power sup-
plies (Vpn) must be pulsed. Vpp is pulsed to -47V
1V, ¥gg is brought to -35 to -40V, and the com-
plement of the address to be programimed is applied.
After the power has been applied for at Ieast 2508,
the address must be returned to its irue form 10uS
or more after the address has reached its true state,
and at least 100 uS after turning on power, the
3 mS program pulse {pin 13) at -47V +1V may be
applied. During the interval when Vpp is applied,
data signals must be applied to the data output
lines. A data level of approximately OV will result
in the location remaining unchanged, while a level
of 47V 21V will program a logic “1” (output
high in read mode). After the program pulse is
turned off, the Vpp and Vi voltages should be
turned off. This turn-off should cccur from 10—
100uS after removal of the program pulsc.

For best results, the 1602A/1702A should be pro-
grammed by scanning through the addresses in
binary sequence 32 times. Each pass repeats the
same serics of programming pulses. The duty cyele
for applied power must not excead 20%. As a re-

—-"-{ tacH |"
}-- = — tAlw - —— ,! i
o | | ; | |
BINARY COMPLEMENT I BINARY ADORESS |
ADOHESS | ADDRESS OF WORD . OF WORD TO BE
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RO ] i | pt | l
| | i —-I [ i-- |
i
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PULSED Vg ' I I £l l
POWCR SUPPL ¥ | | | A |
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46 TD 45 | -I\- i + / : jl
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Figure 29. 1602A/M702A Programming Waveforms.
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sult, each pass takes about 4 seconds, with the 32
passes taking just over 2 minutes.

ERASING THE 1702A

The 1702A EPROM may be erased by exposure to
high intensity, short-wave ultraviolet light at a
wavejength of 2537 Angstroms. The recommended
integrated dose (i.c., UV infensity X intensity time)
is 6W-secfem?. The devices are made with a trans-
parent quartz lid covering the silicon die. Conven-
tional room light, fluorescent light, or suniight has
no measurable effect on stored data, even after
years of exposure. However, after 10—20 minutes
under a suitable source, the device is erased to a

state of all “0’s” (outputs low). To prevent damage
to the device, it is recommended that no more
ultraviolet light exposure be used than that neces-
sary Lo erase the 1702A,

CAUTION

When using an ultraviolet sonrce of this type,
care should be taken not to expose the eyes
or skin to the ultraviolet rays, as damage to
vision or bums may occur. Also, these short-
wave rays may generate considerable amounts
of ozone which is potentiatly hazardous.

Table X111. 1602A/1702A Programming Connections.

T~ PIN 12 13 14 15 16 z 23
MODE\“"‘M\ Vel {Program} s Vg Vgl Weg) | Ve
Read Voo Veo GND Vg Ve Voo Voo
Programming GHND Program Pulse GND Vaa | Puksed Vgg {ViLap) | GND GND

Table XIV. 1602A/1702A D.C. and Operating Characteristics for P ing Operation
Ta=26°C, Vg = DV, Vg = +12V 1 10%, TS = OV untess otherwise noted
SYMBOL TEST MIN. TYP. MAX, | UNIT CONDITIONS
N T Address angd Data Input 10 mA, Vi = —48v
. Load Current
ILiop Program and Vgg 10 ma, Vg = —4BV
Load Current
LT Vgg Supply Load Current 10 mA :
Iope'?! | Peak igp Supply 200 mA | Voo = Vagg= —48V .
_Load Current . | Vog= -3V
Ve Input High Voltage . 2.3 VI
ViLe | Pulsed Data Input —46 —48 v o -
Low Voltage :
Vi Address Input Low —40 —48 Vo k
Voltage :
Viae Pulsed Input Low V) —48 —43 v !
and Program Voltage _ ;
Ve Pulsed Input Low TR —40 v
Vog Voltage
Note 1:  \ggp Hows only during Vo, VoG on tme, Ippp should nor be allowed to exceed 300mA for greaer than 100usec. Average power

supply current inop 15 typically 4GmA ar 20% duty cycle,

2. The Vgg supply rmust be limited ta 100mA max cirrent ta prevent damage to the device,

TIB
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Table XV. 16024/1702A A.C. Characteristics for Programming Operation.
Ta = 25°C, Voo = OV, Vg = + 12V + 10%, TS = OV uniess otherwise noted

SYMBOL TEST MIN, TYP. MAX, | UNIT CONDITIONS
Duty Cycle 20 %
T aPw Program Fulse Width 3 - ms Vag = —35V, Vpp =
Vprog = —48V
tow Data Set Up Time | 25 ps
tpH Data Hold Time 10 : s
tyw Vpp . Vg SetUp 100 | Hs
tvo Voo, Vea HoM 10 100 | us
tacw B . Address Complement T8 T |[ Hs
Set Up
tacn B! | Address Complemant 25 _ _;.:s
Hold ) :
taTw Address True Set Up 10 : Bs
TATH Address True Hold 10 ; us :

Now 3. All B addrmss bits must be in the complement stale when pulsed Vpp and Vg move to their negative levels, The adrresses (0 thraugh
2551 must be pregrammed as shown in the timing diagrarm for a minimum of 32 times,

Programmers

Table XVI summarized some of the available pro-
grammers that support Intel PROMs. Specific ques-
tions regarding prices, availability, and options
should be directed to the parlicular manufacturer.

Programmed Parts

All of the electrically programmable parts manu-
factured by Intel can be programmed by the end
user with Intel approved equipment, or can be
ordered from local distributors who are equipped
with programmers compatible with each device
type. In general, orders for less than 1000 pieces of
programmed PROMs should be handied by local
distributors, while orders for grealer than that quan-
tity should be referred to the factory. In either
case, the data musi be prepared in accordance with

the following paragraphs.

Programming information should be sent in the
form of computer punched cards or punched paper
tape. In all cases, the order should be accompanied
by a printaut of the truth table.

The following general format is applicable to the
programming information sent to Intel:

1. A data field should start with the most signifi-
cant bit (Og) and end with the least significant
bit (Og).

2. The data field should consist of P’s and N's. P
indicates a high level output (most positive), and
N z low level output {most negative}. if the pro-
gramming information is sent on a punched
paper tape, a start character (B} and an end char-
acter {(F) must be used in the data field.

Table XV1. Approved Programmers.

16024117024 2704 2708 3601 3602/3622 3604/3624
Family Family Family Family Family Family
Intel MDS-UPP-100
Santa Clara, Calif. X X X X x X
Data 1/0 Model V
X X X X
Issaquah, Wash. X X
Prolog Series 90
X X X
Moanterey, Calif. Nate 1 Note 1 X
Spectrum Dynamics
Series BB0 X Mote 1 Mote 1 Mote 1 Mote 1 Nate 1
Burlington, Mass. -

Nota 1, This programming card is pending intel approwal.
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PUNCHED CARD FORMAT and the following cards should be punched as

1. An 80-column Hollerith card (prefcrably inter-
preted at fime of punching) punched by an 1BM
026 or 029 keypunch should be submitted. The
first card will be a title card, formatted as shown
in Figure 30.

shown in Figure 31. Each card specified the 4-bit
output of 14 words.

3. For a N words X 8-bit organization only, card 2
and the following cards should be punched as
shown in Figure 32. Each card specifies the 8-bit

2. For u N words X 4-bit organization only, card 2 output of eight words.

DECIMAL NUMBER INDICATING

THE TRUTH TABLE NUMBER

NOQ, OF QUTPUTS

dor8
TITLE CARD INTEL
DESIGNATION CUSTOMER'S PIN
CUSTOMER'S DIVISION OR cusmMEn-i Colume Data
COMPANY NAME LOCATION PiN 1 Puncha 7
: LIS S B : 2.6 | Blank
"'m'; ";*: ‘“'L:'. 1 ;3’ EER 331-3;; Custormer Company Name
- Blank
L 1 ! 3554 | Customer's Company Division or location
LTI RO g 5558 | Blank
Illlllrlll|l!lllll[lIIlIIII!IIIl]IIIIIII 59_53 cUﬂDm'PﬂﬂNumr
ir:n11az:rmz:a:ur:r:nzﬂeau?|na:an:n:r:?:mzinn|r:ammm:zmm 6467 | Blank
[ ES R R PR Bl | RSN P EEREERNE NS PERR YEI [ SEET 71 EREERERRERE! FRUERT] | ERCERERIEIE, B&-74 | Punch the Intei®4-digil basic part number
A S L L e i E g and in { ] the number of cutput bits; e.g.]
LT T H LR EE T R IR TR T F T T TNy YTy Ty T T R T e P P T IY TIYIIT) 1702 8], 3304 (8], 3301 i4), or 3601 {4}
L N T T T e L S O T T L LA L ] 7578 | Blank
B I D B TR T T i 7980 | Punch a 2 digit decimal number 1o identify
L N T T the truth table number. The first
LT EE L EE FE F ey Ty L A e E e e T YR TRCLT I LI I I I IIiE truth table will be 89, secand @1, third
k-.-..u-.-q EERLEEELLIE LT R TR EERE EE A A AL St ) a3, ete.
Figure 30. Title Card Format.
Fora N wofds X 4-bit arganization only, cards 2 and Cohwmn Deta
thosfs following _should be punched as shown, Each card 15 Punch the § digit dectmal equivalent of tha
specifies the 4-bit output of 14 words. binary ceded tocation which beging each
card, The address is right justified, le,
Pagoy, PO 4, MRS, ete.
6 Blank
Lse DECIMAL NUMBER | 7-10 | Data Fieid
DECIMAL WORD INDICATING THE n Blank
ADDRESS BEGINMING MSB—, TAUTH TABLE NUMBER | 125 | Data Fleid
EACH CARD 14 DATA FIELDS 16 Blank
— L , 17-20 | Dats Fleld
T CTEA OV FEFE W FPRH MR FEFR FIFG FEMt HEEE T TErT Prr Toieor 21 Blank
22:25 | Dats Fisjd
.3 Hiank
2130 § Data Fleld
|umn|||||mnuurnumn|1mlmr|m::||1|1mmlmrnnmmnnll H Blank
P R I T N N R N I T T N T A L 323?5 gi‘“kF'“"’
DI H N G0N N R DI 111308 37.40 D:;Fiold
l‘lll""‘lll“lﬂ(llHllllllIIllIllllllIllIHIIIlllll“llli”ll"llll{llllili"l 41 Biank
EERRRREI M 3 [T I EERERY [ CRERT LA | PEEERAY D87 O DY | LY EERESY [ 1 R E0RT [ IPRRY [LTTeY] 4245 | Data Freld
U e e O e O e T I T U T T T T 1T T 1 T A5 Biank
EARRERI FY PRRARRs] || LARRI H [ FINH | | (AL ERL T RRNEY LI RRRAT [T INRY [ EE I TR 4750 | Dara Flend
L L O Y T T O T e L L LT L L) 5 Blank
PN I s I I sy 9 5255 | Daws Freld
\ 11780 1 i Ui i 3 e 56 Blank
5760 | Data Fieid
&1 Elank
6266 | Data Flald
66 Blank
E7-70 | Data Field
K| Blank
72-75 | Data Field
76-78 | Blenk
7980 | Punch same 2 digit decimal number as In
title card,

Figure 31. 4-Bit Data Card Format.
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For a N words ¥ 8-kl organization only, cards 2 and

those follgwing should be punched as shawn. Each card Column Qata
specifies the 8-bit output of § words, 16 Punch the § digit decimal equivaient of the
hinary coded iocation which begins each
MSE _LEB — card. The addrass is right justified, ie.,
Apgas, 0003, M98 16, 2t
DECIMAL WORD DECIMAL NUMBER & Blank .
ADDRESS BEGINNING INDICATING THE b | Sua Fietd
TRUTH TABLE NUMBER an
EACH CaRD B DATA FIELDS TAR 1623 | Data Field
T TE e FRTFRINE FETATT b FRFTHET PRI EE HHHFEF e FRRIE Pnruum TR 22‘:32 g‘:t:kField
NESUENIS GUAARANE DEIDNEED SRDDURRE ARRARNAN FRAMONDR DUOODROL HETHEOR k) Blank .
L”]'l]IIl![E!nﬂ[n]Eﬂl‘ll!“lnﬂ[u]ll\ll'lltll1InllnlNI!l[Elnﬂlnhnll[ﬂ 3‘2‘2‘“ glatakFleid
i K h &
I]IIII II II|I II'II'II:IIlII Illlll :IIIIIIIII'I‘ll’Il'II'II'II'I,‘II:llIIII'II: " 43.50 DataField
pininiRrTIERRLIMIIIIRIIENINY mmuf,u m E.ihj!??!:fl ga._:“mz\rf,a, 51 Hank
IR IR E N 3]33133]!]1’3!1JJE!]3]111].\]]3]:JJ!];]111!313]1]]33]51]3!]!3]3!.‘113 5259 Data Field
AR E R A L e s e R g B0 Blank
IYLEEEES 1 111 [ BT URYY 11 [ PEETRR [ FEY SR8 LI FPEY ERERY [ ER11 L BSR) LIW [ R3TH £1.68 Data Field
FIRGELATRES ke ibbNETERTE NEsiSatEiibaRodERRE I 69 Biank
. _ - Wil : 70-77 | Dats Field
LN U T T T 78 Blank
IEREIIRTIIICN] 19..9050550% 7980 | Punch same 2 digit decimal number as in
e v 5 C o Title card,

Figure 32. 8Bit Data Card Format,

PAPER TAPE FORMAT (Figure 33)

l. | inch-wide paper tape using 7- or 8-bit ASCII
code, such as a model 33 ASR Teletype produces
ar

3.

2. 11/16-inch-wide paper tape using a 5-bit Baudot
code, such as a Telex produces.

The format requirements are as follows:

1. All word fields are to be punched in consecutive
order, starting with word field 0 (all addresses
low). There must be exacly N word flelds for
the N X & or N X 4 ROM organization.

. Each word field must begin with the start char-
acter B and end with the siop characier F. There
must be exactly 8 or 4 data characters between
the B and F for the N X B or N X 4 organization,
respectively.

No ather characters, such as rubouts, are allowed
anywhere in a word field. If in preparing the
tape an error is made, the entire word field,
including the B and F must be rubbed out.
Within the word field, a P results in a high level
output, and an N resulis in a low level output.

Preceding the first word field and foliowing the
last word field, there must be a leader/trailer
length of at least 25 characters. This should con-
sist of rubout punches {letter key for Telex
tapes).

. Between word ficlds, comments not containing

B’s or Fs may be inserted. Carriage retumn and
line teed characters should be inserted (as a
“comment™) just before each word field (or at
least between every four word fields). When
these carriage returns, etc., are inserted, the tape
may be easily listed on the Teletype for purposes
of error checking. The customer may also find it
helpful to insert the word number (as a com-
ment) at least every Tour word fields.

Included in the tape before the leader should be
the customer’s complete Telex or TWX number,
and, if more than one pattern is being trans-
mitted, the ROM paltern number.

. MSB and LSB are the most and least significant

bits of the device outputs. Refer to the data
sheet for the pin numbers.
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Example of 256 X 8 format (N = 256):

Start Character. Stop Ch

Data Figld

LSB

Laader: Rubout Key
for TWX and Lertter

BPPPNNNNNFBNMNMNNNNPPFese BNPNPPPNNF
| g 1 L.

Trailer: Rubout Key
far TWX and Lettar

Key for Telex (at least

I
25 frarnas) Word Fisld O

Example of 512 X 4 format {N = 2048):

$tart Character $1op Character

Leadar: Rubcout Koy

WViord Fiokd ¥

Data Field

Key for Telex {at feast

Word Fisld 255 25 trames}

M38 LS8

Trailer: Rubour Key

T e BPNPNF (BNNNNFecoones BPPPPF (R0 Toiow s
Key for Telex (at least I T ¥ Key for Telex {at teast
25 frames) Word Fiwkd 0 Comment Word Field 1 Word Field 511 25 frames)

(50 wicth

Figure 33, Paper Tapa Format,

SYSTEM APPLICATIONS

System Organization

Most PROM/ROM devices contain 1K, 2K, or 4K
bils and are organized as 256 or 512 locations with
4 or 8 bits per word, as shown in Figure 34. The
implementation of most PROM/ROM systems re-
quires that one or more of these devices be inter-
connected to provide the required number of laca-
tions and the number of bits per location.

NUMBER OF BITS PER LOCATION
LOCATIONS 4 8
256 3301 1302
3601721 16024
1702A
512 3302/22 3304A/724
3602/22 3804/24

Figure 34. PROM/ROM Device Organizations,

WORD EXPANSION

The simplest type of expansion involves the parai-
leling of devices to increase the number of bits per
word, otherwise known as word expansion.

This type of expansion is illustrated in Figure 35,

where two 36017s are paralleled to produce a 256 X
8-bit memoty. The number of parallel devices can
easily be calculated from the following formula:

No. of Bits per Word
of the System

No. of Bits per Word
of the Device

No. of Devices =

(] ]
3601 . 3
wGxe 50X 4
5 OBy A = 5
S T
o8
r3
Og-0 040

Figure 35. Word Expansion.

Therefore, 2 system employing a 32-bit word
would require the patalleling of eight 3601°s or
3602, ar four 3604%.

Word expansion requires nothing meore than the
parallel connection {j.e., tying together} of each
individual address and chip select input; outputs
remain separate.

722
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ADDRESS EXPANSION

Just as inputs are OR-tied to obtain more bits per
word, outputs can be OR-tied to obtain more
words of memory (see Figure 36). When OR-tying
outputs, it is necessary to select only one chip af a
time to insure that the correct data is accessed.
This requires the addition of logic to decode ad-
dresses and to activate the chip select for a single
memory address.

ARRAY CONFIGURATIONS

Word expansion and address expansion can abvi-
ously be ¢combined to produce a memory array of
any size, provided the array size is an integral
muitiple of the device size.

Figure 37 shows a memory array configured by
OR-tying inputs to obtain word expansion and OR-
tying outputs to expand the number of words,

3001
F- R

oy LS

601
x4

031 CEp

EE

3601
P R Ll

Bata
T

ke
&
Mes

LR

:
L %
HeN4
£y 5y
eal T
SIRDBE
g —DD—

Agae ag

Figure 36. Address Expansion.

Ll]
M ADDRCES
o DECODER

The number of devices required to obtain a given
number of words of memory can be calculated
from the following farmula:

No. of Words Required
in the System

No. of Words in the
Device

No. of Devices =

A system requiring 1024 words would require four
3601, or two 3602 or 3604s.

*
D

3

M1 Q- B2 ofyeeeefeon] oy ofy

oz o~ vz ofgrcecfe| Dy ol

— | t— [
]
I

] L s R Y
L Oz Of—& svevee Oxy 04
s fﬁ rcs
l— |
og...ogi [ oaeam | Loy ae e o |

Figure 37. Combined Word and Address Expansion.

System Performance

The paralleling of inputs and outpufs in memory
array configurations affects capacitive loading and,
therefore, system performance. Analysis of these
loading effecis requires consideration of bulfers
for driving the PROM/ROM inputs, as well as the
autput drive characteristics of the memory devices
themselves. :

BUFFERS

Buffers for driving address and chip select inputs
are generally TTL devices. The effect of capacitive
loading on standard, high speed, and Schottky TTL
devices is shown in Figure 38.

The degradation in buffer propagation delay is

directly due to increased tranmsition time under
increased capacitive loads. Figure 39 consists of

7-23
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w T3 1 T
i i 7400 ;
20 ! /’1/
b |
st 16 1 e -
0 [ "s‘_“'i.--"'"". i
—"—/T
T ]
i [ - eLHt L
| R
o S oo 150 0

CAPACITANCE {nFt

Figure 38. Capacitance vs, Propagation Time (tp},

ADDRESS
DRIVER
INPUT

DEVICE
ADDRESS
INPFUT

ADDRESS
DRIVER
INPUT

DEVICE
ADDGRESS
INFUT

ADDRESS
DRIVER
INPUT

DEVICE
ADGDRESE
INPUT

t = 20a5/D1YV
7400 DEVICE VDIV

£ =20nS/DIY
74500 DEVICE 2V/oiv

Figure 39, Various Standard TTL Devices Driving

8, 16and 32 3601 Address |nputs.

multiple exposed photographs showing the effects
of increased capacitive loads on different families
of TTL gates. Figure 40 shows the same resuits for
an increased number of chip select loads.

3601 ¢S
DRIVER
INPUT

aw

4 INPUTS
2 INPUTS -]:

3601 CS
INPUT
oy
t = 20nS/DIV
v/t

Figure 40. Input and Qutput of 7400 Driving 4 and
8 3601 CS Inpists,

QUTPUT LOADING

Address expansion by PROM/ROM cutput OR-
tying increases the capacitivk load on each PROM/
ROM output, and results in some reduction in
device access time. Figure 41 shows that going
from two outputs to four ocutputs OR-tied in-
creases access typically by 4 nS. The access times
of the Intel bipolar PROM/ROMs are specified
with a capacitive load of 30 pF, which is equivalent
to the typical capacitive of output OR-tying four
devices. The OR-connection of any fewer devices
can reduce access time.

INPUT

T2 2003/D1V
v/io

Figure 41. 2 and 4 3601 Outputs OR-Tied.
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Anocther consideration when OR-tying outputs of
PROMs and ROMs is the case where n-channel and
p-channel devices must be tied together. Consider
the microprocessor system shown in Figure 55. If
the ROM were a p-channel 1702A and the RAM an
Intel n-channel 2102A, a problem could occur.
The §702A has negative supply of -9V, and if its
output pulls the 2102A output below Vgg-0.8V,
the output circuit of the 2102A can be destroyed
because of forward biasing the drain—substrate
junction. A method of providing protection is to
use an exclusive QR gate as shown in Figure 42. In
this case, the value of Ry, the current limiting re-
sistor, is determined by the maximum sink current
drawn by the ROM and the maximum acceptable
{(most positive) low level required for the input of
the exclusive OR gate.

Vo Mee

r
-
b
AaM DaTe Ut
IN-CHAMNEL !

RO DATA (UT ——A Ayt
(P.CHANMEL] Ry

MEMORY DATA BUS

SERIES 14, 145, MLS
EXCLUSIVE (R GATE

Figure 42. OR-Connecting P-Channel and N-Channel
Devices.

Referring to the product selection guide, the re-
quired speed of 100 nS dictates the use of a bipolar
device, eliminating the MOS devices. The 3601,
3602/3622, and 3604/3624 are all possible candi-
dates for use in this system implementation. The
system design resulting from the use of these three
product types will be compared.

The system must be implemented using combina-
tions of word expansion and address cxpansion as
shown in Figure 37. Array layouts for these three
parts are compared in Figures 43, 44, and 45, Each
layout was done using the same rules: 0.200-inch
adjacent spacing and 0.30C-inch end-to-end spacing.

32 DEVICE ARRAY = 3.7 X 3.8 = 14.06 SQOUARE INCHES
OR 2276 BITS/SQUARE tNCH

Figure 43. 1K x 32-Bit System with 1K PROM
{16-Pin Package}.

Case Study

The selection of 2 memory device for a system im-
plementation can be iltustrated by the considera-
tion of a hypothetical 1K X 32 PROM system, such
as would be used for a computer microprogram
control memory. Access time requirements for this
system are assumed to be less than 100 n8.

The number of words required is specified as 1K,
which allows the use of any device that is organized
such that its number of words in the device divided
into the required number of words for the system
is an integer. For this application, 256 or 512 word
organization would be possible devices. In a similar
manner, a 4-bit or 8-bit device will allow an integral
number af devices to be used to form the required
32-bit word.

16 DEVICE ARRAY = 1.7 X 3.8 = §.46 SOUARE INCHES
OR 4953 BITS/SQUARE INCH

Figure 44, 1K x 32-Bit System with 2K PROM
(16-Pin Packagel.
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B DEVICE ARRAY = 6.9 X 1.4 = 5.26 SQUARE INCHES

OR 3874 BITS/SOUARE INCH

Figure 45, 1K x 32-Bit System with 4K PROM
{22-Pin Package),

Performance comparisons require the investigation
of capacitive loading effects and device access

times, Table XVII compares the number of address
lines ticd together, the resulting capacitance, and
the resulting TTL detays for the three devices under
consideration. Table XIX makes the same compar-
ison for the chip select inputs, and Table XIX

compares output loading effects. Total array power
dissipation is summarized in Table XX and the
complete results of the three different designs are
sumimarized in Table XXI.

As can be seen in Table XXI, fastest systern access
time is achieved with the 3601, smailest printed
circuit board layout area is realized with the 3602/
3622, and the 3604 provides lowest system power
dissipation. Selection of the optimum dévice is
therefore left to other system development or cost
considerations since all three parts are more than
adequate for the stated system requirements.

Table XVIl. Address Input Loading.

NO. OF NO. OF TYPICAL INPUT MEASURED
D::’Z'EE DEVICES ADDRESS CAPACITANCE/ c API%T::NC . ADDRESS
REQUIRED INPUTS DRIVEN DEVICE DRIVER DELAY
1K 32 32 4 pF 128 pF 22 n5
2K 16 16 4 pF 64 oF 16 ns
aK 8 8 4 pF 32 pF 128
Toble XVIH. Chip Select Input Loading.
NO. OF NO. OF CHIP TYPICAL INPUT MEASURED
Dgl\gge DEVICES SELECT LINES CAPACITANGE/ c APL%TTA:N ce CHIP SELECT
REQUIRED OR-TIED DEVICE DRIVER DELAY
1K 32 8 6 pF 48 sF 16 nS
2K 16 8 6 oF 48 pF 1608
4K 8 4 & pF 24 oF 128
Table XiX. Output Loading.
NO. OF NO. OF ‘ TYPICAL QUTPUT MEASURED  OQUTPUT
D;‘;‘:E DEVICES QUTPUTS CAPACITANCE/ c APL%T?:N e OUTPUT OR-ING
REQUIRED | OR-TIED DEVICE DELAY DELAY
1K 12 4 7 oF 2B pF 32 n§ 408
2K 16 2 7 pF 14 pF 28nS ons
aK 8 2 7 oF 14 oF 28 S 0n$
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Table XX. Power Dissipstion,

POWER DISSIPATION REDUCED POWER MODE -
(TYPICAL} IMAXIMLIM
DEVICE nhéc\).;lgzs . ' :
QUIRED PER DEVICE PERBIT  °  ACTI/E/STANDBY PER BIT
{SYSTEM) ; PER DEVICE (SYSTEM)
1K 32 450 0.45 [1} (1]
2K 16 700 0.35 5507225 0.19
: - 1
aK 8 ! 950 0.24 7007225 0,11
MOTE: 1. Power ;reduclion not offersd,
Table XXI1. Device Comparison for 1K x 32 Memory System.
- I
MEASURED - OUTPUT MAXIMUM
NO. ;
Di:’:gs DEwg:s ARRAY SIZE ADDRESS OR-ING DEVICE ACCESS SVSTT;':“E{“:%?E“
prIVER TIME!" DELAYI TimeY
1K 32 14.06 sq in. 2ns ons 50 n$ 72nS
2K - 16 6.46 sq in. 1605 -4n5 70 nS 82 ns
4K 8 8.26 5q in. 12 nS -4n§ 0 nS 78 ns
NOQTES: 1. All times taker at 1.5V points,

2. This time is the sur of device maximum and measured buffer delays.

Printed Circuit Layout Considerations

PROMs and ROMs can easily be vsed in much the
same manner as other types of TTL design ele-
ments. The usual attention should be pzid to
ground distribution and decoupling.

Ideally, the circnit board'ground system should

and all signal and power distribution on the other.
In reality, this is very difficult to achieve because
of component densities, but the concept should be
carried out as far as possible. The ground distribu-
tion should be as wide as possible everywhere, even
if it means large variations in the width of the
conductor.

To further approach a ground plane or mesh,
horizontal and vertical power and ground traces on
opposite sides of the board should be tied together
at each DIP site, or as often as possible. The tying
of the horizontal and vertical traces is important
because long “floating™ distribution lines can easily
act as an anterna or a noise distribution system,
allowing noise to propagate and exceed device
thresholds.

In addition to reducing ground noise, an effective

ground grid can serve to reduce cross-talk between
address and data lines.

As can be seen in Figure 41 (previous section) the
high to low transiticn can be very rapid, and if
proper atteation is not paid to the ground and
power distribution, the noise resuliing from these
transitions can couple throughout the board and
into the system. The memory devices should be de-
coupled at approximately every other DIP site with
high frequency disc ceramic capacitors. There also
should be bulk decoupling at the point where the
Voo line enters the board, usnally one or more

’tantalum capacitors in the 10—30 uF range.

The layouts shown in Figure 46 and 47 are a good
cxample of proper ground distribution. Notice that
the ground plane forms a complete loop around the
array (board) on both sides and that the two sides
are connected periodically by horizontal and verti-
cal traces.

The decoupling for the 1K/2K array consists of
eight 0.1 gF high frequency capacitors, or one
capacitor for each four devices, distributed through
the array. This decoupling is adequate, but a belter
arrangement would be 0.1 uF located at every
other device site, similar to the scheme used on the
4K layout.
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NEE

Py UPVLR B Gy | CHYER CAK BF LONNECTED TOGETHES AND USED AS &y THLIS ALLCWING THIS ARKBAY T BI

A2 w AR QR IR AN DEPESIINAG M THE DEVICE 5ED 11500 R 36021

This array illusirates the layour for a 1K X 32-bit PROM
memary. Power has been distributed with a grid system,
and decoupling is tocated in ke center of the array. By
routing all the CS2 lines to a comman point, the mEMmary
can be expanded to use 2K purts simply by suppiying an
additional address, Ag, and conneeting it to all the former
C_Sg inputs.

Figure 46, TK/2K PROM Array.

Array layout courlesy of
MICRODATA INC,,
Iruine Calitgraia
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This array illustrates the use of a 24-pin 4K PROM to impte-
ment a LK X 31-bit control store memory, As with the
IKf2K array, gridded power distribution has been used,

with decoupling capacitors located in the center of the
array.

Figure 47. 4K PROM Array.

gy

Array |ayoul courtesy of
MICRODATA INC,
Irvinz, Califarnia

2R



PROMS and ROMS

Uses of PROM/ROMs
CODE CONVERSION

Read only memories lend themselves readily 1o converting
from one hinary code to another (such as from binary to
Gray). This conversion is particularly useful in electro-
mechanical systems controlled by a computer,

For example, consider a computer-controlled electrome-
chanical encoder system, The computer performs data
operation in binary form and outputs the x—y coordinates
in the same form. If the stepping motor has a binary data
input, crratic movement of the motor will be observed as
the motor moves sequentially from ane set of coordinates
to another, because, as many data bits change and their
exact swirching relationship is not fixed, the motor will
receive multiple codes until the data stabilizes. Consider
the case of changing from decimal 7 to decimal & as shown
in the truth table {Figure 48a), where 4 bimury hits will
change state. This transition will generate several random
binary codes (up to 8) until the data stabilizes causing the
stepping motor (o move erratically.

it would be highly desitable 1o have a code where sequen-
lial motor stepping could be accomplished by changing
only one bit per word between adjacent steps. The Gray
code is such a code. By using the Gray code for the above
example in moving from decimal 7 to & requires the change
of only one bit {0100 to 1100). The stepping motor now
moves smoothly without jitter or ambiguity as one Gray
code bit changes atter anolher. (Note that since the bit
positions are not numerically weighted in Gray code, il is
not possible to perform conventional binary arithinetic on
the word. Therefore, the computer does not operate with
such a code internally).

The code conversion from binary to Gray code for com-
munication belween the computer and the system motor
becomes a simpie matter if a read oniy memaory is used.
To use the Iruth table to convert from binary to Gray code
it is merely necessary to use the binary data as the sddress
to a ROM and read the corresponding Gray code at the out-
put of the ROM. The example presenled here is a 4-bit code
but can be expanded to provide the desired resolution,

The conversion from binary to Gray code is only one of
many code conversions possible. PROM/ROMs can be used
to encode data for secured data, transmission systems. These
types of codes can be as simple or as complex as desired. A
terminal attached to a central computer can “talk™ to the
compuler aver a secured line if both the termingl and com-
puter have the proper encoding/decading PROM{ROMs.
Multiple terminals, each with its separate code, ¢an likewise
be connected to the computer, Of courge for multiple
terminals the computer must have the proper encoding’
decoding PROM/ROM circuitty.

An example of such an encoding/decoding scheme is shown
in the truth table (Figure 48b). To encode for data trans-
mission, a standard binary code is presented to the address
inputs of 2 ROM. The output of the ROM contains the code
for the particular character to be sent. At the receiving end
the order is reversed with the encoded data presented to an-
other ROM address input whose output corresponds to the
original character or data sent by the terminal. Data trans-
mission in the reverse direction is handled in an identical
manner,

DECIMALI BINARY GRAY
0 ‘"co00c|{o00O0CQ0
1 000 a0o01
2 Co10| 0011
3 Co11 | 0010
4 o100 | 0110,

i 5 0101|0111
6 0110|0101
7 ct111| 0100
. B 1000|1100
9 1004 | 1101
10 10710 11 11
11 i1 1110
12 1100 101%0
13 110171011
14 1110 1001
15 1111110900

z

TRANSMISSION SCRAMBLER RECEIVING SCRAMELER
ADDHESS DATA ADDRESS DATA
BINARY SCRAMBLER SCRAMBLER | BINARY
cope CODE CODE CODE
[V a0 0 g oo 000D
Do 01 t 101 1101 ocoooi
og1 @ 1111 1111 06 a 10
o011 1010 t 010 o011
o100 0118 6110 o100
o101 a0 11 o011 a1 01
c110 ao1 8 P00 10 0110
o111 poaoa 0000 01 11
1000 100 12000 1000
1001 10011 1011 100 1
1rato| 1110 1110 |1 010
1011 1001 1001 1011
1160 | 1100 t 100 i1 100
1101 | 0111 o111 11 01
1114 gc110 ' |loetr10 (1110
11110100|01001111

(bl

Figure 48. Code Conversion Truth Tables.
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COMBINATORIAL CIRCUITS

Digital circunits are often divided into two categories:
combinatorial and sequential. Combinatorial circuits have
ne internal storape elements. As s result, the cutput signals
are functions only of the inputs supplied at the time the
output is measured (neglecting propagation delays). A ROM
may be used to generate combinatorial functions when the
number of input signals Is not excessive. For example, a
256 word by 4 bit ROM has 8 input leads (addresses) and 4
output leads and so can be used to penerate any 4
combinaterial functions of 8 variables. Additienal functions
may be generated by adding more ROMs — doubling the
number of ROMs doubles the number of functions which
¢an be generated.

Expanding the number of input variables iz much more
costly, however, Additional input variable may be decoded
to operate chip selects just as additional addresses inputs
are decoded in a memory array, However, each additional
input variable doubies the amount of ROM required.

Various authors have expressed the option that 8 to 16 bits
of ROM are equivalent to one logic gate. However, this
ratio does not apply to all designs, For example, to make a
quad full adder {5 outputs, 9 inputs) would require 5.x 29
or 2560 bits of ROM, but can be realized with less than 40
gates — for ratio greater than 64 bits/gate.

When using ROM to replace wired logic gates, the designer
should remember that the ROM is not guaranteed to give a
single cutput transition for a single input transition, Figure
49 illustrates the way the designer should view the ROMs
behavior. In Figure 49, after & short hold time, the outputs
are yndefined until a period equal 1o the ROMs access time
has ¢lapsed. During ihis undefined interval, the ROM out-
puts may show noise or extrs transitions. Not all ROMs
specify & hoid time. Even when a hold time is specified, it
is valid only when access to a location has been made, and
is measured from the first address transition.

INPUTS X
1

=—INPLUTS STABLE
LAST INFUT CHANGE —=

. | OuTPUTS
ROM ACCESS TIME = STABLE

i--

—=

L+ HoLE TIME

RO QUTPUT

Fiqure 49. ROM Behaviar for Combinatoriaf Logic.

SEQUENTIAL CIRCUITS

Sequential circoits are logic circuits with internal storage.
As a result, outputs are 2 function of past as well as present
inputs. Seqeuntial circuits are oftea realized by a collection
of storage elements (flip-flops) together with combinatorial
logic, Qutputs of the sequential network are combinatorial
functions of the inputs to the network and the flip-flop
outputs. The inputs to the flipflops are combinatorial
functions of network inputs and flip-flop outputs,

When a sequential digital system is described in the above
mannet, the state of the circuit is determined by the con-
teats of the flip-flops. Therefore, 4 machine with n flip-
flops can have at most 27 internal states, To describe the
circuit behavior, two sets of information must be known:

1. The cutputs as function of inputs and interna! states; and
2. The next states as functions of inputs and internal states,

This information may be presented via tables or graphically
in the form of a state sequence diagram, such as that shown
in Figure 50a. The state sequence disgram is uswally drawn
as a collection of circles, each labelled to correspond te one
state of the machine. The circles (states) are connected by
directed lines{arrows)indicating which state transitions may
take place. Each such transition line is labelled with the
vglues of the input variables for which the transition takes
place, uniess the input variables have no effect. In that case,
the state trangition always takes place and the arrow i3
unlabelled,

Some digital eircuits are clocked, i.e., state transitions take
place only upon occurrence of a clock puise. If far some
input conditions no state transition takes place at a clock
fime, it is indicated on the diagram as an arrow which leaves
and re-enters the same circle. This atrow is labelled, ke any
other, with the comesponding input comditions. Clocked
sequential circuits are readily designed using clocked flip-
flops of the IX or I} variety such as those shown in Figures
50b and 50c.

State Assignment

The state-sequence diagram describes the digital circuit be-
havior independent of the assignment of states to the circles
of the diagramn. Each circle in the diagram must be assigned
i unique set of values for the state variables. Each state
variable can take on the value of 1 or 0, so that n state
variables can provide values for up fo 2% circles in the dia-
gram. However, the way the values are assigned to the circles
can make a significant difference in the ease of realization
when JK or B flipflops are used. At present, no known
technique, other than repeated trails, exists for delermining
the minimum cost state assignment. The designer’s ingight
and experience contribute significantly to the design effici-
ency. However, when ROMs are used, state assignments are
less critical than for realization with wired logic gales.

Tan



PROMS and ROMS
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a, State Diagram

Y z
x 4 o J [+

CLOCK
PULBES
b. Corresponding Sequential
Circoit — JK Realization
W £
8 D L) 1) o

f”j]r

¢. Corresponding Sequential Circuit —
D Realization

Figure 50. Sequential Circuit State Diagram
Realizatians.

Asynchronous Input to Clocked System

When a clocked sysiem has asynchronmous input variables,
i.e., variables which can change at other than clock times,
proper behavior may depend upon the state assignment
used. For example, if the values of & given asynchronous
input variable can affect the values of two state variables in
a given state transition, differential delays in the logic may
allow & rather than 2 possible state changes to take place:
neither, either, or both of the variables may change. To

avoid this situatfon, state assignments should be such that
only one state variable is a function of each asynchronous
input variable ot the asynchronous input variable should be
made synchronous by clacking it into a flip-flop. Of course,
the latter procedure increases the response time of the sys-
tem to the input sipnal.

These considerations also apply to the asynchronous flip-
flop forcing inputs. In general, these inputs can force the
network into ane or more of a subset of the states where it
wiil remain until the forcing input is removed. If the net-
work clocked transitions attempt to change more than one
forced state variable, asynchrancus removal of the forcing
signal may result in any of several state transitions: any or
all of the variables attempting 1o change may do so, depend-
ing upon differential delays in flipflop responses, clock
distribution, and distribution of the forcing signal.

Realizations with D Flip-Flops

Having assigned state variable values for each state, realiza-
tion with D flipflaps is very straiphtforward.* First, a truth
table or set of Karanaugh maps is prepared. The source
variables include all state variables and all input variables.
The functions to be generated involve all state variables
(next slate value) and all output functions. Those functions
representing the next state values are used as the data inputs
to the corresponding O flip-fiops.

Figure 51 shows a symbolic diagram of such & network.
The “clocked register'’ is an array of n D-type flip-flops.

A read anly memory array with p address inputs and q out-
puts (2P x q bits) can generate a lotal of g output functions
of p inputs. Thus for Figure 51, if n state variables are re-
quired, p-n input variables may be used and g-n output
signals may be generated.

ATATE

ﬁ ] wauue
CLOCK | ELOCKED REGISTE n_]
i_l

—
INFUT
CONTROL
VARIABLES

OUTPUT
SIGHALS

MEXT STATE

COMBINATORIAL LOGIC

Figure 51. Realization of Digital Machine.

*For sequential networks wired with logic gates, JK flip-
flops may reduce i he gate count as in Figure 50b and 50c.
However, ROM realizations are more ecanomical when Dt
flipflops are used, because fewer functions need be gen-
erated.
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Because a ROMs inlernal realization is quite different than
that of a conventional combinatorial logic network, dif-
ferent considerations apply to ROM designs than for con-
veénlional designs. For example:

1. State variable assignment has little or no effect on circuit
complexity when ROM realization is used. Therefore,
the designer may use state variables to form output fung-
tions directly with greater ease than for conventional de-
signs. 1f, however, additional logic circuits are added to
reduce total ROM requirements or altow asynchronous
input variables (see next paragraph), some of this design
freedom may be removed.,

. All outputs of 2 ROM must be considered functions of
all inputs. Therefore, asynchronous inputs 10 the ROM
should nat be permifted to change within an access time
prior to clocking the output regizier, or the contents of
the output register may be completely unpredictable.
Additional latches or separate lagic beiween the ROM
output and D flip-flop inputs should be used so that the
conditions described above (under Asynchronous Inputs
to Clocked Systems} can be met. Additional ROM out-
puts may he used to enable or disable this lugic.

Methods of Reducing ROM Size

If the number of input or output variables is large, a straight-
[orward realization with ROM may not be practical. How-
ever, it may be possible in cerlain areas to reduce the amount
of ROMs by adding 2 small amount of additional logic.
Several methads for reducing the size of a ROM needed to
perform a given function are described below. The use of
these techniques when appropriate may permit a ROM

approach to be used in a stiualion where it would normally
be impractical to do so. Most of these techniques are
illustrated in Figure 52. .

Multiplexing Input Variable

Instead of using all input control variables at all times,
many digital machines have only a few slales where the next
stale decision is affected by the input variables. Therefore,
a multiplexer may be used to select (he input variables
which are active lor each given state of the machine. The
effective number of input control variables at the ROM
may be reduced to a number equivalent to the largest
numther active at any one time.

The control signals for the multiplexer may be generated by
logic circuits which decode the state information or by ex-
tra output variables from the ROM. In general, these extra
ROM output variables are far less cxpensive than the extra
ROM inputs that wonld atherwise be necessary,

Bypassing the ROM for Input Conirol Variables

If the state aszsignments are made so that the next state is a
simple function of the input variables, & small amount of
logic may be placed beiween the ROM output and the
clocked register. Some of the input control variabies are
then brought into the system via this logic rather than
throngh the ROM. As in the case with input multiplexing,
additional output signals may be used to enable this logic.

One simple form of this method uses a maltiplexer between
the ROM output and the clocked register. Certain of the

STATE
VAR{ABLES

COUNTER | L REGISTEA

ADDAESS FUNCTION
INPUTS QUTPUTS
O
—"-LMU LTIFLEXER
ROM oy
—
CONTROLS
NEUT
CONTROLS BUTPUT
" —-——*v FUNCTIONS
MULTIPLEXER | —n
- DATA —-
| DISTRIBUTDR
|

Figure 52. ROM Realization of Ssquential Machine.

~1

"~



PROMS and ROMS

state variables take on the values of the input variables
whenever the multiplexer is sef to acoept these inputs. This
method places restrictions on state assignment.

A similar technique is usually necessary for use with ingut
control variables which are asynchronous.

Qutput Function Distribution

When a large number of control functions must be generated,
but only one or two are active at one time, dafa distributors
may be used to generate a large aumber of control func-
tions from a few ROM outputs. As an example of the type
of coding which might be used, & non-simulianeous control
functions might be generated using one data bit and 3 selec-
tion Dits. The Intel® 3205 decoder may also find use in
ROM output expansion. Eight selection signals can be gen-
erated from three ROM function outputs.

External State Generators/Partitioning/Factoring

When a large number of states of a state diagram fallin an
easy to generate sequence, the number of state variables
generated by the ROM may in some cases be reduced by
generating the additional states with external circuits such
as counters ot shift registers. Functions of these separately
realized staie variables may be used as equivalent state
variahle inputs {0 the ROM,

As an example of this technique, consider a binary counter
connected to a ROM such that the ROM can penerate a
preset or count enable variable and accept a carry output as
equivalent to a state input variable. The ROM may be pro-
grammed so that for some states of the conventional state
variables, the counter counts from its preset values until it
overflows with the ROM staying the same state throughout
the counting sequence. In this example, cne input {equiva-
lent state) variable replaces all of the state variables in the
counter.

The example above is a special case of a more generai teci-
nique which may be called partitioning. [nstead of uging an
external counter with the ROM system, another ROM/
register sequential machine might have been conmected. The
net reselt isa ROM/register realization of a sequential digital
machine in which not all state variables are used as inputs
to all of the ROM. In effect, the machine is partitioned inio
a number of smallet, but interactive, machines.

To partition a circuit, the state variables must be isolaled
into two or more groups. A new state diagram can be gen-
erated for each group. In these partitioned state diagrams,
the state variables for one state diagram are treated as if
they were input control variables in the other. En general, for
partitioning to be effective, the state variables must be such
that they can be divided into relatively independent groups.

These examples are but a few of those available to the de-
signer wishing to take advantage of ROM. As the design
camplexity progresses, the structure approaches the com-
plexity of a microprogrammed processor — one application
where ROM is extensively applied.

ROM, even in complicated networks like 1hat of Figure 52
ar a microprogrammed processor, offers much easier modi-
fication of machine structure than wired logic. With the
availability of programmable ROMs, ROM approaches to
sequential circuit design merit sedous consideration.

Even when a prototype system has been developed using
the 3681 or 17024, once ROM patterns have been fixed, the
prototypes can be easily converted to use the 3301A or
1302 for production for these mask programmed devices
are pin and signal compatible with their field programmable
counterparts.

WAVEFORM GENERATOR

To show one simple application of ROM, consider the sig-
nal generator shown in Figure 53, An 8-bit counter driven
by an oscillator drives a 2048-bit ROM (256 words of 8
bits). The ROM ocutputs are converted to 2n analog voltage
by a digital to analog converter (DAC). By properly coding
the ROM, a wide variety of waveforms may be generated.

For the system shown in Figure 53, each step of the 8-bit
counter represents % degrees of phase angle. The value at

each address in ROM is the digital number representing the
signal ocutput for that phase angle. Multiple ROM/DAC
combinations might be used to generate several simulb
taneous waveforms, or multiple phases of a signal, for ex-
ample. The output of the DACs will change in small discrete
steps, each less than 1% of full scale. Where this might be a
problem, filtering might be used. However, undesired har-
monic content of the signal will be lmited to the upper
harmonics.

o,

A1
256 WORDS * BRITE

DAL
Oy
P A

ARY COUNTER

AMALOG
QUTPUT

BB

CLOCK
OSCILLATOR

Figure 53. Digitally Controlled Waveform Generator.
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CLOCK GENERATION

ROMs can be used to generate ¢lock phases for wse in multi-
clock systems {such as driving a 16K CCD, Intei’s 2416).
An example of the generation of a general clock generator
is shown in {a}. The desired timing is shown in (b),

Basic operation is as follows: A clock input is applied to the
input of a 74161 TTL counter as shown in {a). The connter
sequentially counts six cycles of the input as shown in (b).
The counter output is presented to the PROM as an address.
The output of the PROM as a function of the address is
shown in truth -table (c). The outputs of the FROM are
latched in the 74174 by the input clock. This prevents un-
wanted transients from occurting on the four-phase clock
lines.

WULTIPHASE CLOCK GENERATOR {b)
" |-
ADDRESS | 04 | O3 | O3 | O
A Ll+] 1 p—*
A1 sem w ol Q 0 0 1} 1
ng PR | 1M ]y T 1 1 i [} 1
o wo—ra 2 1 i 1] 1
k| 1 1 0 0
4 a 1 o] Q
5 7] 1 o 1
6 D 1 1 0
7 o 1] 1 [}]
ab {c}
Figure B4. Clock Generation,
MICROPROCESSOR SYSTEM g

Nlustrated here is a fypical microprocessor system, based on
the Intel® BORD, The 2708 provides 8K {1024 X 8) of
PROM storage, while the combination of two 810175101
provides IK (256 X 4} of RAM siorage. AjQ is used to
select the desired type of storage access; A | high selects
RAM and Ajp low selects the PROM storage. The other
address bits, A|) -A)4, are generated by the 8080 and can
be used for system expansion, The ROM storage can be
medified to use a 17024 for 2K {256 X 8) of EPROM stor-
age, or a 2316 for 16K (2K X B) of ROM storage. [n the
case of the 2316, 11 of the 8080 address lines would be
used.

E

i
wmrs
oz T

. ’
TR — wrml-._..
VA Fonta e 3 ]

ey

e

Lo -

[oma |

Figure 55, Microprocessor System.

4K BYTE SYSTEM

A 32 kilo-bit PROM memory organized as 4K X 8 utitizing
the 1702A is shown in Figures 55 and 56. Each of the
F702A% is accessed individually by means uf a 3-t0-8 en-
coder (Intel® 3205) with decoder enables connected as
shown, The three low-order addresses (Ag—A2) are decoded
simultanecusty by two 3205' and the proper 1702A se-

lected by address Ay

T

activating either the righi w lefl

3205, Since all unselected L702A's have high impedance
autpurs, the selected module controls the internal data bus
with its cutput gated through the three-state ocutput buffers
shown in the schematic.

The 4K X 8 board shown is expandable with a given PROM
board identified by the PROM Board Resident Select
Swilcies.
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INTRODUCTION ] A a5 v s
The Intel® 2708 is a static 8192-bit (1024 X B) Wl 2Fn
Frasable Programmable Read Only Memeory, or e R 2%
EPROM. The device is packaged ina standard 24-pin
package, which has a transparent lid to allow erasure a4 21 [ vas 1541
in a manner similar to the Intel® 1702A. Maximum a[]s 20 [ Jcame
access time is 450 ns. The device requires three M 8 18 [ vpp te12vl
power supplies, 5V and +12V, for normal read all 15 [ onoanau
cycles; while for programming 2 26V pulse is re- - 5
quired on the Program pin. fo i
The address inputs and data 1/Os arc TTL compa- i b
tible during read and programming. The data out- 2w 5[0
puts are three state to facilitate memory expansion % ]n widog
by OR-tyihg. Initially, and after each erasure, the 101 veg []12 [ Je,
device contains all ““1’s”. Programing, or introduc-
ing “0°s”, is accomplished by: applying TTL level Piti MAMES
addresses and TTL level data; a +12V Write Enable ::;: i el
signal; then sequencing through all addresses con- CAWE | CHIP SELECTWRITE ENABLE IRPUT
secutively a minimum of 100 times, applying a 26V X .
program pulse at each address. ALL ADDRESSES Figure 1. 2708 Pin Configuration
MUST BE PROGRAMMED DURING EACH PRO-
GRAMMING SESS10N; PROGRAMMING OF SIN- oo o1
GLE WORDS OR SMALL BLOCKS OF WORDS I ------ l
IS NOT ALLOWED. As discussed in detail in the B p——
PROGRAMMING section, approximately 100 s I QUTRUT BuTFERS
seconds are required to program the entire device. ]m

op
DEVICE DESCRIPTION N . !
The device is packaged in an industry standard D’T
24-pin package as shown in Figure L. The Program r _____ T
pin (18) receives 26V puilses during programming; seo7
during read operations it must be connected to CONNECTED INTERNALEY COLUMN
Vg (GND) or held at Vyy.. 20 —e] x seweet
Pin 20, the CS/WE connection, serves three func- w2 Secne !
tions. When at V. (OV) the device is selected for g — -
normal read operation; when at Vig (3.0¥ min) %
the device is deselected and the outputs are placed Ea !
in the high impedance staie; and when ai ViHw ; mow i o
¢1 1.4V min) the device is Write Enabled and ready I pECORE | N
to receive program pulses. L xl

1=}

A block diagram of the 2708 is shown in Figure 2.
The low order address bits (Ag—A3) perform col-

. .\ | Figure 2. Detailed Block Diagram
umn {or ¥) selection, while the high order address 4 %

Table |. 2708 Pin Connections and Functions

Function Cata I/Q | Address Inputs | Vgg (GND} | Program |Vpp Supply | CS/WE | Vg Supply | Ve Supply
Pin Number | 9—11,13-17 | 1-7,23,22 12 18 19 20 21 24
Mode
Read Oout Ay GND GND 2y Vil -5V +5V
Deselect High Impedance |  Don't Care GND GND 2V Vin -6y +BV
Program Din AIN GND Pyggg +12v V iw -5Y +5Y
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bits (Ag—Ag} perform the row (or X) selection.
Table I assists in determining the proper voltage
connections for the three modes of operation;
Read, Deselect and Program.

Cell Description

The heart of the 2708 is the single transistor stacked
gate cell, implemented with two layer polysilicon.
The cell consists of a bottom floating gate and a
top select gate, as shown in Figure 3. The top gate
is connected to the row decoder, while the floating
gate is used for charge storage, The cell is pro-
grammed by injection of high energy electrons

SELECT GATE
ITO X DECODER)

JULLLZEr )
y 2
7

5 n" ot o

FLOATING GATE
ICHARGE STORAGE)

SUBSTRATE

CROSS SECTION

DRAIN

/

FLOATING SCUACE
GATE

SCHEMATIC SYMBOL

Figure 3. 2708 Storage Cell
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e
CUARENT !
THROUGH |
TRANSISTOR
SCELLI |
|
|
i
}
| _ —
Vo INOT PROGRAMWMED I vry eeacasumen:

SENSE THRESHOL Y
VOLTAGE ONGATE QF CELL — e

Figure 4. Storage Cell Threshald Shift

through the oxide and onto the floating gate. Once
there the charge is trapped, as theie are no electrical
connections to this floating gate. The presence of
charge on the floating gate causes a shift to the ceil
threshold, as shown in Figure 4. In the initial state
the cell has a very low threshald and selection of
the cell, by way of the lop sclect gate, will cause
the transistor to turn on, Programming shifts the
threshold to a higher level and selection of the cell
will not allow it to turn on. The status of the cell is
determined by examining its state at the sense
threshold, also indicated in Figure 4. If a “|™ js
programmed into the cell, selection will allow a
higher current to flow between the source and drain
than if a “0" is programmed into the cell.

As there are no electrical connections to the floating
gate, erasure must be accomplished by non-lectrical
means. lllumination of the cell with ultraviolet
light of the correct frequency (2537A) and dura-
tion will impari sufficient photon energy to the
trapped electrons to allow them to overcome the
inherent energy barrier and be transported through
the oxide to the substrate.

Memory Array Operation

The cells described in the previous paragraph are
interconnected to form a 64 X 128 matrix, or
array, as shown in Figure 5. Access to a particular
céll is described as follows: When the Row Address
15 stable, one row is selecied. tuming on the row
line toall 128 cells in the row. The Column Address
connects 8 of the 128 column lines to their respec-
tive sense amplifiers. The row line provides bias to
all the top gates in a particular selected row, and,
depending on the state of the cells, the column lines
will be left at the precharged level (for a programmed
“0™) or will be discharged, pulling the column Jines
down 1o a low level (for a programmed “1™). To
provide the very fast Chip Select to Output Delay
time (tco) of 120 ns, all of the sense amplifiers are
tumed on when the device is deselected, and, when
CS/WE reaches Vi, those which are not selected
are tumed off, and the remaining eight amplifiers
convert the charge on the column lines to TTL out-
put levels by way of the output buffers.

During programming the selected row and column
lines are pulsed to approximately 26 volts and the
floating gate is charged as was described in the pre-
vious section. It is the presence of these 26V pulses
on the interconnected top gates that lead to the
requirement that ALL ADDRESSES MUST BE
PROGRAMMED SEQUENTIALLY; PROGRAM-
MING OF SINGLE WORDS OR SMALL BLOCKS
OF WORDS 1S NOT ALLOWED, as transients may
be generated that could partially alter the charge
state of the cell.
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vee
Output Buffer ‘

The equivalent schematic of the Qutput Buffer is
shown in Figure 6. As is shown, the output buffer
consists of a pair of MOS transistors, connected in
a push-pull configuration. C3 enables both transis-
tors when true, while when CS is false both output
devices are tumed off, providing three state output
operation. The output buffer will provide a Vg of
045V at an Ig of 1.6 mA, and a Vog of 2.4V at
—1.0 mA.

INTERNAL » I
DATA
DATAOUT

H

L =
=

Figure 6. 2708 Qutput Buffer
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Table I1. D.C. Read Mods Characteristics
Symbol | Parameter 1 Min.  Typ.!1] " Max, I Unit | Conditians
I . Address and Chip Select Input Sink Carrent R 0 sA | Vm-52BVor Vin = ViL
Lo Output Leakage Current 1 10 | pA Vout = 5.25V, CS/WE = 5V
Ibo!? Vpp Supply Current : 50 85 | mA Warst Case Supply Currents:
Igcle! Vee Supply Current I [ 10 m& | All Inputs High
g2l Vgg Supply Current ! 30 45 mA CSAWE = BV T, = 0°C
Vi input Low Voltage Wge 0.65 W
Vii: Input High Voltage 30 Voorl
_VQL : Qutput Low Veltage 0.45 v g = 1.6mA
Vou ! Cutput High Voltage i baz W Ipn = -100uA
Vouz Qutput High Voltage 24 v lon = -1mAa,
L) ¢ Power Dissipation ! 200 mw Ta = 70°C
NOTES: 1. Typical values are for T = 26°C and nominal supply voltages.

and tgg} multiplied by their

. The total power dissipation of the 2708 is specitied at 800 mW. i1 is not calculable by
respective voltages sinte current paths exist between rhe various

summing the varigus currents g, loe,
power supples and Vgg. The g,

Ig. #nd Igp currenits should be used ta detarmine power supply capacity anly.

D.C. DEVICE CHARACTERISTICS

Only those D.C. Characteristics that require special
attention by the user are presented in this section.
The reader is referred to the 2708 device data sheet
for further details. The pertinent D.C. device speci-
fications are tabulated in Table f1.

The 2708 requires three power supplies, +12V and
*+5V. The device is rated to meet all applicable
specifications with these supplies held within +5%
of their normal value. The Absolute Maximum
Ratings in the data sheet are the maximum that the
various device parameters can wilhstand and should
not be exceeded during any phase of device opera-
tion, including programming.

Read Mode

The range of values of currents from the three
power supplies, Vpp {(+12V), Voo (+5V)yand Vgp
(=3V) are shown in Tahle 1I, presented for the
worst case conditions: i.e., CS§/WE = 5V and Ty =
0°C. The Ipp. [¢r and [ data presented indicates
the maximum current drawn by the respective
power input. These inputs cannot simultaneously
draw maximum current. Refer to the APPLICA-
TIONS SECTION for measured laboratory data of
the interactive effects of switching the various
supplies off to conserve power.

The addresses are TTL compatible, requiring VL
between Vgg and 0.65V and V)y between 3V and
Vee + L. Care should be exercised in selecting

address buffers to insure the minimum Vyy level is
met by use of appropriate TTL circuit elements or
pull-up resistors to Vec.

During the Read mode. the CS/WE input (pin 20)
is also TTL compatible; however, the Vi and Vi
requirements for the address inputs arc still appli-
cable.

The outputs are alse TTL compatible, producing a
VoL of 0.45V maximum & 1.6 mA and a Vop of
3.7V with —100 pA capability, or 2.4V wilth —{ mA
capability. Typical output sink current is plotted
in Figure 7 as a function of the output voltage and
temperature for applications requiring higher than
normal lgp currents,

Figure & illustrates several points regarding the 2708
power supply currents. First of ail, as with all MOS
devices, the power supply cumrents will decrease as
a function of increasing temperature, The second
point is that the current requirements of the device
increase when it is deselected. i.e., when CS/WE 1s
at Viy. The reason for this is that in order to meet
the very fast tco time of 120ns, all of the decoders
and output stages are turned on when CS/WE is at
Vi, and the decoders deselect those that are not
required for the given data cycic. The graph also
illustrates that the Vpp power supply is the most
logical supply to be selected for switching to reduce
power. Of course, if the system configuration per-
mits, C8/WE can be ticd to Vyy to reduce puwer.
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Figure 7. 2708 Typical Output Sink Current vs. Qutput
Voltage : Figure 8. 2708 Power Supply Currents
Tahle I11. D.C. Programming Characteristies
Symbal Parameter Min. Typ. Max Units | Test Conditions
i Address and CSAVE Input Sink Current . 10 pA vy =526V
lipL Program Pulse Source Current . 3 mA
lipq Prograrm Pulse Sink Current i il mh |
lop Vpp Suppiy Current 56 65 mA  Worst Case Supply Currents:
lec Ve Supply Current 6 10 mA  All inputs High
a8 Vpa Supply Current 30 45 | maA | CBWE=56V;Ta=0°C
Vip Input Low Level {except Program) Vg 0.65 v '
ViH i Input High Leve! for all Addresses and Data 30 T Veetl v I
View CSAVE Input High Level 1.4 ] 126 v Referenced 1o Vgg
Vine Program Putse High Level 25 : 27 v Referenced to Veg
Vip Pragram Pulse Low Leavel Vg 1 v ViHp - ViLe = 25Y min.

Program Mode

The address and data inputs are low level compatible
during programming, wiith the same requirements
of Vi and Vg as for the Read mode. The D.C.
characteristics for programming are shown in Table
1. To enable the device for programming, the
CS/WE pin is raised to Vigw, (11.4V). If the system
requirements dictate that the device stay in the
same socket or location for both reading and pro-
gramming, it should be recalled that this pin will
require three input levels: V. of Vgg to 0.65V to
select the device for a read operation, a Vg of 3V
to Voo +1 to deselct the device and place the out-
put in the high impedance state, and a Vigw of
114 to 12.6V to Write Enable, or allow program-
ming of the device. Several circuits for generating
these three active levels (W, Vi and Vigw)arc
shown in the PROGRAMMING section (page 7).

During program operation, the outputs become the
data inputs and should be treated as a three state
bus. The same ¥y and Viy levels apply to the data
1O pins as apply to the address pins.

The program pulse, which is applicd to pin 18 dur-
ing programming, st mest & Vyp requirement

{Vgg Lo IV) and a Vyyp requirement {26V + 1V,

The program pulse source must be capable of sup-
plying a maximum of 20 mA per device when high
(Vigp), and be able to withstand the Program Pulse
Sink current of 3 mA (Ipp ). Thissink current should
be considered when designing the program pulse
driver, as, if a rosistive pull-down is used, the voltage
drop across the resistor can violate the Vi p max
requirement of 1V It also should be noted that the
program pulse will not meet specification if Vigp is
taken at its minimum value {25V} and Vyp is taken
at its maximum value (IV), as Vigp—Vyp must
equal 25 volts minimum. Several circuits are pre-
sented in the PROGRAMMING section to provide
program pulses which easily meet the 25V minimum
requirement for Vigp—ViLp.

85
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A.C. DEVICE CHARACTERISTICS

Read Mode

Figure 9,the Read mode timing, indicates the maxi-
mum eor minimum timing for the various timing
parameters. Particular attention should be paid to
tpF, chip deselect {o output float time. This indi-
cafes that the output buffers of the 2708 arc not
guaranteed Lo reach the high impedance state until
120 ns after CS/WE reaches the 2.8V point. If
another device attempts to take control of the oui-
put node during this time, very high Icc current
will be drawn, generating noise on the supply lines
and possibly reducing the Ve fevel such that other

munsss} X

devices may become inoperative. tpg is also a fac-
tor to consider when switched Vpp is used. See the
APPLICATIONS section for further discussion.

Program Mode

Figure 10 indicates the Program mode timing, while
Table 1V tabulates the various programming A.C.
parameters.

Several options are available to the user when pro-
gramming the 2708, as shown in the data sheet.
The waveforms shown in Figure 10 represent the
most efficient method, The various parameiers are
self-explanatory; two will be discussed here., The
program pulse rise and fall times, tpg and tpg, must
be held within the range of 0.5 and 2 ps to minimize
the transient coupling effects discussed in the
memory array section. This usually requires a series
RC network on the output of the program puilse
driver to slow down the rise time. Exotic waveform

. [ ton (9 = generators are not required. Refer to the PRO-
CSME i AN )“ GRAMMING section for circuit recommendations.
: | i oz  ltosle o The pt_her parameter of concern to the user is the
b tace 1230 ¥ 177 120 max) transition from Program mode to Read mode. If
the CS/WE transition does not occur after the final
paTA DATA OUT INVALIG paTaOuT sgr
our FLOATING program pulse transition and before the address
transition, as shown in Figure 10, nodes internal to
WMUMBERS H{ ) IRICATE TIMING IN KS. the device will not discharge, causing the output
fers to indicate false data for several milliseconds,
Figure 9, 2708 Read Cycle Waveforms but ) onds
— o - Cimeemee— - 1OF N PACGRAM LOGPS i e e el READ - =
L i (AFTER M
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b gy (141 - gc,[.sr---..l e —-
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Figure 10, 2708 Programming Waveforms
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Table 1¥. A.C, Pragramming Charagteristics

Symbeol Parameter Min. Typ. Max. Units
tas Address Setup Time 10 Hs
tess CS/WE Setup Time 110 Hs
1oe Data Setup Time 10 34
TAH Address Hold Time 1 M
icH CS/WE Hold Time 5 HS
10DH Data Hold Time 1 ' 713
oF Chip Deselect to Output Float Delay o 120 ns
toPR Program To Read Delay J 10 Hs
thy Program Puise Width B R - 1.0 ms
tpR Program Pulse Rise Time 5 2.4 s
PR PI‘O‘;]:a\f:h_Pl:l'lﬁe Fall Time . R 2.0 HS

NOTE: Intels standard product warranty applies only 10 devices programmed to specifications described hergin.

This will appear as an excessively long tppgr. Program
to Read Delay. If the CS/WE timing is difficult to
adjust, providing the binary complement of the first
address to be verified before actually verifying will
also discharge the internal nodes,

PROGRAMMING

A number of programmers are commercially avail-
able that will properly program the 2708, Intel
maintains a service whereby commercial program-
mer manufacturers obtain design approval prior to
marketing their device, in order to assure compati-
bility with Intel specifications. This approval should
be verified with the particular programmer manu-

It is also possible to build a programmer as part of
the user’s system, by adhering to the following
description: The device is set up for programming
operation by raising the CS/WE input (pin 20) to
Vigw (+12V). The word address is then selected in
the same manner as in the Read mode. Data to be
programmed are presented, 8 bits in parallel, to the
data output pins (O] —0g). Logic levels tor address
and dafta lines and the supply voltages are the same
as for the Read mode. Alter address and data set
up times {tyg and tps. Fig. 10), one program pulse
of width tpyw isapplied to the program pin {pin 18).
This sequence is then repeated for the next address.
One pass through all 1024 addresses is defined as a
prograrmn loop. The number of program loops (N)
required is a funciion of the program pulse width
(1pw) zccording to the formula:

N X tpw = 100 ms

where
N is the number of program loops
tpw is the program pulse width.

The width of the program pulse can vary from 0.1
to 1.0 ms. The number of loops (N) can vary from
a tminirnum of 100 (tpw = 1.0 ms) to greater than
1000 (tpy = 0.1 ms), depending on the value chosen
for tpw. IT IS NOT PERMITTED TO APPLY N-
PROGRAM PULSES TO AN ADDRESS AND
THEN CHANGE TO THE NEXT ADDRESS AND
APPLY N PROGRAM PULSES. THERLE MUST BE
N SUCCESSIVE LOOPS THROUGH ALL 1024
ADDRESSES.

Referring to the timing diagram, Figure 10, opti-
mum or moct afficiant nroctammine io achisvad
mum or most efficient programming is achieved
when:

tesg = tag =tpg=10us

tpyy = 1.0ms

taH = tpp = 1.0 s

tpr = tpp=0.5 us

and the time for 1 address becomes:
tas ¥ tpp +tpw Fipp+tap = 1012 ms

or, far 100 loops and 1024 addresses, the total
time to program an entire device will he 1.012 ms/
address X 100 loops X 1024 addresses, or 103.6
sec. Note that the program pulse duty cycle is
approximately 99%. Whatever the length of the
program pulse, the requirement for making succes-
sive passes through all addresses cannat be elimi-
nated.

8-7
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Figure 11. Typica! Programming Block Diagram

Typical Programmer

Figure 11 illustrates a block diagram of a typicai
programmer that meets all the requirements for
pregramiming the 2708, as well as facititating inter-
face to a microcomputer IfO bus if it is desired to
use the microprocessor system as a data source.
Keyboard entry is also possible, aithough it does
become tedious to manually enter data for {024
PROM locations.

QOperation of the programmer is as follows; Whilc
the data is being generated, the RAM Read {Write
Control line allows information to pass through the
Data Buffer and Address Buffer as in normal micro-
computer memory operation. When the data is
finalized in the 1K by 8 RAM, a Program Cycle
Initiate command is generated, which responds, via
the Program Cycle Latch, by generating a Busy sig-
nal back to the processor, and disenables the Data
and Address Buifers, inhibiting further communi-
cation with the 1O bus until the program cycle is
complete. The Program Cycie Latch also starts the
Program Clock, enables the RAM, and Write Enables
the PROM. It also initializes the Address and Pro-
gram Loop Counters. The Program Clock activates
the Program Pulse Generator, causing the informa-
tion from RAM address Ag to be programmed into
the PROM. The next clock pulse increments the
address counter and when the RAM data carre-
sponding to that address is presented to the PROM
inputs {outputs during sead), it again increments
the address counter and continues until the Address
Counter overflows on the 1024th pulse, at which
time the Program Loop Counter is incremented.

The entire process is then repeated until the required
number of program pulses has been received by
each PROM location, and the Program Loop Coun-
ter overflows, resetting the Program Cycle Latch.
The PROM can now be read or verified by way of
the PROM cycle request.

To modify data in a partially programmed PROM
it is only necessary to read the PROM into ihe RAM,
enter the new data pattern, and check to be sure
that no bits will be attempting to program O's to
I's, and reprogram the PROM as described zbove,
The only method of programming a “1™ where
there is a “0” is to erase the entire device and
reprogram. This process is illustrated graphically in
Figure 12.

PROM QUTPUTE

sTATuS T T T

O1 |9z 93 0a O5° O0p ©F° O

INITISL STATE 1 1 . 1 1 ' 1 1

FIRST FROGPAMMING 1 10 0 1 [ 1 [

FIRST AEFROGRAMMING O LI T R T 1 [

SECOND REFROGRAMMING  © 0 O ¢ 0 ¢ o 1 ®

FINAL AEPROGRA MMING a | - R | o -0 [} L]
T 1,0 1 LR L

ERASURE

Figure 12. Reprogramming 2708 Outputs
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Program Pulse Driver Circuits

Figure 13 presents several circuits which have been
successfully used to generate the required 26V pulse
for programming, and one circoit which should not
be used.

The circuit shown in Figure 13a should not be used,
as the resistive pull-down will not meet the Vi p
requirement of 1V max, thus not allowing Vigp
ViLp to be equal ta or greater than 25V, As was
mentioned earlier, the reason for this is that the
Program pin, Pin 18, sources IjLp of about 2 mA
when the program pulse is low and CS/WE is at
+12V. The other circuits, b and ¢, do meet all the
A.C. and D.C. specifications associated with the
program pulse,

CS/WE Driver Circuifs

Figure 14 presents several circuits for generating
the CS/WE signal. Circuit a is very simple, providing
the three necessary levels for on board programming.
Circuit b has increased driving capability and isola-
tion over circuit a, and will aliow move noise margin.
In addition, the inclusion of the two 10082 resis-
tors provide short circuit protection in case of
socketing or soldering errors. A truth table is in-
cluded with circuiis a and b to indicate the various
inputfoutput conditions. Circuit ¢ provides only
twa levels, Vi {(OV) and Vigw (+12V), for use in
“pregram and verify only™ circuits; the PROM
cannot be deselected using this circuit. Another
way of generating the 0 and +12V signals would be
to use a TTL to MOS driver, such as the Intel®
3245,

DO NOT USE

PROGRAM
PULSE 26y
LT 2

i T "i

28y
FROGAAM
PULSE [] L
QUTRUT

T DL uF
i
=+

Y
PAQGFRAM
PULSE o J—L
UTPUT

DO uF

Figure 13. Program Pulse Driver Circuits
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On Board Programming

Unlike many other erasable and programmable Read
Only Memories, the 2708 can be soldered directly
into a printed circuit board and programumed while
“in circuit™, as the inputs and ouiputs stay low
level compatible during both read and program
modes of opcration. When erasure is required, the
circuit board is unplugged and placed under a UV
lamp for the required period of time,

In many microprocessor systems, it is quite casy to
implement the RAM storage required for a data base
when programming by using available RAM storage.
Be sure to observe all the required setup times if
the address and data bus will be performing non-
programming related functions while the PROM.is
being programmed,

Figure 15 illustrates a possible scheme [or imple-
menting a data outputfinput buffer.

OUTPUT DIGABLE
IGRNERATE FRIW LRANE]

TODATA TN BLSRITO

TODATA QLT BUS BT 0

|
|
2708 |
|
|

TODATA INBLS BaT ¢

TOOATA OUT BUS BIT 7

BIOIREC TIONAL
BUS DRIVER'RECEIVER
1INATIONAL 85161 DR
EQUIVALENTE

Figure 15. Data Qutput/Input Buffer

To take advantage of this feature, which is not tested
or included as part of the device specificalions, the
program pulse should be applied to all devices as
shown in Figure 16. Program decode is then accomp-
lished by way of the CS/WE pin. PROM to be
programmmed have this pin raised fo the Viyw level
{(+12V), while it is left at Vg (CS=3V) for thosc
parts which are not toe be programmed. Reserve
should be built inte the program pulse power supply
when operation in this mode is planned, but in no
case will it exceed the maximum of 20 mA per 2708
as specified in Table 11,

10 ADDRFRS
PROGRAM 1: s
PULEE T T ! [ 1
2708 278 bl 2704
camep —rd | L [l o

g ———————
=)

CS/WEy

Figure 16, Circuit Implementation far On-Board
Programming

ERASING

The 2708 1s erased by exposure to ultra-vinlat light
at a wavelength of 25374, The recommended inte-
erated dosage (i.e. UV intensity X exposure time)
is 15 Wsec/om2. In order to insure that all bits are
grased, this dosage includes a guard band and is not
equal to the dosage required to see the last bils
return to the mmnal state. A guard band of 3 to 4
times the initial period {that time which appears
to erase all bits) is suggested so that the device will
appear erased at extrernes of temperature and volt-
age.

Table V. UV Sources for Erasing the 2708

Typical Time to Erase

Model Power Rating o 2708 Device
5-68 12000 uW/fem?2 15 minutes
552 12000 uWicm? 15 minutes
UVSB4 5700 uW/em? 45 minutes
R-62 13000 uW/icm? 15 minutes
Uvs-11 5500 uW/cm?2

45 minutes

Table ¥ lists several UV sources for erasing the
2708, The model numbers referred to are manufac-
tured by Ultra-Violet Products, Inc. (5114 Walnut
Grove Avenue, San Gabricl, CA).

The times indicated are for the lamps placed about
| inch away from the parts to be erased and with-
out shortwave filters installed. For lamps other than
thaose listed, the required times can be determined
empinically or by means of an ultra-violet intensity
meter, such as the UV Products Model J-225. When
a meter is used, the intensity should be determined
at the same location {distance from UV tube} as
the PROM wiil be placed; this will require careful
measurement o insure that the sensor is recefving
exactly the same amount of UV light that the
PROMs will receive.
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APPLICATIONS

Switched Power Supplies

Although noi specified in the D.C. and A.C.
DEVICE SPECIFICATIONS sections, the 2708 can
be operated in a power down mode by switching
off the Vpp power supply. This is advantageous in
many applicafions where power dissipation is a
critical factor, such as battery operated or battery
backed-up systems. Referring to Table 11, the maxi-
mum Ipp power that can be saved by switching the
Vpp power suppty is 780 mW. Two factors should
be noted, however. First of all, the access time will
increase somewhat, as shown in Figure 17.

VoH
DATA OUT
VoL

t=§|l DIM‘
a. WITHOUT SWITCHED Vpp

VoH
DATA OUT
VoL
t = B0 ns/DIV

b. WITH SWITCHED Vpp

Figure 17. 2708 Access Time

The photos were taken using the circuit of Figure
18, at room temperature and with a small sample
of parts. Based on this information, the PROM
data strobe should be moved out approximately
150 ns to allow a puard band for the system. The
second point related to the switching of Vpp is the
reduction of Vgg current (Igg). Figure 19 indicates
that Ipp decreases to an average of approximately
& mA when Vpp is off.

12 — TO Vg IPIN 19}

A
=

cs
DATA OUT
Vpp = 12V

B0 mA
40 mA
20 mA
0 mA

BB

Ccs

DATA QUT
= o
40 mA
20 mA
0 mA

b. WITH SWITCHED Vpp

Figure 19. 2208 Igp Current

As shown in Figure 20, output deselection occurs
within_tpp {Chip Select to Output Float Delay)
when €5 is held low and Vpyp is switched.

Switching off Voo will save some power, but the
maximum vatue is s0 low (10 mA) that the extra
components required for switching are probably
not justified. Typical values of I decrease about
50% when the Vpp supply is switched off.

The Vgg supply could also be switched, but, con-
sidering the reduction when the Vpp supply is
switched off, the additional components required
to switch this supply would probably not be justi-
fied, either. In addition, unless an extra power
supply of —10 ta —15 volts is available for a driver
circuit, access time would be significantly degraded
{laboratory data indicates about 50 us).
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Vpp =12V
100 ma
j 50 mA |
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Figure 20. 2708 Qutput Deselection and I Current

Anocther way of reducing poweris to leave the device
continuously selected and control the output by
way of an enable signal on a latch or gate. Referring
to Figure 8, this method would reduce power dis-
sipation nearly 50%, as the device does dissipate
tess power when CS/WE is low.

OR Tie Considerations

When two or more 2708’5 are wire QRed to-
gather, carc should be exercised to see that valid
data will be obtained. Referring back to Figure 7
and Figure 21, if two devices are sclected at the
same time, a current path can exist from Qy to Qg4
is shown in Figure 21, This current can be destruc-
tive 10 the output stage of one of the devices, or,
the transistor with greater current sourcing or sink-
ing capability can cause false data to be read from
the output bus. In addition, the very high Vo cur-
rent drawn while both Q and Qg are on will
generate naise on the Voo power supply lines, and
possibly reduce the Voo that is connected to other
TTL control circuits, causing momentary false
indications. If the maximum chip deselect to out-
put float delay (ipg) is observed, there will be no

problem. The same type of situation can occur
when the 2708 is used in conjunction with other
memory devices, such as the RAM portion of
the programmer shown in Figure 1!, Careful
analysis of the system timing requirements and
maximum delay paths can eliminate these prob-
lems before they occur at the final checkout of 2
systen.

DATA

Figure 21. Results of Improper Timing when OR Tying
2708s

High Voltage CMOS Interface

Because the 2708 is erased by the same technique
as the Intel® 1702A, some users have assumed that
the various technigues for interfacing to high volt-
age CMOS circuits are similar. In fact, they are not.
The 1702A is a p-channel device, requiring two
power supplies (+5V and —9V), while the 2708 isa
n-channel device and requires three power supplies
(+12¥V, +5V and —5V). It is permissible to assign
the ground (0V) to the most negative supply and
reference all the other supplies to it; however, suit-
able level shifters must be used to provide the 2708
with suitable input level signals, and to convert the
output signals back to the system reference levels.
Figurc 22 shows a possibte voltage translation.

SUPPLY 2708 VOLTAGE SYSTEM VOLTAGE

Voo 2y +H17V

Ve + BY +10W

Visg oy + BV

VBB - 5V ov

ViL 0 1o +0.65 +5.010 +5.65
¥IH +3.0 10 +6.0 +8.0 10 +11.0
VoL +0.45 +5.45

Yo +24@-1mA +7.4

Figure 22. 2708 Voltage Transiation
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Some suitable translator circuits are: RCA CD4005/
4010 or Natiopal F/4104/34104. The usc of these
circuits also allows some high voltage CMOS logic
to be implemented, such as address and data clocks,
at the CMOS levels, rather than convert them to
TTL levels for operation of the 2708.

Another incorrect method of attempting to inter-
face directly to CMOS circuits is to change the
Ve supply to the new interface voltage. In devices
such as the Inte]® 21078 this is permissibie, as the
Vee supply is connected to the output buffer
stage, but in the 2708, the +5V is used in the sense
amplifier and other internal circuitry, so this
should not be done.

Under Programming and Under Erasing

It is possible to “‘under program” the 2708, such
that the cell characteristic crosses the sense thresh-
old. The result of this is that the cell apparently
drops or picks up bits. As can be seen in Figure 23,
the threshold characteristic has been shifted such
that small changes in voltage or temperature will
cause a 17 or a “0” to be sensed. This is always
the result of insufficient erasing or programming.
For erasure to cause this problem, the device has
only been partially programmed, and the character-
istic curve has only been shifted to the sense
threshold point and the device will again seem to
gither pick up or drop bits. The cure, in either case,

URMTTR PRI HAREET
oL
UNCLR TRASED
PAOGRAMMED
CURRENT A
THROUGH
TRANMSTOR

|

|

wOT |
PROGRAMMED ]

|

|

JEELL] |
|

|
i

W1, [NOT PROGRAMMED I vy eroarammen:
SENSE THRESHOLD

WOLTAGE Gin GATE GF SEL L =g

Figure 23. Effect of Under Programming or Under
Erasure

is to 1) adequately erase by providing the required
10 W-secfcm?2 of UV light at a frequency of
25374, or 2) program in accordance with the
specifications.
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INTRODUCTION

The INTEL® 2716 is a fully static 16,384-bit
(2048 x 8) Eraseable Programmable Read Only
Memory, or EPROM. The device is packaged in a
standard 24-pin DIP, which has a transparent lid to
allow erasure in a manner similar to that of the
INTEL® 1702A and 2708. Maximum access time
is 450ns. The device requires a single power supply
(Voo = 5V £5%) for normal read cycles; during
programming the program power supply (VPp)
must be raised to +25V to program each location,
2 single TTL level pulse is reguired; one 50ms pulse
per address programs 8 bits in parallel. The addresses
can be randomly programmed.

All input signals are fully TTL compatible during
both the read and program modes. The data outputs
are three state to [acilitate memory expansion by
OR tying. Initially and after each erasure the 2716
contains ali TTL highs (*1%s); programming or
introducing TTL lows (*07's) is accomplished by:
1) raising the VPP pin from +5V to +25V, 2)apply-
ing TTL level addresscs and TTL level data 3) rais-
ing the €S pin to a TTL high, and 4) applying a
single 50ms TTL. level pulse to the PD/PGM input.
The Vpp supply may be left at the +23V level for
program verification, but should be returned to
+3V leve! during normal read cycles to reduce
power dissipation.

DEVICE DESCRIPTION

The 2716 is packaged in an industry standard 24
pin DIP as shown in Figure 1. The functions of the
various control pins are shown in Table L

During read operation €8 is used to select and de-
select the 2716, The PD/PGM pin is maintaimed at

PIN NAMES
A0—A10 | ADDRESSES
PD{PGM | POWER Dommnocam I
€S | CHIP SELECT _
[og—0y | DUTPUTS -
Figure 1. 2716 Pin Configuration.

Table 1. 2716 Pin Connections and Functions.

; i -
-, PN | eomem & Ve | Ve , OUTPUTS |
: moDE e | na [~ ] @ B
H T i
| Reat | v Vo " % Par |
TDeetec: | Partcare Vo " 5 1 High £
1| Power Down Wi . Mon't Care .« +5 -5 High £
L 4
Fragrans Pulued Wy 6 Vom ! L™ 25 1 45 iy |
Poonwarm ey 1 L . v, +25 -5 DonT
Program |ahibL | N HEETS 25 4§ WighZ |

ViL, while Vpp, the program power supply, is
maintained at +5V. As shown in the D.C. Device
Characteristics Section, Ipp] (the current required
by pin 21) is SmA maximum during rcad mode, so
pin 20 should be kept at VCC except when program-
ming. As a convenience 1o users, it is allowable to
keep the VPP pin at +25 votts for program verifica-
tion, but it must be retumed to +5V upon com-
pleting program verification. This is easily accom-
plished by connecting a diode from pin 24 to pin 21
as shown in Figure 2. The tolerance on VPp allows
for a diode drop as discussed in the ID.C. Operating
(haracieristics section. For read only applications,
the VPP pin may be tied directly to the VCC pin.

4 — ViID
n-
- ¥

TG 2 ——— VP
ok

Figure 2. 2716 Power Supply Connections.

The PD{PGM input serves scveral funciions. When
low this signal enables the address, data and c§
input buffers, whether Vpp is at +25V or +5V.
When high with Vpp at +5V, the 2716 is powered
down and the outputs are desclected without
regard for the state of CS. In this mode the maxi-
mum ICC current is reduced from 100mA to 25mA.
When CS is high and VPp is at 25V, the dala pre-
sent on the output will be programmed into the
selected address when PD/PGM is pulsed high
(from V[ to VIH) for 50ms.

A block diagram for the 2716 is shown in Figure 3.
The array of stacked gate cells is arranged as two
64 x 128 matrices, each of which is split into four
16 x 128 segments. The high order address bits
(A4-A10) determine which of the 128 rows is 1o
be accessed by way of the top select gate, while
the low order address bits {Ap-A3)} perfomm the
column decode function by activating the I of 16
decoders which are associated with each output hit.
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Figure 3. Detailed Block Diagram.

Cell Description

The heart of the 2716 is the single transistor
stacked gate cell, which is similar to the cell used
in the INTEL® 2708. The cell consists of a float-
ing gate, used to store charge, and a top select
gate which is connected to the output of the row
decoder. The cell is programmed by injection
of high energy electrons through the isclating
oxide and onto the floating gate. Once there, the
charge is trapped, as there are no electrical con-
nections to the floating gate. The presence of
electrons on the floating gate causes a shift in cell
threshold, as shown in Figure 4. In the initial or
erased state the threshold of the cell is low, selec-
tion via the top gate will cause the column line to
discharge, which is sensed as a “HIGH” by the sense
amplifier, Programming shifts the threshold to a
higher level, and selection of the cell will not turn
it on, the column line will not discharge, and a low
will be sensed by the sensc amplifier. The status of
the cell is determined by examining its state at (he
sense threshald; if the ccll is erased (HIGH data)
selection will cause a higher current to flow between
the scurce and drain than il the cell is programmed
{LOW data).

Memoary Array Operation

The cells described in the previous paragraph are
interconnected to form a split 128 x 128 cell ma-

NOT
PROGCRAMMED

-

PAOGALMMED

CURRENT
THROUGH
TAANSISTOR

|
|
!
i
|
i
ICELLI 1
f
i
[
|
|
I

Wy INOT PROGRAMMED \rTD PROMGRAWYED]
SENSE THRESHOLD

WOLTAGE ON GATE OF CELL — e

Figure 4. Storage Cell Threshold Shift

trix, as shown in Figure 3, This array is divided
into § sections organized as 16 x 128 cells. Each of
these sections is connected to a column decoder,
which sclects one of 16 columns, connecting it to
the sense amplifier which is associated with the
particular bit. The sense amplifier is directiy
connected to the output buffer associated with
the same bit. This data flow is illustrated graph-
ically in Figure 5.
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Figure 5. 2716 Single Bit Dsta Flaw,

Qutput Buffer

An equivalent schematic of the output buffer is
shown in Figure 6. As is shown, the output buffer
consists of a pair of MOS transistors, connected
in a push-pull configuration. (S enables both
transistors when true; when CS is false both out-
put devices are turned off. The PD/PGM input
also is related to the outpui buffer and does place
the output buffer in the high impedence stile
wlhen the intemal signal Power Down is high. This
signal is normally low for regular read operations,
and functions as an ouiput deselect when high.
Remember that if Vpp is at +25V and CS is high,
raising PD/PGM high will cause a program cycle on
the selected address.

READ MODE

The 2716 requires only one power supply, +3V
The device is rated to meet all applicable specifica-
tions with this supply held within =5% of its nomi-
nal value, The Abseolute Maximum Ratings in the
data sheet are the maximum that the various device
parameters can withstand and should not be ex-
ceaded during any phase of device operation, in-
cluding programming.

D .C. Characteristics

Only those D.C. Characleristics that require special
attention by the user are presented in this section.

— FQWE = G
won
INTERYAL [ |
neEa o 1
2JUTEOT
i
INTERMNAL § “
DATe [y —
Vog

[PATA INFUT 1
BLFFER FOR I
PROGRAMMING

Figure B. 2716 Output Buffer.

The reader is referred to the 2716 device data sheet
for further details. The pertinent D.C. device speci-
fications are tabulated in Table 11

The range of the leakage currents shown in Table 11
apply for all inputs and outputs, including the out-
puts (0p07) when they are servifig as data inputs
for programming.

Ipp1 is the current required by the Vpp pin (pin 21)
when the VPp supply is set to 5V, as il would be
for nermal read operations. The device specifica-
tien requires a 5% tolerance on the VO supply.
In anticipaiion that users will couple pin 21 to pin
24 by way of a diode, the tolerance on Vpp has
pbeen relaxed to #0.6V to allow for the forward
drop of the diode.

[pp is only zpplicable to the current drawn by pin
21 when the PD/PGM pulse is low; when it is high
(as in the case of the program pulse) the current
drawn by this pin will be 30mA.

Icc] is the power supply current when PD/PGM
is high and Vpp is at a nominal 5V, and represents
25% of the total maximum 1CC current, As was
discussed previously, the outputs are automatically
placed in the high impedance state when the PD/-
PGM pin is raised to VIH. kcC? is the maximum
power supply current required by a 2716 in read
mode, and reaches this maximum of 500mW
{30uW/bit) at maximum temperature.
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Tahle 11, 2716 D.C. and Operating Characteristics,
Ta=0°Cto70°C, Vrp!1?) = 45y 5%, Vppl?l = v 20.6v3

1

Limits . . |
Symbol Parameter PPy Tve. 1a] PP Unit Canditions
LT input Load Current 10 HA | Viy=5.25v
lo Qutput Leakage Current 10 LA Vour = 5.28V
Ippy 21 Vpp Current 5 mA | Vpp =585V =
leei®! | Ve Current [Standby) 10 25 ma | PD/PGM ='v.H, CS=v|_
leea!?! | Ve Current (Active} 57 100 mA | C5=PD/IFGM =V
Vi Input Low Voltage -0 0.8 v
Vin Input High Voltage 22 Voot W
VoL Output Low Voltage Q.45 v lgL = 2.1 ma
Vou Dutput High Voltage 2.4 Ay low = —4E£ .!'.IA B

ES: 1. Voo must be applied simultaneously or before Vpp and remaved simultaneously ar after Vpp.

2. Vpp mey be connected directiy to Voo excapt during programming, The supply current would then be the sum of loe and 1ppq.

3. The tolerance of 0.8V allows the use of 3 driver gireuit far switching the Ypp supply pin from Voo in read to 25Y for program-

rrring,
4. Typical vatues are for T4 = 25°C and nominal supply voltages.
B. This parameter is only sampled and is not 100% ested.

6. taccz is referanced 10 PDIPGM or the addresses, whichever oocurs last,

All inputs are TTL compatible, requiring a VIL
between -.01 and 0.8V and a VY of 2.2V mini-
mum. Care should be exercised in selecting addess
buffers to ensure that the minimum Vg level is
met by use of appropriate TTL circuit elements
or pull-up resistors to V(.

The cutputs are alse TTL compatible, producing a
VoL of 045V maximum at 2.1mA and a VOp
of 2.4V with -400mA capability.

A.C. Characteristics

Figarc 7, the read mode timing indicates the max-
imum or minimum timing for the varigus timing
parameters. Particular atteation should be paid to

tDF, chip deselect to cutput float time. This para-
meter indicates that the output buffers of the 2716
arc not gnaranteed to reach the high impedence
state until 100ns after CS reaches V. If another
device takes control of the output node before the
firsl device output is in the high impedence state,
excessive IC current will be drawn. See the Appli-
cations Section for further discussion.

Power Down Mode

The 2716 is the first MOS EPROM to have a com-
pletely static power down mode. This mode is
activated by raising the PD/PGM input to a TTL
high level, with Vpp = 3V.

Ty
ADDRESS
N
r-—‘OH— A‘
{aminl
= /{ |
; i
I
|
— Y —m o TOF
1130 r_:lg;:
-— facc
1450y

HIG /
ouUTFuT Lt '

D&TA OUT VALID

NOTE: All times shown in parantheses are maxirmum *\F;
times in nsec unless otherwise indicated,

PD/PGM = v

Figure 7. 2716 Read Wavetorms,

34



2716

The power is reduced by 75% (from 500mW to
125mW) during the time PD/PGM is high.

When the PD/PGM pin is lowered to a TTL low
level, the access time (tACC2) of 450ns is mef as

shawn in Figure 8. Of course, tAC(C? is referenced
to either the addresses becoming stable or to the
rising edge of PD/PGM, whichever occurslast. Table
III summarizes the A.C. Characterstics for both
normal ahd power down read cycles.

ADORESS ADDRESS N

X

AO0RESS N+m

ETANDEY MODE

PLUPCM E

tpp
100k

HIGH Z

\

ACTIVE MODE

tarcs
14500

DATA VAL FOR AODAESS Hom

QUTPUT DATA WALID FCR ADDRESS N ;

MOTE: All times shown in parentheses arg maximum
times in ngac unless otherwise indicated.

Cs=v

Figure 8. 2716 Power Bown Read Waveforms.

Tahle I11. 2716 A.C. Characteristics.

Ta=0°Cto 70°C, Vol =45V 6%, Vpp!2! = Vo x0.6v

Limits -

Symbol Pavameter v ] Typ® | Max, Unit Test Conditions
iase1 | Address to Output Delay 250 | 450 ns | PD/PGM = €5 =V

taccz PD/PGM 1o Qutput Delay 280 450 ns C§=v

teo Chip Select to Quiput Delay 120 ns PD/PGM = V|

tpr PD/PGM to Cutput Float 0 100 ns | 5=V

tnE Chip Desalect 1o Qutput Float b 100 ns PD/PGM =V

tou Address to Output Hold 0 i ns | PD/PGM = CS = V)
PROGRAM MODE the CS pin is taken to VIY and the correct address

D.C. Characteristics

The 2716 requires a single TTL level pulse to pro-
gram each address with the Vpp supply set to 25V.
Addresses can be programmed in any sequence.
The VPpp supply can be left at +25V continuously
while programming; it can also be left at +25V for
program verify cycles, but must be retumed to
the +5 volt level for normal read cycles to reduce
power dissipation. A maximum of 30mA will be
drawn from the Vpp supply when the PD/PGM
pulse is high and CS is high; during read operations
the Ipp| specification of SmA applies.

The address and data inputs are TTL compatible
during programming, with the same requirements
of VII, and VIH as for the Read Mode. The D.C.
Characteristics for programming are shown in
Table TV. To enable the device for programming,

and data inputs provided. After the appropriate
set up times, (see Figure 9) a single pulse from VL
to ¥VIH on the PD/PGM input for 50ms programs
the desired address.

During program operation, the outpuis become the
data inputs and should be treated as a three state
bus. The same leakage, as well as VI and ViH
specifications apply to the outputs as for the
inputs during normal read operations.

The program pulse, which is a TTL pulse of 50ms
duration, is applied to the PDYPGM input. During
the time thai this pulse is high, a maximum of
I0mA (Icc?) will be required from the Vpp power
supply. VPP can be left high (at +25V) to verify
the programmed data, however, it must beTetuned
to the 5V level to reduce power dissipation, Also,
in order to reduce power dissipation, the PD/PFGM
pulse must not be left high longer than 55ms when
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Table 1V. 2716 D.C. Programming Characteristics.
Ta = 25°C16°C, Vel = v 8%, vppl23] = 26y +iy

Symbol Parameter Min. Tyn. Max. Linits Test Conditions
I Input Current {far Any Input) 10 A iy = 5.26V/0.45
Ippq Vpp Supply Current 5 maA, PD/PGM = v
lpp Vpp Supply Current During 30 mA PD/PGIM = W)y
Programming Pulse
lee Ve Supply Current 100 mA
VL 'nput Low Level ~0.1 0.8 Y
ViH Input High Leval 2.2 Veett v
NOTES: 1. Intel's standard praduct warranty soplies only to devices nroggrammed to specifications described hergin,
2. Vg must be applied simultaneously or bufore Wpp and removed simultaneously or after ¥pp. The 2716 must not be inserted
into of removed from a board with Vpp at 26 =1V 1o prevent damage to the device.
3. The maximum allowable voltage which may be applied to the Vpp pin during programming is +26%. Care must be taken when
switching the Vpp supply ra prevent overshoot exceeding this 26 maximum specification.
AROGRAM " pcgg:;ﬁym —-
H 1
ADORESSES ADDRESS W ADDRESS N4m
N
Tas YAl
| [ @2 |
DATA IN Bafa oUT DATA 1IN
DaTa STAALE VALID 3TABLE
ADD. N ADD. N ADD W+
!
'nF H ‘cn ; §
T2 T2 W LN | et . 10,12 MAK | —n p—(0. 12 ML)
"4
/ i i
&3
os LM _|
2 | 21
|
Rr] '¢5H
21 ; T g T
FLIPGM } ‘
o T ——f . [t

AAOTE &Ll TIMES SHOWN IN PAHENTHESEE ARE Mk MUM TIMES AN ASF HEFC 1IN FSE THERWSSE NOTED

Vpp = 25V £1V, Vg = 5V 15%

Figure 9. 2716 Programming Waveforms,

the VPP supply Is at +25V; it can be left high only
with Vpp at +5V, which deselects the ocutput and
places the device in the low power standby mode.

The tolerance on the VPP supply is 25V z1V.
When switching the VpPp supply from +5V to +25V,
particular carc should be taken to ensure that there
is no overshoot above 26V exceeding this can be
destructive to the programming circuits on the
device. It is also not permitted to *“*hot socket®” the
device in a programmer (with tespect to the Vpp

supply} as the resulting transients could cause the
VPP supply to exceed the maximum af 26V.

A.C. Characteristics

Figure 9 indicales the program mode timing, while
Table V tabulates the varicus programming A.C.
parameters.

To program a 2716, the address, data and CS sig-
nals must all be stable 2ps before the PD/PGM pin
is pulsed high for 50ms *5ms. This is shown in
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Figure 9 as tAS, tDS and tCS. After the fallingedge
of the program pulse, these same signals must be
held stable for 2us (tAT1, tDH and tCSH); then the
next address and data can be presented, sequentially
or not according to the ease of system implemen-
tation, and the next address programmed. In this
manner it i3 possible to program an entire 2716 in
approximately 100 seconds, while a single address
requires only 50ms (o program.

PROGRAMMING

A number of programmers are commercially avail-
able that will properly program the 2716. (see
Table V1) Intel maintains a service whereby com-
mercial programmer manufacturers obtain design
approval prior te marketing their device, in order
to assure compatibility with Intel specifications.
This approval should be verified with the particular
manufacturer prior to purchase.

For those users who want to build their own pro-
grammer, a design is included at the end of this
section,

Figure 13 illustrates a typical 2716 programmer
block diagram. The address & data inputs can come
from a system bus, or from toggle or thumbwheel
switches. If system inpuls are used, the Address
Input Buffer should be a latch to allow the system
bus 1o be free during the 30ms program time per
address. The Data Input/Qutput Buffer should be
of the bi-directional type to allow both program-
ming and data verification.

The start control aclivales the timing chain 1o gen-
erate the required address and data setup and hold
times, as well as the program pulse.

The program timer latches the address and data in-
puts stable and raises CS to Vg, while the address
and data setup timer delays the start of the program
pulse for at least 2us, which is the minimwm re-

Table V. 2718 A.C. Programming Characteristics.

Ta = 26°C 15°C, Vocl2t = By #6%, vpp(281 = 25v r1v

Symbol Parameter Min. | Typ. | Max. | Units ;
tag Address Sctup Time 2 713
toss CS Setup Time 2 b8
tDs Data Setup Time 2 s
D tAM Address Hold Time 2 ; s
— f ]
' tegH CS5 Hold Time 2 . ! IoHs |
toH Data Hold Time 2 f1:3 . -
tnrF Chip Deseleet 1o Quiput Float Delay 1] 120 ! ns PEYPGM = V||
Tcé Chip Select to Output Delay 120 ns PD/PGM = W)
pw Pragram Pulse Width 5 50 55 ms T
TPART Program Pulse Rise Time ns
tprT Pragram Pulse Fall Time 5 ns
NAOTES: 1. Intel’s standard produr...t warranty apglies anly to devices programmed 10 speci ﬁé;at;nns described hergin.

2. Ve must be applied simultangously or before Ypp and removed simultaneousty ar after Vpp. Tha 2716 must nat be inserted
into of removed frorm a board with Vpp at 26 1V (o prevent damage to the device,

2. The maximum allgwable voltage which may be applied 1o the Vpp pin curing programming is —28V. Care must be taken when
switching the Vpp supply 0 prevent overshoot exceeding this 26% maximum specitication.

Tabla V1. Approved Programmers.

1602A/1702A 2708 2716 3601 602/3622 3604/3624
Family Family Family Family Family Family

Intel MDS-UPP-100 % % X x x %
Santa Clara, Calif.
Data 1/0 Model V X x X X x X
Issaguah, Wash.
Prolog Series 50 x N Note 1 X X X
Monterey, Calif. :
Spectrum Dynamics

Series 850 X Note 1 Note! | Notel Nate 1 Note 1
Burlington, Mass.

Mote 1. This programeming eard is pending Intel approval,
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quired address and data setup time (tA S and tDS).
The program pulse timer is activated by the falling
edge of the address and data setup timer, and gen-
erates the required 50ms program pulse. The falling
edge of the program pulse activates the address and
data hold timer, (2us minimum) and the falling
edge of the data hold timer resets the program
times, reieasing the latch on the address and data in
buffers, freeing the system [or either a verfy cycle
or a program cycle on another address,

On board programming is alsa very easily imple-
mented with the 2716, as the PD/PGM pin func-
tions as 2 program inhibit, i.e., if a given device has
CS high, Vpp = 25V, and PD/PGM low, it will not
be programmed. A system showing how on-board
programmiing could be implemented is shown in
Fipure 11. In the figure, device #4 will have
address IFFH programmed with F4H, while the
contents of address IFF in devices #1, #2 and #3
will be unaffected,

+5

i

+25
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TIME TIME
Figure 10. 2716 Programmer Block Diagram.
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Figure 11. 2716 On Board Programming.
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2716 Mini Programmer

Figure 12 presents the schematic for a 2716 pro-
grammer which is based on the block diagram
shown in the previous section. This programmer
has been design approved by lntel, by the same
procedure used for commercial programmer manu-
facturers. The programmer has several features that
make it useful for small development labs,

Manual Programming

Selecting any Hex address with the 3 address input
thumb wheel switches and entering it by depressing
the load buiton will cause the selected address to
be displayed in Hex, The data is then entered by
way of the 2 Hex thumb wheel data switches.
When programming the data, the PROGRAM but-
ton is depresscd, the location indicated by the
address display is programmed and the address
incremented fo the next sequential location, Fer
verification a verify mode is included that will
automaticaify slowly step through all addresses,
allowing for manual, visual verification of the pro-
grammed data. The rate at which it sequences
through the addresses is adjustable, and can be
started at any location by way of the ADDRESS
INPUT and LOAD ADDRESS switches.

Duplicate Mode

By selecting ihe duplicate mode, a 2716 placed in
the READ ONLY socket will be duplicate and
antomatically compared with a 2716 placed
in the PROGRAM socket. After verification a
green “PASS” or a red “FAIL” LED will indicate
the completion of the program cycle. A blank
check is not performed.

The design described here does not include a power
supply design—the user must provide appropriate
+5 volt and +25 volt power supplies. Current re-
quirements, as measured on the prototype board,
are shout 1A 2t +5V and 60m4a at 25V,

LRAUL

The design alse includes a transistor switch to pre-
vent hot socketing of the 2716. As was mentioned
in the programming section, it is not permitied to
install a 2716 in a socket with the +25 volts pre-
sent: it must be switched on after the 2716 is in
the socket and +5 volts is applied.

ERASING

Erasure begins to appear when the 2716 is exposed
to light with wavelengths shorter than approxi-
mately 4000 Angstroms (A). 1t should be noted
that sunlight and certain types of fluorescent lamps
have wavelengths in the 3000-4000A range. Con-
stant expasure to room level fluorescent lighting
could erase the typical 2716 in approximately 3.5
years while it would sake approximately 1 month
to cause erasure when exposed to direct sunlight.
I the 2716 is to be exposed to these types of
lighting conditions for extended periods of time,
opaque labels are available from Infel which should

be placed over the 2714 window to prevent unin-
tentional erasure.

The recommended erasure procedure for the 2716
is exposure to shortwave ulfraviolet light which has
a wavelength of 2537 Angstroms (A). The integrated
dose (i.e., UV intensity x exposure time) for era-
sure should be a minimum of 15 W-sec/cm?®. The
erasure time with this dosage is approximately 20
minutes using an ultraviolet lamp with a 12000
gW/cm? power rating. The 2716 should be placed
within ene inch from the lamp tubes during ex-
posure. Some lamps have a filter on their tubes
and this filter should be removed hefore erasure.

The 2716 should not he under bias during erasure
as current paths exist that will effectively cancel
the energy being provided by the UV light,

UY Sources

There are several models of UV lamps that can be
used to erase 2716°s (see Table VII}). The model
numbers in the table refer to Jamps manufactured
by Ulira Violet Products of San Gabriel, Calif.
In addition there are several other manufacturers,
including Data [;Q, PRO-LOG, Prometrics, and Tur-
ner Designs. The individual manufacturers should be
consulfed for detailed product descriptions.

Table Vil. 2716 Erase Time.

REQUIRED TIME FOR

MODEL  POWER RATING INDICATED DOSAGE

15 W-sec

2716

R-52 130004W/cm’® 19.2 min
352 1200084 /e’ 20.7 min
S-68 120000 fcm? 20.7 min
UVS-54 5700uW/ermn® 43.8 min
Uvs-11 5500 /fem? 45.6 min

According to the manufacturers, the cutput of the
UV lamp bulb decreases with age. The output of
the lamp should be verified pericdically to ensure
that adequate intensities are maintained. If this
is not done, bits may be partially erased which will
interfere with later programming and/or operation
at high temperature.

For lamps other than those listed, the erase time
can be determined by using 2 UV intensity meter,
such as the Ultra Violet Products model 1-225.
When a meter is nsed, the intensity should be mea-
sured at the same position (distance from the lamp)
as the EPROMs to be erased. This will require careful
positioning to insure that the sensor will receive
the same amount of UV light that the window of
the EPROM will receive.

The sensors used with most UV intensity meters
showed reduced output with constant exposure to
UV light. Therefore they should not be perma-
nently placed inside the erasure enclosure; they
should only be used for periadic measurements.

99




2716

WOTES
AL CAPACITORS IN WF
AL DIDDES IN 4148
DENGTES # UL P RESISTCA
12®1

—0 upr

[s Ta

HE X DISP
o1

CHa

0
EI_ HE

2768

o 2] P

THUMEWHEEL
ADDRESS
INFLTS

LOAD
ADIURESS N7

84

MANUAL
VEHIFY 5 15
CLOCK

_Ey £}

- -
MARLAL 5

PROGAAM

56

a7

Figura 12. 2716 Mini Programmer Schamatic,




2716

3 ?|1:|12' alzhIp
- R [ 1] H I
Hex DIP| frEx  DHSE

THL
oaATA
14PUTS

or

e og
PAOGAAM
SUEKET

PEMIP D 8 . . | : |

ADECIE o

|

LhE |
£

1230 1

g-11
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Under Programming And Under Erasing

It is possible to “under program™ the 2716 the
same as it {3 with the 2708, such that the cell char-
acteristic crosses the sense threshold. The result
is that the cell apparently drops or picks up bits.
As can be seen in Figure 13, the threshold char-
acteristic has been shifted such that smali changes
in voltage or temperature will cause a “1” or a “o”
te be sensed. This is always the result of insutfi-
cient erasing or programming. For programming
to cause this problem, the device has anly been
partially programmed, and the characteristic curve
has been shifted to the sense threshold point and
the device will again seem to either pick up or
drop bits. For erasure to cause the probiem, the
device has only been partially erased, such that the
characteristic curve has only been shifted (right to
left in the figure) to the threshold.

The cure in either case is to: 1) adequately erase
by providing the required 15 Wsec/em? of Uy
light at a frequency of 2537A or: 2} program in
accordance with the specifications.

NOT
PACG RAMMED

CURRENT
THROLGH
TRANSISTOR
TEELL|

|
VT, INOT PROGRAMMED f Y1y [PROGR AMMED!
SENSE THRESHOLD

VOLTAGE ON GATE OF CELL —— =

Figure 13. Effect of Under Prograrnming or Under
Erasure

2716 Mini Programmer

The Mini Programmer shawn on the previous pages
has been design approved by Inte! and can be built
as shown, or portions of the circuit can be modi-
fied to fit a specific user circuit application.

Circuit Description

The Mini Programmer has several modes of opera-
tion which are described below.

Manual Program — Controlled by pushbuiton
switch 86, this made allows the user to pro-
gram the address displayed by the address
input displays (L1-1.3} with the data that js
entered in the data input thumbwheels (58 &
§9). The desircd address to be programmed is
entered by way of the LOAD ADDRESS
switch, 84. This transfers the contents of the
address input thumbwheel switches {51-83) to
the address input buffers and the address
display LEDs, L1-L3.

The desired data is entered in the form of
twe hexadecimal characters by way of the
data input thumbwheel switches, S8 & 59,
Prior to programming, the data output display
will read FFp, indicating that the addressed
location contains al! highs, ic., is erased.

After the displayed address ig programmed,
the output display will momentarily display
the contents of the programmed address, and
then increment the address by | count, thus
prepanng the next sequential address to be
programmed, Should other than the next
sequentiat be desired, it is only necessary to
dial in ¢he new address and depress the LOAD
ADDRESS pushbutton,

Manual Verify — In order to assure the user
that the correct data pattern has been entered
in an entire program, a manual verify function
has been included. In this mode, the address
counter will slowly cycle through addresses
starting with the address that was loaded by
the LOAD ADDRESS switch. The rate at
which the counter will cycle is controlled by
R16, and should be set for convenient visual
recognition of the programmed data,

Duplicate Mode — Duplicate mode allows the
contents of anather 2716 to be programmed
into an erased device that is inserted in the
program socket. Each location is programmed
and verified, and the next sequentiai location
is programmed. Upon completion, PASS-FAIL
indication is provided by way of LEDs L& and

L7.

Transistors Q1 and Q2 provide for switching
Vpp between 26V and 5V, while assuring that
proper sequence and overshoot control is
maintained
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Table Vill. 2716 Mini Programmer Parts Eist.

1C1-3 74177 4-Bit Counter
1C4 7404 Hex Driver
IC5 74279 (Quad Set/Reset Latch
1CB, 20, 31 7400 Quad NAND
1IC7-15 74367 Hex Tristate Driver
118, 17 74135 Quad Exclusive OR/NCOR Gates
1C18 7430 B-Input NAND
c19 7407 Ogpen Collector, High Voltage Driver
c21 74133 13-Input NAND
122 7420 Dual 4-lnput NAND
1¢23-30 NEESS Tirmer
o MPS L02Z Transistor
Q2 2N3904 Transistar
R1 3K %W Resistor
R2 2082 ¥W Resistor
R3 27KS§2 %W Resistor
R4-15, 1KQ %W Resistor
31-38
R16 1M Potentiometer (VERIFY Clack Rate)
R4-15 15 %W Resistor
R31-38 TR %W Resistor
R18 1ME2 Patentiometer
R17 1M %W Resistor
R18 33K %W Resistor
R19 51K %W Resistor
R20 750K 2 W Resistor
R21 100K 5L %W Resistor
R22 10K52 W Resistor
R23 91K %W Resistor
R24 22K52 14 W Resistor
R25 10K %W Resistor
R26 9MOK %W Resistor
R27.25 24 K2 %W Resistor
R28, 30 20K 1AW Resistor
Ct, 6,912, 0.01pF Capacitor 20 wvde {min}
15, 17, 18
C2,4.5 0.1uF Capacitar 20 wedc (minl
c3 1.0uF Capacitor 20 wvde {min)
c? 10uF Capacitor 20 wvde [min)
CH, 14,16 0.0 pF Capacitor 20 wdc {miing
c13 0.05uF Capacitor 20 wydc (min)
cig 0.005uF Capacitor 20 wyde (min)
51-83 {LSD-MSD): Address Input Switches
{Cherry T-10 Thumbwheel)
54 Address Load {Pushbutton}
S5 1Hz Verify Claock SPST Switch
S6 Program Button {Pushbutton|
57 Duplicate Mode SPST Switch
58,59 ILSD-MSD): Data Input
{Cherry T-10 Thumbwheel}
PROM Sockets Textool 24-Pin ZIP OIP
L1-L5 THL311 Hexadecimal Display
L& MY5025 {Red LED}
L7 Mv5263 {Green LED}
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MOS ROM AND PROM FAMILY

Operall

MNo. ! No. Maximum Pawer Temperail:re Power
of | of Access Dissipation Range Supply
Type Bils ! Organization | Pins Outpul[" (ns) (MW) (&™) (v}
E 2308 #8192 l 1024x8 24 T8 450 B40 dto 70 5V = B
g = 12¥ = 5%
= | -5V + 5%
3§ 23164 16364 2048x8 24 TS &s0 515 0t 70 5V = 5%
3
W 2315E 16384 204828 24 ! T 450 630 Qto 70 Y + 10%
17024 204E 256x8 24 TS Tps 885 Qto 70 5 + 5%
-9V £ 5%
1702A-2 2045 256x8 24 T.5. 650 959 Oto 70 5V £ 5%
-9V = 5%
1702A-6 2048 . 25628 24 T.8. 1.5 ps BEL Dto 70 BV + 5%
; -GV £ 5%
M17024 2043 ! 256x8 24 T.5 850 960 -55 to 100 BY + 10%
: -9V £ 10%
g 17024L 2048 256x8 24 TG 1ps 221 0o 70 5V + 5%
& -9V £ 5%
g 1702AL-2 20aB . 25625 24 | T5 &50 221 Oto 70 5V + 5%
= i -9V + 5%
w I
'-E 2704 4096 512x8 24 [ T.5. 450 BOO 0to 70 5% + 5%
w . 12V + 5%
F i -5V £ 5%
Q *
3 2708 5192 1024x8 24 TS5 450 800 Ota 70 5v + 5%
] ! 12 £ 5%
-5V £ 5%
2708-1 8192 1024x8 24 ! T8 350 80O Cto 70 Y £ 5%
124 5%
-5V £ 5%
M2708 B19z 1024x8 24 T8, 450 750 -55 1o 100 3V £ 1%
. 12Y 2 10%
_ -5V £ 10%
276 16384 2048x8 - “pa T3 450 52513212 Gte 7o SV + &%
Notas: 1. 0.0 and TS are gpen collector and three-state

output respectively.
2. The 2716 has a standby power down feature.
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BIPOLAR PROM FAMILY

Maximum Operating
No. No. Maximum Power Temperatura Power
of of Access Digsipation fAange Supply
Type | Bitx |Orgenization | pins | Outpul'l [ (ne) (mW) ) e
3601 1024 | 256x4 16 | OGC. 70 885 ato7s 5V +5%
3601-1 1024 | 256x4 s | oc 50 685 ato7s SV £ 5%
3621 1024 | 256x4 16 TS, 70 685 010 75 Vs 5%
36211 | 1024 . 256x4 | 16 | T8 50 685 0075 | SVi5%
M3601 1024 | 256x 1 | oG 885 5510 125 | 5V 5%
365024 2046 | 512x4 16 oc. 70 735 0ta 75 SV £ 5%
aBo2A-2 | 2048 | S12xd 16 | oc 60 735 01075 S5V + 5%
3602 2048 | 512x4 6 | oo 70 735 Dto 75 5V + 5%
36224 2048 |  512x4 16 TS 70 1735 0to 75 5V £ 5%
3622A-2 | 2048 | S12x4 | T1s 50 725 01075 SV + 5%
3622 2048 | S12x4 1| TS 70 735 01075 5V £ 5%
26044 4095 | 5128 24 | oc. 70 598 01075 5V + 5%
360482 | 4096 | 512x8 24 | oc | eo o8 Dto 75 5V + 5%
380441 4096 51248 4 Q.C. 80 630/105(2] Oto 75 5V + 5%
36504 4096 | 5128 24 | oOcC 70 998 01075 5¢ & 5%
3604-4 4096 | 5128 24 | oc %0 998 01075 5¢ + 5%
3B04L-6 4096 512u8 24 oc 90 735/24012) Cto 75 EV £ 5%
26244 4096 | 512x8 24 1 TS 70 998 0t0 75 5V x 5%
sb2eh-2 | 4096 | stxa 2! T8 60 998 01075 5V £ 5%
3624 4006 | stxe 24 Ts o | 998 Dto76 | 5V +6%
3624-4 4006 | S12x@ 24 . TS, 90 998 Die 7§ 5V : 5%
M3604 4096 512x8 24 . 0OC %0 1045 -5510 125 |5V +10%
M3624 4096 | 51288 24 T8, 90 1045 5510125 | 6V £ 10%
3605 4095 | 1024x2 1B | oc 70 787 01075 5Y £ 5%
26052 4096 | 1024x8 12| oc 60 787 01075 SV + 50
3625 4096 | 1024x4 18 TS 70 767 oto7s 8Y x 5%
3625-2 2096 | 10244 | 18 | TS, 60 767 21075 5V + 5%
3608 8192 | 10248 24 | oc. 80 998 0to 75 5V £ 5%
3608-4 §192 | 1024x8 2a | oc 100 993 0to 75 SV = 5%
3628 8192 | 1024x8 | 24 | OC. 80 998 01075 5V : 5%
3628-4 8192 | 1024x8 24 | OO 100 D98 0to75 | 5V15%

Notes: 1. O C. and T.S are open collector and three-state

oulput respectively
2. The 3504AL and 3604L-6 have a low power
dissrpation fealure.




BIPOLAR PROM CROSS REFERENCE

. Intal Part Numiber . Lntel Part Mumber
Part Profix and Organization Dirsct For New Part Prefix and Organization Divect For New
Mumbsar Manufacturer Repl Desi {1} Numbsar Manufacturar Reol t | Desi (R
plagamant esighs eplacamen gsigns
10244 HPROM—Harris 256 x 4 3821 225118 M--Signetics 512x58 624
102442 | HPROM—Harris 366 x 4 M2601 828115 S—Signetics E12x8 M3624
102485 HRPOM—~Harriz 256 x 4 3601 B25126 N—Sigretics 2656 x 4 ZE01-1
825126 S_Signetics 256 x 4 3601
g;g:g; :mg f,:g : : :453.:01 825129 | N-Signetics 256 x4 36211
27811C AMD 256 x 4 3621 B25130 N —Signetice 512 x4 2642
27511M AND 266 % 4 M3521 B25131 N —Signetics 512 x4 3622
525140 N—Signetics b1Zx8 364 A
5300-1 R 256 x4 M38M £25141 N_Signetics 512 %8 36244
53401 MM 512x8 M3504 825136 N—Signetics 1024 x 4 36052
53411 MMI B1Z2x 8 M3524 825137 N—Sigreties 1024 % 4 3625-2
BASIET SHN-TI 256 x 4 MAS0Y 225180 MN—Signetics 10248 3603
545387 DM-—Natienal 256 x4 M3BM 225181 N - Signetics 1024 x 8 3628
' N 825184 M—Sigretics 2048 x 4 808
L GBO3AC IM—Intersil 206 x 4 160 . )
i 5603AM | IM=lntersil 256 x4 M3801 625185 | N-Signetics 2005 4 2628
56040 IM—Intarsil B2 x4 36024 26873 DM—National 256 x4 0
| sB0SC IM—Intersit 512 %8 36044 8574 DM—National 266 x 4 3621
| BBZ3C IM—intersil P55 w4 3621 875295 National 512x8 36044
BR2AC IM—brbersil 512 % 4 36224 875298 National 512x8 3624A
56250 IM—Lneersil 512 x8 26244 934160 Fairchild 256 x 4 2801
a300.1 MMl 556 x 4 2601-3 93416M Fairchild BE x4 M2E01
§201-1 MM IEE x 4 36211 934260 Fairchild 256 x4 3621
63051 KM 512 x4 260242 534360 Fairchila Ri2 x4 2602
63061 ant 12 x4 IETZA2 93428C Farchild 5128 3604
63401 ML 512 x 8 IE04A 93438M Fairchild 512 x 8 MG
634141 MMl 512 %8 36244 93446C Fairchild 512 x4 3622
6362-1 MM 1024 x 4 3605-2 93448C Fairchild 512x8 624
83531 MM 1024 x 4 6252 934480 Fairchild 5t2x8 M3IB24
6330-1 AR 1024 x 8 3608 934528 Fairchild 1024 x 4 2605-2
| 63811 MM 1004 x B G 93453C Fairchild 1024 x4 36252
748287 SN—T 256 x4 36211 @ ) ) )
745287 DM=Mational 56 x 4 36211 NQTE: 1. The Intet~ PROMs have the seme pin configuration and differ
748387 SHN-TI 265 x 4 I601-1 only 10 access time from the PROMs in the first column. The
F45387 DM-MNational 256 x 4 260141 exceptions are the B350, 6351, 825119, and 525184/85 whith
745472 TI B1Z kB 3624 have different pin canfigurations.
Ta5473 TI B12x8 3604
Fas474 TI 512x8 3524
5475 | T 512x8 as0an |
45570 National 512« 4 38024
745571 | Matinat 512x4 36224 |
1573 LIn —Narional G xa MIG01 H
6102 HM—Harns 2564 M3e01
76105 HM=Harris !5 256 x 4 360141
76116 HM—Hzrmns 256 x 4 36211
76205 HM - Harris . BiZ2 x4 36024
76215 HM-Harris boB12x4 36724
7640-2 HM—Harris T 512x8 M3504
76405 HM—Harns 512« 8 36048
641-2 HM - Harris B1Z2x 8 M3524
7541-5 HM=Harrig . B1Zx8 36248
76425 HM_Haris | 1024 x4 3605
765435 HM—Harris 104 x4 3625
76445 HM—Harris 1024 % 4 3625
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2416

INTRODUCTION

The Intel® 2416 is a 16,384 word X 1-bit CCD
serial metnory designed for very low-cast memory
applications. The memory is configured as 64 in-
dependent recirculating shift registers of 256 bits
each. Access to any one of the 64 internal shift reg-
isters is done by applying the appropriate code to
the & address inputs. The 2416 is fabricated using
Intel’s advanced high voltage n-channel silicon gate
MOS process.

The 2416 memory device utilizes the simple surface
channel structure and inherent very high density of
a charge coupled device. This, in addition to a
unique memory organization, providas an extremely
versatile, dense and reliable memory unit, The pur-
pose of thisapplication note is to provide the system
design engineer with an insight into the organization,
structure, technology and operation of the 2416
device.

This application note is divided intoe three major sec-
tions: 1}. Infernal device organization, operation
and specificalions; 2). Device operation in a system;
and 3). System organization examples. It is particu-
larly important to users unfamiliar with the 2418
to carefully review the first section on organization
and operation, 4 thorough understanding of the de-
vice will increase the versatility of the device to the
USEr.

Information is also presented on interfacing clock
and eonfrel signals to the 2416 in a system environ-
ment. Several specific applications are shown to il-
lustrate the versatility of the 2416,

2416 INTERNAL ORGANIZATION AND
OPERATION

The 2416 operates with the industry standard power
supplies for memory components: Vpp = 12.0V
and Vpp = -5.0V. The output is implemented with
an open drain device which allows OR tieing of the
outputs. For TTL operation the output pin is usually
tied to a resistor which is returned to Voo (+3V)
The pin configuration for the 18 and 22 pin versions
of ihe 2416 are shown in Figure 1,

The 2416 internal memory organization combines
both serial and random address memory functions.
As shown in Figure 2, the 2416 is arranged as 64-
256 bit charge coupled device (CCD) shift registers,
The data in these registers is simultaneously shifted
by exercising the four-phase clock signals ¢ 1 through
g, After a shift cycle, each of the 64 CCD registers
can be selected for an input/output {IfO) function
by applying the appropriate 6-bit address code and
applying cenable, chip select and write-enable sig-
nals in the required manner.
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Figure 2. 2416 Block Diagram,

The flexibility of the 2416 internal memory organi-
zation in memory systems applications cannot be
overemphasized. It is necessary for the designer to
have a clear understanding of this organization to be
able fo take maximum advantage of the capability
of the 2416.

The organization of the 2416 is most easily seen by
referring to the diagram in Figure 3. In this diagram,
the CCD is visualized as a cylinder comprised of 64
“tracks” (representing the 64 CCD recirculating
shift registers) with each track divided into 256
“sectors™ (representing the 256 CCD data storage
cells). The “rate of rotation™ of the cylinder is con-
trolled by the four-phase clocks and is in the diree-
tion indicated by the “shift direction’ arrow shown
in Figure 3. (Note that the four-phase clocks afwazys
shift the cylinder in the same direction. The clocks
cannot be manipulated to reverse the shift direc-
tion).
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Read/Write capability in the CCD is performed by
64 bi-directional data buffers (one data-buffer per
track). These buffers are located in position A shown
in Figure 3 as the shaded column. The cylinder is
considered to rotate through the buffers so that
each shift of the cylinder {controlled by the four-
phase clocks) piaces the next sequential sector of
each track “in” the buffer, The buffers shown in
column A also provide a refresh function to each
cell in addition to performing read/write functions.
(Note that an additional refresh-only buffer is shown
in column B of Figure 3. These buffers are located
half way around the cylinder as shown.)
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Figure 3. Symbolic 2416 Organization,

Twa basic addressing methods may be used to store
data words in the 2416:

1. In a given sector.
2. Around a given track.

In the first method, the desired word is accessed by
shifting the cylinder (using the four-phase clocks)
until the sector {0-255) containing the word is eo-
incident with the read/write buffexs (shown as col-
umn A), The word is then acceszsed one bit at a time
by addressing the appropriate track with addresses
Aqg-Ag. An example of this addressing technique is
shown as the four bit memory word N shown in
Figure 3. The second addressing method places a
word sequentially around the eylinder in a given
track. Access to a patticular word reguites both a
four-phase clock shift followed by a data access
cycle for each bit of the word. {Nole that for this
case, Ag-As do not change once the desired track is
accessed.) An example of this addressing technique
is shown as four bit memory word M in Figure 3.

Because of system addressing problers it is not gen-
erally desirable to combine the two addressing meth-
ods at once (although it is certainly possible), As is

shown in the Systems Considerations section, ad-
dressing method 1 {sector addressing) is usually the
more preferable technigue. A major advantage of
this data organization is the low four-phase clock
driver power required to achieve the maximwn serial
data transfer rate of 2 megabitsfsec from a single
2416. In most serial applications, the four-phase
clack signals are only required to operate at less
than 55 kHz rate to obtain a 2 MHz [/O data rate,
This is because the four-phase clochs are used solely
to shift/refresh date and are not used to perform
input/output functions. For each shift of the clock,
64 “new” data bits are available in the 64 internal
data registers for access through the address, chip
enable and readfwrite control signats. These data
control signals have a low input capacitance which
makes them very easy 1o drive,

An alternate method of visualizing the organization
of the 2416 is shown in Figure 4. This diagram is
derived from the cylinder shown in Figure 3 by
imagining that the cylinder is cut along the line
marked C (between sector 0 and 255) and laying
the cylinder out {lat as shown in Figure 4.
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Figure 4. Planar View Symbolic 2416 Organization.

CCD Structure

There are two ¢common CCD types referred to as
surface channel and buried channel. The surface
channel is characterized by the storing and trans-
ferring of charge {data) along the surface of the sub-
strate. The buried channel type, because of addi-
tional subsirate doping, stores and transfers the
charge {data) further into the bulk of the substrate.

The primary differences in characteristics between
the surface channel and buried channel is that the
surface channel has: {1) higher total charge carry-
ing capability, (2} lower charge transfer efficiency
at extremely high charge transfer rates. (However,
it is noted thal the loss of charge transfer efficiency
occurs at a frequency much higher than the maxi-
mum shift frequency of the 2416.) (3) simpler fab-
rication process. Charge transfer efficiency, number
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2 above, is defined as the percentage of the total
charge packet (data) which is actually shifted or
transferred per shift (the efficiency is typically
greater than 99.9% per shift),

The 2416 internal memory array is comprised of
four-phase surface channel charge-coupled struc-
tures. The CCD structure is formed by a series of
MOS thinfield gate oxide devices placed as shown in
Figure 5. Note that these MOS devices do not have
the source/drain diffusions usually associated with
other MOS structures, Figure 5(a) is the top view of
the storage array and illustrates that the clock phases
are laid out perpendicular to the shift register chan-
nels, Electrical isolation hetween shift register chan-
nels is obtained by channel stop diffusions and thick
{ilm oxide methods. Data inputfoutput connections
to the registers are obtained from n+ diffusions at
the ends of the registers.

CCD STORAGE ARRAY

by
] 3 a2 ! g 2
{a) TOF YIEW

S e e

; #SUBSTRATE %

[t SIGE VIEW

Figure 5. COD Storage Arvay Layout.

Data Storage

The CCD stores data in the form of charge, as do all
dynamic MOS memory devices. Indeed, in many re-
specis the storage mechanism of the 2418 is very
similar to the 4096 bit random access memories
implemented with single transistor cells (such as
Intel’s 21078). The storage element is most easily
understood if it is considersd to resemble a “po-
tential well,” This potential well is formed when a
posiiive voltage potential is applied on the clock
gates. The positive voltage repels the majority sub-
strate carriets (holes) from the vicinity of the gate
and forms a charge depletion area under it. This
depleted region has the capability of accepting and
storing a negative charge packet as long as the gate
forming the well remains sufficienily positive with
respect to the substrate.

The CCD structure is inherently dynamic and there-
fore must be refreshed periodically to maintain
data. The dynamic nature of a CCD device is the
resuli of thermally generated carriers {(traditionally
called ‘‘dark current effect’) which acts to fill an
uncharged potential well with charge thereby chang-
ing that particular cell’s logic state.

Data Transfer

Figure 6 shows the relationship between the 2416
four-phase clock sequence and the CCD data storage
and transfer mechanism.

The position of potential wells relative to the four-
phase clock levels is shown in Figure 6(a}. When the
clocks are sequenced in the manner outlined in Fig-
ure G(h), the potential wells generated provide a
“low impedance” path for the charge packets to
follow,
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Figure 6. 2416 Charge Transfer Mechanism.

At time A, only the ¢g gates are at a high level
forming a storage well under the ¢ gates. The stor-
age well is assumed to contain an externally in-
jected charge packet. The origin of the charge packet
will be discussed later. At time B, both ¢ and ¢4
gates are high and an additional storage well is
formed in the substrate under the ¢4 gates. Note
that the storage wells under the ¢4 gates do not now
contain charge packets. At time C, ¢2, ¢3 and ¢4
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gates are all high which forms $3 storage wells over-
lapping both the $o and ¢4 storage wells, Thus a
econtinuous storage well is formed from the ¢ gates
to the ¢4 gates which allows charge packets under
¢o gates to disperse throughout the charge wells of
all three gates, At time D, the ¢2 gate goes to a low
leve! eliminating the storage well under it. This
forees the charge packet into the remaining storage
wells under the ¢3 and ¢4 gates. At time E, the
charge transfer is complete when the ¢4 gate voltage
goes low which forces the charge packet into the
remaining storage well under the ¢4 gate. The charge
packet {data) has now heen shifted by one bit
position. Nate that the shift execution time shown
in Figure 6 is the time that data is being shifted as
defined by periods B,C,and D.

Applying clocks in the above manner ($3 shift) re-
sults in a parallel shiff of all data. Another shift
eycle can then begin by utilizing ¢ and ¢4 {¢y
shift) thus completing a full cycle on the four-phase
clocks. The shifting mechanism using the ¢ and ¢4
clocks is identical to that described for the ¢3 and
o clocks.

CCD Internal Data Interface

Each of the 256-Lit CCD shift registers is com-
prised of two 128-hit registers. Each of the two
128-bit registers is further multiplexed into dual
64-bit registers {making the 256-bit register a quad
64-bit register). This allows data operation on either
1 or ¢3 shift. A simplified diagram of an internal
256-bit register is shown in Figure 7.

Data is written into the intemal CCD register by
the Write Data Amplifier which either injects or re-
moves charge from the N+ regions as shown in Fig-
ure 7. The data wili then be muitiplexed through
register 1 or register 2 (in each 128-bit half} depend-
ing on the state of ¢ and ¢3. A read of the data is
performed in a similar manner except the N+ region
is either charged or discharged by the state of the
CCD cell adjacent to the buffer, Data is read from
either register 3 or register 4 depending on the state
of $1 and 3. A sense amptifier, connected as shown,
senses the state of the data after it passes through
the refresh ampiifier,

Data Refresh

As shown in Figure 7, each of sixty-four 256-hit
shift registers is arranged as four 64-bit shift regis-
ters (as far as refresh is concemned) conneeted by an
inverting refresh amplifier at each end to form a
continuous data loop. Therefore, it requires 128
shift eycles {clock phases 1 through 4) to com-
pletely refresh the memory. The refresh amplifiers
serve to restore the integrity of the data charge
which is reduced through the dark current effect
and shift transfer losses inherent in the CCD strue-
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Figure 7. Simplified Diagram 2416 256-Bit Register,

ture. The refresh amplifiers shown on the right side
of the array in Figure 7 include an inputfoutpui
gating function controlled by the address decoders
and write enable lines. These refresh amplifiers
serve as read/write amplifiers to the associated 256-
bit channel.

2416 DEVICE SPECIFICATIONS

D.C. Characteristics

The D.C. and Operating characteristics of the 2416
are shown in Table 1. Although the table is self ex-
planatory, several items (marked as (3) in Table [)
deserve special attention. First, note that the maxi-
mum average Vpp supply current (Inpav) is very
low (26mA max.) at minimum cycle timing. This
results in very low device power during operation
at maximum data rate or shift rate. Ippay is in-
versely proportional to the cycle time of shift or
datu access cycies.

The input levels for the four-phase clocks (Vig,
ViHci. YHez) show the margin available for clock
drivers and for the control inputs (addresses, read/
write, chip enable, etc). Each of these limits will be
discussed in detail in the Systems Considerations
section aleng with driver designs which meet the
2416 inpul requirements,
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Table 1. 2416 D.C. and Operating Characteristics: TA=0°C to 70°C, Vpp=+12V £5%, vpgl1) -5V £5%, ¥gg=0V, uniessatherise soecified.

Symbol Paramater Min. Max. ! Linit | Test Conditions
lLg input Leakage 07 uA Vi = OV
ILa Qutput Leakage Current 10 A CE=0V, Yoyt = 0V
Ioo Standby VYpp Supply Current 2 i CE=0V,gs= Vpp.ta - OV
- for ¢2=0V 4 =Vppl,
. D=y = OV
. lopay @ Averane Ypp Supply Current 4] 25 mA . Minimum Cycle Timing
lgg Average Veg Sub_piy Current 200 77
Vit input Low Woltage, all Inputs -1.0 0.8 v
except Dyy and d .. . g
Vorr 18] Input High Voltage, all Inputs " Vpp-1 Vootri ¥
except Dyy and ¢y ... dg
Vil 3y ... ¢4 Input Low Voltage P20 0.8 b Nete 2
Vipey 3] [N alj!:l @9 Input High Voltage i Vpp-1.0 Vopt+2 Vo
Vineal® g and &y Input High VYoltage Voo -.6 Vpp*2 v
VLo Dy Input Low Voltage S ¥ o8 Vv
Virp Dy Tnput High Voltage 35 Vopl  V
loL Qutput Low Current 3 mA Vo = .45V
low Qutput HTgh_Curren‘L 10 A You = +5V
NOTES:

1. The only requirement for the sequence of applying voltsge to the device is thal Vpp and Vg should never be 0.3V

more negative than Vgg.

2 Thedifference in the low level reference voitages between all four clock phases must not exceed 0.5 volts.

3. See Text,

4. Combined shiftand Data 1/, For shifl only mode Ipp = 2.0 +15/14/2 ltsf2 is in usech.

Data Cycles

The 2416 has two basic modes of aperation: (1) data
and (2} shift. In normal opcration, the 2416 will
use bath of these modes. For clarity, however, the
data mode will be treated separvately from the shift
mode. In the following sections, the discussion will
describe writes, reads, and read-modify-writes to the
2416, before or after a shift operation has been per-
formed. Figure 8 shows a detailed block diagram of
the 2416 as it relates to data IO cycles.

WRITE CYCLE

The write eycle of the 2418 is explained with the
aid of the diagram of Figure 9 and term definilions
shown in Table II.

Asshownin Figure 9, write cycles may only be per-
formed after a delay time (tpg) from the trailing
edge of ¢1 or ¢3 and continue until a time tcp
prior to the leading edges of ¢4 or ¢2. During the
intervals between, ¢1 and o4 or ¢3 and @3, the data
is not shifted and remains stationary in the 256 dis-
crete locations of each of the 64 shift registers.
Any of the 64 register input/output buffers can bhe

accessed during this time lhrough addresses Ag-Ag
and chip enable.

Afier the address lines are stable and chip select
{C8) signal is high, a write cycle can start with the
leading edge of the chip enable (CE) pulse. The CE
and CS5 signals trigger an internal liming generator
which generates internal enable and precharge sig-
nals to the address decoders and data-in huffers.
The addresses are then decoded to activate one of
the 64 decode lines which in turn enables the write
ampilifier for the selected channel. The write enable
signal {WE) is then set to a high state after the data-
in signal is stable (tpw) and the CE to WE set up
time {T oy ) has lapsed. The write enable signal en-
ables the data-in buffer which in turn gates the in-
put data to the selected write amplifier (WRT} via
the data-in bus line. The selected write amp stores
the data in the form of a charge “packet’ at the in-
put bit location of the selected buffer register (see
CCD Internal Data Interface section). By selecting
new address combinations and maintaining the chip
enable off time requirement (fce), additional data
bits can be stored in the other registers before a new
shift execution eycle (ty/2) is required.
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Table Il, Definition of Terms. READCYCLE
The read cycle timing {shown in Figure 10 and Table
Paramater i ; ;
‘::r::al w; e e T 11} is identical to the write cycle for the CE, ad-
i 7 On ta 31 On Time, ¢4 On 10 6 On Time dress and four-phase elock inputs. The only dif-
o1 10 64 Overlap, 05 ;0 92 Ovarla ference in operation between the read and write
1o 11064 Bverap, P cycle is that the write enable (WE) signal must re-
DT $4 to 1 Hold Tima, ¢2 to ¢3 Hold Time . M.
bt Ciock Perfod for 61 . » - 64 mn at a low st‘ate. In a read cycle the data-in line
/2 ransition Times for is electrically disconnected from the internal cir-
m T r:_n,m Tfr" m: | 1 n::h - ano cuitry by alow level on the write enable input. Data
T2 rensition Times for nputs Other than #1 - - - 44 is presentéd at the output pinat or before tog time.
TC &y o gy O ta CEOn .
tse CS to CF Setup Time The detailed block diagram shown in Figure 8 shows
tAL Address to CE Setup Time that a low level write enable signal inhibits the write
tAH Address Hold Time amplifier gates. This allows valid register data to be
s ' GE to €8 Hold Time pressnt at the Tead amplifier inputs. The data from
1oe CE O Time the read amplifier selected by the address decoder
icP CE Off ta g or ¢4 On is gated to the data-out buffer via the dats-out bus
WCEW CE On Time line. The data-out buffer amplifies the stored data
e CE to WE Setup Time voltage level and provides an open drain output sig-
DWW Dy to WE Set Up nal from the memory device, The organization and
P WE Pulse Width CCD shift structure of the 2416 inherently con-
we WE Off to CE Off tribute to a high infernal signal-to-noise ratio at the
1DH Dy Hold Time data-out buffer as the result of the following:
RCY READ Cycle Time 1. Relatively small number of shift cycles (128}
CER CE On Thme requited between refresh. (This compensates
tcF CE Off to Output High Impedance State for transfer losses and provides a high input
1o CE to Doy Valid signal level to the sense amplifier.}
RWC :E‘:,DZMEEE";Y”W“'TE Cyele Time 2. The CCD shift structure minimizes the inter-
wo pewEdn connection length from the data cell to the
WF WE 10 BogT Uncefined
T read amplifiers.
SHIFT BHIFT
}-_ Ex.I.EIEuUETE — MULTI(’?Y-EEE‘STA W i Exﬁﬂé‘-i __1
#y bl JHo reg) SHFTH ' | g SHIFTL
. 1 I
| | :
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Figure 10. 2416 Read Cycle Timing.
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Reducing the line lenglhs reduces the RC time con-
stant effect on the signals to the read am plifier, This
allows the signal to swilch through the threshold
point of the amplifier at a very fast rate, thus pro-
viding a very definite and easily sensed data-out
signal.

READ-MODIFY-WRITE CYCLE

The read-modify-write cycle (RMW) shown in Fig-
ure 11 (see Table 1I for symbol explanation) eom-
bines both a read cycle and a write cycle, but re-
quires less than the sum of the two cycle times to
execute. The eycle time reduction is ailtributed to
the condition that one, not two, CE off time inter-
vals (Tog ) is required for a RMW cycle. Anather ad-
vantage of the RMW cyele is that only one address
hold time (taq) is required, Control of the RMW
cyele is up to the user in that on an individual eycle
a RMW cycle may be initiated by a separate com-
mand {rom the contral logic (which extends the
CE on time and delays the WE signal from the
normal write time} or it can be performed on all
data cycles.

SHIFT ONLY CYCLE

The previous section on Data Cyeles outlined the
timing requirements on the address, data, read-write
and chip enable inputs necessary to perform a read

or write operation, This section on shift-only cycles
outlines the timing conditions on the four clock
lines ¢1, é3, ¢3 and ¢4 required to simultaneously
shift the 64-256 bit CCD registers.

The shift only mode performs two basic functions:
(1) “Searches™ for data or blacks of data in the CCD
registers [see Systems Considerations section} and
(2) Sequentially shifts data through refresh ampli-
fiers (see 2416 Intcrnal Organization and Operation)
to perform data refresh.

The timing diagram for shift only mode operation
of the 2416 is shown in Figure 12 with symbol
definition shown in Table 1L. (Note that the timing
diagram shown in Figure 12 is an extension of the
description on charge transfer mechanism Figure 6.)
As shown in Figure 12, a complete clock cycle (all
four phases sequentially exercised) is given by:

teye = 2 t‘j,'z =ty (1)

(See Table II for definition ol terms.)

Note that a complete cloek eycle actually shifts data
two locations,

A half clock cycle (t3/2) shifts the CCD register
one location, The half clock cycle is compased of
two paris:
L. Shift execution time (tgy ). (See Figure 12.)
2. Clock “low” (tTp). {See Table I1.)
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Note that the two shift execution times shown in
Figure 12 can be identical but are relative to dif-
ferent portions of the four-phase clocks. For ex-
ample, the first shift execution time is timing as-
sociated with ¢4, ¢o, ¢4 while the second shift
execution time is associated with ¢3. ¢4 and ¢3.

The time required to shift data (shift execution
time tgx ) is given by:

tgx =tpr + tTD + tpT + 447 (2)

{See Table Il and Figure 12 for definition of
terms. )

The shift period, tgp, is given by:
tsp = 18X + iTP = tg,;2 (3
Where:

tgx = shift execution fime {equation 2).
trp = clock off to on time {Table II}.

(Note that the term tgp has been substifuted for
ty/2 in equation 3. The reasons for this will be evi-
dent in the Systems Considerations section.} The
minimum search cycle time is obtained by operat-
ing the four-phase clocks at the maximum repefi-
tion rate [for this case tgp is 750 nsec). The maxi-
mum half cycle time between clocks (for a single
shift cycle) is 9000 nsec. The maximum cycle time
is most often used for refresh and for obtaining
maximum data rates.

SHIFT/MULTIPLE DATA/SHIFT CYCLE

The previous sections discussed the data and shift
cycles of the 2416 as separate functions, This sec-
tion discusses the combined operation of the shifl
and date eycles. Data cycles may be initiated after

a minimum of typ nsec from the completion of a
shifi execution (end of ¢1, see Figure 10). After a
shift, the 64 internal data buffers may he accessed
in any order by addresses Ag-A;. The number of
data cycles, N, which may be performed between
shift execubion times is dependent on two eriteria:

1. System addressing technigue.
2, Refresh rate.

The number bf data cycles which can be performed
between shift periods is simply the time available
between shift cycles divided by the data cycle time.
A simple expression for the number of data cycles
allowable between shift cycles is determined by in-
spection from Figures 9, 10, or 11 and is expressed
as:

_ fsp -tgx -tro +(tce -tcp)

N
toc

(4)

Where:
N — number of cycles between shifts

tgx — shift execution time (see equation 2
or Figures 9, 10, or 11)

10, t0C, toP — (see Table II or Figures 9, 10,
or 11}
tpe — data cycle time {e.g. tpc = igcy fora
raad eycled.

For those systems where the time relationship of
the last data cycle relative to a shift cycle cannot
be predicted, the term {tcc -tcPp} in equation (4)
equals zero, {For this case, the maximum number
of eycles is decreased slightly.) A practical maxi-
mum {due to system address considerations} of data
cycles between shift periods is sixteen for a shift
period of @000 nsec.
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DATA RATE

Consider now the data rate for the following con-
ditions:
A. Maximum number of cycles between shifts.
B. One data cycle per shift.

1. The maximurn data rate of 2 megabits/sec is

obtained when the time between clock cycles
is maximized and the maximum number of
data cycles possible are inserted hetween these
shift executions. As shown in Figure 10, this
rate is actually a maximum average data rate
because of the shift execution intervals. (Re-
call that during shift execution, no data cycles
are permitted. Therefore, the maximum data
rate is the average of the data rate during data
cycles and a data raie of zerc during shift
cycles.)
Clearly the maximumn data rate is proportional
to the shift period and approaches 1ftpg as
the shift period tgp is increased, Also, as the
shift period is increased the clock frequency
is decreased resulting in lower clock driver
power and higher data rates. {The significance
of this will be evident in the four-phase driver
section, }

2. The data rate is the same as the shift execution
rate when there is only one data cycle (N) be-
tween shift cycles (see Figure 13). In this
special case, clock driver power will increase
as the data rate increases, {Remember that
minimum driver power and mazimum data
rate occwr when a maximum number of data

cycles are performed hetween shift periods,
tgp.)

SYSTEM CONSIDERATIONS

Typical Applications

The combined high density and high speed charac-
teristics of the 2416 make this part ideal for use in
many types of systems. Of particular interest to
many designers are four general system categories
where the 2416 is especially ideal from a cost/per-
formance viewpoint.

These categories are:
1. Drum replacement,
2. Small “rotating” memory applications.
3. Hi-reliability (ruggedized) “‘rotating" memory.
4. Conventional shift register replacement.

It is useful to briefly review each of the above cate-
gories to illustrate the versatility of the 2416.

DRUM REPLACEMENT

The 2416 has several significant system advantages
aver conventional mechanical drum assemblies. For
example, the 2416 is an order of magnitude faster
than a high speed drum (average latency time of a
2416 system is 100usec}; the 2416 system is more
reliable since there are no mechanical assemblies
rotating at high speed; and the 2416 drum type sys-
tem is cost competitive and more compact than
standard drum type systems. In addition, the ex-
tremely high data rate of a 2416 system can handle
virtually any computer data rate requirement.
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SMALL “ROTATING” MEMORY APPLICATIONS

The 2416 is very competitive in applications pre-
viowsly favoring various fypes of rotating memory.
The real sirength of this CCD device is readily ap-
parent in those types of -applications requiring a
relatively small amount of rotating memory. In
these rotating systems the overhead cost of drive
motars, sense heads and other peripherals signifi-
cantly impact the overall cost per bit at the system
level. For these systems the 2416 offers a significant
cost advantage over conventional rotating memory
devices. As in the case of drum replacement type
memoties, the 2416 is significantly faster than the
stmall rotating memories it is designed to replace.

HI-RELIABILITY {(RUGGEDIZED) “ROTATING”
MEMORY

Many applications for mass storage requiring a
“ruggedized” rotating memory need significant at-
tention paid to the mechanical mechanisms to as-
sure reliable operation in a hostile mechanical en-
vironment. A clear advantage of the 24186 is its lack
of any mechanical rotating mechanism which needs
to be ruggedized. This CCD «evice offers high den-
sity and speed for most Hi-reliability applications
requiring a mechanically rugged support.

SHIFT REGISTER REPLACEMENT

The 2416 can easily be used {as is shown later in
this section) as one very long shift register (16,384
stages) or as 64 256-bit shift registers. In either case
the density advantage of this CCD} device over con-
ventional shifi registers is readily apparent. These
types of shift register applications include CRT dis-
play refresh and communications buffers. In these
applications the advantages of speed and density
are particularly evident.

The previcus sections detaited specific timing re-
quirements and associated data rates of the 2416.
In this section, examples of timing, control, and
driver interface implementation for a memory sys-
tem are discussed.

Addressing Considerations and Control

In the previous sections describing the internal or-
ganization and vperation of the 24186, it was pointed
aut that this CCD device has both a “sector” lype
address controlled by the four phase clocks and a
“4rack™ type address defined by addresses Ag-As.
The location of specific “track”™ addresses is very
straight forward with track zero defined by Agp
through As equaling logic zero and track 63 de-
fined by Ay through As equaling logic one, etc.
However, the starting and ending “sector™ addresses
are not uniquely defined in the same manner as the
“track” addresses. Throughout this section on Ad-
dressing Considerations it should be remembered
that control circuityy for the four-phase clocks must
contain logic capable of “recalling” where the pre-

viously defined starting location of the sector ad-
dresses iz positioned and determining how many
shifts to perform to reach a desired sector. It is
shown later in this section just how simple such in-

_terface requirements are. In the following discussion,

two basic types of control circuitry will be an-
alyzed:

1. Serial memory applications (shift/single data
cyclefshift}.

2. “Random’™ memory applications (shift/multi-
ple data/shift).
{The “random” memory application is actually an
extension of the serial mode to include search type
operations.)

SHIFT/SINGLE DATA CYCLE/SHIFT CONTROL

A simple shift/single data cycle/shift control circuii
which has one data cycle per shift is shown in Fig-
ure 14(a} and (b). Basic timing of the control cir-
cuit is shown in Figure 14(a). The four-phase clocks
(performing the shift) are shown in block form
(labeted as shift execution time} with the corres-
ponding data cycle shown below.

Operation is most easily understood with the aid of
the diagram_shown in Figure 14{c). This figure il-
lustrates the addressing and shifting sequence ap-
plied to a 2416 operaiing in a shift/single data eyclef
shift mode as a 16K bit shift register. First a par-
ticwlar CCD register {1 of 64) is accessed by ad-
dresses Ag-Ag and a read or write cycle performed.
Then a shift is executed and the next CCD cell ac-
cessed (data is moving from T4g to TA] as shown in
Figure 14{¢) {refer to Figure 4 for explanation of
data sequencing addressing). This sequence is Te-
peated 255 times to access all of the cells in one of
the 64 258-bit CCD registers. (Note that during
this entire operation addresses Ap-As have not
changed.} After the entire 256-bit register has been
accessed, the 2416 addresses are incremented (A+1}
and the next internal register is sequenced in the
same mannetr, The entire operation is summarized
as follows:

1. Access memory.

2. 8hift (four-phase clocks) once.

3. Repeat 1 and 2 255 times then:

4, Increment 2416 addresses by 1 (Ap-Agh.
5, Repeat 1 through 4 sixty-four fimes,

As shown in Figure 14(b}, a data cycle is begun with
an initial pulse triggering a single-shot 1. The lead-
ing edge of the single-shot output (&) initiates a
read or write to the 2416 at the address defined by
Ap-Ag. When the singleshot times out, the trailing
edge (@) triggers a four-phase clock generator and
increments the index counter controlling addresses
Ag-Ar as shown. {Details of the fowr-phase clock
generator are shown in Figure 16.}
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Address Expansion

The control circuit shown in Figure 15({b) is easily
expanded in the bit direction (e.g., 16K x 8) byad-
ding more 24165 and paralleling the addresses (Ag-
Ag), four-phase clock, and control input (R{W, CE,
C3) lines, Further expansion to 32K words is most
easily done by using the next high order bit of the
index counter and gencrating a select and select
signal which go to respective €8 inputs. Figure 15
shows a 64K x 1-bit configuration. {Other lines are
paralleled as described.)

SHIFT/MULTIPLE DATA/SHIFT CONTROL

An expansion of the shiftfsingle data cycle/shift
mode is the shift/multiple datafshift mode. It is
this made that iz most ofien used in general system
applications because of its ability to handle a wide

variety of applications, This mode also includes the
“scarch ™ mode requirement,

A shift/multiple datafshift control interface is given
in Figure 17. (The addressing sequence is given in
Figure 18.) Nofe that in this implementation 16
data cycles are performed between shift eycles. The
relationship of data cycles te shift eycles is shown
in Figure 17(b).

Implementing control for the multiple data mecde
differs from the implementation used for the single
cycle data mode (Figure 14) by simply changing the
2416 address and shiff initiate address conneciions
1o the index counter as shown. The multiple data
mode control requires that, during a shift operation,
the data ecycle request line must be inhibited. (A
method to “hide™ the four-phase shift clocks so
that the data cycles are not interrupted will be dis-
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cussed later.) The data cycle inhibit time gap is
shown in Figure 17(h) by the absences of data cycles
during the shift cycles. Relating the control sche-
matic (Figure 17b) to the data address sequence
chart (Figure 18) shows that 16 {out of 64) of the
internal 2416 registers are selected before a shift
cycle is initiated by index address 4 {IX4). The se-
lection of this first group of internal registers is re-
peated 2556 times before a new group of 186 is se-
lected by the change in index counter address 12
(IX12). This sequence is repeated three more times,
hefore the index counter either selects a new 2416
or returns to the original address location.

COMBINED SEARCH AND DATA CYCLE CONTROL

The control circuitry described in Figure 14 and 17
applied primarily to sequential applications which
do not require a “‘search” to find a bioek of data.
A more general control circuit is one that is cap-
able of performing a “search”™ {or shift at high
speeds to lacate a block of data) and then accessing
data at the maximum data transfer rate and the
minimum shift cycle time.

Figure 19 is a block diagram of the control for op-
eration of the 2416 in a random access or search
cycle mode. The previously discussed principles of
the sequential control modes are applied with the
addition of a shift address comparator circuit and a
request and acknowledge loop (which provides data
synchronization), The search cycle mode occurs
when one or more of the 8 shift address Yines do not
compare to the corresponding 8-bit index counter
lines. (This means that the starting address location
of a block of data is not in the data out buffer.) A
“not compared” condition inhibits a data start cycle
signal and enables the four-phase shift generator.
The four-phase shift generator shifis the 2418 ai
the maximum four-phase clock shift rate and incre-
ments the 8-bit index counter until a “compare”
is obtained. The compate enables a data start cycle
which allows data access to the 2416 in the same
manner as described in the sequential mode of
Figure 17, -

“HIDDEN" SHIFT CYCLE CONTROL

Time gaps in inputfoutput data transfers in the
previously described control circuit are the result
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of a shift cycle taking place. (Remember that no
data /O operations may be performed during a shift
cycle.) In most systems applications, this time gap
in the data IO rate can be ignored or an external
one word data bulfer added to “hide* the gap. How-
ever, for those systems in which neither of the
above alternatives is acceptable, the time gap can
be hidden by the system controller shown in Figure

20. (The particujar example is for a serial access de-

sign but can be extended to the search/multiple
data mode described previously.)

The circuit in Figure 20 emphasizes the concept of
obtaining high datu rates with minimum four-phase
clock shift rates and ex bands this concept by inter-
leaving the shift times between two 2416 devices.
As shown in the timing diagram included in Figure
20, interleaving the shift times and multiplexing the
data out signals from both 2416 devices to a com-
mon data out line “hides” the shift time of the de-
vice being shifled from the system input/output
data siteam. Note that oniy one 2416 at a time is
being shifted.

Operation of the 2416 in the system shown in Fig-
ure 20 is described as follows {see Figure 21). The
first input data cycle inhibits the refresh oscillator
and generates a chip enahle signal from the IO data
cycle generator. The chip enable signai is steered to
either device A or B by the state of the 23 bit on
the index counter. (Read or write is determined hy
the state of the B/W.) The end of chip enable incre-
ments the index counter which establishes a new
data location by changing the 2416 adidress lines.
As the index counter is ineremented it will select
one shift location in one CCD and sequentially ac-
cess 8 of the 64 CCD internal shift registers. At the
end of the 8th cycle, the 23 index bit injtiates a
shift in the device being accessed and enables the
data T/ in the other device, in summary, when one
device is being shifted the other deviee is being ac-
cessed. Note that the same 8 registers (defined by
addresses Ag-Ag) will alternately be selected he-
tween devices until 256 shifi, cycles have ocewrred,
(i-e., the 212 index counter bit changes state}. After
every 256 shift cycles a new group of 8 internal
CCD registers per device {defined by addresses Ag-
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— Ag) will be alternately selected between the two
%* ] SMT,CYCLES devices for 256 shift locations. This cycle continues

parh " A o u][n;0| 'ln!n |a]n]n]ni |a|uI until 8 groups of 8 registers {i.e., all 64 CCD internal
CYCLES + . 4 data registers) are selected. The system deseribed in
DEVICE A& ¥ Figure 19 can be expanded to 128K x 1 as shown in
mﬂﬂfwm" | .+“_h ExEcuTmN Figure 22
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2416 CLOCK CAPACITANCE

Lel

W Lo 0 pF
DATA DEFENDENT
1]

‘L 1005F -
I

/

200 pF | e 200 0F

>

2
g

pE

A
8

]

100 pF

s

EFFECTIVE INPUT CAPACITANCE
&1 By = SO0 pF
&z By = T pF

.
¢

{a} Equivalent Circuit

Max.

pF

Cylll ..Cﬂm @483 Input Capacitance 500

CyoM Cpqlll | 2,04 Input Capacitance 700

Cot-g2 Clock ¢ Te Clock o Capacitance 200

Cot-pa Clock ¢4 To Clock ¢4 Capacitance 200

Cya-p2 Clock'qbg Ta Clock ¢ Capacitance . 200

&3_-.,,4 | Clack ¢4 Te Clack ¢4 Capacitance 200

Mote 1: The g, .. G infut clock capatitancs includes the clock 1o ok mpacitance.

{bj Capacitance Values

Figure 23. Four-Phase Clock Input Equivalent Circuit,

Figure 28 shows the four-phase clock input equiva-
lent circuit with the maximum capacitance values.

The equivalent circuit of Figure 23 suggests two
clock driver requirements which must be considered
in most elock driver designs for a particular system.
These two requirements are:

1. Ability to drive high capacitance loads.

2. Ability to suppress cross-coupling current
transients.

Of the two design requirements, number two is the
most difficult to control. The cross-coupled current
affects the ability of an adjacent clock driver to
maintain the required high or low voltage margins
white the adjacent phase driver is switching. The
cross-coupled current that the quiescent driver must
sink is proportional to the coupling capacitance
and the slope of the active driver transitions {ex-
pressed as nsec per volt}. The cross-coupled current
is expressed by the equation for a Linear charge of
a capacitor:

1=cd

di (5)

Where:

1 is the current for the duration of the sig-
nal transition.

C is the cross-coupling capacitance.

g—r is the slope of the voltage transition

across the capacitor.

The coupling capacitor between clock phases two
and four shown in Figure 23(a) has a capacitance
value that is a function of the data stored in the
2416. Itz minimum value occurs when all data re-
sults in no charge stored in the potential wells under
the phase 2 and phase 4 devices. Its maximum value
occurs when the data under phase 2 and phase 4
devices has stored charge in the potential wells.
(Remember that the refresh and buffer ampiifiers
in the 2416 are inverting, see Figure 7, so that ail
potential wells contain stored charge only if the
original input data is a low level for 128 shifts and
then a high level for 128 shifts. Complete absence
of charge is the opposite logic condition.) This ca-
pacitance generally has a negligible effect on the
overdll design of the clock driver and is included
only for completeness of the discussion on drivers.

Examining the clock input equivalent cirenit and
the above equation indicates a contradictory driver
output impedance requirement. For the quiescent
driver to hold the coupling voltage to a minimum
requires that the driver have a very low output im-
pedance. However, when that driver becomes active
this low output impedance increases the slope of
the transitions which in turn increases coupling cur-
rents to the other drivers. The above conditions sug-
gest that a driver have a controlled output transi-
tion time and a low output itnpedance characteris-
tic in the quiescent state (high or low level). Doubl-
ing the clock transition time (i) results in halving
the cross-coupled currents (a very desirable effect).
The clock transitions (4tT) in the shift execution
time expression, tgx, (equation 2) have a minimal
effect on data rate. Therefore, & large change in
clock transition time will not appreciably effect the
shift cycie, data rates, and latency time of the 2416,
The effect of doubling the clock transition time de-
creases the maximum data 170 rate by less than 1%
and increases the latency time by less than 20%.

FOUR-PHASE VOLTAGE MARGINS

The clock voltage margins and optimum “low™ levels
are also driver considerations, All four-phase clock
low levels, Vi, are specified at Vgg +0.6/-2.0V for
the 2418, including cross-caupling and over shoot
transients. Another clock margin requirement is that,
the difference in the low level average reference
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voltage between zll four-phase clocks must not ex-
ceed 0.5 volts. This means that all four-phase clock
drivers should use the same DC power supply volt-
ages. (Although MOS drivers usually take power
from the same power supplies, it is emphasized here
because of the 0.5 volt restriction.)

The high level margin (ViHE1 ) for the transfer gates,
$1 and $3 is Vpp +2.0V, and the high level margin
(Vmce) for the storage gates ¢g to ¢4, is Vpp
+2.0/-0.6Y.

The power dissipated by a clock driver when driv-
ing a capacitive load is given by:

P = Pge + Pae.
where:

(6)

Pgc — is the average dc power dissipated by the
driver when in quiescent staie (high or low).

Ppe —is the power associated with driving capaci-

tive loads.
and:
Py = CV2t (7
whete:

Cis load capacitance
f is clock frequency.
V is clock voltage swing.

The term Pge can be considered a constant for a
given clock driver design (to a first order approxi-
mation) and attention focused on Py, As shown in
the equation for Py for a given capacitive load and
drive voltage, the transient power is a function
solely of the clock frequency. Therefore, to mini-
mize driver power, the clock frequency must be
minimized, As a result, maximum input/output
data rates are achieved with minimum clock driver
power. {Remember that the maximum data rate is
obtained at minimum <lock frequency.)

CLOCK DRIVER POWER VS, 2416 OPERATING MODE

A.C. clack driver power is calculated for several
2416 operating modes. In these calculations the
d.c. component of the driver power is neglected as
a first order approximation.

The four basic operating modes of the 2416 which
effect the clock shift frequency and hence the clock
driver power are:

1. Continuous search {maximum shift rate).
2. Refresh mode {minimum shift rate).

3. Shift/multiple data/shift mode,

4. Search data block transfer mode (combination
of maximum and minimum shift rates).

Continuous Search Driver Power

This mode resultsin the maximum driver power dis-
sipation with minimum (zero) inputfoutput data
rate. The clock driver power for the continuous
search mode is expressed by the following equation:

Pg = Cr V2ig (8)

Where:

Pg — driver power in search mode.
Cyp — total driver load capacitance.
f; — clock frequency in search mode =

1 .
—— {equation 1),
tcyc(q on 1}

V —clock voliage swing.

For maximum loading conditions and search fre-
quencies, equation (8) is solved as follows:

1
P5=2400 (10-12)(12)2 ———— 9)
S Kazy (2)(750)(10-9) (
or
Pg = .23 watts dissipated in clock driver (10)

per 2416 device.

The search-after-every-data-cycle mode of operation
(similar to the search only mode) results in a driver
power dissipation of approximately that derived in
equation 10 for maximum shift rates.

Refresh Cycle Dniver Power

Derivation of the driver power for system operating
in the refresh only mode is similar to the power de-
rived for a continuous search mode. The power is
calculated as follows: '

—92400 (10-12){12)F ———— (11

PREF { % )22(9000){10_9) (11)
ar

PRrEF=.019 watts per 2416 device. (12)

Equations 11 and 12 clearly show that clock driver
power is a reciprocal of the clock cycle time. Re-
member, to minimize clock dtiver power and sim-
ultaneously maximize data input/output rate, the
four-phase clock cycle time should be maximized.

Shift/Multiple Data/Shift Driver Power

The continuous shift [ multiple data [ shift mode
driver power depends on how many multiple data
cycles occur between shift intervals. In this mode,
the driver power can range from approximately 73%
of the continuous search power (when only one
data cycle between a shift interval is implemented)
to as low as the refresh power {when 16 data cycles
are implemented between shift intervals).
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The calculation of four-phase driver power for a
general system operating in a shift/multiple data/
shift mode is a2 combination of the Search cyclc
and Refresh cycle power previously calculated.
Since the actual power dissipated is a funciion of a
particular system, the uscr is left to make the caleu-
lation for his particular system,

Search/Data Block Transfer Driver Power

The clock driver power in the scarch/data block
transfer mode is the time averaged power between
the high driver power during a search mode and the
low power of the shift/multiple data/shift mode
during a data block [/Q transfer. The following ex-
ample will better illustrate the power and time
magnitudes involved in this mode of operation.

In this example, the daia block length is assumed
to be 4K data cycles and the maximum search
fatency time is assumed to be 200 psec. The maxi-
mum 2416 shift/multiple data/shift rate is 2
megabits/sec. The average driver power including
the search latency time and total daia IfO time is
expressed by the following equation:

Db pe (Lat)

13
Dpt + Lat Dpt + Lat G

PSpB=PREF

Where:

PSpB — the driver power in a search/data block
transfer mode.

Ps — is the search mode driver power.

PREF — is the previously determined refresh
power.

Dyt — the time required to transfer a block of
data, and is expressed by:

Dbt = number of Data Cycles/Data Block
Average Data Rate

or

4K

R g~ s 2P
Imeg. bit <™

Dot

Lat -~ maximum latency time (255 x tp/2 - see
equation 1). :

(14)
S 2ms 2ms '
device.

The above example indicates that even at the high-
est search rates, a search/data block retrieval time
ratio as low as 1 to 10 results in very low clock
driver power dissipation.

Table III gives a summary comparison between the
driver power requirements, data rates and mode of
operation as calculated in the previous sections.

DRIVING THE 2416

The 49 clock driving requirements of the 2416
determine the type of drivers thaf must be used.
This driver must have the ability to drive a large
capacitance as well as be able to maintain voltage
levels during other clock transitions. (The four
phase clock equivalent circuit is shown in Figure
23.) Two basic types of drivers which can be used
to drive the clock inputs are those made with discrete
coniponents and integrated drivers. The complexity
of discrete drivers virtually .eliminate them from
consideration. The problem now reduces to the
selection of a suitable integrated circuit driver.

There are many integrated circuit drivers capable
of driving a high capacitive load. However, the
additional reguirement of being able to suppress
clock coupling transients make these drivers un-
satisfactory for use in large 2416 systems. A driver
designed especially for CCDr devices is the Intel®
5244, The 5244 is a quad CCD clock driver capable
of driving high capacitance loads and suppressing
clock coupling transients.

THE 5244 QUAD CCD CLOCK DRIVER

The 5244 is a CMOS driver capable of driving four
24167, This driver requires a single +12V supply
and has fully TTL compatible inputs. The 5244 is
designed specifically to drive CCD devices and as

Table [ll. Four-Phase Clock Driver Power Symmary.

Mode of Dperatian Symbol Data Rates 4 Driver Cammems
Bits/Sec. Power (mW)

Continuous Search Pg 012 5000[1) 220 Waximum Driver Power
Aefresh Only Mode PREF 0 18 -
Shift/Multiple Data/Shift IMIN] Pspag [MIN) 2 Megabit 12 Maximum Data Rate (16

Data Cyeles between Shifis)
Shrit/Multiple Deta/Shift (MAX] Poms IMAX) 970 Kilo Bit[2l 167 Shift after each Data Cyete
Search with Block Transfer Pspg 2 Megabit [3] 38 Data Block 4K Woards

Nates:

1. Worst case decresment pattern on shift locations,

2. Input data rate is actual data rate and not average data rate.
3. Does nat include search time.
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such has intemal circuitry designed to minimize
the crosscoupling transients during clock fransi-
tions. The pin configuration and block dizgram are
shown in Figure 24 and 25 respectively. Asshownin
Figure 25, the output signal is fed back to an oul-
put lransition control to assure that the clock
transition times de not fall below the minimum
required by CCD devices.

in most memory systems, and certainly in large
CCD memory systems the power dissipation of
any drivers is very important. Because the 5244 is’
implemented by CMOS devices, the quiescent
power dissipation is very low. The DC characteris-
tics of the 5244 are shown in Table IV. IO and
IDD1 {standby and cperating currents respectively)
are defined for zero frequency (tp,2) and for a
frequency of £ = 0.6 7MHZ respectively. The readers
attention is directed to the equation for operating

current shown in nole |, Table [V. This cquation
gives the expected operating current as a function
of shift time (1(/2) and can be used accordingly.

Driver Characteristics

The 5244 15 specified to dnve four 2416 and have
the characteristics required by the 2416, These re-
quirements are placed in two categories:

1.} Transition time
2.y Cross coupled voltage suppression

The transition time of the 5244 is specilied between
a minimum of 30nsec and a maximum af 73nsec
for phases | and 3 and a minimum of 30nsec and
maximum of 90nsec for phases 2 and 4 when dri-
ving four 2416’s. When using the driver in this con-
figuration, no additicnal components (such as re-
sistors) are necessary to be added in the output.
However, if fewer thap 4 24167 are driven by the

P{N CONFIGURATION

NOTLE: 1 BOTH FIN 1 AND EMLIET BE CONNECTED 10 v,
2 BOTH PING AND 16 MUST Bt COMNECTED TO Yig-

PIN NAMES
Thola 7T INRLT i
Th D DAWERDOTRUT
" ipg +i2v POWER SUPPLY
HE NOT CONNESTED

Y GROUND

Figure 24. 5244 Pin Configuration.

BLOCK DIAGRAM

t [

s

QUTPLIT
TRANSITION
CLNIRDL

OUTPUT
BUFFER

oLTPUT
TRansTion | ] QUTRUT

CONTROL BUF7EF:

[

Figure 25. 5244 Black Diagram.

Table IV. 5244 D.C. and Operating Characteristics.
Ta =0°Cto 70°C, Vpp = +12V £5%, Vog = OV

Limits

j.rmbol Parametet ] Min Ty_r.u_. Max. Linit __Test Eanditions

Iy, Low Level tnput Current -10 £0.1 10 uh, Vin % Wi
i High Level Input Carrent | 10 0.1 10 | pA | VinZ Vi

™ Input Low Volrage 2 08 | v | |

Vin Input High Voltage +2.0 +18 Vpptll| V B )

VoL Qutput Low Voltage Q 0.03 +0.1 v IgL = 5mA

[ Output High Voltage Vop-0.1 Voo-03  Vpo v Iy = -5mA

Ipoo Standby Current 20 40 mA Vi = V|H,. Viy = \-"||:_, “=0MHz

Iopr | Operating Current 75 10601 ma | Vin® Vi or Vig VL= 0.67MH 2
1] D01 = 4.0maA + EDE:;;T—_I‘:HS]

121 Gutput Woad = four 2416 clock inputs or cquivalents per Figure 23,
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5244, an external capacitor must be added to each
phase driver as shown in Figure 26. These capaci-
tors must be added to assure that the driver tran-
sition time is not less than the minimum specified
by the 2416.

£

£
2
i
b
&

=24

IHH THH
[
I
|

% i

——- — — | —
Cam

Cazt

a4k¢ 4HE

Cot ™ ‘M'&
WHERE Cg = TYFIEAL 2415 INPUT CLOCK CAPACITANGE.
A VALDE FOR Ly WITHIN THE AANGE OF T0pF
TC AS0pF WHLL WORK FOR ALL CLOGKS, 1.4,
N = NUMBER OF 24141 PER 53464 DUTPUT.

Figure 26. External Loading Requirements When Driving
Fewer Than Four 2416%.

A more difficult pasameter to specify is the cross-
coupled voltage transient resulting from driving
four 2416%s. Figure 27 shows the cross-coupling to
be expected (vertical scale is exaggerated). The
cross coupled noise suppression is specified hoth
in level above and below quiescent and in time.
The designer is reminded that the coupling transients
shown assume a reasonable signal distribution
the printed circuit board of the clock inputs. A
typical distribution technique acceptable for CCD
devices is shown in the Memory Array Layout
section.

The relationship between the 5244 driver output
specification, and the 2416 input requirements are
shown in Figure 28. Asshown in these diagrams, the
specifications associated with the 5244 allow an
adequate noise margin when operating with the
2416%

Typical Waveforms of the 5244

Typical waveforms of the 5244 driving 4 2416%
are shown in Figure 29, The driver placement shown
in this figure is that described in Figure 36,

5244 OUTPUT DRIVING 2416 ¢,

You

Vgyry 1
|

et
e
[

o, |

65244 OUTFUT DRIVING 2416 o3

Vigugp IMAX.

/ + \
Ltow

N

. /-/ A
‘rﬂL _/.
5284 QUTPUT DAIVING 2476 ¢5
f—nrirar
Vg 7IHa% | — .
You . - O
Vg el e e L_’ L
-y
5244 QUTPUT DRIVING 2316 [
=
I
Vg BMAK ] - — -
0 You i b \
“ _ \ |
oy s A

Figure 27, 5244 Output Cross-Coupled Voltage (Driving Four 2416's}
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DRIVING CLOCK og-20 Yun 20
MOT TD SCALE}

o z

1pebu N
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"GUARANTEED 5244 OPERATION Yoo | wimh

WO4SE MARGIN

J . o e T
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CLOCK
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Figure 28. Naise Margins Between 5244 Output Specs and 2416¢y ... M4 laput Requirements.

VERTICAL SCALE: 10W/DIV YEATICAL 5CALE: Iw/nv
ALSCALE: ' HORIZONTAL SCALE: 200mTHY

Figure 28, 5244 Typical Waveforms Driving Four 2418',
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DRIVING C8, CE, ADDRESS AND DATA-IN LINES

The remaining 2416 input lines, i.e. chip enable,
chip select, address and data-in, exhibit a capacitive
input of 4pF each. The low level margin (Vi)
for these inputs is Vgg +.8V/-1.0V, The high level
margin (Vi1) for these signals is Vpp +1.0 volis,
except for data-in which has a Vigp from 3.5
volts to Vpp+l volt. The wide voltage margin on
the data-in line allows it to be driven by a CMOS
circuit or 2 TTL with a 47082 pull-up resistor or
the same type of driver used for the CK, CS, and
address lines.

Maintaining Voltage Levels

The internal line to lne coupling capacitance be-
tween the low capacitance inputs is less than 1pF.
In addition, coupling ean exist between signals at
the eard level. To suppress this total cross coupling
etfect, and thus maintain the required vollage mar-
gins, a driver with a low output impedance to Vgg
and/or Vpp is required. Generally, drivers utilizing
CMOS, complementary collector, and the totem
pole type configurations, with an over-driven emit-
ter follower, will suppress or recover from the cou p-
ling transients with sufficient margin. A driver em-
ploying a passive pull-up resistor or an emitter
follower without over-drive veltage produces mar-
ginal results.

In addition to coupling, the over-shoot tendencies
associated with the fast signal transition times also
affect the voltage margins, It is important to locate
the driver as close as possible to the memory array,
usually split or branched from the center. Inserting
a 1082 (for multilayer board) ov a 2052 (for a two-
sided printed circuit board) series damping resistor
suppresses these over-shoot tendencies. The number
of memory devices connected to the driver increases
the coupling between inputs in addition to increas-
ing the driver delay. These effects are shown in
Figure 30 for an Intel® 3245 and 5235 quad drivers

driving 4. 8, 32 and 64 2416 devices on a two
sided prinled circuit board array.

Sensing and Data-Oui Characteristics

The 2416 data-out line is driven from an open drain
MOS8 circuit which allows “OR” iying of the out-
puts. The access time of the 2416 is specified with
a 5K puli-up resistor on the data-out pin to a 5 volt
supply and a capacitive load of 50pF. The 50pF
represents eight 2416 data-out lines OR tied. (i.e.,
SpF per device and approximately .5pF /device stray
capacitance.)

The waveforms in Figure 31 show the results of
connecting 1, 8 énd 16 2416 data out lines to the
inpul of & series 74 type TTL gate. The recovery
time of the data-out line is determined from the RC
time constant of the data out line pull up resistor
(including the sensing device input resistance) and
the total data-out line load capacitance. This time
constant shovld be less than 60% of the data cycle
time to allow the bus to recharge from the previaus
cycle, The minimum value of the pull-up resistor is
determined from the 2416 (lor ) data out 3mA low
sink current capability while muinlaining Jess than
+.435 volts above Vgg (GND). Limiting the data out
sink current to 3mA results in an effective minimum
pullup resistance of 1.7K ghms when connected to
5 volts and 4K ohms when connected to 12 volits,

The cutput of the 2416 goes low only when a
logic 0" is read out. The output is held at  high
level at all other times by the pull-up resistor. The
advantage of this arrangement is that the time con-
stant of the load capacitance and pull-up resistance
has a minor effect on the access time.

Care should be taken when using a large value of
pull-up resistance to assure Lthat noise coupled into
the output during sense time is not excessive.

In summary, the 2416 data out sensing character-
istics are suitable to both high and low level CMOS

HORIZONT AL : 20MNSEC/DIY
VEATICAL: 2v/DIv

Figure 30. Driver Waveforms as 2 Function of Loading.

VERTICAL: 1w/DIY
HORIZONTAL: 100NSEC/DHY

Figure 31, 2416 Data Out Wavefarms OR Tied.
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inputs and TTL inputs, The Intel® 3212 high input
impedance 8-bit latch with three state output or
the 3404 6-bit latch also provides systetn advantages
when used as a 2416 sensing device.

CARD AND SYSTEM ORGANIZATION

The optimum organization of a CCD memory card
is determined by the memory application, card ex-
pansion capability and memory word size require-
ments of the system. When a simple parity check
or single error correction is used, it is desirable to
organize the memory card to minimize multiple bit
ertors by avoiding common drivers and sensing cir-
cuits to more than one bit in 2 word, This is easy
to accomplish where large memotry systems are re-
quired. If the card is organized in a one or two bit
configuration, the number of bits per word is ob-
tained by adding additional cards. For example,
such a card might be organized as 512K words by
1 bit. For this case, 8 cards would be required to
obtain a word size of 8 bits. This system is capable
of a data rate of 2 megahytles/zec.

Additional memory depth expansion is accomp-
lished by additional basic storage units which also
become very adaptable to four-phase clock bank
switching fechnigues. Figure 32 shows the basic
card organization for the 512K x 1-bit card.

Megabit Storage Card

In many previous systems, a requirement for a large
amount of memory usually meant the necessity of
having several printed circuit cards to achieve the
storage reguirements. With the introduction of a
16K CCD device, very high memory densities can
he achieved on a single printed circuit card. As an
example, the high density storage card shown in
Figure 33 stores one million bits of information.
This card is self contained in that all ¢lock drivers,
sense ampiifiers, and data bus drivers are included
on the card.

This card is organized as 128K words x 8 bits (and
can be modified to 64K x 16} as shown in Figure
35. The data rate of this memory is two megabytes
per second (i.e. sixteen megabits per second) as con-
figured. (This high data rate is achieved with the
four-phase clocks cycling at minimum frequency of
55 KHz.) The combination of high density and high
data rates make this type of card ideal for uge in
many types of zpplications. The 128K x 8 CCD
storage card operates in parallel on the eight bits of
a given word to achieve a data rate of sixteen meg-
abits per second. If the data stream is to enter the
memory system at a serigl data rate of sixteen meg-
abits per second then the memory interface can be

Wy g [y, CE

L]

245 246
F208
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CE DRIVER 178 DECODER CE DRIVER
—— ! — — | ——
3 [ [ 3 CE cE cE ce
216 2815 ot
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slightly modified to eliminate undesirable interrup- Memory Array Layout

tions to the input and output data streams. Such a

maodification is shown in Figure 34 (for an eight A well grided power distribution in the memory ar-
megahit data rate). ray s a very important layout censideration. Both

Figure 33. 128K Word X 2 Bit CCD Memory System (Megabit Card}.

w2
1|
[nad
— SEAIAL IN Do SERIAL DUT
SHIET || 0ol st | SERIAL OUT
= AVG. T REGISTER Py REGISTER [ &V DATA
MEG, BIT RATE 8 MEG,
BIT/SEE.
I PO S
INTEL
2218 i)
]
NTEL | me
2416
ol
INTEL | by
B —
ol
DATA RATES HIGHER THAN $MEGEIT UATA RATE WITH
SINGLE 2416 DATA RATE &< CLK RATE LESS THAN 55 kHz

Figure 34. Paralleling 2416 to Handle Very High Data Rates.

1M.9R



2416

voltage and ground buses should be bused in the
horizontal and vertical directions through every
memory component, Generally, the width of the
bus traces is not as critical as the separation between
the grid construction. Even in multilayer construc-
tion, an internally grided or continuous struciure
is important to minimize the charge and discharge
paths from the array to the drivers.

All memory array signal traces are usually 15 mils
wide, which allows them to fit between the device
pins with sufficient margin. However, at least 50
mil clock traces are recommended because of the
peak currents involved with 2416 four-phase clock
lines when several 2418s are driven with minimum
transition times. It i5 recommended that these
clock lines be run next to a2 GND line back to the
driver as shown in Figure 36. These wider iraces and
the GND separation between them lowers the serics
induclance and coupling properties of these clock
lines. However, the ground trace between the clock
lines is nof required when an internal ground plane
or voltage plane is incorporated into the card.

The memory array tayout of the 64K x 16 memory
deseribed previously is shown in Figure 37.

h————— 2416

2¢16

p———— 2418

&6

1 l._—-h. LFL LY

Figure 36. Four-Phase Clock Layout.
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MEMORIES

2416

Memory Army Decoupling

The 2416 decoupling requirements, as shown by the
transient current waveforms in Figure 38, are very
moderate. Tests show, from a 64 device 1 million
i -bit board, that placing .1uF decoupling capacitors
[

BT

from Vpp to Vgg at every other device location in
the array and a .1pF from Vpg to Vgg at the other
devices will suppress the transient veltage spikes to
less than 200mV.

However, on the four-phase clock drivers, a 1uF
from Vpp to Vsg and 1xF from Vpp to Vg is
recommended for every two four-phase drivers.

Tantalum capacitors {~100uF} should also be add-
ed for low frequency decoupling.

SUMMARY

The 2416 has been shown to be a versatile and
flexible memory device, This flexibility is maxi-
mized when a thorough understanding of the in-
ternal storage organization is achieved. Interface
drivers and control citcuits have been discussed for
severa! of the more typical applications to demon-
strate the ease with which the 2416 can be used.

ACKNOWLEDGMENT

Appreciation is extended to Jim Oliphant of the
Application Engineering Department for his review
and comments on this chapter,

Figure 38. Transient Currents
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2416

SERIAL MEMORIES

. Electrical Characleristics Qver Temperature
Na. i No. Power Input
of Coof Data Fep. Rate Dissipation | Output | Clock
Type Bits Description Pins |  Min. Max. Max.[1] Levels Levels  Supplies[V]
1402A 1024 Quad 256-Bit Dynarnic 16 10kHz SMHz S00mW TTL |[MOS/TTL 5. -Sor 5, -9
1403A 1024 Dual 512-Bit Dynamic -] 10kHz SMHz SM0mW TTL [MOSSTTL 5 -5or5 -9
w }
g 14044 1024 1024-Bit Dynamic B 10kHz SMHz SO TTL {MOS/TTL 5 -50r5, -9
E 1405A ;: 512 Dynami¢ Recirculating 10 . ikHz  2MHz 400mw TTL |MOS/TTL 5 -5or5 -8
: 2307 2048 Dugl 1024-8it Dynamic 15 ° 28kHz 1MHz 3ndmiW TTL TTL -5
=] Recirculating
@
:—r: 2405 1024 1024-Bit Dynamic 16 I 25kHz 1MHz 350mw TTL TTL +5
Recirculanng ;
]
2416 16,384 | CGD Senal Memaory 18 1 125kHz  2MHz 300mwW TTL MOS5 +12.-5

Note Pawer Dissipation caloulatéd wilh maximum power supply current and nommal supply voltages.
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SUPPORT CIRCUITS

INTRODUCTION

The evolution of semiconductor dynamic Random
Access Memories has resulted in devices which are
very easy to use in systetn applications. These
devices have evolved to the point that, today, some
are fully TTL compatible including clocks, while
others have zll but the clock input TTL compati-
ble. Most random access memory devices are
treatcd as ‘‘just another component™ by systemn
designers — a very desirable situation.

Although there are many ways to design a solid
and reliable memeory systemn, care must be exer-
cised in the implementation of the support circuits
which “surtound™ the memory devices. In many
cases, marginal memory system operation can be
traced directly to marginal or inadequatc periph-
eral components. This is especially true in those
memory systems which exhibit “soft™ failures.
(**Soft” failures are usvally not repeatable and are
aimost completely random.)} These “soft” failurss
can result from timing glitches causes by refresh
imterference, inadequaie High or low input levels to
the memory device, or very tight timing constraints
in the system. Lsing the reasonably conservative
design rfechniques discussed in this Application
Briel allows the memory system designer to obtain
maximum system speed with miniroum peripheral
power, This, in turn, altows the system into which
the memory goes to treat its memory as just
another “black box.”

Commen characterstics of dvnamic RAMs are the
requirements for:

1. Refresh
2. Signal drive (TTL or MOS level)

The first requiremnent allows high density. high
speed, and low power RAMs to be designed in the
first place. The second requirement is the result of
the large number of memory devices (and therefore
high capacilance} usvally contained on a printed
circuit hoard.

The pupose of this Application Brief is to describe
support circuits which are nsed to perform refresh
control and multiplexing functions and drivers
used to drive the memory amray. The devices de-
scribed are used primanly with 16 and 22-pin 4K
and 16-pin LEK RAMs. For reference, those devices
to be described in this Brief are shown in Tabie 1.

This Application Brief is divided into two major
sections. The first section describes Refresh Con-
trollers and Address Mulliplexers and the sccond
section describes TTL and MOS leve| drivers (for
clocks, address lines, etc.).

REFRESH SUPPORT CIRCUITS

Two relatively new types of memory support
circuits have been made available recently, Refresh
Controllers and Address Multiplexers. The devices

in this category which will be discussed are Refresh
ControllerfAddress Multiplexer — Intel® 3222, and
Address Multiplexers  Intet® 3232 und 3242, As
shown in Table ), the 3222 is used primarily with
22-pin 4K RAMs. while the 3232 and 3242 are
used with the 16-pin 4K and 16K RAMs, respec-
tively,

Refresh Controllers/ Address Multiplexers

In any memory system utilizing dynamic RAMs,
some method must be provided to periodically
refresh the contents of memory. Although the
design of a refresh controller wsing standard TTL
logic gates is not difficult, care is required to avold
refresh interference (especially in asynchronous
systemsh

Refresh interference is usuwally caused by the
inability of system logic to distinguish between a
simultancous memory cycle and refresh cycle
request. The cause is most likely the result of using
a latch improperly in trving to distinguish between
the two types of cycles. An example of the im-
proper luse of a latch is shown in Figure 1. In this
figure, the I input is asynchronous from the clock
input C. If both should occur simultancously, the
sei-up time required between the clock and data
inputs is violated and the latch state 1s indetermi-
nate for an undetined period of time. This indeter-
minale state can cause fodh a refresh and memory
cycle to be started almost simultaneously, caus-
ing errors to occur.

Tablz |. Support Circuit Characteristics

FUNCTIONS PERFORMED DEVICE
3222 | 3232 | 3242
Refresh Controller X
Refresh Counter X X X
12 Two-Vay Wuitipiexers x
(used with 22-pin 4K BAM)
G Three-Way Multiplexers X
tused with 16-pin 4K RAM]
7 Three-Way Multiplexers X
[used with 16-pin 16K BAM|
Driver Capability X
Zero Refresh Address Detect X X

=]

REFRESH 1. —f O [0 REFHESH UYLLE MEMORY LYULE
744

MEmGRY REQUEST 1 — ¢

NOTE
111 PREFAESH AND MEMORY REQUEST
ARE ASYNCHRONOYS

Figure 1. Improper Use of Latch
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In addition to logic controller functions, the sys-
tem refresh conrtrolier is required to have a sequen-
tial counter for the refresh addresses and an ad-
dress multiplexer to multiplex between refresh and
system addresses. Most controller designs able to
handle all of the above requirements. require a
minimum of 12 IC packages in addition to a mod-
erate amount of design &nd debug time.

The Intel® 3222 is designed to perform the func-
tions associated with a system refresh controller.
The 3222 is designed especially for systems using
22-pin 4K BRAMs such as the Intel® 2107B.

The 3222 performs the following functions:

I. Selection between a Refresh and Read/Write
cycle (system contral)

64 refresh address counter
3. 6-bit refresh and system address multiplexer
Refresh timing control generator

22 [vee
21 ] Axitx
[ ack
w{]REFON
1& k] BUEF
hed NP
wa,
1510 Ay
w0,
a5,
2,

1

2
a
4+
]
L]
7
L]
]

=
-
-
o

iy
w3

Figure 2. 3222 Pin Corfiguration
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TIMER
CONTROL
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REFREOY-0———=]

SELECT

=}

[y

[———————————= STAR

CONTROL

[T T - E— AEFOM

J

BUSY o > ACK

Figure 3. 3222 Block Diagram

3

The pin configuration for the 3222 is shown in
Figure 2. An internal block diagram of this device
is shown in Figure 3, outlining the four functions
described previousiy. The use of the 3222 is made
easier if the designer understands the internal lagic
circuits of the device. The internal logic diagram of
the 3222 is shown in Figure 4. Each of the four
device functions is described using the internal
logic diagram.

System Control

The system control togic internal to the 3222
performs two functions:

I. Selects either a Refresh or Read/Write Cycle
(depending oa input).

2. Provides external control signals back ta the
system.

The first function — selection between a refresh
and readfwrite cycle — is most important fo the
designer because it eliminates the chance of refresh
interference associated with many new system
designs. This function is performed by the prierity
fatch shown in Figure 4. This latch has been
designed so that the simultaneous occurrence of
a_cycle request (CYREQ) and refresh request
(REFREQ) does not cause the latch to enter a long
period of indecisiveness. (This problem may occur
when such a latch is implemented with standard
TTL logic gates.)

The second function — providing external control
signals to the system — is implemented by the gen-
eration of the three control signals. These signals
and their functions are:

1. Start Cycle: Occurs shortly after a Refresh

(STARTCY} or Read/Write cycle is initi-
ated. This signal & used by
external control logic to start
memory systemn timing.

2. Refresh On: This signal is a logic low onfy

{REFON} when refresh. cycle is.begin-

ning or is in progress,

3, Acknowledge: ACK is a logic low enly when

(ACK) the system is in a read or write
oycle.
6-Bit Refresh Address Counter

An internal 6-bit refresh address counter provides
for the refresh of the first 64 low-order addresses
required for 4K RAMs. The address counter is
automatically incremented by one at the end of
every Refresh cycle, In addition, the counter is
wrapped around so that after the 64th count the
counter automafically resets to the first refresh
address. £

L
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m—— 1
AOCRESSES | o]
ik L
R —C
REFRESH aponcss o | A%
ADDRFSS Wy o ( ADDRESSES
COUNTES o § ov
o

Figure 4. 3222 intarnal Logic Diagram Support Circuits

Address lelltiplexing

An internal 2-input-, 6-channel address multiplexer
selects either thce 6-bit refresh address or the 6
Fow-order sysiem addresses. To allow minimum
aceess time systemis to be designed using the 3222,
the & low-order system addresses are selected (ie.,
available at the ouwtput pins) at all times except
for refresh.

Refresh Timing Control

To round out the capability of the 3222, a refresh
timing one-shot is incorporated in Lhe device. This
asneshot allows a distributed refregsh mode to be
used with no external circuits added. (If burst
refresh is desited, an external one-shot is added,

as will be cxplained later.)

The timing of the refresh interval is controlled by
a simple RC network connected as shown in Fig-
ure 5. The relationship between the RC time
constant and the time between relresh is given by:

trer = Q.63RCyx
T

where:

teer = Total time between refreshes in msec
(e.g., 2 msec).

number of device addresses to bhe
refreshed

-
1l

R, = external timing resistor in k2

C, = external timing capacitor in pF

The range of values associated with Ry and C, are:
2, Jk2=R, < 10k22

and
3, 0005 uF=C, 0.02 uF

These conditions on Ry and C, result in a range of
refresh intervals (assuming r = 64} of:

4. 0.6 msecStppp s 8.1 msec

This refresh range includes virtwally ali system
refresh requirements for 64 refresh address RAMs.
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Figure 5. Refresh Timing Control
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3222 System Operation

The 3222 Refresh Controiler/ Address Multiplexer
is designed for memory systems using 22-pin RAMs
such as the 2107B. The lollowing discussion con-
centrates on the use of the 3222 in a system using
just such a RAM. Because of the plethora of RAM
timing specifications available, the discussion will
be limited fo the operation of the device with only
those timing parameters critical fo the 3222 being
mentioned.

The two timing diagrams showing the combinations
of system memory cyclesfrefresh eycles for the lwo
Busy siales are shown in Figure 6. A schematic of

_ n
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FRoM efu>—_ | GvEg WE |- Tock -!_-C,
] srerrey  wEeom [ [OmeMORY =
-
el B Frod W,
ANURESS
INPLITS 1>—-E A Az :[—<-|
FRomcry |
[—] % = g [} | ADORESS mpLTS
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QUITPUTS AND THE MEMOR'Y INFUTS.

Figure 7. Timing/Control Logic for 3222

the logic required to implement timing/control for
the 3222 is shown in Figure 7. In order tosimplify
the explanation of circuit operation, the discussion
is limited to the following examples:

I. System Memory Cvcle with Memory Not Busy

2. Retresh Cycle with Memory Busy (following
Swstem Cycle)

3. System Memory Cycle with Memory BL.IS}"
(foilowing Refresh Cycle)

4. Relresh Cycle with Memory Noi Busy

The above four conditions are shown in Figure 8
using Cycie Request {CYREQ)} and Refresh Re-
quest (REFREQ). In all system memory cycle
examplés, it is assumed that the system addresses
are valid at the 3222 inputs {Ag—As) coincident
with cycle request.

System Memory Cycle with Memory Not Busy

The first example is for a system memory cycle
with memory not busy (refer to Figure 6a). The
conirol funclion is followed by the arrows labeled
1-4. When CYREQ goes Jow, start cycle
(STARTCY) goes low at or belore tgg time (arrow
1. The STARTCY output is used to trigger a Busy
latch at or after tyorp time. When the externally
generated Busy signal goes low, it automatically
sends STARTCY high and issues an acknowledge
TACK) command from the 3222, The ACK oulput
of the 3222 is used to signal the svstem controller
that a memory cycle has been initiated and ac-
cepied by the processor. It is important to note
that the system controller cannot issue a memory
cycle request and not monitor the acknowledge
output in an asyochronous system, sincc there is
no other way to assure that the command has been
accepted by the 3222, Tn a asynchronous system,
however, the acknowledge cut need not be moni-
tored if refresh is designed nor to oceur during a
data cycle.

CYRED-

REFREQ

At

—
MBMOAY AEQUESYT

—] [ WHEN MEMORY

RE+HESH RECUEST
WHLCH MCMORY
15 BUSY

T IS EUSY

Figure 8. Four 3222 “Wait™ States
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Refresh Cycle with Memory Busy

The second example {for a refresh cycle with the
memory busy) shows the timing expected to/from
the 3222 for a refresh cycle requirement during a
system access cycle. In this case, refresh has been
requested while BUSY is low; i.e., the system is
busy. Aflter BUSY is sct high (the REFREQ is still
low) the STARTCY out goes low a maximum of
lpg later. After BUSY gocs high, the refresh on
ontput (REFON) goes low, indicating the 3222 has
accepted the refresh request. The STARTCY out-
put poing low is again used to set the external
BUSY input low. Shortly after BUSY goes low,
STARTCY and REFRECQ) are reset (i.e., go high)
after the time indicated in Figure 6b, and the
refresh addresses are valid at or after tpap time.

System Memory Cycle with Memory Busy

The third example assumes that the memory sys-
tem is busy with a refresh cycle when a system
access is requested. The major difference between
this example and example 1 is that the systemn
addresses at the output of the 3222 are not valid
uniil after tgapm time. [t is noted that ipap is
much greater than tg s (see Figore 6¢). Care shouid
be exercised 1o assure that addresses are valid at
the memory device at or hefore the clock {chip
enable for the 2107B) goes high. More will be
discussed about these requirements in the 3222
systems considerations section.

Refresh Memory Cycle with Memory Not Busy

The last example gives the timing for a lonesome
refresh out in the middle of nowhere. The major
difference between this example and example 2 is
the occurrence of REFON. When the memory is
not busy, refresh is delayed by tgpc relative to the
refresh request input. Al other timing conditions
are as described in example 2.

3222 System Considerations

There are many ways to interface a 3222 to a
memory system as there are creative designers,
Therefore. it is useless to describe in detail the
cleverness of a particular design. However, several

hints regarding what to watch out for {or-how-not-
to-foul-things-up-before-you-even-get-started} in
the interface are vseful. These hints are the require-
ments of the memory component used and not be-
cause of the 3222, The following hints should be
observed:

l. Do not allow starf cycle to begin a memory
cycle before the addresses are valid at the
memoery component (see Figure ). In an
asynchronous system (where a system cycle or
refresh cycle can be requested while the mem-
ory is busy) this means using the start cycle to
address output delay maximum of tgaym and
nat taa.

2. If delay lines are used as the timing element in
the STARTCY path, care should be exercised
to assure that the STARTCY output is long
enough to propagate through the delay line
with minimum distortion. The STARTCY out-
put can be very short if a fixed pulse width is
used for CYREQ and REFREQ (see Figure
10). This condition may result in the delay line
not fransmitting the signal properly (see Fig-
ure 11). For this reason, externally generated

CE TIMING )—|
o]
BUFFER
PRESET IO LEOM
o a MEMORY
ARRAY
STAPT 4 |
EYCLE € &
r— — "
|, b, TO ADDRESS Ot
\, '
ADDRESSES }-—l-il,.-—;_-*-?—b"——! MEMGRY ARPAY
L _ R
POSSIBLE
ADDAESS EUFFERS
CHIP
ENABLE B TIMING CONFLICT
Y INVALID ADDRESS
CHANGE

—
¥, ]
Figure 9. Possible Timing Conflict in Chip Enable Address

Path
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CYREQ and REFREQ inputs should be gener-
ated as shown in Figure 12. As shown in Fig-
ure 12, a latch is used to form the cycle and
refresh requests CYRFEQ and REFREQ), respec-
tively. When a cycle is requested (either foran
access or refresh), the request remains valid
until it is serviced. An Acknowledge (ACK) for
a memory request or a refresh on (REFON) are
required to remove the request from the line.

3. If a delay line is used on STARTCY, the line
should not be driven directly from the 3222
because of insufficient output drive for this
application.

4. Note that the address outputs (Op-0Os) are
buffered before driving a memory array. The
3222 output drive is not nommally sufficient
to drive the memory array directly.

5. A power-on resel must be provided fo the 3222
ta assure proper start-up operation. This reset
should be a negative-going pulse on the BUSY
line and is best provided by momentarily
clamping the BUSY input to ground. The time
constant selected should assure that the BUSY
input is held at or below Vipgaqax) until the
Yoo (F3V) supply has stabilized.

Burst Refresh Timing Generation

The 3222 is capable of generating both sequential
and burst refresh cycles. Seguential tefresh has
been previously discussed. Consider the require-
ments for burst refresh generation.

Burst refresh is wsed primarily in systems which
cannot be interrupted for refresh during data
operation. These systems must have a time period
whern no memory accesses are required so that the
enfire memory can be refreshed. A circuit which
allows for bursi refresh cycles is shown in Figore
13.

o g o GvEET 110 223

I

I

I

MEMORY REQUESTS +—] © |
CLEAR !

! .
o L,_o ATE [FROM X222
g LATEH 2 i
|

— T ——© REFAEGTO 3222

REFRESH
reanren B ©

REFON (FROM 2223

MEMORY SYSTEM INTERFACE
CARDVSECTION

MOTE: LATCH 2 NEEDED OMLY IF REFRESH GERERATED
EXTEANAL FROM 3222

Figure 12. External Gengration of CYREQ and REFRE(D

Operation of the circuit shown in Figure 13 is as
follows. The refresh timing interval (usually 2 ms)
is generated by timing circuits internal to the 3222
by using appropriate values of Ry and C,. When
the 3222 timer signals for refresh {Q ocutput on the
3222 goes low), singleshot 8y is triggered. The
timing interval of 8| is 64 times the refresh cycle
lime ol the memory devices (for memory devices
requiring 64-cycle refresh). S| allows astable multi-
vibrator A to cycle through all 64 refresh addres-
ses at the desired cycle time {e.g., 300 ns). Refresh
addresses are counted automatically at the comple-
tion of each refresh cycle. Note that 5, is required
because the [ output of the 3222 goes high after
the first refresh cycle.
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Figura 11, Delay Line Effects
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16-Fin RAM Suopport Circuits

The support cireuits required for 16-pin dynarmic
RAMs differ from those required for 22-pin
devices. The primary difference [or 16-pin RAMs
{both 4K and 16K) is the requirement for three-
way multiplexing on the address lines. (Recall that
a single sddress line performs the functions of row,
column, and refresh address.) The class of devices
available for supporting 16-pin RAM memories are
called Refresh Counter/Address Multiplexers. The
two devices of this type to be discussed in this
Application Brief are the Intel® 3232 and 3242,
These devices are designed primarily for interface
to the memory array when using 16-pin 4K and
16K RAMSs, respectively.

The high packaging density realized by using 16-
pin 4K RAMs is made possible by multiplexing the
12 {14 for 16K) system addresses on & (7 for 16K)
pins. Because the addresses are muitiplexed, i is
necessary to provide two strobe clocks. These
clocks are called Row Address Strobe (RAS) and
Column Address Strobe (CAS).

The relationship of addresses to RAS and CAS is
shown in Figure 14. Operalion of these 16-pin
RAMs requires a three-way multiplexer to provide
for the following functions:

. low-order system addresses for ithe Row Address
Strobe.

2. high-order system addresses during CAS.

3. refresh addresses during refresh cyele.

3232/3242 Operation

Operation of the Inte]l® 3242 is identical to the
3232, with one exception. This difference is that a
7-bit, three-way multiplexer is provided on the
3242 (altowing 14 system addresses. to be multi-
plexed by the device). Othérwise, description of
operation of the 3232 applics cqually to the 3242,

The pin configuration and logic diagram of the
3232 is shown in Figure 15. For completeness the
pin configuration and logic diagram for the 3242 is
shown in Figure 16,

The 3232/3242 provides four basic functions:

I. Address muliiplexing

>

Refresh address counting
11

Refresh address zero detect output

3
4, Memory array address drive capability.

Timing considerations for a system memory cycle
and refresh cycle are shown in Figures 17 and 18,
respectively. The logic operation is evident from
Figures 15 and 16.

The zero detect function provides a means of keep-
ing track of refresh addresses during burst mode
refresh cycles. When using the 3232/3242 it is
important to remember that mementary indica-
tions of* zero detect are likely when incrementing
the refresh address counter.

—

. |
[
ADDAEISES ROW ADDRESS VALID Xcmumwooqessvmolﬂ
] 1
T i T
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1o
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Figure 14. Pin Dynamic RAM Clock Timing
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PIN CONFIGURATION
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3232/3242 System Considerations

Interfacing the 3232{3242 to memory systems is
very simple. An examplc of such an interface is
shown in Figure 19. The 3232/3234 is specified for
driving a capacitance load of 250 pF. Since the
4K/ 16K address inputs are implemented with MOS
devices, there is only low input leakage current in
both the high and low logic states. The address
input capacitance is a maximum of 7 pF on the
Intel® 2104A (16-pin 4K RAM). This indicates
that, if worst case address capacitance is assumed,
the 3232/3242 can drive 32 RAM devices, taking
into account stray ling capacitance. A more de-
tailed description of the 3232/3242 as a driver is
found in the Driver Circuits for Memory Arrays
Section, along with various other types of drivers.

DRIVER CIRCUITS FOR MEMORY ARRAYS

Drivers for semiconductor memory arrays fall into
two general categories:

1. Low level (TTL, ECL) to MOS level converter/
drivers (for MOS level clocks, etc.)

2. TTL-TTL buffer drivers (for data lines, addres-
ses, efc.).

These categories are treated scparately in this
Application Brief.

TTL to MOS Level Converter/Drivers

The continual improvement in TTL to MOS level
drivers have kept pace with dynamic RAMs in
ease of use. Gone are the days when drivers re-
quired external components (such as transistors
Or capacitors) or an cxtra power supply (usuafly
3V above the supply required for the memory).
Today, there are several types of TTL-MQS drivers
which require no external components nor addi-
tional power supplies [or proper operation.

RLW EMABLE L' 16

oo/

S

Vi
Ay 15V
Y,
tAD o

—— e Ty e
v oo
& . fzav 2
60 -1 DONT CARE 2.8v ROW ADDRERS COLLSAN ADDRESS
Vou e R
Y — — — — — —— - — e —— _—_—
REFRESH ™
EHARBLE
Y
Figure 17. System Cycle Timing Relationships
REFRESH Vi F \
ENABLE f 18
Y H
! [ F—
Vi :
|
______ H

- ——m——_———————— —

o lpg—m-

Vau - rav
5,3, ADDRESS
v,

REFALYH ANORESS

|y
X AEFRESH ADDRESS N

uL

TERD DETECT

Figure 18. Refresh Cycie Timing Relationships
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a. 3245 b. 5234/5235
* -.'—‘J— -—-v-—
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al #a | . .. o, []7 180, L w[]o,
H H Hndar 1 zma:.-
s * e bl G Guo[]e e[ e gno[]: [
Aq1'aqg Agitr . T - 4
ROW | | . . 3246
ENAELE : e
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Figure 19. 3232/3242 Memary Array Interface A ]s i
2 s ni o,
a[]- w{ e
Intel has Produceq a complete family of Quad High s s o v,
Voltage Clock Drivers as shown in Figure 20. Figure
20 also shows the pin configuration for cach of the PIN NAMES
mambers of the driver lamily. T,~f, DATAINPUTS 0,0, LHIVER DUTPUTS
A . ;L E;  ENABLL NFUTE Voo 45V POWER SLWPLY
The device speed, listed in Table 1I, is the max- T REFRESHSELECT INFUT oy  +12W POWER SUPPLY
imum worst case value from the data sheet. For K CLOGK CONTROL INPUT ¥, -5.2V POWER SUPPLY
consistency, each driver is specified with minimum, NG MO CONMECTION G EGL GROUND REFERENCE,
typical, and maximum delays ,‘Wl'lll.‘.h Comspo?d to Figure 20, QOuad Clock Driver Fin Configuration
load values of 130, 200 and 250pF. respectively,
which also correspond to the minimum, typical and ¢ .
. > . : : —
maximum capacitance, respectively, of nine 21078 -
. - - - El
chip enable inputs plus associated stray capacitance.
i . ; . Ik i o]
The two level gating structure, shown in the logic ! ﬂD— !
diagram, Figure 21, is common to all but the 3246. ||
The gating structure for the 3246 is shown in Fig- i } By
ure 2§. ] I
. . i _ [ e
The 3245 is designed specifically to support the i ' e

Intel® 21078, although its input and output levels [ [
make it compatible with many other N<hannel . — e 18
MOS RAMs. A specific application of the 3245 can ’ .:D@ ¢ 2
be seen in the 2107B section of this handbook, B o
where the Row Enable selection is accomplished | -
by using this device. c | L

Figure 21. 3245, 5234, 5235 Quad Family Logic Diagram

Table 1. Quad Clock Drivers

i Input, Level Output Level
Device Speed Pawer Power
Type ViL Vin VoL Vo n Dissipation Supplies
3245 0.8 2.0 0.45 Vpp-0.5 3ms 485mW +5,+12
3248 -1.500 -1.025 .45 Vop-0.5 30nS 725mw +5,+12,-5.2
5234 2.0 VDD-ZO 0.4 VDD-0.4 100nS 1.4uW 1 +t2
5236/ 0.8 20 0.4 Voo-0.4 90/120n5 27mW +12

Note: 1. Maximum Delay and Transition Time Driving 1 TTL Gate and Z50pF,
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Table 11l. 3245 D.C. Characteristics

Ta = 0°C1a 75°C, Ve = 5.0V £5%, Vpp = 12V 16%,

Symbol Parameter Min. Max, Unit Test Conditions
—lFD_ Input Load Current, 1,15, 13,14 —0.25- ‘ .mA Ve = 0,46V
leg Input Load Current,A, G, E;,E -10  mA Ve = 0.45Y
15 Data input Leakage Current 10 A Vg = 5.0V
lRE Enable Input Leakage Current .40 A Vg = 5.0V
Yoy Cutput Low Voltage 10 0.45 E : :gt i ??:AV'H ikl
Vau . Output High Voltage Vpo-0.50 VDDH»U? 3 :g: : ;:r T D08
RN Input Low Voltage, All Inputs 08 ., v
VIH Iﬁput High Voltage, All Inputs 2 v
Table 1W. 3245 Power Supply Current Drain and Power Dissipation
T
Symbol | Paramater  Typ. | Max, | umin | T EnAT e 0| Ao
lee Current from Vg 23 30 ma,
oo Current from Vpp 19 26 i mA High
Pos Power Dissipation 365 485 | mw
Power Per Channcl 7N 121 mw Veg = 5.25V
lee Current from Ve 29 39 mA Voo = 12.6V
iop Current from Vpp 12 15 mA
Ppz Power Dissipation 300 388 mw Low
Power Per Channat 75 a7 mi
[
L
o
<
% Table V. 3245 A.C. Characteristics. T = 0° to 75° C, Vg = 5.0V 6%, Vpp = 12V *5%
Symbol Parameter Minl1l | Typ.24) | Max.[3] [ Unit | Test Conditions
toy Input to Output Delay 5 1t ns Rsemigs =0
toR Delay Plus Rise Time 20 32 ns | Rsgmigs =0
tyo Input to Qutput Delay 3 ? ns Asemieg = 0
1oF Oglay Plus Fall Time 18 32 ns Rgerigs = 0
T Output Transition Time 10 17 | 25 | ns Rsepyes = 2042
IoR Delay Plus Rise Time 27 38 ng Rsemigs = 208
Mmes: 1. Cp = 150pF {mmimum G for 3 4K AAMs)
2. €y, - 200pF (typical C| For 94K RAMsH Typical v lues measuced al Ty, = 25°C.
3. € - 250pF imanmum €| far 94K RAMS.
4. Refer to Figure 32 for waveforms used,

IR ]



The 3245, whose pin configuration is shown in
Figure 20a has DTL and TTL compatible inputs as
shown in Table III. The D.C. characteristics and
power dissipation for various outputs states is shown
in Table TV.

Table V1. 3245 Input Capacitance

Symbol Test Typ. | Max.; Unit

Cin input Capacitance, 01,lp,)3,1 5 8 pF

Cin Input Capacitance, R,C.E.Ex| 8 | 12 | pF

Figure 22. 3245 Waveforms

The A.C. characteristics are shown in Table V and
the capacitance of the input pins is shown in Table
V1. Figure 22 shows the threshold levels used in de-
termining the delays specified in Table V,

Graphs showing the effect of capacilance loads on
delay and rise times are shown in Figures 23aandb.

Waveforms of the 3245 drver in a 2107B system
are shown in Figure 24a-d. The driver configura-
tion used is shown in Figure 25.

Figure 24 shows the leading and trailing edge of
chip enable at both the beginning and ending of
the printed line for an added series resistance R of
10£2. Note the (ransition time and overshoot for
~. gach of these edges. The overshoot is worst case at
the leading edge al the driver end and on the trail-
ing edge at the end of the line. The trailing edge
overshoot is 2.2V while the leading edze overshoot
is 1.5V. Both values are very margirfal for system
operaton.

The ctfect of increasing the seres resistance to 20802
for the above driver is shown in Tigure 24, Note
that the transilion tinme has increased but is still
within entirely acceptable limits and the over-

SUPPORT CIRCUITS

shoots have beern cut in haif. the driver is now
operating in an acceptable mode with minimal
overshoot.

The effect of high temperatures (70°C) on the 3245
is shown in Figure 26. A 208 series resistor is used
with the driver.

The power dissipation values shown in Table IT are
based on worst case conditions; power supplies at
maximum voltage levels and outputs continuously
enabled. In reality, the drivers operate onsome duty
cycle, as determined by the memory system cycle
specifications. To realistically determine the power
dissipated by the driver at a system level, calcula-
tions should be performed as shown below,

Referring to the 21078 chapter of this handbook,
the minimum timing for a 2107B is with CE high
for 230nS and low for 130nS fora 400nS minimum
cycle. The total power dissipated in the driver for
each cycle will be the sum of the power as shown by
equation {1). For ¢ach memory cycle, 1 of the 4
driver elements will execute a cycle, while the other
3 outputs will remain low.

4

INPUT TO OUTPUT DELAY
VS, LOAD CAPACITANCE

t (maact

0. ok B0 30 4ud B0 600

LOAD CAPACITANCE {pF)

{a)

DELAY PLUS TRANSITION TIME
VS, LOAD CAPACITANCE

20l ‘un

1 lnsach

H 1 1
[ 100 i) 300 4ng i

LOAD CAPALLTANCE |pF|

(b

Figure 23. 3245 Delay and Transition Times as a Funetion
of Load Capacitance
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OTHER MOS LEVEL DRIVERS T
3246 Qperation 1
The Intel® 3246 is a QUAD ECL to MOS Driver de-

signed for driving 4K N<hanne! MOS RAMs. The

pin configuration and logic diagrams are shown in q ——:D_ 1) g,
Figures 27 and 28. The device requires three power

supplies, Vpp = 12V, VO =+5V and the ECL ref-

erence voltage VEE of -5.25V. r— '%5
D> ,

3246
W ¥,
oo ] 6] ver iy — —P 5
o]- 5[ J0 -
It B af g6
Ju P [ Ty A
A[s 1211 _
s [ Jo,
o] wfe Figure 28. 3246 Logic Diagram
sun[{e o] vee
Tables VIII and IX presents the DC characteristics,
FIN WAMES including the power supply drain and input and
| Iyl DATAINPUTS ®,-0, DRIVER QUTPYUTS mne . P . pP2y p
e EHASLE NPT 7 FONER SO output levels. To aid overall system planning, the
= SERRESISELECTINFUT | Voo | +12v FOWER SUPPLY supply currents are shown for outputs both high
Iz CLOCK CONTROLINFUT | Vg | 5.2V POWER SUPPLY and low, so that power dissipation can be calculated
I EGL GROUND REF. | as was done in the 21078 chapter.

Figure 27. 3246 Pin Configuration

Table VI, 3246 D.C. Characteristics
Ty = 0°C to 75°C, Vg = 5.0V 5%, Vpp = 12V £5%, Vg = -5.2V 5%,

Symbol Parameter Min. Max. Unit Test Canditions
[ Input Load Current, Ty, To, T3, Tg 0.5 mA, Vg = -08V
IFE Input Load Current, R, C, €y, B2 30 maA, Vg = -0.8Y
VoL Output Low Voltage 0.45 V' gL = 10mA, V| = -1.025V
VoH Qutput High Voltage Vpp-0.5 v lon = -1mA, V. = -1.500V
ViL Input Low Voltage, All inputs -§.500 v
Vi Input High Voltage, All Inputs -1.025 v -
o
Table |X. 3246 Power Supply Current Drain and Power Dissipation 8
I Test Conditions — Input states to Additional Test %
Symbol Paramater Typ. ' Max, Unit ensure the following output states: Conditions wn
lec Current from Veo 20 26 mA
lop Current from Vpp 2 30 mA
lee Current from Vee -3t -39 mA, High
Power Dissipation 550 725 mw
For sipa Ve = 5.25V
Power Per Channel 137 181 mw
Vop = 12.6V
Ice Current fram Ve 20 26 ma
VEE = -5.46Y
lnp Current from Vipp 14 20 mA
133 Current from Vgg -29 -36 ma Low
Poa Power Dissipation 440 536 | mw
Power Per Channel 110 146 mw
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Table X. 3246 A.C. Characteristics

Ta = 0° 10 75°C, Vige = 5.0V 6%, Vpp = 12V 5%, Vg = -5.2V £5%.

Symbol ¢ Pasameter Min.[1} 1 Typ.[21 Max.!2l | Unit | Test Conditions

o ty Input to Qutput Delay 8 12 ns Rseries =0
toR Delay Plus Rise Time 18 30 ns Rsemies =0
e Input to Output Delay 8 } 14 ns Rsemies =0 )
oF Delay Plus Fall Time " 25 35 ns | Rseries =0
R Rise Time ' 10 17 25 ns | Rgmes- 2000
togr Delay Plus Rise Time [ i a0 ) Rsrmiss = .205‘1

Notes: 1, G| = 150pF {minimurn C(_ for 8-4K RAMSs),

2. § = 200pF {typical | for 9-4K RAMs). Typical values measured at T4 ~ 25°C,

3. G - 250pF tmaximum C|_ for 9-4K RAMs).
4. Refer 1o Figure 29 for waveforms.

wurRLTS
o, 0,.

Figure 29. 3246 Waveform

The AC characteristics are shown in Table X, as
specified with the wavelorms shown in Figure 29.

The capacitive load attached to the output of the
driver will aflect the effective device spead. For this
reason, the AC characteristics are specified with ca-
pacitive load values corresponding to typical system
configurations. Figures 30a and b show the speed
variations as a function of other capacitive loads.

The input capacitance of the various input pins are
shown in Table XI,

Table X1, 3246 A.C. Characteristics

Ta =25°C

Symhol Test I Typ. . M;[Unit

Cyxg Ipul Capacitance, |+, 13, Tz, I_,Fﬂ 4 7 ipF
o j ;

Cing taois1 Cuprectanee, C.E I 8 12 1 uf

I Insrl

T iegec]

DELAY PLUS TRANSITION TIME
VE LDAD CAPACITANCE

R

20 am

o

500 GO0

LOAL CAPACITANCE inFl

{a)

INPUT TO QUTPUT DELAY
VS, LOAD CAPACITANCE

206 0

L)

500 G0

LOAD COPACITANGE Inf

)]

Figure 30 3248 Deloys v5. Loz

Capavity
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5234 and 5235 Operation

The Tntel® 5234 and 5235 are respectively CMOS
to MOS and TTL to MOS drivers implemented with
Silicon Gate CMOS technology. Because of the very
low power drain each device is suitable for systems
where battery backup is used. The pin configura-
tion is shown in Figure 20b, and the logic configura-
tion is shown in Figure 21. The DC characteristics

are shown in Tables XIT and XIII for both devices.

The AC characienstics for the 5234 are shown in
Table XIV, with waveforms shown in Figure 31a.
[n asimilar manner Table XV and Figure 31b present
the AC characteristics and waveforms for the 5235,

Pertinent input capacitance information is presented
in Table XVI.

Table X1l. 5234 D.C. Characteristics
Ta =0°Cto 70°C, Vpp = 12V £5%.

Symbol Parameter Min Typ. [ | Max. Unit & Test Conditions
[ 1Lt Input Load Current, by, Tn.3.74 o1 A Wiy = 0 to Vpp
Vo : Output Low Voliage 10 _%‘!155 04 v :gt z ??rnAA
Vo i COutput High Voltage Vop-04 [Vop-015. v lay = -5mA
Vpp+.18 Vppt0.5 lon = Gma,
\_.-'"_ input Low Voltage, All Inputs 2.0 A
Vin Input High Voltage, All Inputs | Vigp-2.0 T v
Ibo Supply Current 0.1 i 100 HA Vpon = 13.2v.f=0
oo Supply Current i 13 : 20 mé& 1 Ypp = 133V, 1~ TMHz,
i ! 1 i i CL =0, (See Figure 15a}
Note 1. Typical vatues are at 25°C and nominal woltage,
Table XHI. 5235 D.C. Characteristics
Ta = 0°C to 76°C, Vpp = 12V =10%.
Symbol | Parameter [ Min. | Tyl ¥ Max. [Unit | Test Conditions
[IL) | tnput Load Current ! 01 10 | pA | Viy=<D4Vor 224V
!
VoL Output Low Voltage e 0 :gt oA
Vau Output High Voltage Vop-0.4 ﬁzg;ﬂ::: Veo5 v :g: : é‘::A
Vo ~ Input Low Voltage, All Inputs 0.8 A%
Vin J. i High Voltage, All Inputs 2.0 W
oo . Supply Current 1.0 20 mA  1=O0MHz  y .qaqy
inm Supply Current 12 20 mé f=1MHz Vin=D.4V or
: {See Vin=2.4V,
) L Figure 180}  C =0Q.
Mote 1: Typical values ave at 267 C and nominal voltage.
Table XIV. 5234 A.C. Characieristics
Ts ~D°C o 70°C, Vgp = £5%.
Symbol " Parameter Min/tl  Typ.[24) | Max.(3] | Unit | Test Conditions
T r_.._ [ Input to Qutput Delay 20 45 N Ions Rsepies = 0
- U3 . Delay Plus Rise Time .70 100 . ns Rsemies = 0
t. Inpu_t-To Output Delay i .20 | 45 ns Rgeries = 0
oF Delay Pius Fall Time 70 100 . s Rserigs = 0
1 Outprat Trgnsition Time 10 I 25 s 4D : ns Rseries =0
NOTES 1. €| - 150pF —,  These values represent a range of
200 - M0pF _ 1212l st-ay phus clack eapacsiance
300 = 280pF tor mine 4K RAMs
4. Typocal valugs aré messoied a3 25 ©
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Table XV, 5235 A.C, Characteristics
Ta = 0°C 1o 70°C, Vpp = 12V +5%.

52351 5235
Symbal Parameter Mint] | Typ2al | Max.{31 | Min[1] | Typ.i281 | Max.[3] { Unit | Test Conditions
Ty Input to Cutput Celay 0 55 20 70 ns | Rgegips = 0
toR Delay Plus Rise Time T 15 20 95 120 | ns | Rggmieg - 0
.. input to Cutput Delay 20 55 2 70 ns HS‘EHIES =4
tpr Delay Plus Fall Time 75 90 95 120 ns | Rgpries = 0
tr Transition Time 10 20 a0 10 25 40 | ns | Rgepjeg =0
NOTES: 1. G| =150pF Thess values represent & range of
2. C = 200pF 1atal siray plus clock capacitance
3. € = 2%0pF lor ning 4% RAMs.
4. Typicl values are measured at 25°C, and nominal veltage

As has been pointed out before, the effective de-

f. vice speed will vary as a function of the capacitive
load which the device is driving. For determining
oyTRUTS driver speed with capacitive loads different from

(0,.0,1

those mentioned in Table XIV or XV, Figure 32 or
33 can be used to find typical delays.

Because the 5234 and 5235 are implemented with
CMOS technology, the power supply current will
vary as a function of frequency, Figure 34 will aid
in the calculation of power supply requirements, as
it correlates the input frequency to Inp.

Figure 35 shows the varkation in V[, and V] as a
function of tDR and tpF.

5234 INPUT TO QUTPUT DELAY
VS. LOAD CAPACITANCE

0
________ ‘—Y
) DR
'&v
3
g /
o
w
g
= o, 00 0 300 M 5w
g LOAD CAPACITANCE (pf)
G {al
5234 DELAY PLUS TRANSITION TIME

V5. LOAD CAPACITANCE

”r— T

OR

w‘ o
b, 5235 Waveforms 7°i
i
Figure 31, CMOS Driver Waveforms . :
.
Table XVI. 5234/36 Capacitance an -
o en | o e e 500
svmho; Test TVP- _Mﬂ)(- Unit LOAD ETTITANCE taFt
[ - b
Cin Input Capacitence 8 |14 p¥ Figure 32, Outpur Characteristics
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5235 INPUT TO DUTPUT DELAY 5235 DELAY PLUS TRANSITION TIME
VS, LOAD CAPACITANCE ¥S. LOAD CAPACITANCE
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i 50
) o 10 200 500 e
e 00 ,.l,o 00 a0 LOAD CAPACITANCE |pFl
LOWD CAPAGI TAMCE IpF)
Figure 33. 5235 Delay vs, Capacitance
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Figure 35. 5235 Detay Plus Transition Time vs. VL and V.
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SYSTEMS CONSIDERATIONS

Because MOS tevel drivers are used primarily Lo
drive the timing clock on 4K RAMs, the clock
drivers are subjected to more stringent require-
ments than TTL level drivers. These requirements
are usually on drver transifion time and high and
low output levels. In addition, drivers for MOS
level clocks should have minimum power dissipa-
fion when their output is in the low or inactive
state to minimize system standby power.

A typical system configuration using the 32435 in
a 2107B memery system is shown in Figure 36.

Note that each driver output drives 9 deviges with
the drivers placed in the middle of the array. It is
important to place the drivers as close as possible
to the clock inputs. This minimizes adverse trans-
mission line effects.

When several memory cards are used in a system,
the drivers can be used as logic gatss inhibiting
those memory devices not in use. The necessary
logic Lo perform this function is shown in Figure
36, Using this method of decoding, up to four
memory cards can be accommodated in the system.
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Figure 36, 3245 System
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The characteristics of the MOS level waveform
generated by the 3245 depends on several factors:
load capacitance, transmussion line characteristics,
driver placement relative to memory array, etc. In
most systems, it is necessary to add a series termi-
nating resistor on the output of the driver (see
Figure 36) to more closely match the characteris-
tics of the transmission line. The effect of adding a
series terminating resistor is shown in Figure 37.
The two extremes of resistance (Ry = 0£2 and R =
5182) is clearly evident for a load of 250 pF. With
R, = 082, the overshoot on the clock driver is exces-

sive and will lead to marginal system operation.
The overfundershoots shown will not damage MOS
devices. If the series resistence is foo high, the Rg =
518, the effect is to significantly slow the clock
transition times. Since 4K dynamic devices use the
chip enable clock to initiate internal timing, the
rising transistion of this external clock has a max-
imum limit. On the other hand, too fast a transition
can introduce noise or cause marginal device oper-
ation. It is thercfore necessary to conlrol the transi-
tion time so that it is neither too fast nor too slow,

T Rs
NPT O—4  Z245 MOS LEVEL DUFPUT
£y 4250 pf
IEQUIVALEN
= MEMORY LOAD]

Figure 37. Effect of Series Terminating Resistor on MOS Level Driver

Table XVIil. Summary of 3245 Driver Board Delay Measurements

MEASURED CONDITIONS ‘ " M.EASURED | MEASURED
NUMBER 21078 LOADS ~__INPUT TO OUTPUT DELAY | peLay! ! peLay!®
AND CIRCUIT CONFIGURATION e, | ., (2l ' PLUS RISE . PLUS FALL
e[ M v | ORI v [OnET | o
3245 18 LOADS®!  R=1200 Bt P12 10 10 34 37 ¢ 33 5
3245 9 LOADS R = 2002 n | 10 o | s i 2 27171

NOTES:
1. TTL 1.Bto Vg +1 volr
2. TTL 150 Vgn -1 volt
3 TTL 1B to Vop -1 ol
4. TTL 1.510 Vgg +1 volt

5. \Warst case driver on board at 707 C and 5% power sapply variation,
6. 18 {oads 209 split resistar Isee Figure 25},
7. Projected from 18 load delay.

1)
t t
PI‘ntal=% + Z-xPoy + .~ xPoL + 3x FOL
tr teye teye
_(153)(8)? | 250 49y , 150, g7,
20 400 400

3 x 97 = 892.6 MW/Cycle for 36 2107B’s;

1 row of 9 Enabled
Where: _
PyoTat = Total power per cycle dissipated per

3245 driver.

C = input capacitance for 9 21478 CF inputs =
17pF x 9= 153pF.

V= (VDpD-2) — (Vgg+2) = 8V.
tr = CE transition time = 20n8.
tee = CE high time = 230nS + transition time.
tz = CE low time = 130ns + transition time.
teye = memoty cycle time = 400nS5.
Pon = 3245 power per driver for output
high = 121mW.
PoL = 3245 power per driver for output
low = 9TmW.
All values used are based on the 2107B system de-

scribed in Section II. Nominal supply voltages and
typical values were used where applicable.

The Motorola MC3460 and the National DS3644/
3674 are alterngte sources t0 the 3245,

11214
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SUPPORT CIRCUITS

The resuits of tests made on the board shown in
Figure 36, of a typical 3245 driver driving 18 loads
and @ loads is shown in Table XVH. Note that the
delay does not change appreciably with temperature
but the transition time increased approximately
2-3 msec from 25°C to 70°C. Calculation of driver
power is shown in Equation 1.

Transmission Line Effect

The physical placement of the clock driver in close
proximity to the memory array is an important
design requirement. An equivalent circuit of the
transmission line from the driver through the
memory array is shown in Figure 38. The first
section of transmission line, L, consists solely of
the printed trace etch. At the memory array, the
transmission line characteristics are significantly
modified by the load of the chip enable inputs.
While this load effects both the delay and imped-
ance characteristics of the line, the primary effect
observed by the system designer is the effect of the
line impedance variztion, The mismatch between
the two sections of transmission lines is approxi-
mated by:

L
Z ‘—‘-\/:

i Cl
and

Zg=l\/cl

2
where:

Z1,Z; = impedance of sections L; and Lg,

respectively

L = pet unit length inductance of line
(assume constant for entire length of
line)

C,; = per unit length capacitance of L

Cy = per unit length capacitance of L

Since the per unit length inductance is assumed
constant for the transmissions line, the impedance
mismatch is approximated by:

L _ /&
Z,"VE

Assuming the memory devices are on 0,5-in.
centers in the array with each chip enable input
typically 17 pF, C» is equivalent to:

Cz = C, +2(17pF) = Cy + 34 pF/in,
Therefore, the tmpedance ratio is:

7y

% =J37= 5.8  Since C; <34 pFfin.

There is, therefore, almost a 6:1 impedance differ-
ence hetween the two lines.

It is evident that if the clock driver is far removed
from the memory array (L is targe) the effect of
the mismatch is greatly magnified. Figure 39 shows
a typical clock driver waveform. The *step” shown
in the middle of the rising transition is the result
of line mismatch. The severity of the “step™ is a
direct function of the length of segment L.

The placement of the MOS level clock driver close
to the memory array is important to minimize
ground (Vgs) and power supply (Vpp) noise. It is
important to have ground traces between the
memory array and MOS level drivers as short as
possible, An example of an acceptabie and margin-
al power distribution is shown in Figure 40,

L Lz

oS "
ki TTTTTTIT™T
DRIVER ;

MDS LOADS

Figure 38, Typical Transmission Line on MOS$ Level Driver

“STEPS™ DUE TO
o LINEMISMATCH o

VEE vt

O s 100 150 20 20 0 a0
g tnst

Figure 39, Effect of Transmission Line Mismatch
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Electrical Characierislics
Over Temperature
input
Ho. 1] Pawer
of Output Dissipation[1]
Type Dreacription Pins | Delay Max. Maximum Supplies[V]
3205 1 of & Binary Decoder 16 18ns 350mw +5
3207A Quad Bipolar to MOS Leval 16 25ns IO0m W +5, +16, +1G
Shitter and Driver
J207A-1 Quad Bipalar to MOS Level 16 25ns 1040m W +5, £18, =22
Shifter and Driver
= 32084 Hex Sense Amp for MOS Memaries 18 20ns GOOm W -5
o
E‘ 3222 4K Dynamic RAM Refresh Controller 22 — BO0mW -3
2 3232 4K Dynamic RAM Address 24 20ns 750MW -5
E Muluplexer and Hetresh Counter
[
o J242 18K Dynamic RAM Address 25 2ns 825mW -5
5 Multiplexer and Refresh Counter
0
3245 Quad TTL to MOS Oriver for 16 32ns 358mW +12, -5
4K RAMs
3404 High Speed 6-Bit Laich i) 12ns JFomW -5
3409A 1 Hex Sense Amp and Lalcn for 118 25ns ! 625mW -5
MOS Memaries
5235 Quad Low Power TTL lo MOS 15 125ns 240myw 12
Driver for 4K RAMs
@
e 5235-1 High Speed Quad Low Power TTL 16 95ns 240mw 12
=
Q 1 MOS Driver for 4K RAMs
5244 Quad CCOD Dnver 16 Bons 1280mwW 12

e wan ek
gowar supphy Cuf

srent and no

unoly voltanas,
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INTRODUCTION

High speed memory systems {system access in the
50 - }00nsec range) have in the past only been
implemented with bipolar devices. Bipolar RAMs
are generally characterized as very high speed, rela-
tively high powered, and high bit cost devices. The
speed characteristic of the bipolar device, necessary
for sysiem operation, usually outweighed the
power penalty that was paid to obtain the system
speed.

MOS technology is characterized as having very
high bit densities, very low operating and standby
power, with relatively slow access time and low bit
cost, However, recent advances have now allowed
bipolar speeds to be achieved and at the same time
retaining MOS power dissipation with low cost.

Now. the best of both worlds, in the design of the
memory system with Bipolar speeds and MOS
power dissipation combined, is possille.

[n new designs of memory systems. the user is able
to fake advantage of low power characteristic of
MGS with minimum power supplies, Lhereby re-
ducing overall system cost. In addition, the lower
bit cost of MOS can help to reduce system costs
further.

The advanlage of replacing Bipolar devices with
memaory deyices in existing designs is to reduce
device costs in addition to savings on lower power
requirernenls.

When upgrading existing systems to benefit [rom
MOS characteristics, the user begins to realize
possible petential problems in interfacing Bipolar
and MOS devices simultaneously. For MOS and
Bipolar to be truly compatible, not only must
access and cycle fimings be equal, but ali inter-
mediate timing considerations for MOS must be
at least equal or better to those of the Bipolar.

In this article we will describe the operation of a
static RAM memory board using both Bipolar and
MOS memory devices together.

Intel’s 2115A/2125A is designed (o be pin for pin
and timing compatible with Tairchild’s 934154/
25A. We begin with a summary of the device char-
acteristics (similarities and differences), compati-
bililies operaling together at the board level, and
summarize the various present and future possi-
bilities of high speed MOS memory systems.

BIPOLAR/MOS SPECIFICATION SUMMARY

The specifications for Intel’s 2125A and Fairchild’s
93423A are similar and shown below. (Fairchild’s
334254 data sheei dated 8/74.) -

The Similarities:

tAA {Address Access Time) . ...... ... 45ns
tACS  (Chip Select Time) ... ..... . .... 30ns
tRCS  (Chip Select Recovery Time) ... .. 30ns
tWSCS (Chip Select Set-Up Time) ........ 5ns
"WHCS (Chip Select Hold Time) . ......... 3ns
IWSA  (Address Set-Up Timed . .......... 58
tWHA  (Address Hold Time) ............ ans

Dilferences 934254 2125A
WS (Write Enable Time) .. ... 30ns 25ns
WS> (Data Sct-Up Prior to Write) Ons - 10ns
iy (Writc Pulse Widthy .. ..., 35ns 30ns

I (Input Low Current) .. -400uA -40uA
Icc  (Power Supply Current} . 120mA  80mA
Power Dissipation ., ...... 0.5 mW/bit 0.3mW/bit

MOS/BIPOLAR SYSTEM COMPATIBILITY

in evaluating the compatibility between MOS and
Bipolar devices, it is necessary to examine the char-
acteristics of a memory system which uses both
devices on Lhe same board, in the cvaluation pri-
mary emphasis is placed on analyzing those char-
acteristics found in the data sheel specifications
which may have a negative impact on systemn level
compaltibility.

The memory system used to perfornmn this MOS/
Bipolar system compatibility is shown in Figure 1.
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Figure 1. MOS/Bipolar Evaluation Board.
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The system analysis performed considers the

following system related characteristics:

1) Device placement

2) Timing requirements

3) Power characteristics
Each of the above characteristics is explained as
to their effect on a system in the following sections,

DEVICE PLACEMENT

The ultimate tesl of system level compatibility be-
tween devices is whether or not these devices can
be treated as “black boxes”. For MOS high speed
devices to be universally accepied in new and exist-
ing systems, they must be able to replace existing
bipolar at any location on the memory card. The
configurations of interest are shown in Figure 2
and Figure 3.

The configurations in Figure 2 are as follows (label
nuntbers refer to configuration shown in Figure 2):

label
Nuinber Comments
{1} Determines compatibility along the Dout

OR tie between devices, e.g., if bipolar
device turns off {or vice versa) excessive
transient curreni will be Jdrawn in power
supply and data out line.

(2} (3) Established to provide a “standard™ for a
row of MOS and bipolar during testing.
Determine loading change (if any) on
inputs — Particularly C8.

(4 Examines capacitive and leakage loading
effects on data out line. Effects, if any,
on aceess time are evaluated,

(5} Determines address line capacitive and
leakage loading effect. Provides informa-
tion on possible system level sensitivities
to either “too” fast or “too”™ slow address
transition time effecting address valid
time (for tA A measurements},

Figure 3 is a configuration likely to be encountered
when a MOS device is used fo replace 5 defective
bipolar device in an existing storage card. {Of course
it is always possible that a MOS device will fail and
have 1o be replaced by a bipolar device ... even that
possibility is considered.)

The condition shown by label (1) Figure 2 is best
analyzed by considering the circuit configuration
shown in Figure 4.

Opposite data is loaded into devices (1) and {2) in
Figure 4. A read operation is performed by togeling
chip select as shown in Figure 4b. If the device be-
ing deselected goes to the high impedence staie too
slowly while the device being selected accesses data
tao rapidly, a large transient current spike in the
data-oul oulput will occur during the time both
devices are ON, Time t(y represents the case where
a slow bipolar device may cause a transient spike
while time 1 represents the case where a slow
MOS device may cause a similar spike. Photos
showing these conditions as a function of C8, €85
overlap are shown in Figure 5.

The width and height of the current spike are a
function of the amount of overlap of the respec-
tive CS. Normal system timing requirements
should be such that neither device is twrned ON (or
OFF)whilc the neighbor device, on the data-out
line is still active.
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Figurs 2. MOS5/Bipolar Evatuztion Board Populatisn.
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Figure 3. lsolated MOS Device On Bipolar Storage Card.
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Figure 4. 1p Cireuit Canfiguration for Measurzment.

However, when the system timing is designed such
that a row is deselected at the same time another
row is selected, ithe designer must assure himseif
that the current spike generated is not excessive.
The photos shown in Figures 5 and 6 illustrate
these conditions. Figure 3a, b, ¢, show the condi-
tion for a bipolar device tuming OFF while a
MOS device is turning OMN. The transient current
through the dats out buffers is shown in Figures
5b and ¢ for different deselection times. It is im-
portant to note that for deselection times shown it
makes no difference whether or not the devices
used are all bipolar, all MOS, or a mixture of the
two. The transient spike shown is similar for all
three condifions.

Figures 6a, b, and ¢ show the condition for a MOS
device turning OFF while a bipolar device is turn-
ing ON. The transient spikes shown are again in-
dependent of the use of bipolar, MOS, or a com-
bination of devices.

The analysis and photos showing the effect on the
data-ouf line between MOS and bipolar devices has
demonsirated their compatibility in a data out OR
tie condition. Subsequent analysis of timing para-
meters will show that, as far as system timing is
concerned, there is no difference between MOS
and bipolar (both are equally fast).

LOADING EFFECTS

There are two basic loading effects to be considered:
“horizontal™ and “vertical”. A horizontal loading
effect refers to a typical printed circuit board lay-
out where the address C8 and writc enablc lines arc
distributed horizontally. The “vertical loading
cffect is along the data in and data out directions;
usually laid out vertically.
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Figure 5. Bipalar OFF/MOS ON Current Transients,
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¢) Bipolar /MOS Data Out Current Spike.

Figure 6. MOS OF F/Bipolar ON Current Transients.

The horizontal loading effects and changes (if any}
between MOS and bipolar are demonstrated by
configurations 2 and 3 in Figure 2. CS is ch‘(yse_r_l_ to
show this effect. If the capacitance loading ot S is
significantly different between MOS and bipolar,
than 2 difference in the C5 waveform would be
expected to accur. Figure 7 shows the (S wave-
form for a row of all MOS and a row of all bi-
polar devices. From this figure, it is evident that
the capacitive loading effect of MOS and bipolar
are comparable. However, due to the higher load-
ing currents, the low level input can be expected
to be typically higher for bipolar than for MOS on
the inputs. The noise margin for a bipolar system
is therefore, somewhat reduced from that of a
MOS system. Configuration 4 in Figure 2 considers
the differences {if any) in the loading effects of OR
tieing datz out lines. The primary difference due to
capacitance loading weould be a change in access
time due to this loading. Specifications for both bi-
polar and MOS devices indicate comparable capaci-
tive loads. The effect of these two devices on cach
other in a system environment, does not impair the
system. '

TIMING REQUIREMENTS

When considering device specifications for a
memory board, one of the mosrt critical aspects is
timing. if changes to the timing were required,
when changing to MOS from bipolar (even with the
same access time) device compatibility could not
be claimed.

Eipolar
82

MOS5

cs

Figure 7. Bipolar /MOS C8 Accessing Two Rows Sirmul-
tansously.
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Selected plots showing critical timing parameter
tested for different device configurations on a
board is shown in Figurc 8. As is shown in these
figures, both MOS and bipolar are well within
worst casc device specifications over temperature
and voltage.

POWER CHARACTERISTICS

The use of the 2115A/2125A in a high speed
memory system replacing bipolar devices causes
no change in system characteristics .... except one.
That of course is power dissipated in the system.
The 2115A/2125A devices are much lower in
power than their bipolar counierparts. Table 1
summarizes the system level power when using
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Figure 8. Voo vs tan for Various Temperatures.

all bipolar and all MOS devices. Reducing power,
of course, reduces system operating temperature.
This reduclion in operating temperature improves
semiconductor reliability. Equally important to
lowering temperature is ihat lower power results
in lower power supply costs.

Table |. MOS/Bipolar Power Dissipation,

Device Pwe/bit | Total bits | Total/Pwr
934254 0.5mW 32,768 | 16.384watts
2125A 0.3mW 32,758 9 830watis
SUMMARY

The compatibility between the 2115A/2125A and
the 23425A family has been demonstrated. The
designer now has the opportunity to achieve very
high speed operation and simultanecusly achieve
low memery system power dissipation.
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Enter
the 16,384-bit RAM

The denségst-yet random-access-memdry chip
has a two-level cell structure, plus a 16-pin package
that can slip straight into a 4-k socket

by Jim E. Coe and William G.

U A uivmph of serniconductor device technology, the
16,384-bit random-access memory has arrived. Its bit
density is unprecedented and springs from an enhanced
n-channel silicon-gare technique, in which a doubls
level of polysilicon conductors shrinks the memory cell
to 450 micrometers square. That's less than half the cell
size in the densest 4,096-bit Basd.

The achievement is the latest in a long line of
achievements that have doubled memory-chip bit den-
sity virtually every year since 1969 (Fig. ). That year
witnessed the arrival of Intel’s 1101 256-bit p-channel
RaM. Then came the three-transistor ceil of the
pchannel 1103, adopted by indusuy as its 1,024-bit
standard, and most recently the silicon-gate process pro-
duced the one-transistor-cell n-channel 4-k RAM.

As for memory costs, the 16-k RAM promises to cut
them dramatically. Compared to present 4-k designs,
the 16-k device offers the designer four times as much
memory at no increase in equivalent sysiem costs. An
example of a I-million-bit memory system built around
[6-k RaMs is shown below: 64 packages, plus all the re-
quired peripheral circuitry, fit on a board of the size
that today accommodates only a quarter of a million
bits of 4-k RAM. And 1o judge by previcus experience,
which indicates at least a two-to-one cost savings as

Qldham, el Core , Santa Clara, Gabl

each new device generation matures, the 16-k system
will become even more attractive.

Moreover, system specialists can expect the 16-k tech-
nology to myture much faster than did the 4-k RAM
technology. The new chip is an extension of, rather than
a radical departure from, the n-channcl process used in
today’s standard 4-k devices. Even its most innovative
feature—the double polysilicon level—-is borrowed from
charge-coupled block-memory designs that are already
in production. So a high degree of 16-k reliability
should build up yuickly.

Why the cell shrinks "

Basically, there are two elements in a one-transistor
cell: the storage capacitor, which holds the charge quan-
tity appropriaie to a logic 1 or 0, and the transistor it-
self, which acts as a switch, dumping the capacitor’s
charge onte the bit sense line for sensing. In the cell of a
4-k RAM (Fig. 2a), transistor and capacitor sit side by

“side in the same plane, and a single level of polysilicon
is used both as an interconnection and as one capacitor
element. Clearly, space could be saved if the capacitor
sat under the transistor and a second levei of polysilicon
made the interconnection. '

Thats what's done in the cell of the 16-k RaM (Fig.

Four timea the memory. Intel's rew 16,304-bil random-sccess-memory chip the 2916, packs 1 wilian s ente a memery board of 1he size
that now nelds 250,000 bits o 4,096-bit BAM, The two 16-3in FAM chips are pin-¢ampalible, Board is organized as 64,000 16-b:t words.

Reoonisd 1o Efgcironics, [ ebroary 18, 1976, Capyrigh L MoGrawe-Hill fnd. 1876, All rights reservad.
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1. Onward and upward. Borne along by an evouticnary MO 1gch

nology. RAMSs have increased their bit densely oy almost frve arders of

magnitude sirce 1969 The first p-channal three-transislor ¢ell has developad into loday's double-polysilcon one-lransistor n-MOS cell.

2b). The first polysilicon layer serves as one capacitor
element, while the second serves as the gate contact and
interconnection. Since a diffused region {transistor
source) is no longer needed between gate and capaator,
still more space is saved. What's more, the cell cven op-
erates more efficiently because a diffused bit-sense line
can be used rather than a deposited metal one, which
has higher parasitic capacitance. The cntire cell
squeezes into an area that is only about 450 microme-
ters square, or about half the ares occupied by the 4-k
rAM's cell {Fig. 3). :

A side result of the smaller cell is that the storage ca-
pacitor in the 16-k cell has about half the capacitance of
the 4-k cell. Actual figures are 0.03 picofarad as against

0.07 pF. This could result in smaller bit-sense-line sig-
nals to the sense amplifier if it weren’t for the fact Lhat
the 16-k cells are both smaller and closer together than
in the 4-k ram. This tightened geometry reduces Lhe
per-cell parasitic capacitance of the bit line still further
and compensates (or the lower cell capacitance. The 16-
k RAM therefore presenls its sense amplifiers with differ-
ential signals of about 200 millivelis—no smaller than
those found in the 4-k RAM.

Designing the 16-k chip

The Intel 2116 RaM uscs the kind of double-level
polysilicon cell just described. Although a 16.384-word-
by-1-bit RaM could have fitled in a 20~ or 22-pin pack-
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3. Compact layout. Thanks to is two levels of pelysibeon, 1he 18-k cell accupmes hailt the area ot a 4-k cell wilh s single level The 16-k cell
reeds only £90 sguare micrarmcters and has about 003 pF of capacitance. bul still presents & 200-mY data signal t3 Ine senss amplitier,

age, the 2116 was chosen to be compatible with existing
16-pin 4-k RpaMs. This configuration affords greatest
memory density and lowest package cost. For instance,
like the 16-pin 4-k, the 16-k’s address lines are multi-
plexed. But that is now standard practice for users of
4-k 16-pin devices, such as Intels 2104. Fourteen ad-
dresses are multiplexed on seven of the 2116’ pins, with
the seventh address pin obtained by eliminaling the
chip-select input used on the 2104.

The block diagram and chart of Fig. 4 explain the or-
panization of the 2116. The chip is arranged as two 8-k
RAMS sharing a column decoder. Each 8-k raM is orgal
nized as two balanced 32-by-128-bit atrays, sharing 128
sense amplifiers. In normal operation, address Ag selects
the top or botlom 8-k half; and the other 8-k half is kept
INACHVE 10 CONSErve PoOweE.

Like the 4-k RaM. the 2116 generates all elock signals
internally. A slatic inpul buffer converts the TTL level of
the row address select, RASto MOs levels (Fig, 5a). Te
reduce the effect of the large capacitance associated
with the drain of the inpul device Qy, a transistor oper-
ating in a common-gate configuration {Qg) 1s inscrted
between the MOS output and the drain of Q. This
scheme permits fairly high bufler speed with minimal
standby power consumption typically, 40 ns delay with
I-mulliampere standby.

AW 126 SENSE AMPLIFIERS
DECUDER 1367 128 CELL ARRAY
omﬂn COLUMS UECUDER AND (/U GIRCUTS
CIRCUITS SEBY 129 CELL ARRAY

128 SENSE AMPLITIERS
32-BY-128-CELL ARRAY

ANGRESS BUFFERS AND TIMING CIRCN TS

4. Organlzatlon. The 2116 chip is laid oul as two B 192-tat Haks
shanng a column decoder. Each B-k RAK zansists ot two balanced
32-Ty-128-b:t mrrays shanng 128 sense amplifiers Acdress Ay se-
lects tre 1op cr bottorn 8-k hall, leav ng the other half inactve.

Sensing the small signal

Shown in Fig. 5 is a schematic of the data sense am-
plifier. Its design is key to the proper operation of a 16-k
device. [t must detect the small, 200-mV signals read out
from the cell, and it must also keep power consumption
low—after all, there are 256 such amplifiers on the chip
and large unit power dissipalion would be disastrous.

In order to pick up the small signals, the otherwise
straightforward flip-flop sense amplifier incorporates a
reference cell. In order to reduce the power consump-
tion, the load devices of the sense amplifier switch off
after information has been writlen into or restored (o
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the cell. The load devices also serve to precharge the bil
line, to minimize device count and input capacitance.

The 16,384 memory cells of the 2116 could increase
the overhead time needed to refresh the memory. To
minimize this overhead, the 2116 organizaiion s madi-
fied in the refresh mode. The refresh signal is multi-
plexed on the column-address-select signal CAS (Fig.
4). That is, if CAS is valid at the leading edge of the
row-address-select signal RAS, it's recognized as a re-
fresh operation. The output then goes to the high-im-
pedance state, Ag is ignored, and all cells on the word
line selected by Ag t0 As ate refreshed in both Bk
halves of the Ram. Only 64 refresh cycles are therefore
required to refresh the entire memory. (The varions re-
fresh modes available with the 2116 are discussed in de-
tail later.)

As for device characteristics and performance, the
2116 operates {rom standard dynamic-RAM power-sup-
plies (+12 volt, +5 v, and -5 ¥) over an ambient tem-
perature range of 0°C 10 70°C. All its input and output
signals, including its two clocks, are TTL-compatible. Its
three speed ranges are identical with those of 4-k RAMs
like the 2104: mazimum access times are 250, 300, or
350 ns, and read/write cycle times are 375, 423, or 500
ns. Typical operating power is less than 70¢ milliwatts,
and typical standby power is less than 12 mw.

The upwardly mobile system design

Because the 2116 fits the same socket as the 2104 and
other 16-pin 4-k RAMs, an engineer can design a system
around the 4-k device for later, easy upgrading into one
based on the l6-k device. His reward then will be a
quadrupled bit density.

The compatibility between the two memory ¢hips de-
pends on making the 2104's chip-select inpui the
equivalent of the seventh multiplexed address input
{As) of the 2116 device {Fig. 4). Since in the 16-k pan
each address mput pin is used twice in the multiplexed
address mode, the single new address input yields the
additional two bits required to address 16,384 bis
rather than 4,096 bits.

However, the fact that the chip-select pin on the 4-k
RAM will later be used for address A on the 16-k RAM

5. The perhphery. The stalic buller (a) converts TTL column select signals to igher MOS levels, To sense law-level data, a reference
el teams up with a flip-flop sense amplifier (). To save power, load devices switch oft when sense amplifier is idle.
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8, Powar cul. This 84 -k-by-16 word systam has OR-tisd outpuls—a
gaad way to save power in 16-pin random-access-memory designs
Ihat use more than 4,096 words. Bow-address-select pin s used in-

stead of chip-sglact pin Lo select devices,

changes the system design rules, For device selection,

it's now preferable 10 use the row-address select,

{AS) instead of chip select (T8 ). It's done by applying
only 1o selected 2104/2116 devices while the col-
umn-address signal is applied to all devices.

Figure 6 illustrates (his arrangement in a 64-k-by-16-
bit system with OR-tied outputs. The same design is
used in the photograph of the 1-megabit board on page
116. In fact, the configuration is already in most 16-pin
4-k RAM system designs of greater than 4,096 words. I1s
advantage is substantial power savings over system de-
signs that employ the chip-select pin for the job of de-
vice selection,

However, if a designer wants to use C5 for device se-
lection in his 4-k/16-k design, then the chip-select line
should be distributed to all devices and terminated so

13-4
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REFRESH
CABSIGNAL

DATA CYVELE
LAS SIGNAL

REFRESH
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7. Keeping in time, An (R function in the column-address (ogic pra-
vents refresh cycle liming from conflichng with data cycle timing. 1t
guaranizes thal the column-acdress signals wil! always oceur before
the row-address signals for refresh and after them for data.

that it can serve as an address line when needed. He can
do that in the 4-k design by connecting the chip-select
line 10 a signal driver. That forces CS te a high level
(Vi) during column-address hold time {tan) during re-
fresh cycles. and to a low level (V) during data cycles,
Laier, when he substituies the 2116 for the 2104 in his
upgraded design, the chip-select line becomes the Ag
line and is properly jumpered (o an address driver,

A refreshing ditference

In refreshing a 4-k/16-k system, a designer has even
more leeway than in refreshing a straight 4-k system.
Two refresh modes are available with the 2116 [28-
cycle and 6d-cycle refresh, each taking 2 milliseconds.
Any 210472116 designs which employ 128-cycle refresh
should provide for a 7-bit refresh address counter and a
three-wide, 7-bit address multiptexer. Both are needed
for the 16-k system, although only 6 bits are used with
the 4-k system. :

The designer can choose [rom twoe timing conditions
for the 128-cyele refresh: a read-cycle and a row-ad-
dress-select-only timing condition. Read-cycle timing is
recommended when only one row of the 2116 devices is
used—1é-k words by n bits. But if two or more rows of
RAMs are used with OR-tied ontputs, as on the F-mega-
bit board, read-cycle timing is not recommended unless
each row of RAMs can be refreshed separately. Refresh-
ing all rows simultancously could turn on alt the OR-tied
cutputs at the same time, causiag the cutput buffers io
conflict. For instance one output might be high while
three are low, and so on.

This condition will not degrade the device outputs.
Data out is not normally expected to be valid during re-
fresh cycles. The problem is that it increases the current
drawn from the Ve supply and may result in supply
noise that can affect the TTL in the system.

For an OR-tied cutput system it’s betier to use the sec-
ond [28-cycle refresh timing condition, the row-ad-
dress-select-only timing. RAS -only timing is when the
2116 receives I-{YTS but no CAS during a cyele. In this
mode, the data stored in the addressed row of 128 cells
will be refreshed, but the data output will not change.

Suppose two or morc RaMs were OR-tied at the outputs.
Then the RaM that had last performed # data cycle (ie.
received both 2 RASand CASinput) would remain with
its output buffer turned on {high or low), while the re-
maining RAMs would have their outpuls in a high im-
pedance state. This obviates data output buffer conflicts
and their associated power-supply noise for systems
above the 16-kiloword level. In addition, output data
from RAMSs accessed prior to refresh is valid during and
after the refresh cyele.

MaxImizing memoery availability

The second refresh mode of the 21 16 requires only 64
refresh eycles every 2 milliseconds instead of 128 cycles.
This mode simultaneously refreshes corresponding rows
in each half of the 2116. To the system designer, it in-
creascs memory availability, making it equal to thatof a
4-k RAM’s, For instance, for a 500-ns refresh/data cycle
tme (Ley.) and a 2-ms refresh period (), fd-cycle re-
fresh yields a percent availability of (frer — 64 Leye)/ trer,
or 98.4%. In contrast, 16-k RaMms refreshed in 128 cycles
have only 96.8% availability, which could be a reason
for avoiding this mode in 4 high-throughput memory.

The timing requirements for 64-cycle refresh are
hardly more complex than for 128-cyele refresh, The
important thing is to assure that the column-address-se-
lect signal is valid (low) at the leading edge of the row-
address-select signal and remains valid during address
hold time, just like refresh addresses. Under these con-
ditions, the Ag address input pin on the 2116 is ignored,
and the data output buffer is set 10 the high-impedance
stale. Consequently, no conflict can occur in this mode
between data ontputs since they are at high impedance
during and following the 64-cycle refresh operation,

The high-impedance output state in the refresh mode
also benefits standby power consumption, always a ma-
Jjor concern of the system designer. As in 4-k RaMs, the
2116’ standby current is 2 ma maximum, and as in sys-
tem designs based on 4-k RaMs, this low level is ob-
tained only when the device is deselected (hat is, when
its data output is in the high-impedance statc), If data
outpul is active (high or low), then the standby current
is typically 3 ma,

Ongce the timing is worked out, the 210472116 system
designer should consider incorporating an OR function
%-_155 7} in bis column-address-select logic, such that

Ab can be made to oceur prior to row-address select
for refresh or after RAT (delayed by the refresh cycle
lime, () for dara cycles. By so doing, he will guaraniee
that the refresh cycle timing will not clash with the data
cycle timing,

At last, the 1-megabit memory system

To avaluate the 2116 in a system cnvironment, Intel's
applications group built the 1-megabit unit pictured on
page 116. Figure 8 shows its block program (a) and a
schematic (b). The system. which has been undergoing
testing singe June 1975, is arranged as 64-k 16-bit words
and uses either 64- or 128-cycle refresh modes,

A key peripheral chip in the setup has been especially
designed for 16-k RaM systems. The Entel 3242 serves
as the address multiplexer and relresh address counter

13-5
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8. Megabit memery. Block diagram (a) and simplified system schematic (b) shaw arrangement of the elements of a B4-k-by-16-bit systern,
This setup. which contang over 1 million bits of memery, has been operated successfuily in a system énwronment. It uses either G4-cycla or
128-cycle refresh modes. The BA-cycle option maximizes memory availability in systems that need high throughput.

and is a TTL, single-supply ( +5-v) device that comes in ~ The 3242 also includes an internal zero-detection cir-
a 28-pin package. It multiplexes 14 bits of externally cuit to indicate when the refresh address is all zeroes.
supplied system address plus the 7-bit refresh address This saves logic and board space by allowing users of
from the internal-refresh address counter lo the seven- “burst mode” refresh to determine when the burst is
output address pins. complete without having o count the refresh cycles. [J
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WHICH WAY FOR 16K?

The engineers who struggled through the pin-out
confusion (16, 18 or 22 pin) on the 4K Random
Access Memories (RAMs) and very adamantly pro-
tested the lack of pinoui standardization among
manufacturers have gotteh their wish with the 16K
RAMs, almost.

The 16K RAMs are all in §16-pin packages, have the
same pinout, are TTL compatible, with multiplexed
addresses, two clocks, and basic operation like the
16-pin 4K RAMs. There are differences with respect
to refresh modes and daia output operation but
these variations do not preclude a system design
which will accept all of the devices.

A FRESH APPROACH TO REFRESH

One of the most requesied features Intel encounter-
ed during the market research efforts that led to
the 2116 definition was the ability to refresh the
data cell matrix with only 64 cycles. With this in
mind, Intel implemented the 2116 insuch a manner
that both 64 cycle and 128 cycle refresh modes are
available and the user has the option as to which
mode besl suits his system needs. Figure 1 shows
that the 2116 is really two 8K x 1-bit RAMs
shating some common circuits. In normal dala
operations (Read, Write, etc.) the seventh address
bit. Ag, is decoded and selects only one 8K half to
be powered up during any given cycle.

64-Cycle Mode

The CAS-hefore-RAS 64 cycle refresh made opera-
tes by disabling the common IfQ circuitry shown
in Figure 1a and refreshing one row in both 8K x
1-bit halves of the 2116. Since there are 64 rows in
each 8K half and one row in each half is refreshed
each cycle, only 64 refresh cycies are required.

128-Cycle Modes

During Read/Refresh and RAS-cnly refresh cycles,
only one 8K x 1-bit half of the 2116 is activated
and one of the 64 rows in the active section is re-
- freshed. Thus 128 cycles are required to refresh the
128 rows of cells (64 rows in each half of the
RAM).

EFFECTS OF REFRESH

The requirement for refreshing the data stored in
the cells of a 16K dynamic RAM such as the 2116
impacts system characteristics in three areas:
memory available time or throughput, system
standby power, and the maximum usablé page size
during page mode operation. The 64 cycle refresh
mode of the 2116 offers improved performance in
all these areas over the 128 cycle refresh mode.

-
32 ROWS OF 128 DATA CELLS
128 SENSE AMPLIFIERS 8K X 1
22 ROWS OF 128 DATA CELLS
ROW _
DEi%DDF“S COLUMN DECODERS AND
o COMMON 170 _
CIRCUITS
32 ROWS OF 128 DATA CELLS
128 SENSE AMPLIFIERS - 8K X 1
32 AOWS OF 128 DATA CELLS
a. Intal® 2116 Layout
B4 ROWS OF 128 CATA CELLS
oW 128 SENSE AMPLIFIERS
DECODERS
AND
CLOCK
CIRCUITS
64 ROWS OF 128 DATA CELLS
COLUMN DECODERS AND
0 CIRGUITS

. Alternate Device Layout

Figure 1. 16K RAM Device Configurations

Memory Availability

Assuming a ‘minimum cycle time of 375 nsec, 128
refresh cycles in 2 msec requircs 48 psec or 2.4%
of the available memory time. But that’s a mini-
murmn. Fypical computer memory cycle times run
closer to 700-900 nsec, so 128 cycle refresh typi-
cally requires 102 psec or 5.1% of the available
memory lime. 64 cycle refresh requires only 51
usec or 2.5% of the available memory time under
the same conditions of 700-900 nsec cycle time.
{See Table 1). That's higher throughput capability
and less chance of having to wait for completion
of a refresh cycle to start a dala access.
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Table k. Time Impact OFf Refresh

Requirements of Refrash
System | Time Spent On Percent OF -
Refresh Cyde Refresh During | Available Memory
Mode. Time Each 2 msec Time
64 cyele | 375 nsec 24 usac 1.2%
800 nsec 51 psac 2.6%
128 cycie| 375 nsec 48 ysec 24%
800 nsec 102 psec 5.1%

System Standby Power

Remember, the 2116 can be refreshed each 2 milli-
seconds in one of three ways; 128 Read cycles,
128 RAS-only cycles, or 64 CAS-before-RAS
cycles. The standby power (refresh only) for the
three types of 2116 refresh cycles is given in Table
II.

Table 1. Power Considerations For Refresh

Cycle’| Read/ | RAS-Only @-B&fam-
Refresh Refresh RAS Refresh
Paraupeter
Refresh Cycles 128 128 64
Power Per N
500 nsec
Cycle 444 mW | 346 mW 426 mW
Average
Refresh Power | 31 mW 28 mW 24 mW

“Wait 2 minute,” you say! “If you turn on both
BK x L-bit halves of the 2116 during 64 cycle
refresh, why is the power per cycle less than during
a Read/Refresh cycle and why is the average power
less than with either Read/Refresh .or RAS-only
cycles?” Let’s take these questions one at 2 time!

The per cycle power with CAS-before-RAS is lower
than for the Read/Refresh cycles because the CAS
clock generator circuits and eoluma decoders do
not operate during 64 cycle refresh and the common
1/O circuits are off. The power réduction due to
these circuits being off more than offsets the
increase in power dissipation due to both halves of
the RAM being on.

The average power is lower with CAS-before-RAS
refresh cycles because there are only 64 cycles each
2 milliseconds rather than 128. The 2116 is, there-
fare, in standby a larger percentage of time during
the 2 millisecond refresh period. Although the
CAS-before-RAS per cycle power is 23% higher than
the RAS-only per cycle power, the average power
is 14% lower!

There is one other power related characteristic of
CAS-before-RAS refresh which must be considered.
The peak value of the transient currents during a
CAS-before-RAS refresh cycle is approximately -
20% higher than during the other two refresh
modes. This is caused by the capacitive charging/
discharge cugrents associated with 128 additional
sense amplifiers. CaTe must be taken in the system
design to decouple the slightly higher transient
peaks. Work in the Intel Applications Lab has
shown that the decoupling and board layout sug-
gestions included in the 2116 data shest yield
acceptable power distribution noise levels with
any of the allowable refresh modes.

Refresh-Page Mode Interaction

Page mode operation with 16K RAMs allows
faster successive memory data operations at the
128 column locations in a single addressed row.
Receipt of 2 RAS and a 7-bit row address byte
causes the RAM to access the [28 data cells on
the addressed row.

At access time all 128 data bits are available at the
sense amplifier outputs as long as KAS is held
active. By cycling the CAS clock and addressing
the desired data bit with the 7-bit column address
byte all 128 data bits may be brought to the data
output of the device. Data access and cycle time in
this mode, called page mode, is faster than normal
data cycles. Page mode is an excellent way to trans-
fer blocks of data to and from nemory at high
speed, but it Is impacted by refreshing. The refresh
requirements of the devices limit the aumber of
consecutive page mode cycles to less than the 128
available from each row of devices, As an example,
recall that the 2 millisecond distributed refresh
mode requires a refresh cycle every 15.5 micro-
seconds, (for 128 cycle refresh mode) and every 31
microseconds ¢for the 2116 in its 64 cycle refresh
mode). This means that the devices may remain in
the page mode for a peried no longer than the time
requifed between refresh cycles,

For example, for systems using 128 cycle pefresh,
the maximum time in the page mode is 15.5 psec,
For systems using 64 cycle refresh the time in page
mode is doubled to 31 psec. In practice, this limits
the number of consecutive page mode cycles to 55
or less for the designs which use 128 refresh cycles
and to 110 or less for the 2116 in its 64 cycle re-
fresh mode. The 2116 with its 64 cycle refresh
mede cleatly permits more useful page mode
operation than would a 16K RAM which requires
128 refresh cycles. Table [H summarizes the
impact of refresh upon page mode operation.
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Tabla 1), Refresh Impact Upon Page Mode Qperation

Number of Page
Time Period Mode Cycles
Refresh Mode |Between Refresh| Possible Between
Cycles Refresh Cycles

128 Cycle/2msec
Read, or 158.5 risec 6%
RAS - Only :
64 Cycle/2msec
2116 CAS/RAS 310 usec 10
mode

IMPLEMENTATION OF 64/128 CYCLE REFRESH
MODES

Provision for 64 cycle refresh was a major factor in
the selection of the device architecture shown in
Figure 1a for the 2116. There are, however, several
other performance and yield related advantages to
the 2116 architecture.

Implementing 64 cycle refresh requires limiting the
number of data ‘cells per sense amplifier to 64,
That means 256 sense amplifiers -are required
(16,384 cells T 64 cells/sense amp=256 sense amps).
128 cycle refresh would force i28 cells per sense
amplifier and only 128 sense amplifiers. So the
question boils down 1o a 256 x 64-bit organization
versus a 128 x 128-bit organization. (See Figure 1).

256 Sense Amps Means Twice As-Much Chip Area
For Sense Amps

True, when you double the number of sense amps,
you double the chip area required for sense amps.
However, the sense amp drea on the 2116 amounts
to only 12% of the total chip area so reducing the
number of sense amps to 128 would only reduce
ihe chip area by 6% which isn't very significant.

128 Cells Per Sense Amplifier Means Larger Cells

Complete Capatibility

The 128 cycle refresh mode offered with the 2116
is 100% compatible with other 16K RAMSs that
offer only 128 cycle refresh. That means that the
2116 fits info sockets designed for 64 cycle refresh
and into sockets designed for 128 cycle refresh.
Other RAMs only fit into sockets designed for 128
cycle refresh.

TO LATCH QR NOT TO LATCH

One area of non-compatibitity between the an-
nounced 16K RAMs is the inclusion of an ocutput
latch on the device. This has given rise o a
LATCHED/NON-LATCHED device debate. Let’s
examine the issue to understand the system effects
of the output latch,

4K Compatibility

The 16-pin 4K RAM, available from a muititude of
suppliers, established the standard for laiched out-
pui, multiplexed address RAMs. All available
16-pin 4K RAMs have compatible latched outputs.

Since the 16-pin 16K is virtually identical to the
16-pin 4K in terms of pin-out and timing, it seems
reasonable to make the interface between the two
devices as close as possible, The 2116 is fuily
output compatible with alf 16-pin 4K RAMs. This
allows the unprecedented “luxury™ to system
designers of upgrading their system densities by a
factor of four with only an address strapping
change on their memory boards.

Alsa, no new learning curve is required for the
sysiem designers since the parts would operate the
same. Chip select, CS (pin 13), on the 4K was
actually latched and implemented as an address bit

- just like the 6 column address bits. Pin 13 on the

Putting 128 storage cells on each sense amplifier ™

would require the bit sense lines to be twice as long
as with 64 cells per sense amp. This means the bit
sense line capacitance would nearly double. To
keep the sensed signal jevel the same, the cell-
capacitance-to-bit-linecapacitance  ratio  must
remain the same,

With double the bit sense line capacitance, the cefl
capacitance must be doubled and this would
increase the chip area devoted to the storage cell
by approximately 25%.

The cell capacitor could be made larger by less
than a factor of two, but the signal-to-noise ratio
of the sensing function would be degraded. It also
would adversely affect the access time and device
operating margins and is not a good alternative.

16K is address bit A7,

A number of Intel's 16-pin 4K customers are using
their 4K RAM boards to evaluate the 2116 with
pin 13 jumpered to an address dtiver rather than the
old C8 driver. Even the test procedures can be the
same.

Common I/0 Operation

When designing with microprocessors that employ
bi-directional 1/O buses, the ability to connect
memory devices directly to the bus can be an asset.
A memory device without an output data latch can
have it’s Data-In and Data-Out pins connected to-
gether and directly to the 1JO bus if the opemation
of the RAM is restricted to simple read and write
cycles. Let’s look at what this means in two separ-
ate classes of microprocessor Systems.
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Single Board Systems

Small microprocessor systems typically use a limited
number of LSI circuits designed as a CPU-I/O
combination and sold together as a chip set. Because
of the limited number of devices connected to the
microprocessor 1/Q bus, memory devices can often
be directly connected to the data ports without
any buffering or isolation devices. Since the bus is
generally local to the chip set, and does not leave
the printed circuit board, it is not subject to the
risks of backplane wvoltage shorts and potential
device destruction. These systems can benefit from
direct RAM connection to the IO bus. Single
board microprocessor systemns that employ bidirec-
tionat /O buses can benefit from non-atched
output RAMs because the Data-In and Data-Out
pins can be tied together. These small systems use
small amounts of memory, however, and it is often
contained on the CPU chip or integrated into an
IO device. The amount of external RAM memary,
when used, seldom exceeds 1K to 2K words and
the 16K RAM will not find much usage in these
small systems.

Multiple Board Systems

Larger microprocessor systems place the main
RAM storage, or an expansion to the RAM storage,
on separate printed circuit boards. All signals to
and from the memory must then be buffered to
prevent overloading of the microprocessor 1/0 bus
and to protect the outpufs (and inputs) of both the
microprocessor and memory devices from acciden-
tal sherting to a supply voltage or to ground during
troubleshooting and normal system maintenance/
repair. The effect of these buffers (see Figure 2) is
to eliminate any need or advamiage to tying the
RAM data input and output together.

It is in these larper systems that the 4K and 16K
RAMs are most useful due to the size of the
memory required, These systems normally use
12K to 64K bytes of memory and the density of
thc 16-pin RAMSs is an asset. Common [/O RAM
operation is not a factor in these systems. Besides,
if common /O is so important lor RAMs in micro-
processor systems, why does the RAM that is the
most widely used in microprocessor systems today
(the 2102} have separate 1/Q?

ADVANTAGES OF THE LATCH

There are a2 number of system advantages to the
data-out latch on board the RAM. Some of the
more important of these advantages are:

1} Many small, non-microprocessor systems,
especially those which run with long
systemn cycle times ([ psec or more) need

2)

3

the daia read from memory to be latched
in order to minimize the clock or active
time and minimize power dissipation. In
these systems, the on-chip data latch is an
asset because off-chip data latches increase
the system power dissipation. Power dissi-
pation for TTL data latches runs about 70
mW per bit. For 16K by 8-bit memory that
is 70 mW per 16K and is a constant DC
power drain during active or standby cycles.
The on-chip latch adds only 24mW to the
device power dissipation and only while the
data output is active, not during standby,

Oft chip latches require more packages on
the memory board. A 16-bit system will
require four 16 pin packages or two 24 pin
packages. These latches take up board
space and add part, assembly, and mainten-
ance costs to the system.

Off chip latches also add to access time.
The delzy of an on chip latch is included in
the access time for the device. Using an un-
latched output device and adding external
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latches adds typically about 20 nsec to
system access time due to timing skew in
the latch clock plus the latch propagation
delay.

An operational feature that is offered in
latched output RAMs and is not available
on unlatched output RAMs is the ability to
perform a refresh cycle immediately follow-
ing a data cycle without impacting. the
availability of output data. This “hidden”
refresh cycle is possible with the latched
output device because a RAS-only refresh
cycle does not affect the data contained in
the output latch. A typical timing diagram
for the hidden refresh mode is shown in
Figure 3. This mode of operation is not
possible with the unlatched output devices
unless external latches are added because
the data output of the unlatched devices
goes to the high impedance state at the
beginning of the RAS-only refresh cycle
and is not available to the processor when
required. This hidden refresh cycle feature
of the 2116 and the latched cutput 4K
RAMs can be used to advantage in many
systems.
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Figure 3. Hidden Refresh Cycle Operation

DISADVANTAGES OF THE LATCH

There are also a number of potential system dis-
advantages to the datacut latch Thesedisadvantages
are generally not practical limitations on system
design due ‘fo other overriding considerations as
discussed below:

1) Systems designed with latched 16K’s wh whose -
outputs are OR-tied must provide CTAS to
every device during every cycle in order to
deselect- devices selected on the previous
cycle. Although nen-atched devices can
and do operate in this mode, this CAS de-
select cvcle is not required and CAS can
be decoded and sent to the selected devices
only.

Since CAS occurs after RAS_in a cycle, a
cycle could_be started with RAS to every
device and CAS decoded during tRCy. and
applied only to the desired devices. Thus
CAS is now like TS on the 16-pin 4K RAMs.
This operation reduces access times by
10ns when using a 745138 decoder since
the chip select decode time is not required
prior to RAS as it is with the latched output
16K RAMs. The practical usefulness of this
operatibnal mode is limited since using
CAS as a chip select means that the un- .
selected devices in a system dissipate power
at alevel only Slightly less than the selecied
devices (See Table I RAS-only cycle power).
This mode dissipates almost as much power
as that dissipated when using CS in 4K RAMs
for deselection. (Which explains why nobody
used CS for device selection with the 4K).

The Data-In and Data-Out pins may not be
directly tied iogether and to a commen 1/0
bus. This is a disadvantage only in single-
haard microprocessor systems and not
larger systems (refer to Figure 2).

WHICH NON-LATCHED 16K?

All non-atched 16K’s are not alike! In fact, none
of them are alike. The three currently released
designs all react differently during either read or
write cycles.

Data Qutput Conitroel

The data output is controlled by CAS in both the
latched and non-latched devices and becomes valid
at column access time ({CAC) after CAS goes low
(active). The difference lies at the point in time at
which the data out goes to the off (high-impedance)
state. In the latched output case, data out goes to
the off state after CAS goes low in the next cyele.
In the non-latched output case, daia out.goes to
the off state after CAS goes high in the current
cycle.
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Figure 4. 2116 Data Output Operation

[

Unlatched Device QOutput Characteristics

Differences in characteristics of the outputs of
non-latched devices are shown in Figure 5 for a
read cycle.
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Figure 5, Unlatched Device Output Operation
During Read Cycles

When it comes to a write cycle the data-out charac-
teristics of the 3 suppliers are different from each
other (see Figure 6}. So why would anyone care
what the outpus is doing during a write cycle? In-
coming test programs and device qualification test-
ing must account for these differences. Also, since
the device outputs are connected to an 1O bus of
some sort, the designer must consider the output
operational characteristics to assurc compatibility
with the bus.
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Figure 6. Unlatched Device Output Operatian
is Different During Write Cyclas

None of the above differences by itself is hard to
handie but it can be troublesome to have to account
for all conditions especially in testing and qualifying
the devices.

CAS AS A CHIP SELECT

During the discussion of the disadvantages of a
data aut latch, the use of CAS as a chip select sig-
nal was mentioned briefly, The system parameters
affected by this use of CAS are access speed, power
dissipation, and page mode.

Access Speed

Decoding the chip select address bits and gating
CAS only to the selected devices reduces access
times by about 10 nanoseconds compared to gating
RAS as the chip select signal.

Power Dissipation

Using CAS as the chip select signal means that the
unselected devices in a system dissipate RAS-only
pawer levels while the selected devices dissipate
full power levels.

What does that mean in a 128K x 8-bit system? De-
coding only CAS and supplying RAS to all 64
devices means one row of devices would dissipate
normal power while seven rows would dissipate
RAS-only power levels during each cycle. The
128K hy 8-bit system (8 rows of 16 devices) will
dissipate 23.0 Watis in this mode.

Decoding only RAS as chip select and supplying
CAS to every device does add slightly to access
titne (about 10 nsec) but it also means only §
devices of the 64 in our example system would be
active in any given cycle while the other 56 devices
would remain in refresh/standby, The same 128K x
8-bit system will dissipate 5.2 Watts in this mode.
(See Table IV).

Table IV, Pawer Considerations for T28K x B-bit System

Operationat
Mode Decoded Decoded
System RAS CAS
Parameter
Inn Current 0.43 Amps 1.92 Amps
Power Dissipa-
tion 5.2 Watts 23.0 Watts
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Page Mode

In the non-atched RAM, CAS used as a chip select
signal allows extension of the page mode boundary.
beyond 128 data cells. This is accomplished by
supplying RAS to all the devices in a system and
CAS to the selected devices extending the boundary
to include the selected row in all of the RAMs in
the system. This operation is valid but there are
some practical restriciions on its vsefulness.

Extension of thc page mode boundary again
requires activating all the devices in the system
rather than just one row of devices. The increase
in power dissipation incurred makes this mode of
operation rather undesirable as previously dis-
cussed. In addition, the refresh requirements of the
devices limits the number of consecutive page
made cycles to less than the 128 available from
one row_of one device. Remember that refresh
requires RAS to be cycled to refresh a row of cells
every 15.5 microseconds with the 128 refresh eycle
mode and 31 microseconds with the 2416 in its
CAS before-RAS 64 cycle refresh mode. Why
activaic af of the RAMs in the system when you
can’t even cycle through all the locations in one
row of one RAM in a single page mode cycle?

SUMMARY

The goals for the 2116 16K RAM, increased bit
density while maintaining performance and func-
tional compatibility with the 16-pin 4K RAMs,
have been achieved. This compatibility is a boon
to the users since no new learning curve is needed
when upgrading to the 16K RAM.

While there are differences in the announced 16K
RAMs, these differences are slight when compared
io the differences between the proliferation of 4K
RAMs. By including TTL data out latches in the
board design and using J28 cycle refresh, the
designer can accommodate any of the 16-pin 16K
devices.

For those users who wish to maintain the through-
put rate of the 4K devices, the 64 cycle refresh
mode of the Intel 2116 is ideal. The on board data
out latch of the 2116 is a definite asset to those
users with restrictive board space limitations. In
extremely cost sensitive applications, the 2116%
data out latch not only eliminates the need for
external TTL latches but alsc reduces system
power dissipation thereby reducing power supply
and cooling costs.
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The biggest erasable PROM yet
puts 16,384 bits on a chip

Using just one 5-V suppry, the ultraviolet-erasable device is interchangeable
with 16-k read-only memories — a boon to designers of microprocessor systems

v

by Robert Greene, George Parlegos, Philfip J. Salsbury, and William L. Morgan, et Conp. Sania Ciara, Catit

O I» just two or three years, from being barely on the
edge of visibility, a ficld-erasable read-only memory has
blazed its way 10 prominence in the system designer’s
world. Because its contents can be erased with wltra-
violet light, its user ¢an program and reprogram il at
will—an unaccustomed liberty.

Known as EPROMSs (for erasable programmable Roms),
the devices in heavy use loday are the 2,048-bit 17024
and the 8,192-bit 2703, both of which have been de-
signed into a wide variety of equipment over the past few
years. But the new 16,384-bit model, which is also fasicr
and easier 10 use than ils predecessors, is bound to
atiract old and new users alike.

The attraction, of course, is the devices' extreme
usefulness {or prototyping software code in microproces-
sor-based designs. It 1ypically iakes tens of passes
through a system before a program’s code can be
optimized, and each pass requires 2 new RoM program.
But a ROM that can be erased and reprogrammed quickly
from standard address signals makes it much easier to
optimize a program.

Indeed, individual words can be rewritten in today's
uv-crasable PROMS, so that programmers can fine-tune
their software well into the development cycle or change
a portion of the program to accommodate new system

features, Then, once satisfied with the progrant, the user
can switch, into production with factory-programmabie
ROMSs that have ideatical pin assignments and use similar
power supplies. :

Alternatively, as the availability of erasable prOMs
increases, system designers are beginning to use them in
place of siandard ROMs in the production equipment
itself, especially in the early sample stage and also in
small-volume designs. It is an all-loo-familiar problem,
getting small nurnbers of mask-programmed RoOMs from
the factory in anything like a reasonabie time and at less
than an exorbitant per-piece cost. Here the erasable
PROM is the perfect answer, for it goes straight into the
equipment once its program is fixed.

A good deal in all respects

The new Intel Corp. 2716 16-k device has all this
versalility, and then some (see table). Tt offers twice the
menory capacity on a chip onty 20% larger than the 8-k
version—and the smaller the die, the lower its produc.
tion costs evealually Fail. Its performance is better,
Thaugh its maximum access time stays at a short 450
nanoseconds, its active pawer dissipation per bit has been
reduced to 40% of the 8-k device level, so that the chip's
total power dissipation is 20% lower for 16,384 bits 1han
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2. Aivned at microcompuiens, The 16,384 calls in the 2716 device
are organzed into lwo S4-by-128-cell arrays or 2,048 §-bit words, an
arrangement Ihal makes the dewce useful for byte-crented rigro-
computer desiges ang 283 comipativle wih 18-k RoMs
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it was for 8,192 bits. In fact, the 2716 speed-power
product, at 430 ns and 300 miliiwatls. puts 1t on a par
with standard high-density roms. Moreover. the chip's
low standby power mode. in which it dissipates only 125
mw. aflords further power savings at the system level,

Equally important. the 2716 works off a single 5-volt
power supply. in contrast to the earlicr multiple-supply
1702A and 2705 devices This change is vital for 1oday’s
designs, since it allows the device to be used with the
new. more powerful S-v microcomputers. In fact,
anoiher dovice wsing the same basic cell congept. the
8755, has been designed with special input/output ports
and control lines to work directly with the 5-v Intel 8085
microcomputer, as well as with other types of 3-v
MICroprocessor syslems.

In applving the mew 16-k 2716 in microprocessor-
based systems, the system designer not only replaces two
2708 packages with one 2716, but he or she can also
eliminate the 1-of-4 decoder chip that is needed with the
1wo carlier devices. Indeed. when hooking up the 2716 to
single-chip microcomputers such as Intel's 3043, only a
standard, commercialty available 8212 lawch is used, as
with the 2708 configuration, and nothing else. All ather
control signals and address signals are supplied by the
Provessor,

Finally. the new devices are easier to program than the
carlier ones. They need only two programming supply
vollages (+25 and +3 v) instead of three and four
different voltage levels {some as high as 48 v) typical of
i v-erasable PrROWs. Moreover. the program voltage Ve
need not be a low-duty-cvcle pulse, so that program time
is greatly reduced — from 100 seconds Lo 0.05 s per bit—
even while control levels and address and data inputs are

The Famos principle

Famos describes the floating-gate avalanche-injection
metal-oxde-semiconductor transistor 1nal Dov Fron
man-Bentchkowsky developen al Intel Corp in 1871

The Famos device is essentialty a shican gale MOS
field-ettect ransistar in which no connection is made 10
the lloating silicon gate instead. cnarge is injected inlo
Ihe gate by avalanches of high-energy electrons ‘from
erther the source of the dram A voltaga ot -28 volts
appiicd i 1he pi junchon isieases the sleclions.

Data is stored in g Farmos memory oy charging the
floahng-gate insulator above the charnel region. The
threshold voltage then changes, and 1Ne presence or
absence of conduction is Ine basis for readout.

The Famas ced has generally been consigered mare
reliable than nitride slorage mecharism used in repro-
grammable melalnitnde-gride-semiconductor memo-
nes In MNOS memories. carr-ers unnel through a thin
onide layer nto traps at the oxide-nitnde inlertace But
a partizl loss of stored charge during readeut limits Ihe
rwmber of readout cycles to approximately 10

In Famos memones, on the other hand, there 1s no
loss of charge due (o reading Moreover, over time, the
loss of stored etectrans is negligibile, less than one per
cell per year. and informabon retention 15 excellent.

kept at straight S-v wransistor-transistor-logic levels.
All these improvements flow from a new n-channcl
stacked-gate cell that uses just one transistor, This cell is
fabricated with a dual-layer silicon-gate process thal
closely resembles the one used in today's 16-k dynami
random-access memories. As the cross section in Fig |
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shows, a lower floating gate stores the cell's charge. and
an wpper control or select gate operates the cell. Being
stacked one over the other, the gates create an extremely
compact structure— the smallest cell of any Uv-erasable
#ROM in production. Including decode, address, drive,
and sense circuitry, the entire memory fits on a chip well
under 40,000 mil? in area.

As for the cell's operation. the fact that it has a Fairly
complicated stacked-gate configuration is completely
trapsparent to the wser. Unlike the 1702A erasable-
PROM floating-gate cells (see “The Famos principle,”
p- 109), the stacked-gate ceil is programmed by means of
hot ‘electrons injected from the channel through the
oxide 1o (he floating gate. This injected charge raises the
threshold voltages aL the top or select gate, so that a
charged cell has a higher select voltage than an
uncharged cell. The overall charge paitern, then, as seen
from the setect gates, duplicates the pattern of a stan-
dard mask-ROM,

Once programmed, the charge relention of the new
16-k Uv-erasable PROM is as good as in the original
Famos devices. Reliability studies of standard produc-
lion runs indicate that 95% of the devices can be
expected to retain their memory for 100 years at 70°C.
Charge removal from the stacked-gate cell occurs with
115 exposure o uitraviolet light, just as in both the earlier
uv-crasable devices.

Using the 2718

The array of 16,384 Famos cells, which are formed
into two 64-by- [ 28-cell matrixes (Fig. 2), is organized as
2,048 8-bit words, giving the 2716 a byte orientation that
is useful in microcompuier applications. Because of this
arrangement, the device operates almost exacily like the
2708 8-k erasable-PROM. The only differences are that
on the 2708 device the power-supply voltages ¥ yp and
¥ gg are on pin 19 and pin 2| respectiveiy. whereas on the
2716 device the address A 5 is on pin |9 and the program
voltages (+ 25 v for programming. 5 v for reading) are
on pin 21.

Otherwise, complete data and power-supply compati-
hility exists hetween the familiar 2708 and the new 2714

they plug into exactly the same sockets, having exactly
the same standard 24-pin package and Lhe same pin
assignments {except for those mentioned above). The
one change in designing a board with a 2716 is that
programming il requires a +25 v power supply and
reading il takes a 5-v supply instead of the 26-v pulses
needed for programming and the 12 v, +5 v, and
=5 v supplies needed lor reading the 2708,

As for case of use, the 2716 compares well with
ordinary RoMs. The seven highest-order address bits, A,
10 A g, select the rows, while address bits A, to A, select
the columns and operate on eight 1-of-16 decoders, such
that one of 16 column lines is gated te each of the eight
output buffers.

Sensing is the same as in the 2708 devices. The charge
on the selected column line is monitored. Unpro-
grammed cells will have a low threshold aad will
discharge the column line when selected, while the
threshold of programmed cells will have been raised to
an impedance level that is high enough to keep the
column line charged.

To read the 2716, the chip-select input is the only
control input required. Lower this input to a transisior-
transistor-logic 0 and the device reads; raise it toa 171, |
again and the device stops reading —is deselected. When
deselected, this chip-select input causes the outputs to go
nta the high impedance state within about 120 ns, a
time short enough to allow a designer 10 OR-tie scveral
27165 in parallel vet still retain the maximum 450-ns
access times of individual devices. On the other hand,
since chip select is really an enabling signal, if only one
o7 1wo 27165 are being used in a system, they may be left
tow during all cycles, allowing a designer 10 exploit the
typically fasler access times of any individuatly selected
devices. )

Writing and erasing are no big chores, either. Emitially,
and after each erasure, all bits of the 2716 are in the
fogic 1 state (output high). Data is written by selectively
programming 0s {output low) into the desired bit loca-
tions. To set up the 2716 for programming, the program
power supply. Ve, is raised to 25 v, and the chip-select
is raised o the input high-voliage state (Vo or 2.2 v

ol
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15y w5y
ADDRESS INPUT A0 DRESSINPUT 216 BATA DATA IHPUT
{SYSTEM ADIDAESS BUS: BUFFER ™ FROGAAM INEUT/QUTRUT ISYSTEM DATA BUSI
SOCKET BUFFER
£ PG /PO 5
| T J 3
} .
b DATA DISPLAY
STaRT ADDRESS: AND PROGRAM- ADORESS: AND
CONTROL . DATASETUP |—sf PULEE TIWER DATAHOLD
TIMERS {10 |
TIMERS {10 ps) 150 ma} { ¥ ) AUTD ADDRESS
INCREMERT
| sROGRAM I RS
B TIMER -

4. Programming mwade easy. In this setup, Ihe user need only abserve the appropnale satup times for the programming opesation to
succeed. The start control signat gets the fiming cham mawing, and tram then on things are practicalty automatic.

minimum. The data is then presented, 8 bits in parallel,
on Lhe data output lines {Q, to O in Fig. 2), while the
correspanding address is presenied (o the address
inputs.

After the address and data setup times have elapsed, a
program pulse is applied to the programming PGM/PR
pin. This pulse is a TTL-level signal that serves Lo gate the
program power supply, Vep, into the array. It must be
present for at least 50 milliseconds 1o ensure long-term
retention of the programmed data. When this program is
completed, the Ve pin should be returned to + 5 v.

Finally, erasing the 2716 is the same as for all Uv-
erasable PrROMs. The user places it under an uv lamp and
exposes it to the equivalent of 15 wati-seconds/gm’.
Although there is no evidence thal extended exposure
harms the device, the lamp should be piaced on a timer
and shut off after 30 minules (o prevent unduly long
{overnight and over-weckend) accidentai exposure.

A useful feawre of the 2716's program design is its
program-inhibit mode. In mullipackage systems, this
mode lets ihe designer ignore some of the devices on a
given board and only program or reprogram the rest.
The setup is shown in Fig. 3. Ail inputs and outputs are
tied together except for pGM/pD. Only those devices that
receive a TTL-level pulse on the pomsen pin will be
programmed. In the setup shown, device No. 4 is being
programmed with a 50-millisecond pulse on this pin,
while the address contents of the other three devices are
unaffected.

The programming schemes devised for the 2716 are
casier than for previous Lv-erasible PrROMS, as may bé
seen from the example diagrammed in Fig. 4. In this
scheme, the addresses and data may be derived from a
microcomputer system bus. Alternatively, the user can
generate both manually, employing toggle switches for
control and a counter for address input. However, when
manual operation is performed, a provision must be
made for automatic incrementing of the address pulses.

In either case. a starl control signal enables the timing
chain shown in Fig. 4. assuring thalt \he appropriate
setup times are observed. This signal also enables the

“program timer. which controls the 2716 chip-selzel

From PROM to final ROM—fast

Singe the UW-grasabie 16,384-bit 2716 user-
programmable ROM is pin-compatible with the 2316€
mask-programmed 16-k ROM, designers can debug
syshems with the 2716 and, as s0on as the data patiern
is tirm, order read-only memaones 1o plug directly inlo
the 2716/ 23 16E sockel. In fact, the initial system can
be shipped with erasable PROMs and filted with ROMs
in the field when they become avalable. Alsq, the 2716
can be used as the master lor Iransmiting the desiréd
dala paltern back io the factory without alt the hassle
ol tape formats.

This direct interchangeability between the 2716 and
the 2316E can alse speed up implementing code
changes. In the past, even when systems were
sugccessiully prototyped with UV-erasable PROMs and
reteased to production using mask ROMS, Ihe slightest
sode change {orced the end user to wait while the new
code was implemented an the profolype system, then
translaled into a ROM partern, and only then placed n
the praduction 2yslem. But when the P316E is used in
production systems. any change wn code can be
performed in a maher of a few hours by programming a
2716 with the cuslom pattern and plugging it in,

signal, and places the data input/output buffer in the
input mode. The program timer must be reset after the
address and data hold times have passed.

Once started, the address and data-setup timers
enable the program pulse timer, which applies the
required TTt pulse to the 2716 PGM/FD pin. This pulse, in
turn, on its falling edge, enables the address- and data-
hold timers. After they have finished, the auto-address-
increment timer does one of two things. Either it
advances the address-input counter on a manual
programmer, or il resets a not-busy flag on a micropre-
cessor, The program timer is then reset, placing the data
120 buffer in the output mode for data verification. Note
that the ¥ pe { +25-¥) supply does not have to be turned
off or switched during program/read transitions.
However, it should be lowered to Veo for nonprogram~
ming operation to reduce power dissipation.
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Using charge coupled devices
can reduce bulk memory costs

CCD’s offer adequate performance in these applications and provide
truly significant cost savings when compared to RAM configurations.

Dave House and Kirk MacKenzie, Intel Corp.

QOver the course of the past several years,
semiconductor memories have becoame a domi-
nant form of main memory. ‘And today they are
being applied in secondary or bulk storage
applications as well. Assuming that you've already
made the decisiori to go semiconductor for your
bulk storage, the first and most important choice
facing you is this—should you go the MOS RAM
(Random. Access Memory) or CCD memory com-
ponent route?

In areas where their performance is adequate,
CCD memories tan provide a significant reduc-
tion in cost for bulk memory applications. At both
the component and system level, costs will be
reduced by 65 to 75% by using CCD's instead of
RAM's,
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loyed in hoth the CCD and RAM cells, The

Quite naturally, such significant savings have
not gone unnoticed and many systems have been
configured to take advantage of the favorable
CCD cost picture, We contend that these savings
will always be possible. By their very nature,
CCD’s require simpler design techniques and
offer both higher densities and higher yields than
RAM's, The result is lower manufacturing costs
both today and in the future because any
advances in manufacturing or photolithography
techniques will equally benefit both CCD and
RAM technologies.

You can find alf the answers inside

Understanding actual device costs requires
some understanding of device construction and

BIT SENSE LINE
| ool IR PRECHANGED
1 L]

CELL SELECTED,
S P [ENCEE CHARGE SHARED
CELL RESTQRED,
CHARGE ADDED

L]

RAM CELL CONSTRUCTION
AND OPERATION

positive electrode under which charge is

stored is clacked in a CCD, rather than tied to a pasitive voltageas in the RAM.

Aeprinted with permission fram E04 Magazine.

1977, Cahners Publishing, alf rights reserved.
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operation. Fig. 1 shows the basic construction of 2
storage cell from a 4-phase surface-channel CCD
and a single transistor cell dynamic RAM. Note
that in both cases the storage method is the
same—charge storage in a depletion region
under a positively charged electrede. Disposition
of this electrode varies, however, being tied to
+12V in a RAM, and clacked in CCD’s. Charge
transfer performs storage tell access, accom-
plished by turning on a MOS device to conneci
the storage node to either the next storage cell
{CCD} or a bif sense line (RAM).

Dynamic RAM charge transfer, a generally well
understoad function, occurs as folkows: An X or
row decoder gates_one transfer device per bit
sense line, passmg information from that cell
onto the precharged bit sense line. A small
positive shift occurs on the bit sense line if charge
was stored in the cell; a small negative shift, if no
charge was stored. In order to rewrite the datain
the celi, this small shift in bit sense line voltage
must be amplified by the sense amplifier.

The information transfer method in a CCD is
generally not as well known, even though the
mechanism is very similar and quite simple.
Appropriate sequencing of a series of shift clocks
common to each cell within a leop contrals
charge transfer. For example, the 2416, a 16k CCD
available on the market today, uses four clocks,
each tied 10 aill lcops. Other configurations are
possible, however.

Right-left or left-right—how goes the flow?

Because the CCD is itself symmetrical to charge
flow, charge can be moved either left-to-right or
right-to-ieft, depending on the sequencing of the
clocks. Most designs, however, restrict the flow
of charge to one direction to simplify the design
of the refresh ampiifier within a ioop.

Fig. 1a shows a charge packet—representing a
logic ONE—moving one location to the right as
the clocks are sequenced. A well first forms at
node n+1 when phase 4 goes HIGH. But It
contains no charge until transfer phase 3 con-
nects the charge at node n to the well at node
n+1, causing redistribution of the charge over the
larger storage well. Transfer completes as phase 2
and then phase 3 go LOW, causing the well to
shorten and the charge to flow to the n+1 node.

A logic ZERO transfers in the same fashion,
except the charge packet contalns significantly
less charge.

Let's get organized

The primary organizational difference between
a RAM and a CCD is that the RAM-—because of its
direct access capability—requires a very long and
highly capacitive bit sense line to conduct the

_ design,
contacts, requires no diffusions and contains no

stored charge to the sense amplifier. [n contrast,
a CCD moves the charge serially to a sense
amplifier at the end of a register. This charge
dumps anto a low capacitance region, resulting in
significantly larger voltage transitions than experi-
enced with RAM's. For this reason, CCD sense
amplifiers can be greatly simplified. In turn, since
sense amplifiers’ represent a major portion of
RAM power dissipation, RAM’s use considerably
more power than CCD's.

Fig. 2 shows the layout of a 16k dynamic RAM
and a 16k CCD. Because of the additional
decoders required, the more complex sense
amplifiers, and the increased fiming and control,
the RAM-cell periphery represents 66% of the
total chip area. This compares to 45% for the CCD.

Although these organizational factors tend to
lower CCD manufacturing costs somewhat, the
primary cost differences tend to relate to the
simpler construction techniques for the CCD
storage array. In Fig. 1, note that unlike the RAM
the CCD cell has po metai-to-silicon

metal. The CCD array is an undisturbed area of
silicon with overlaying gate structures.

Device costs reflect device complexity

These fabrication advantages combine to pro-
duce a price per bit ratio between RAM’s and
CCD's of approximately 4:1; i.e., a 16k CCD costs
about the same at the device level as the 3k RAM.
But while this price ratio exists today for compara-
ble quantities and deliveries, will it continue in
the future? The fact that both RAM’s and CCD's

cco

RAM

CCD AND RAM CELL AREA

Fig. Z—Lower manufacturing casts are the direct resuit of cch
chip organizational factors. As the companson shows, almost
hall again as much of the RAM chip area is dedicated to
peripheral circuil requirements {decoders, amplifiers, ete.).
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TABLE 1
BOARD COST—CCD vs. RAM
16k CLO Ak AAM 16k RAM

aty. [ imem | cost| toTar | arv. [1Temicast [votar] ory. [ iTEM |cosTroTal

—— — e ——— ey
STORAGE DEVICES ®4_ | 2416 ) 8 | §512 7104 | 88| $517 64| 2116 | $32 | §2048
CLOCK DRIVERS 16 | Se44| 33| & a@ TTL | 805 § 1 N
OTHER MEMORY DRIVERS 6 | 3245 33| 5 18 TTL | 506135 3 £ | TTL 50565 3
LOGIC 10 | TIL | $05]5 & TTL | 505]|8 & 10_| T7L 505 ]% &
PL. BOARDS 1 PCB | 535 | § 35 PCE | 535 | S 35 1 PCE | %35 |8 35
MISC, COMPONENTS 510 | 10 50 | 5 10 $10 |8 10
| ASSEMBLY & TEST 360 B0 560 | § B0 360 | T 60
TOTAL {680 $626 $2762 |

are currently available in 16k densities prompts
some concern that the ratio has already col-
lapsed, even though 16k CCI}s have been in
production for two years and 16k RAM’s are just
entering early production. To understand why
this is not the case, let's study historical MOS
trends,

Using the past to predict the iuture

From the introduction of the integrated flip-
flop to the 16k dynamic RAM, the trend has been
that RAM densities increase by a factor of four
every two years. Dynamic RAM’s have led the
way, with static RAM’s following one generation
{two years} behind. Fabrication similarities for
dynamic RAM’s and CCD’s, coupled with the
more simplified CCD cell and array structure,
suggest that a given density can be achieved at an
earlier paint in time with 2 CCD organization than
with a RAM organization. Actually, CCD devices
appear to be one year (one half a generation)
ahead of RAM devices in level of integration.

A corollary of the previously mentioned postu-
late (i.e., a factor of four increase in density every
two years) states that a facior of two reduction in
pricefbit is achieved with every new level of
density. That is, two years gives a factor of fourin
density and a factor of one haif in price/bit. These
trends have been maintained through many
successive generations of devices, At each gener-
ation, the new device is initially manufactured
and sold at a cost/bit premium over the previous
generation. Early in the product life, cos. falls
rapidly as the new device moves into fult produc-

dynamic RAM development is more causal than it
appears. In fact, it was the development of the 4k
RAM that led to the development of the 16k CCD,
that in turn led to the development of the 16k
RAM.

Next generation devices build on current
generation technology, and in this way shipments
of either CCD's or RAM's provide a learning
experience for the pracess, and both device types
benefit. Any improvements in masking technolo-
gy made for RAM’s or CCD’s can be applied to the
other. Similarly, any reduction in defect densities
made for one reduces the defect density for the
other. Thus, the RAM and CCD share a joint
learning curve.

The numbers tell the story

Now far a specific example—a hypothetical
10M-byte bulk storage system. To compare cus-
rently available 16k CCD's and 4k RAM's would
somewhat distort the analysis due to the half
generation difference between CCD and RAM
developments. Therefare, we have also included
16k RAM’s in the analysis, although 16k RAM
availability lags 16k CCD availability by about one
year,

A 8-in. x 12-in. board can hold 64 storage
devices with their associated drivers. Table 1
compares the cast of such a memory board
incorporating CCD or RAM devices, with the
assumed device costs based on medium volume

TABLE 2
STRUCTUAAL, ASSEMBLY AND TEST COSTS

tion. Typically, within a year the cost drops below 16k CCD/RAM 4k FLAM
the level established by the previous device, OTY. COST TOTAL[OTY COST TOTAL
eventually tending towards a level of approxi- [CHASEIS & BACKPLANE| 3 400 1200 | 16 400 ap00
mately one half the previous bit cost. MAINTENANCE PANEL | 500 500 |t S0 500
CABLING ] 1000
Technology fransfers back and forth E:S;E;Tmmw 33 ;33‘;
One factor supporting the continuation of a SYSTEM TEST 1000 1500
constant price ratio between CCD's and RAM's TOTAL 34700 $10,000

relates fo the close similarities in their fabrication.
The relationship between CCD development and
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TABLE 3
SYSTEM COST-CCD vs. RAM
16k CCD 4k RAM 16k RAM
QTY. COST TOTAL | QTY. COST TOTAL aTy. COST TOTAL
STORAGE BOARDS 80 BBS 55040 | 320 €26 200320 B 2162 172980
CONTROL UNIT 1 700 00 1 700 700 1 200 500
POWER SUPFLY kW OSTAW 1000 | 2kW STAW 2000 | Q7KW B1AW 700
STRUCTURAL, ASSY & TEST 4300 10,000 4700
TOTAL 561,440 $213,020 $178,860
TABLE 4
81T COST COMPARISON—CCD +i, RAM
16k CCO 4k RAM 16k RAM
COST COST COST
Imd/BITH % | Img/BIT) % ime/BIT) *
5TORAGE DEVICES 438 667 1953 69 1953 N6
CLOCK DRIVERS 45 6.3 04 01 01 -
OTHER BOARD COSTS 122 167 431 17.0 1028 51
CONTROL UNIT 0.8 1.1 03 03 06 03
POWER v2 16 2.4 1.0 JaR:3 04
STRUCTURAL, ASS'Y & TEST 56 7B na 4.7 56 26
TOTAL 73.2 2539 213.2

purchases of standard products. Higher volumes
would produce lower prices, but would not
disturb the price ratios and would not materially
affect the results of the comparisen.

The CCD board requires 16 MOS-level drivers
for the CCD shift clock inputs, compared to two
TTL-level clock drivers for the RAM’s. It also
needs MOS-level address and control drivers
instead of TTL-level drivers. The remaining board
costs are the same.

A chassis 22-in. Wx9-in, Hx13-in. D holds 32
memoty boards spaced 5/8 in. apart. Three
chassis hold the 80 16k CCD or 16k RAM boards
required for the complete system with room to
spare. By contrast, you need ten chassis to hold
the 320 4k RAM boards for this size system.
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Dave House is manager of
Product Marketing and
Applications at the Com-
ponents Div. of Intel
Corp. in Santa Clara, CA.
In addition to running
these twoe departments,
Dave alsc gets involved in
product planning, pricing
and advertising, He has ..
authored company appiication notes and contrlb-
uted inputs to the Intel Memory Design Hand-
book. When he can find some spare time, Dave
enjoys skiing, racketball and cycling.

Table 2 breaks out structural, assembly and test
casts. Although these are identical for the 16k
CCD and 16k RAM systems, they are considerably
higher for the 4k RAM sysiem due 1o the- larger
number of boards and components. Table 3
summarizes all system costs. The hypothetical
10M byte system costs $61,440 when built with
CCD's, ar $117,420 tess than the least expensive
{16k) RAM system.

Observe that the 4:1 RAM/CCD device cost
ratio reduces to a 3:1 system cost ratio because of
the allocation of the other system costs to the
memory as shown in Tabie 4. Notice alsa that only
67% of the total CCD system cost isin the storage
devices, compared to 92% for the 16k RAM
system. M1
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NON-VOLATILE MEMORY USING THE
INTEL®? M¢S-40™ WITH THE 5101 RAM

Chon Hock Leow, Application Engineering

INTRODUCTION

The unpredictability of power failure in a volatile
memory based system can result in a loss of irre-
placeable information. Terminals, portable equip-
ment and data collection instruments are but a few
devices that require low cost non-volatile storage.
Most read/write semiconductor memories are vola-
tile i.e., infarmation is lost when power is removed.
Intel’s 5101, 1K (256 x 4) CMOS static RAM with
its extremely low standby power dissipation, typ-
ically 25uW, makes it feasible to retain information
for weeks (444 days) using ordinary pen-light bat-
teries on a “battery standby” mode. The use of a
simple battery subsystem to maintain information
can be a significant system cost reduction.

This note describes a technique for utilizing the
5101 RAM in a MCS-40 microcomputer based sys-
tem, The MCS40 is a four bit microcomputer sys-
tem consisting of an array of CPUs, ROMs, RAMs,
}/Q devices and Peripherals, The specific MCS-40
configuration discussed here, offers a means of
maintaining processor data via batteries in a power
standby mode.

4289 AND 5161 INTERFACE

The MCS-40 utilizes a 4289 standard memory
interface chip to accommodate the 5101 RAM.
The RAM being CMOS and the 4289 being PMOS
necessitates family interface considerations.

The Data Input lines {DIy-DI3) of the 5101 have
a minimum input ‘low’ voltage (Vi) of -0.3V,
while the bi-directional 1O data lines (1/0p-1/03)
of the 4289 have a typical output ‘low’ voltage
(Vo) of -5V (with Vgg tied to +5V). With this in-
compatibility in voltages, buffers or clamped diodes
{Gertnanium) are needed between the bi-directional
/O data lines (1/0p-1/0q) of the 4289 and the Data
Input lines {DI-Di3} of the 5101. This also applies
to the PM line of the 4289 and the R/W line of the
5101. .

The Data Output lines (DQy-DO4} of 5101 have a
minimum cutput ‘high’ voltage of 2.4V, while the
OPAy-OPAg and OPRg-OPR3 need a minimum in-
put ‘high’ voltage of 3.5V (with Vgg tied to 5V).
Pull-up resistars are required on the OPRy-OPR3 of
the 4289 to meet the required voltage. The DB;-
DBz lines of 3216 have a minimum output ‘thigh’

voltage of 3.5V, eliminating the need for any pull-
up resistors,

With Vppi of the 428% tied to ground, the ad-
dress and chip select lines are TTL compatible, elim-
inating the need for any buffering,

As can be seen in the schematic, Germanium
diodes are used on the DIy-DI3 bus and R/W line
{5101) and 3.3K pull-up resistors are used on the
DOg-DOg bus {5101),

The user has the option of not using the 3216 to
channel data from 510t onio the OPA)-OPAg of
4289 by using an additional RPM instruction to
flip the F/L {lip-flop of the 4289.

INTERFACE CONSIDERATIONS

Only 1 standard CMOS NAND chip is needed to
ensure CE2 of the 5101 is low during and after the
process of power failure. When power is going down,
one has to ensure that no random data is written
into the 5101. This is accomplished by an output
port and conirolled by the program. In this case, a
RAM output port, 4002, is used to control a simple
R8 flip-flop, implemented with 2 NAND gates,
CD4011AE. This CMOS NAND device has to be
backed up by the battery also.

The output lines {0g-O3} of 4002 have a mini-
mum output low voltage of -7V {with Vgg tied to
5V). A clamped diode is advised although a gate-
oxide protection circuit is already incorporated in-
to CMOS integrated circuits. In this case, a silicon
diode is used.

Further Details

(1) A pull-up resistor is needed per CS input of
47024,

(2} A pull-up resistor is needed on the output
of TTL driving the CMOS.

{3) Buffering is required between the outputs
of 47024 and 5101. Intei’s 3212 Input/Out-
put Bipolar device meets this requirement
adequately, with the added feature that
more than four 4702As can be OR-tied
without degrading the access time tremen-
dously.

Batiery Supply

The battery standby system used is a simple, low
cost parallel diode switch. In arder to drive this sys-
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tem, the battery voltage and dc supply voliage
should relate as follows:

Vp = 0.7V {diode drop)
Vax * VD # Vbattery (VBB)# Vinin + VD
Vmax Vp = v supply {VS) Z Viin + Vp

Note: Vinax a0d Vinin vefer to the 5101
and CD 4011AE.

In the event the supply drops below V., the
battery will forward bias diode D1 (refer to sche-
matic) to form a closed-circuit and the 5101 and
CD4011AE will continue to function properly
through the battery. If a rechargeable baitery is
used, the battery can be trickle charged through a

resistor.

Theory of Operation

Hardware Aspect

On detecting power up, the 4201 generates a re-
set pulse required by MCS-40 components, This re-
set pulse is also translated to TTL ievel by transistor
(4 to enable operation of the 5101. The CPL has
to be enabled for interrupt in order to recognize
any interrupt. On detection of a power failure, the
CPUis interrupted and 4040 begins program execu-
tion at memory location 3. Either a Power Down
Routine (PDR) starts at location 3 or it contains a
jump vector to the PDR, With one 5101, more than
three 4002 memories can be saved i it. The F{L
line of 4289 is not used in both writing into and
reading from 5101. After the PDR, the RS flip-flop
has to be toggled by the 4002 to disable the CE2
line so as to ensure that no random data is written
into the 5101 during the power transitions. This is
done by bringing the CECTL low (refer to sche-
matic). Ali the above operations have to be dong
before the power supply drops below the minimum
required voltage for the system. The time depends
on how much memory one needs to save and what
other IO procedures need to be accomplished. This
implies that the DC power supply must maintain
power for a limited time after a line drop occurs.

Software Considerations

As the operation of the system depends entirely
on the program, careful consideration must be given
to the construction of the program given the limit-
ed time that the CPU has before the voltage drops
below the minimum requirement. The following
program is written only to save the majonty of the
4002 (specifically, 4 registers of the 16 main mem-
ory characters — 64 characters). The test line is used
to distinguish whether a power failure has occurred.
Test line is false (0} when no power fmlure has oc-
curred and true olherwise.

START AT
LOCATION O

INTERRUPTED

START EXECUTION
AT LOGATHON 2

RESTORE
Lrr]

FRODW 5107

TISABLE CE2
LINE OF
LA T

ENABLE
INTERRLIFT

FAOM THIE POINT
ON, VOLTAGE
CAN DROP BELOW
MINIMUM REOUIREMENT

REST OF
PROGRAM

POWER LW ROUTINE POWE R DOWN ROUTINE

Figure 1. Program Flow Chart

The mnemonics used in the following program
are those of the 4004/4040 Macro Assembler
(MAC 4).

INDEX REGISTERS MAP

14 ; 15
12 | 13
10 | 11
2 2
5101 RAM ADR M3E G 7 | LSB
RAM PORT ADR 4 5
2 3
4002 CHIF/REG ADR 0 . 1 |4002CHARADR
MAIN PROGRAM
NOP No Operation
START: JUN CKTEST :Jump to check test
Jine
PDER: FIM 6.0 An-Ag = 00H for
CMOS RAM
oM o Beleet CM-RAMO
Jine
DCL These two instrue-
tions are required if
CM-RAM linte is not
;0 during interrupt
FIM 0,0 Save 4002 Reg. 0

din CMOS RAM
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IS SAVE
INC 0 Save 40025 Rep. 1
IMS S5AVE
INC 0 Bave 4002¢ Reg. 2
IMS SAVE
INC a Bave 40023 Reg. 3
JMS SAVE
FIM 4.PORT PORT 0=00000000B
SRC 4 Set-up RAM port 0
LDM CECTL JCECTL=G0018 cor-
rresponds to Oy line
WMP Disable CE2 line
HERE: JUN  HERE Wait for power to
fo down.
CKTEST: JNT INIT
PUR: FIM 60 iA7-Ag = BOK
:CM-RAMO is auto-
smatically selected
safter reset so that
ma LOM 0, DCL
meaded
FIM 0.0 Restore 4002s Rey.
0 from
M8 RESTORE ;CMOS RAM
INC b] Restore 4002s
iReg. 1
IMS RESTORE
INC 0 ‘Restore 4002s
Reg 2
JMS RESTORE
INC [} {Restore 40025
JReg, 3
JMS RESTORE
INIT: EIN :Enahle interrupt

From this point on, normal processing can pro-
ceed,

SURROUTINES
SAVE: SRC Q WBet-up 4002 RAM

wharacter

RDM iFetch RAM charac-
iter

SRC & Set-up 5101s
address

WPM Write inte CMOS
;RAM. Note that
;only one WPM is re-
:quired as tha hard-
sware does not uli-
Jize F/L ftip-flop

INC 7 ;Inerement 51401s
address Ag-Ag

I8Z 1.5AVE Point to next 4002s

RAM character and
wcontinue until alt 16
imain charactiers are

paved

INC B Increment 5101s ad-
dress A7-Aq

BEL 1] sReturn

RESTORE: SRC [ Set-up 51015

address

RPM JFeich dala from
5101

SRC 0 Set-up 40025 RAM
wharacter

WRM ;Restoraes it

INC 7 JInerement 5101s
address Ag-Ag

i5Z 1,RESTORE ;Point to next 4002s
;RAM character and
wontinue until ail 16
imain characlers are
restored

INC 4] Increment 5101s
address A7-Ay

BBL o Heturn

Subroutine called SAVE is to save 40025 RAM
characters into 5101. The data is saved sequentially
starting at address 00. The above power down rou-
tine requires 478 memory cycles, With a 10.8 us per
memory cycle, the power supply has o maintain
the minimum required voltage for at least 5.16 ms
{478 x 10.8 ys = 5160.4 ps).

Subroutine called RESTORE is to restore 4002z
RAM characters from 5101.

Note that CPLf was not enabled for interrupt un-
til after all the restoring was firished.

System Performance

The 2 CMOS chips, CD4011AE and 5101, draw
a maximum of (15 + 15) uA = 30 pA, and Q1, R1,
R2, R3 draw a maximum of 7.5 pA (with Voo =
4V). With a total of 37.5 nA on a standby mode,
data retention can be maintained for 444 days using
a 0.4 ampere-hour battery system. The 256 x 4
organization of the 5101 makes it suitable as a sub-
stitute for 4002 on standby mode.

The schematic shown can address up to 2K of
ROM ie., 8 of 4702As. R1, R2 and R3 can be op-

timized to draw less current depending on the
transistor used.

Alternate System Configuration

The Power Down Protect Logic (PDPL) which
comprises of 4002, CD4011AE and 7404 can be
left out if the user does not require the power down
protect capability. If PDPL were left out, the fol-
lowing connections have to be modified:

{1} Tie CE2 of 5101 high

{2} Connect PM of 4289 to CE1

of 5101.




APPENDIX

The 3216 can be left out if the user chooses to next RPM to ac-
use an extra RPM instruction to keep track of the -cess the useful in-
F{L flip-flop of 4289. If the 3216 were left out, formation.
the RESTORE subroutine would then be the fol- RPM :Fetch data from
lowing. 5101

SRC 0
RESTORE: SRC 6 WRM
RPM {This is the dummy INC T
Jinstruction in 15Z 1,RESTORE
place of the 3216, INC i1
JAfter reset, the first EBL i}

APM will read
OPAG-OPA;. Be-
cause the DOG-DOy

Conclusion
of 3101 are tied ta
.OPRg-OPR3, this The 5101 as an MC3-40 Data Memory element
sfirst RPM does nol can reduce the power consumption during the
;pick up any useful power down or standby mode. The use of low cost
information. It batteries to maintain important system data during
:only serves to flip a standby mode dramatically reduces user system
sthe FIL Nip-flop se cost over alternative methods. This is particularly
as to enable the true when small quantities of memory are involved,
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Figure 2. 4040 and 5101 Block Diagram




INTEL MILITARY PRODUCTS
IC 38510 PROGRAM

Intel offers selected products in full conformance with requirements for military components.
Effort is underway by agencies of the Departrnent of Defense with ful! Intel cooperation to estab-
lish “JAN"™ standards for several of our products. Intel has led these standards by emulating the
anticipated “JAN" processing and ot acceptance requirements with the 'ntel in-house 1C 38510
Program. Intel Specitications are available which document general and detailed requirements for
each of the military products. Detail specifications are organized by generic family and provide ail
infermation necessary for non-standard parts submissions in accordance with MIL-STD-749, Step |,
Step I, and Step (1. These documents are available from your local Intel Sales Qffice or authorized
Intel Distributor. :

Three levels of product assurance are offered: Level B, Level C, and Military Temperature Only.

The Military Temperature level products have quaranteed operating characteristics over the specified
temperature range and have undergone Intel’s rigid product assurance requirements,

Level C and Level B products are in conformance with MIL-STD-883, Method 5004 requirements,
and in addition, have a specified maximum rebond criteria {10%) and a specified burn-in PDA
{10%}, all documented in the detail specifications, consistent with 38510 requirements. Lot con-
formance tests are performed in accordance with MIL-STD-8834, Method 5005.

INTEL MILITARY PRODUCT FAMILY

MCS-80 3000 Series PROMs RA
MCB080A MD 3001 MC170D2A MD2102A-4
MDBIUZA-4 1D 3002 MC2708 MDZ115L
MDB212 MD3003 MD 3601 MD2125L
MD3214 MD3212 MD 3604 MC5101-4
MD8216 ) MD3214 MD3624 MC510iL-4
MDg8224 MD3216
MD8228
MC82561
MCB255
MC8316A
MCB702A
MC8708

PSG-5



MANUALS AND HANDBOQKS

{Please include check or money order payable to Intel Corporation or BankAmericard or Master Charge
number, Purchase Orders are accepted for amounts of $100 or more.)

1977 Memory Design Handbook $ 5.00
MCS-40™ User’s Manual % 5.00
MCS-48™ User's Manual $ 5.00
MCS-80™ User’s Manual $ 5.00
MCS-85™ User's Manuai $ 5.00
Series 3000 Reference Manual $ 5.00
4004/4040 Assermnbly Language Programming Manual g 5.00
MCS-48 Assembly Language Programming Manual $ 5.00
8080 Assemmbly Language Programming Manual $ 500
PL/M-80 Programming Manual $ 5.00
Series 3000 Microprogramming Manual . $ 5.00
SBC 80/10 Hardware Reference Manual ' % 6.00
SBC 80/20 Hardware Reference Manual $ 6.00
tntellec? Development System Operator’s Manual $16.00

intellec® Development System Reference Manual $25.00




ADDITIONAL LITERATURE

Intel provides a variety of brochures, application nates, design manuals and other literature. The list below
includes the most popular publications available at the time of this publication. If you wish to receive Intel
literature, contact your local Intel sales office representative, distributor or write Intel Corporation, Litera-
ture Department, 3065 Bowers Avenue, Santa Clara, California 5051. Volume and Educational discounts
are available.

International locations also provide selected literature in fapanese, French or German.
Complementary Information

BROCHURES

MCS-48™ Brochure

MCS-80™ Brachure

MCS-86™ Brachure

SBC Single Board Computer Brochure
PL/M Application Brochure

Intellec? Brochure

REFERENCE CARDS

MCS-40™ Assembly Language Reference Card
MCS-48™ Assembly Language Reference Card
MCS-80™ Assembly Language Reference Card

RELIABILITY REPORTS

RR & 1702A Silicon Gate MOS

RR 7 2107A/21078

RR 8 Polysilicon Fuse Bipolar PROM
RR @ MOS Static RAMs

RR 10 8080/8080A Microcomputer
BR 11 2416 16K CCD Memory

]R 12 2708 8K Erasable PROM

RR 14 2115/2125 MOS Static RAMs

APPLICATION NOTES

AP 22 Which Way for 16K?
AP 23 21044 4K RAM

AP 24 2116 16K RAM
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