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Preface
The Signetics 8X300 Design Guide is intended to supply the design engineer with a
concentration of valuable and, in some cases, previously unpublished information

relative to the implementation of systems using the Signetics 8X300 Microcontroller
and its compatible devices.

The material contained within this handbook is arranged in such a manner as to
provide the user with the following:

1. An overview of the 8X300 family as a state-of-the-art design tool.

2. Tutorial information relative to the operation and use of the Signetics

B8X300 Microcontroiller and its compatible devices.
Additional information necessary for the design of systems utilizing the Signetics
8X300 Microcontroller may be abtained from the following Signetics documents:
. Signetics 8X300 Programming Manual

. Signetics Microcontroller Cross Assembly Program Manual

. Signetics Data Sheets for specific devices to be used
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1.1

INTRODUCTION

The Signetics 8X300 Microcontroller is a high-speed 8-bit bipolar
microprocessor, fabricated using Schottky technology. The device is
capable of executing (fetch, decode and execute) a lé6-bit
instruction in one machine cycle {a minimum of 250 nanoseconds),
with a maximum power consumption of less than 2.5 watts. The
BX300 architecture and instruction set are designed to provide a
high data throughput with bit-oriented, rather than word-oriented
operations. This allows the designer a considerable degree of
flexibility in control applications. Under program control, the
microprocessor is able to select and test individual bits or groups of
bits, make calculations and decisions based upon the selected data,
and issue appropriate commands to the system.

Because af its high speed, the 8X300 is able to perform, through
software, many operations that would otherwise have to be
performed by additional hardware. The resultant lower parts count
means less handling and inventory, reduced assembly and testing,
lower power consumption and improved reliability.

For more complex applications, Signetics offers a broad range of
8X300 family and compatible devices. These devices are illustrated
in Figure 1-1, and further information relative to them may be
obtained through the offices listed in the back of this manual.
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Figure 1-1. 8X300 Family and Compatible Devices
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1.2 DESIGN ADVANTAGES OF THE SIGNETICS 8X300 MICROCONTROILLLER

The Signetics 8X300 Microcontrolier comprises three separate
buses: a non-multiplexed 13-bit Instruction Address bus, a
non-rultiplexed 16-bit Instruction Data bus, and a muitiplexed
3-state, B-bit I/O bus. This dedicated bus structure contributes to
the speed and flexibility of the device by allowing mare actions to
overlap. In brief, the 8X300 offers the designer a degree of speed
and versatility previously available only with bit-slice architecture.

The 8X300 may select as its data source either the user I/O bus or
one of eight internal read/write registers. Previous to performing
the instructed function, the designer can manipulate source data
using both rotate and mask functions. The results of the instructed
function ray then be shifted, masked and merged with the original
source data prior to output. All of the above-mentioned operations
can be totally executed in 250 nangseconds, accounting for the
designers ability to process 1- to B-bit variables as easily as MQO5
microprocessors handle byte-ariented data.

Aithough the instructian set of the Signetics 8X300 Microcontrolier
contains only eight major catagories of instructions, a variable
operand field within these instructions provides the designer with an
extensive set of unique instructions. The inherent simplicity of the
instruction set aliows several hundred lines of machine code to be
written by hand. Where more complex programs are required, a
cross assembly program, MCCAP, is available. MCCAP allows the
system designer to construct well-documented firmware readily
employing all the powerful features of the 8X300 architecture.

The on-chip oscillator and timing generators of the device require
only a crystal or single capacitor for reliable operation. If the
Signetics BX300 is to be operated from an externa! TTL clock, all
that is required is an inverting buffer, a non-inverting buffer and
two resistors. The device requires only a single plus five-volt pawer
supply for its operation, and its inputs and outputs are TTL.

Figure 1-2 jllustrates a typical system configuration.
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Figure 1-Z. Typical System Block Diagram
1.3 DESIGN CONSIDERATIONS

The Signetics 8X300 Microcontroller moves data at 4 million
operations per second, while requiring only minimal support and
peripheral circuitry. Where speed is of prime importance, the 8X300
offers an economic alternative to random logic or the bit-slice
approach. The device reduces both the complexity and cost usually
associated with the abave mentioned approaches. Anywhere rapid
intelligent control! is important -- disk drive contrellers, CRT
displays, data communications, industrial cantrol -- the 8X300 is an
excellent choice.

Signetics offers extensive support for the development of systems
employing the 8X300. The designer wiil find aids available in the
forms of:

. Development Systems

. Training

« Documentation

. Applications Support

1.5




In the area of development systems, Signetics offers an 8X300
Evaluation Kit and an 8X300 Microcontroiler Cross Assembly
Program (MCCAP).

Training aids include a general introductory movie on the 8X300 and
the 8X300 Training Course, a self-paced audio-visual course.

A wide range of 8X300 Family documentation is available, In
addition to application notes and data sheets for specific devices,
Signetics offers the following manuals:

The 8X300 Design Guide

The 8X300 Programming Manual

The 8X330 Floppy Disk Controller Manual
- The Microcontroller Cross Assembler Program Manual

During the design phase of a project, the Field Applications
Engineer is an invaluable source of advice. They are available to
offer on-site technical assistance, and are equipped technically to
help analyze your application and transform it into a viable
hardware/software system. The Field Applications Engineers are
supported by the factory-based Product Applications Engineers, who
are also available to answer specific technical gquestions regarding
the use of the Signetics 8X3080 and its support components,

Additional design tools which are under development and will be
released in the near future include -

8X300 In-Circuit Emulator - A hardware development system
that converts other development systems and computers into
8X300 development systems.

MDS MCCAP - A version of the 8X300 assembler tailored to
execute on the MDS development system.

PDP-11 MCCAP - A version of the 8X300 assembler that
executes on PDP-11 and LSI-11 computers.

BX300 Designers Kit - A new version of the current Evaluation

Kit which includes writable program storage, an RS523Z port,
and an key/display panel.

1-6



2.0 THEORY OF OPERATION
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2.1 CPU ARCHITECTURE

Figure 2-1 is a simplified block diagram of the Signetics 8X300
illustrating the major internal functional blocks and data paths of
the device. As is shown in the illustration, the device includes an
Arithmetic Logic Unit (ALU), eight 8-bit working registers, logic for
rotate and mask of data, lagic for shifting and merging of data,
decode and control logic, an address register, a program counter and
an instruction register.

2.1.1 Decode and Control Logic

The decode and control logic contained in the Signetics 8X300
interprets the instruction according to its op code and operand
fields, and directs the device to perform the specified operation.
Additionally, the decode and control logic provides signals (Select
Command, Write Command, Left Bank/Right Bank) to control logic
external to the device. Such logic includes RAM and I/O interface
to user equipment. As shown in Figure 2-2, the decode and control
logic also receives control commands (RESET and HALT) from logic
external to the device.

INSTRUCTION
INPUT {16}

DECODE
< AND
CONTROL

INSTRUCTION
REGISTER
f
1] INTERNAL
OP WORKING
CODE STORAGE
CONTROL
ROTATE
CONTROL
OPERAND (]
A CONTROL

I

|
}
}

LOGIC
OPERAND {3}
FIELD
8 ALU
CONTROL
T — | =
FIELD
¢ we AN,
53
RB__ %
L 4
A A —
HALT
A
RESET ))_

Figure 2-Z. Decode and Control Inputs and Outputs
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The function of the operand fields vary according to the instruction

to be performed. Table 2-1 provides a summary of operand field

functions in order of instruction called for. More detailed
information on this subject is available in the Signetics 8X300
Programming Manual.

Table 2-1. Operand Field Functions

OPERAND FIELD FUNCTION
INSTRUCTIONS A 8 c
BITS 3-7 BITS 8—10 BITS 11-15

MOVE REGISTER TO REGISTER
ADD
AND SOURCE ROTATE DESTINATION
XOR REGISTER TO |V 8US ADDRESS
MOVE REGISTER TC IV BUS
ADD IV BUS TO REGISTER s
AND IV BUS TO IV BUS SOURCE LENGTH DESTINATION
XOR IV BUS TO |V BUS ADDRESS
XEC

REGISTER SOURCE LOCAL ADDRESS
NZT
XEC

IV BUS SOURCE LENGTH LOCAL ADDRESS
NZT

REGISTER
XMIT l . IV BUS ADDRESS DESTINATION LITERAL CONSTANT

| LITERAL

XMIT IV BUS DESTINATION LENGTH CONSTANT
nap ADDRESS

2.1.2 Arithmetic Logic Unit

Referring to Figure 2-3, the Arithmetic Logic Unit (ALLU) receives
its A-bus inputs from internal registers or I/O (through Rotate/Mask
logic) and its B-bus inputs from either the Instruction Register
(IRB-IR15) or from the Accumulatar {(a register containing an exact
duplicate of the information contained in the Auxiliary Register,
RO) via a multiplexer. The ALU performs one of four functicns on
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the data. It may ADD,AND ar XOR the A and B input data, or it
may pass either input data straight through with no modification
(MOVE,XMIT). The output data is then transferred to either the
Internal Working Storage registers, the I/O Bus through Shift and
Merge logic, or the Program Address logic. The ALU also indicates
a carry-out condition during eight bit ADD functions by means of a
discrete output to the LSB of the Overflow Register, R1G. During
NZT instruetions the ALU tests for all bits "0" (A£0).

CARRY

{R10}

(8) INTERNAL REGISTERS
MASK LOGIC
8}
o S oo
-

(8)
FROM
ACCUMULATOR

_ﬂ#
A
{8}
DATA OUT _ .<
B

[}

Af0 -f—

{FOR NZT
INSTRUCTION |}

Figure 2-3. ALU Data Inputs and Outputs

2.1.3 Program Address Lagic

The data flow within the Program address logic is controlied by the
transitions of the internal system clock of the 8X300., Each
instruction cycle comprises four of these clock transitions, referred
to as quarter-cycles.
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The Program Address logic data flow is shown in Figure 2-4. When
operating with instructions other than Program Control instructions,
the Program Counter data is incremented by the Increment logic
during the third quarter-cycle. The incremented data then passes
through the lower ports of Multiplexers A, B and C, and is loaded
into the address Register. During the fourth quarter-cycle this new
address is looped back and loaded into the Program Counter.

The above described data flow becomes altered when operating with
Program Control instructions {(XEC, NZT, JMP). In these cases, the
lower five or eight bits of the address are received from the ALU
via the upper ports of Multiplexers A and B. In the case of the JMP
instruction, the upper five bits of the address are received from the
instruction register through the upper ports of Multiplexer C. The
JMP instruction is unconditional and is immediately loaded. In the
case of the NZT instruction, the source is first tested for non-zero
contents. If the non-zero condition (A0} exists the new address is
loaded, otherwise normal program sequencing continues. The XEC
instruction differs in that the new address in the Address Register is
not looped back to the Program Counter. The result is that unless a
JMP is encountered at the executed instruction, the program
sequencing resumes operation at the address following the XEC
instruction. That is, the program counter, which still contains the
address of the XEC instruction, is incremented as normal.
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2.1.4 Bus Structure and Control

The 8X300 bus structure, depicted in Figure 2-1, consists of
dedicated Instruction and Instruction Address buses, and a
multiplexed /O bus. This bus structure allows direct
implementation of a totally independent read only Program Memory
of up to 8192 words by l6-bits. The 13-bit Program Control logic
allows the order of program execution to be altered by instructions,
either unconditionally or under conditions determined from selected
data.

Interface with external working storage {RAM) and user equipment
is through the I/O bus. This bus carries either address information
or data, and is accompanied by two Data-1/O control lines WC and
SC) which indicate to external circuitry which of the two types of
information is on the bus. Ordinarily the 8-bit I/O bus would only be
capable of addressing a maximum of 156 bytes of memory and/orl/O
registers, but through_the use of two additional compiementary
control lines (LB and RB) this capability has been expanded to a
maximum of 512. This is accomplished by grouping the memory-I/0O
into two banks of 256 bytes and/or devices, and using one control
lire to select each. It should be noted that only one device per bank
may be enabled at any given time. Timing for the external memory
and [/O is by means of the MCLK signal from the Signetics 8X300.
The five control lines function as follows:
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1. Select Command (SC) - a high (binary 1) on this line indicates
that an address is being output on the 1/O bus.

2. Write Command (WC) - a high (binary 1) on this line indicates
that data is being output on the I/O bus, to be stored in the
previously enabled register/port.

NOTE: When both SC and WC are low (binary Q) the
Microcontroller expects data from the selected device. Both
SC and WC high (binary 1) is a condition not generated by the
Microcontroller,

3. Left Bank Select (LB) - a low (binary 0) on this line enables
one of two groups of I/O devices (or memory locations). In all
following text, this group of Memory-I/OQ devices is referred to
as the Left Bank.

4. Right Bank Select (RB) - a low (binary 0) on this line enables
the second of the previously mentioned two groups of I1/O
devices (or memory locations). In all following text, this group
of Memory-1/O devices is referred to as the Right Bank.

NOTE: LB and RB are complementary outputs of a single
control line which can be considered as a ninth address bit.
Each I/O device (port, memory, etc.) is connected to either
the LB or RB control line.

5.  Master Clock (MCLK) - an output signal of the Microcaontroller
used for clocking of 1/O devices and/or synchronization of
external logic. The I/O bus data must be stabie during the
period the MCLK is high.

Figure 2-5 illustrates a simple control system composed of the
Signetics 8X300 and its compatible devices. The illustration depicts
the wiring configuration of the Program Address, Instruction and 1/O
buses, and the controf lines. In this particular application the Left
Bank of devices is composed of 1/O ports used for interface with
user equipment. The Right Bank of devices comprise the system's
external Working Storage. Through program control, the
Microcontroller is able to input data from one bank of devices,
manipulate this data and output it to the opposite bank of devices,
all in one instruction cycle (see Figure 2-6). It should be noted
thatthe I/O and Memory devices must have been addressed prior to
this instruction cycle, and that an operation from one device to
another of the same bank is not normally done during a single
instruction cycle. It is a simple matter to input data from a specific
device, operate on it and output it again to the same device during
one instruction cycle.
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2.1.5 Internal Working Storage

Internally, the Signetics 8X300 stores data in eight 8-bit read/write

registers. These registers include registers R1 through R6, Ril and
the Auxiliary register, RO. The Auxiliary register holds one of the
As previously
mentioned, an exact duplicate of the Auxiliary register data is also
This allows the Microcontroller to

operands wused in

maintained in the Accumulator.

two-operand

instructions.

perform operations which use the Auxiliary register data as both

operands. Register 10 stores the carry bit from addition operations

in its LSB position. Because the LSB is the only bit used, R1D can
only have one of two possible values - binary "1" or binary "0".
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Figure 2-5. Simple Control System
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Figure 2-6. Instruction Cycle

2.1.6 Bit Manipulation Logic

The A input of the ALU is preceded by data-rotate and data-rnask
logic. The combination of right-rotate and mask functions allows
selection of one or more bits from a source data field. For
instructions where both the source and destination are internal
registers, only the rotate function is availabie, the data being a
fixed length of eight bits.

The right-rotate function provides an end-around-shift of one to
seven places of the B-bit source field. In this manner, the least
significant bit of the bit string required can be positioned in the
least significant position of the data byte, ready for further
processing. See Figure 2-7.
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Figure 2-7. Mask Function

The number of places that the data is to be rotated is specified by
the R operand field, when present, and by instruction bits 5, 6, and 7
when the source is the I/O bus. These bits specify the bit of the
source data field which will be rotated to bit position seven before
masking.

The mask function allows selection of the least significant L
contiguous bits af the rotated [/O bus source data for subsequent
processing. The value L is specified by the L operand field of the
instruction. After masking, the least significant bits are output to
the ALLJ, with the remaining bits of the byte set to zero.

The ALU output is followed by the shift and merge logie. These
functions allow alteration af the state of a bit string within the /O
bus data byte. The action of the rotate and mask functions ensures
that the required processed data is in the least significant bits of
the ALU output; the left shift function then aligns the data in the
required bit positions prior to merging. See Figure 2-8.
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Figure 2-8. Shift and Merge Functions

Because the process is not an end-around-shift, data shifted from
position 0, the MSB, is lost. The number of positions to be shifted is
determined by instruction bits 13-15: the data is left shifted untii
the LSB has reached the bit position specified by instruction bits
13-15,

The merge function allows the user to update part of the existing
I/O bus data without affecting the remaining parts of the data byte.
The length of the bit string to be merged with the existing data is
specified by the L operand field, the LSB of the bit string (after
shifting) being specified by instruction bits 13-15.

It must be kept in mind that the 1/O bus is "read from" and "written
to" only in B-bit bytes. The eight bits of information is read from
the 1/O bus and latched into the internal I/O latches of the 8X300.
Some number of bits may then be rotated, masked and shifted as
desired. Prior to output to the I/O bus, the desired bits are then
merged with the original information still being retained in the
internal [/O latches. For this reason, a single bit cannot be read
from one device and written to replace just one bit of another
device in ane instruction cycle,
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2.1.7 Qscillator

The 8X300 contains an on-chip oscillator which generates all
necessary clock signals. The oscillator output frequency may be
controlled by any one of four methods:

1. External capacitor
2. External crystal

3. Pulse generator

4, TTL clock

The first control method, an external capacitor, is an imprecise way
of controlling the speed of the 8X300, and its use should be
restricted to low speed applications. In actual operation, the value
of the capacitor may be affected by its environmental conditions.
Approximate capacitor values are shown in Graph 2-1.

1800 |— -

1600 - -

:
[
I

1200 — ==

1000 — -

800 [— —

INSTRUCTION CYCLE TIME IN ns

600 |[— —]

Voo BV

- 0
200 L T-25° ¢ |

o 1 [ L
0 200 400 600 800
CAPACITANCE IN pf

Graph 2-1. Typical Cycle Time Versus Capacitance
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The second, and most desirable, method of osciilator control is
implemented through the use af a frequency determining crystal.
The oscillator is designed such that its gain decreases as its
operating frequency increases. When used with a crystal of the
proper characteristics, the oscillator has little or no tendency to
operate in a harmonic mode. Because of this, no external
components other than the crystal are required for frequency
cantrol. Table 2-2Z lists the specifications of crystals to be used
with the 8X300, and their resonant frequency f in Hertz is related to
tht? desired instruction cycle time T in seconds, by the relationship f
=2/T.

For example:

The desired instruction cycle time is 250 nanoseconds, or
250X10-? seconds.

Therefore:

2 - 8X10%HZ = 8 MHz.
250X 1077

Table 2-2. Crystal Specifications

IMPEDANCE AT
IMPEDANCE HARMONICS AND
TYPE AT FUNDAMENTAL SPURS
FUNDAMENTAL MODE, 35 OHMS 50 OHMS
SERIES RESONANT MA XIMUM MINIMUM

The third method of frequency control is accomplished by driving
the oscillator with an external pulse generator. This method is
especially useful in applications that require the ability to vary the
instruction cycle time. The X1 and X2 inputs of the 8X300 must be
connected to the complementary outputs of the pulse generator as
shown in Figure 2-9.
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Figure 2-9. Pulse Generator Clocking

The final method of oscillator control invoives driving the oscillator
with an external TTL clock. The interfacing of a master TTL clock
to the 8X300 is illustrated in Figure 2-10.

L J
vee 1K
CLOCK —{ 8X300
" MICROCONTROLLER
»N -
P =1
s = OPEN COLLECTOR

TTL DRIVER CHARACTERISTICS:
FALL TIME =< 10ns
SKEW BETWEEN COMPLEMENTARY QUTPUTS
= 10 ns

Figure 2-10. TTL Clocking
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2,2 8X300 TIMING

To understand the 8X300 timing, it is necessary to know when the
internal latches of the device are open and when they are not.
Figure 2-11 is a detailed internal block diagram of the 8X300,
depicting the latches and registers referred to in the discussions
that follow in this section of the manual. Figure 2-12 is a timing
chart illustrating the actions of these latches and registers
throughout an instruction cycle. Table 2-3 describes the timing
specifications of the device. It should be noted that all 8X300
internal latches are level triggered.

2.2.1 Instruction Cycle

The Internal Timing Generator of the 8X300 is depicted in Figure
2-13. Either an external TTL clock or a crystal may be cannected
to X1 and X2, the inputs to the device's internal oscillator. In
conjunction with the sequencer, the output of this oscillator
generates all internal timing-control signals. Figure 2-14 shows the
relationship of the internal timing signals to the X1 input.

The 8X300 instruction cycle comprises four transitions of the
internal system clock. The internal latches are controlled by these
transisions, commonly referred to as quarter-cycles. Keep in mind
that 'guarter-cycles" refer to transitions of the internal system
clock, not transitions of X1.
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Table 2-3, 8X300 AC Electrical Characteristics

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Voe = 5V {2 5%), Viy = OV or 3V, 0°C = T, = 70°C
LOADING: (See teat circuits)

LIMITS (INSTRUCTION LIMITS (INSTAUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
(NOTE 1) Min | Typ Max Min Typ Max
{1pe Pr: eycle tima 250 250 ne
Top X1 clock period 125 125 ng
TCH X1 clock high time 62 82 ns
ToL X1 clock low time 62 62 ng
I TMCH  MCLK high detay a1 42 s2 3 4z 52 na
ThCL MCLK low dalay a1 42 52 3 42 52 na
Tw MCLEK pulse width 55 &2 89 Taq=7 Tacy na Note 2
Tas X1 falling edge to 50 83 a0 50 83 8o ns Note 7
address stabla
TMAS MGLK telling edpe ta 130 143 180 | Tyg+T20 |Tia+T2q|Tia+ 2| ns Notes 2, 3, & 7
0 addrass stable | +5 +18 +35
[ TiA Instruction to address ; ! 170 Foo+108 ns Notes 2, 3, 4 8
TIVA Input data to address 105 105 ng Noteg 3 & 8
Tis Instructicn aet-up time -7 -7 ng Note 10
{X1 rising adge)
TMIS MCLK falling edge to 20 Tig—42 ng Nates 2, 4, & 10
inatruction stable
TH instruction hold time 45 45 ng Note 11
(X1 rising edge)
T Instruction hold time) 60 Tig-2 T_ ns Notes 2 & {1
(MCLK falling edge)
TwH X1 talling edge to 40 49 58 40 49 £8 na
SC/WC rising edge
TMWH MCLK falling adge to 125 130 135 1TiotTaq Tia+T20 |TiotTeo ns Note 2
SCrWL riaing edge +5 +10 ns
Tyl A1 talling ecge to 40 48 58 40 49 58 ns
SC/WC falling edge
TMWL MCLK falling edga to 5 7 15 5 7 15 ns
S5C/WC falling edge
Ties X1 faliing edge to 48 60 70 48 50 70 ns
LE/RA {Input phasze)
TMIBS MCLK falling edga 12 7 17 25 7 17 25 ns
LB/AB {Input phase)
Tugs Instruction to LB/RE 27 as 27 a5 ns
(Input phase)
Toas X1 falling edge to 43 50 70 48 80 70 ne
LE/RE (Output phase)
TMmoBS  MGLK faling edge to 132 137 147 |Tya+T20 |Tig*Tea |Tig+T2a| ns Note 2
LB/AB {Output phase) +7 +12 +22
TIbs Inpui data set-up time 25 16 25 18 ns
(X1 1alling edge)
14
TMIDS MCLK ialling edge ta 65 £5 TiotTag | TiQ+T20 :F-] Notes 24 5
inpui data stable —E0 -70
TiDH Input data hold time 40 30 40 30 ng
{X1 falling edge)
TMDIH Input data hold time 125 112 Tio+Tzq | TigtT20 ns Mote 2
{MCLK faliing edge} -13
TopH  Output data hold time 55 65 76 55 65 75 | ns
{X1 talling edga)
TmooH  Output daia hold time 1" 20 25 " 20 25 ns
(MCLK falling edge)
Tops Cutpuyt data stable 74 B4 94 74 84 94 ng Notes 12, 14, & 15
(X1 falting edge)
TMoDS  Output data stable 150 160 170 |[T1q+T2q|T10+T20{T10+Teq| ns Notes 2, 12,
(MCLK falling agdge) +25 +35 +45 14, & 15
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Table 2-3. 8X300 AC Electrical Characteristics (Cont'd)

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Voo = 5V (£5%), Yy = OV oF 3V, 0°C = T = 70°C

{Continued) LOADING:  (See lest circuite)
LIMITS [INSTRUCTION LIMITS [INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
(NOTE 1) Min Typ Max Min Typ Max
Too Input data to cutpul 104 120 136 104 120 136 ns Notes 134 15
data
THs HALT set-up tims o 0 ns |
{X1 rising adge) :
TMHS MCLK {alling sdge to 18 Tig—d4 ns Nates 2 & 6
HALT talling edge
THH HALT hold time 32 ! 32 ns
{X1 rising adga)
ThiHH HALT hold time 50 I Tig—12 ng Note 2
{MCLK falling edge) | i
i
Tanc Program storage ac . ns
access time .
Tio 110 port output enable 3o I ns
time {LB/RB to valid i
IV data input)
NOTES:
1 %1 and X2 inputs are driven by an pulse with an o155 TEST CIRCUITS
vedla: all lifhing PArAMATSES Ard manaurad st this volage lavel
2. Reapactivedy. Ty, Tog. Tag. and Tyq reprasant time intwrvala for e firsl, second,
third, and fourh quarter cycles, ADLHESS o
3. Cepacitive kaading far the address bus ia 150 plcoferada.
4. Same as 715 but relerenced 10 lalling sdpe of MCLK
5 Same a3 THOS bt raterenced 1 falling sdpe of MCLK
& Sama as THS bul referenced to felling edoe of MCLK, e
T. TAS in obteined by forcing a valid metryction and an I/ G bus input 10 ocour satkiar than Jp—
the apecifisd minimum ast-pp tima; tha TAS paramater then reprasenis the aarlisal JNDEA TEST
tima thal the address bus ia vakid,
8 TIA is obteined by forcing m valid insiruction inpal lo cecur sarliar than the minimuam T 500!
anl-up lima.
3. TIYA s abtained by laceing 4 valid 1/ O bus input ta just masl tha minimum sei-up ime,
10 TWIS raprasants the sat-up Hms raquired by intarnal |alchas of the 8X300. In aysiem
Applications, Ihe inslfuchon Nput may haye to be valid belore the worsi-cams aet-up —
tamg [n order lor Ihe syatem to respond wilh & valid |/ O bus input Thal mesla the |/ O - BTHER
bus input ssl-up hme {TIDS and TMIOS) — By
11. TiH taproasnts Ihe hoid lim« required by [nternal [ntchas of the &X300. To generats
woper LE/RP wignale. the [nstruction musl be held valid until the address bus
changas. —
12. TODS in obtmined by forcing a valid 1/0 bua input ta gocar aarlier than the /O bua -
input sel.up tima (TIDS); this tining paramBler raprasants the saclipat time that the QUTRLT
110 putput dela can be valid. UNOER TEST
13, TDDis obimined by forcing & valid 170 bus ingad ta just meet the minimum 1O bue input 151 a00pf

a#t-up time; thua liming parsmaled reprassnla tha Iatast lima (hat the |10 output date
can be valld,

. Tha minimum liguwa for 1hesse paramelers rapreasats lhe sarliaat time thal 170 buns

GuUipUt drivers of e 8300 will tumn on.

. ForTIDS = 26 na, TODS or TMODS should be used to determine when the oulpul deta

in slable.
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Figure 2-13. Internal Timing Generator
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FETCH NEW DATA INPUT DATA ADDRESS, GENERATE 170 DATA VALID
CONTROL SIGNALS,
AND SETUP |/O
a_I DATA FOR OUTPUT | ey K — ACTIVE STATE L
NOTES

1. New instruction must be accepted and latched at end of firat quarter cycle.

2. The 1/Q data latches are open for the first two quarter cycles, that is, for 125-
nanoseconds.

3. The address is output during third quarter cycle.

4. 1/0 bus drivers ars active (turned on) during third and fourth quarter cycles.

Figure 2-14. Internal Timing for 250 Nanosecond Instruction Cycle

2-21




2.2.2 Timing Calculations

It is an operational requirement of the 8X300 that certain timing
events must occur in specific quarter-cycles. In 8X300 systems
agperating with fast instruction cycle times, most Microcontroller
delays are strictly determined by internal gate propagation delays.
When operating with slower instruction cycle times, the delays
appear to increase due to gating by internal clacks. Figure 2-15
illustrates the timing relationships within the 8X300,

INTERNAL

QUARTER-CYCLES

METRUCTION

HOTES

[-/77] DEMOTES CHANGMNG DATA

B2 vevotes ez

Figure 2-15. 8X300 Timing Relationships

The switching points of the signals illustrated in Figure 2-15 are
defined in the foliowing paragraphs:

MCLK: Master clock. MCLK occurs during, and is equal in length
to, the fourth quarter-cycle. The leading and trailing edges of
MCLK are, respectively, concurrent with the leading and trailing
edges of the fourth quarter-cycle. '
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ADDRESS: Instruction address output signals. The opening and
closing of the internal address latches (register) occur, respectively,
with the leading and trailing edges of the third guarter-cycle.
Therefore, these latches are open only during the third
guarter-cycle. The address of the previous instruction cycle
remains stable until the trailing edge of the second guarter-cycle,
after which time a new address becomes available on the bus. The
point at which the new address becomes valid and stable is
dependent an the worst case condition of the following
considerations: .

1. The propagation delay from the address latch input to the
address latch output, when the address latch starts to open
during the third quarter-cycle (TAS).

2.  The propagation delay from the time an instruction becomes
stable to the address output (for example, a JMP instruction)
(TIA).

3. The propagation delay fram the beginning a valid I/O bus input
to the address output (TIVA). As an example, an instruction in
which bit seven of the selected right bank device is examined
and the next instruction is executed if the bit is zerao, or the
instruction at the current location plus five is executed if the
bit is one (NZT RB7,%+5).

INSTRUCTION: Input signals to the instruction latches (register).
These latches are cpen for the duration of the first quarter-cycle
only. When considered at the chip level, there is a minimum set-up
and hold time requirement with respect to the trailing edge of the
first quarter-cycle. At a system level, there are further
requirements as to when and how long the_instruction inputs must be
valid. As is shown in Figure 2-16, the LB/RB signhals are derived
directly from the instruction input during the input phase.

To insure the correct LB/RB signals, the instruction input must be
stable until the end of the input phase. Since the address bus is
stable faor the entire input phase, the instruction output of the
program storage should be stable for the entire input phase, thus
satisfying the requirements for stability of the LB/RB signals.

Another factor determining the latest point at which the instruction
must become valid is the worst case I/O input set-up time, as shown
helow:

I/O - data stability depends on the setting of the LB/RB control

lines which, in turn, depend on the stability of the instruction bus.
See section on "Timing Considerations" for detailed explanation.
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Figure 2-16. LB/RB Enable Paths

SC/WC: Select command and Write command signals. These signals
change state at the leading edges of the first and third
quarter-cycles. Keep in mind that 5C and WC are never
concurrently in a high state.

LB/RB: The complementary left bank and right bank enable
signals. When required to change during the input phase, LLB/RB
becomes valid after the latest occurance of either the leading edge
of the first quarter-cycle (TIBS) or the beginning of a valid
instruction (TIIBS). If a change is required during the output phase,
LB/RB is valid after the leading edge of the third quarter-cycle.
Refer to Figure 2-16.

I/O Bus: Input/Output Bus. The I/O bus input latches and the ALU
input latches are open during the first two quarter-cycles. Allowing
some delay after the leading edge of the third quarter-cycle, the I/O
bus drivers are turned on, and remain on throughout the fourth
quarter-cycle. When operating at 250 nanosecond instruction cycle
times, the 1/0 data may not be valid until the fourth quarter-cycle.

HALT: Halt Signal. The HALT signal is sampled by the 8X300
internal logic during the first quarter-cyecle. If the HALT signal
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goes low (and remains low) during the first quarter-—czcle, the
current instruction cycle becomes a HALT cycle. A HALT cycle
ceases the internal operation of the 8X300, but does not inhibit
MCLK or affect any internal registers. During the HALT cycle the
I/O bus is in a high-impedance mode, SC and WC are low, and the
address bus, A0-A1Z, retains the address latched in it at the time
the HALT was applied. Normal aperation resumes with the cycle in
which the HALT signal is high when sampled. Refer to Figure 2-17.

- HALTCYCLE
I
2 3 Ll 1 z a 4

L L L L

- T

Mt 1 T"S_"! I Note 2

- —_—
ST TS T, |/_}—(-f/‘/'f)'l'f/'/-i"/'/‘r
L T L I I Y N N R NNy
R R T T T Y £ A rrrrrerrseids
s mae SR S S

TMHG —| -—

TFMHH — |——

NOTES

1 The AALT signal can ywitch from High 10 Low sl sy lime during this Injervsl Togi— ol time from X1 te HALT {Indapendenl of inatruction cyale tima}
2. The HALT mignal can gwitch fram Low tp High a1 any time during thia inareal. Tamis—sel-up thma from MCLK 1o FARLT (dependent upon nsiruction cycle Hme)
Timing Dascriptrona: Tymay—hold fime trom MCLK 1o HALT (dwpendent uptn nstruction cyche tima)

Thg— sei-up time from HALT 1o X1 {incependent of (natruction cycle fime)

Figure 2-17. HALT Timing
Aithough RESET timing is not shown in Figure 2-12, it is appropriate

that it be described in this portion of text. Figure 2-18 depicts the
relationship of RESET to other signals of the 8X300.

When power is first applied to the 8X300, the RESET input of the
device must be forced low as part of the initialization process. This
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Figure 2-18. RESET Timing

must be done by some externai means, such as an R-C network. To

bl

ensure proper operation during normal program flow, the RESET
input must be forced low for at least one full instruction cycle.
When RESET goes low, the following takes place:

l.

2.

The Program Counter and Address Register set to zeros
asynchronously, with a delay equal to the propagation delay.
Their caontents remain zeros as long as the RéSEE input remains
low.

The 1/O bus goes to the high-impedance mode asynchronously,
and remains in this state as long as RESET is held low.

The SC and WC outputs go' low asynchronously, and remain low
as long as RESET remains low.
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4, The Elﬁ_B outputs are undefined as long as RESET remains taw.

5. The MCLK output is inhibited as long as RESET is held low. If
RESET is forced low during the last two guarter-cycles, the
MCLK that oceurs during that instruction cycle may be
shortened.

The RESET signal has no affect on any internal registers other than
theose listed above. When the RESET input is allowed to again go
high, at least one quarter-cycle later an MCKL (approximately ane
quarter-cycie long) occurs prior to the resumption of normal
operation.

TIMING CONSIDERATIONS {Commercial Part) - As shown in the
"AC CHARACTERISTICS" table for this part, Table 2-3, the
minimurn instruction cycle time is 250 nanoseconds, whereas, the
maximum is determined by the on-chip oscillator frequency and can
be any value the user chooses. With an instruction cycle time of 250
nanoseconds, the part can be characterized in terms of absolute
values; these are shown in.the first "LIMITS" column of the table.
When the instruction cycle time is greater than 250 nanoseconds,
certain parameters are cycle-time dependent; thus, these
parameters are specified in terms of the four quarter-cycles
(T1gs T2, and Tgg) that make up one instruction cycle --
see the timing diagram Figure 2-12, As the time interval for each
instruction cycle increases (becomes greater than 250 nanoseconds),
the delay for all parameters that are cycle-time dependent is
likewise increased. In some cases, these delays have a significant
impact an timing relationships and other areas of systems design;
subsequent paragraphs describe these timing parameters and reliable
methods of calculation.

Timing parameters for the B8X300 are normally measured with
reference to X1 and MCLK; those referenced to MCLK are prefaced
with an "M" in the mnemonic-- TMAS, TMIH, and so on. To
determine the timing relationship between a particular signal, say
"AM, and MCIK, the user should, at all times, use the value specified
in the table~- DO NOT calculate the value by adding or subtracting
two or more parameters that are referenced to X1. When deriving
timing relationships between twa signals (A to B, etc.) by adding or
subtracting the parameter values, the user must consistently use the
same parameter reference-- MCLK ar Xl1.

System determinants for the instruction cycle time are:

Propagation delays within the BX300
Access time of Program Storage
Enable time of Output Port
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Normally, the instruction cycle time is constrained by one or maore
of the following conditions:

Condition 1 --  Instruction or MCLK to T:é/FTE—B (input phase) plus
I/0 port output enable {TIO) < IV data set-up time
(Figure 2-19a)

Condition 2 -~ Program storage _access time (TACC) plus
instruction to CB/RB (input phase) plus 1/O port
output enable (TIO) plus 1V data (input phase) to
address < instruction cycle time (Figure 2-19b),

Condition 3 -- Program Storage access time plus instruction to
address < instruction cycle time (Figure 2-1%c).

From condition #1 and with an instruction cycle time of 250
nanoseconds, the 1/O port output enable time (TIO) can be
calculated as follows:

T™IBS + TIO = TMIDS

transpasing, TIO 5 TMIDS - TMIBS
substituting, TIO = 55nS - 25 nS
result, TIO < 30 nanoseconds

Using 30 nanoseconds for TIO, the constraint imposed by Condition
#1 can also be used to calculate the minimum cycle time:

TMIBS + TIO = TMIDS
thus, 25nS+30nSs T+ T2q-70

25nS + 30nS £ 4 cycle - 70 therefare,
the worst-case instruction cycle time is 250 nanoseconds. With
subject paramsters referenced to X1, the same calculations are
valid:

TIBS + TIO + TIDS < 3 cycle
thus, 70nS + 30 NS + 25nS < 4 cycle therefore,
the worst-case instruction cycle time is again 250 nanoseconds.
From Condition #2 and with an instruction cycle time of 250
nanoseconds, the program storage access time can be calculated:

TACC + TIIBS + TIO + TIVA £ 250 nS

transposing, TACC = 250nS5-TIIBS - TIO - TIVA
substituting, TACC = 250nS5-35n5-30nS5-105nS
thus, TACC = 80 nS hence, for an instruction cycle

time of 250 nanoseconds, a program storage access time of 80
nanoseconds is implied. The constraint imposed by Condition #3 can
be used to verify the maximum program storage access times

2-28



TIA + TACC < Instruction Cycle
thus, TACC = 25005 - 170 nS
and, TACC = BO nS, confirming that a program
storage access time of 80 nanoseconds is satisfactory.
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Figure 2-19. Constraints of 8X300 Instructian Cycle Time

For an instruction cycle time of 250 nanoseconds and a program
storage access time of 80 nanoseconds (Condition #2), the
instruction should be valid 10 nanoseconds before the falling edge of
MCLK. This relationship can be derived by the following equation:

258 nS - TMAS - TACC
250 nS - 160nS - 80n5S
10 nsS

It is important te note that, during the input phase, the beginning of
a valid LB/RB signal is determined by either the instruction to
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LB/RB delay (TIIBS) or the delay time from the falling edge of
MCLK to LB/RB (TMIBS). Assuming the instruction is valid 10
nanoseconds before the falling edge of MCLK and adding the
instruction-to-LLB/RB delay (TIIBS = 35 nS), the L.B/RB signal will be
valid 25 nanoseconds after the falling edge of MCLK. With a fast
program-storage memory and with a valid instruction more than 10
nanosecands before the falling edge of MCLK -- the LB/RB signal
will, due to the TMIBS delay, still be valid 25 nanoseconds after the
falling edge of MCLK. Using a worst-case instruction cycle time of
250 panoseconds, the user cannot gain a speed advantage by
selecting a memory with faster access time. Under the same
conditions, a speed advantage cannot be obtained by using an [/O
part with fast output enable time (TIO) because the address bus will
be stabie 80 nanoseconds (TAS) after the beginning of the third
guarter-cycle -- no matter how early the IV data input is valid.

When operating at slower instruction cycle times (TPC > 250 nS),
there are two more timing conditions which must be satisfied in
addition to those aiready mentioned. First, the I/O input data must
be stable by the set-up time required by the input latches. The
program storage access time (TACC) must be such that

TAS + TACC + TIIBS + TIC + TIDS < TPC

Second, the instruction must be stabie by the set-up time required
by the instruction latches. The program storage access time must
also be such that

TAS + TACC + TIS £ TPC - Tog

where T is the length of the second quarter-cycle {pulse width
of X1 high); for symetric clock signals

TZQ = 21; TPC, or

TAS + TACC + TIS £.75 TPC

Program storage access time must satisfy the worst case of all of
the timing conditions mentioned.
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2.3 THE 8X300 INSTRUCTION SET

The 8X300 instruction set comprises eight categories of instruction,
each identified by a different OP code value. A variable operand
field within these ipstructions provide the equivalent of 32
instructions. During the process of an instruction, the data may
undergo some combinations of rotate, mask, and shift and merge
manipulations. Table 2-4 describes the functions that can be
performed on the data during the instruction operations. Certain
instruction operations perform no function on the data, therefore,
they do not appear in this Table (examples XMIT, Register).

The following paragraphs, in conjunction with Table 2.4, provide a
brief description of the operations that may be performed by each
of the instruction categories. It is suggested that when reading
these descriptions, the reader shouid also refer back to the internal
block diagram, Figure 2-11.

Op Code D (MOVE): Data from the source register or I/O bus is
moved to the destination register or /0O bus. Bit
manipulations may be performed as specified in Table
2-4, The saurce data field remains unchanged after the
operation.

Op Code 1 {ADD): Data from the source register or 1/O bus is
added ta the contents of the AlJX register
{(Accumulator). The result is then placed in the
destination register or I/O bus. Bit manipulations may be
performed as specified in Table 2-4, The source data
field and AUX register remain unchanged unless one of
those is also the destination. Only during the ADD
instruction is the value of Register 10 set. (RIO cannot
be specified as a destination.) The high order seven bits
always remain zerp. The LSB is set to indicate the
carry-out of the M5B of the ALU.

NOTE: This does not indicate an overflow condition
resulting from excessive magnitude of a two's comple-
ment sum.

Op Code 2 (AND): Data from the source register or I/O bus is
ANDed with the contents of the AUX register
(Accumulator). The result is then placed in the
destination register or 1/C bus. Bit manipulations may be
performed as specified in Table 2-4. The source data
field and AUX register remain unchanged unless one of
those is also the destination.
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Table 2-4. Bit Manipulation Functions

FUNCTION
DOPERATION ROTATE MASK SHIFT MERGE

MOVE, ADD, AND, XOR

oK X X X
REGISTER - REGISTER
MOVE, ADD, AND, XOR

OK X X X
REGISTER — IV BUS ADDRESS
MOVE, ADD, AND, XDR

X X 0K oK

REGISTER — IV BUS
MOVE, ADD, AND, XOR

oK 0K X X
1V BUS —- REGISTER
MOVE, ADD, AND, XOR

0K OK oK 0K
IV BUS — 1V BUS
MOVE, ADD, AND, XOR

0K oK X X
IV BUS — IV BUS ADDRESS
XEC, NZT
WV BUS 0K (0]:4 X X
XMIT
IV BUS X X oK oK

NOTES: 1, X REPRESENTS A NON-USABLE FUNCTION.

2. XEC,NZT AND XMIT REGISTER, AND XMIT IV BUS
ADDRESS HAVE NO BIT MANIPULATIONS PERFORMED
DURING THEIR OPERATION.

Op Code 3 (XOR): Data from the source register or /O bus
undergoes an EXCLUSIVE OR operation with the contents
of the AUX register (Accumulator). The result is then
placed in the destination register or /O bus. Bit
manipulations may be performed as specified in Table
2-4, The source data field and AUX register remain
unchanged unless one of those is also the destination.

Op Code 4 (XEC): Executes the instruction at the address formed
by replacing the least significant bits of the current
address with the sum of the J field and the data in the
source register or 1/O port.* Bit manipulations may be
performed on I/O source data only as specified in Table
2-4. After execution of the instruction at the specified
address, instruction execution continues at the address
following the XEC instruction, unless the instruction at
the specified address caused a jump.
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Op Code 5 (NZT): The least significant bits of the program
counter are replaced by the J field data if the register or
[/O bus specified by the source field has non-zero
contents.* Bit manipulations may be performed on I/O
destination data only as specified in Table 2-4. The
tested data field remains unchanged.

Op Code 6 (XMIT): The data in the J field is placed in the register
ar 1/O port specified as the destination field.* Bit
manipulations may be performed as specified in Table 2-4.

Op Cade 7 (IJMP): The address of the next instruction to be
executed is changed to that specified by the 13-hit A field
of the instruection.

*NOTE:
If the saurce field specified a reqgister, the J field
contains an eight-bit value. If the source field specifies
an 1/O port (or memory), the J field contains a five-bit
value.

A compendium of information on instruction formats is contained in
Appendix B.

2.4 INTERFACE PRINCIPLES

Designing hardware to interface with the BX300 Microcontroller is
primarily a task of selecting external devices that suit the job to be
done., Careful consideration must be given to the minimum
requirements necessary to accomplish the job. Such requirements
might include instruction cycle time, memory size and memory
access time. Must the system operate with a 250 nS instruction
cycle time, or is 500 nS sufficient? At longer instruction cycle
times, slower and less expensive memory may be used. How much
External Working Storage is necessary? As External Working Storage
increases, the methods of manipulating it become more complex.
Which is the most economical method of manipulating larger and/or
slower memory - hardware or software?

Signetics offers a broad line of devices that are either specifically
designed for use with or are compatible with the 8X300. Table 2-5
provides a listing of these devices, by function. Selection of devices
from this list can greatly reduce the time and tasks necessary in
B8X300 system design.
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The following sections provide general information which will aid
designers seeking solutions to specific interface problems.

2.4.1 Memory Interface

It should be pointed out that the program storage and working
storage devices listed in Table 2-5 are all bipolar devices.
Furthermore, as is shown in Table 2-5, the access times of the
majority of devices are within the 80 nanosecond maximum required
for an 8X300 operating with an instruction cycle time of 250
nanaseconds. This is not to say that all systems must have bipolar
memory devices, or that all systems must operate with a maximum
memary access time of 80 nanoseconds. If the system under design
is of a nature that allows instruction cycle times greater than 250
nanoseconds, the designer might desire to stretch the instruction
cycle time in order to select memory from readily available industry
standard, TTL compatibie MOS memory devices. It is suggested
that the designer review Section 2-2 of this manual prior to
attempting calcuiations of instruction cycle times versus memory
aceess times.

As an alternative to stretching the entire instruction cycle, the
designer might consider an oscillator configuration which selectively
stretches the instruction quarter-cycles. A suggested configuration
is shown in Figure 2-20, This design stretches all positive phases of
clock input X1. The system is self-synchronizing, and elongates the
memory fetch cycles. An arbitrary oscillator frequency of 6.154
MH, and delay time of 18.75 nanoseconds was chosen for purposes
of illustration. Other oscillator frequencies and delay times will
yield different quarter-cycle time periods.
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Table 2-5. 8X300 Compatible Devices

Program Storage (ROM, PROM)

Type

82523/123
825126/129
825131
825115
825137
825181
825185
825190/191

8252708(Mil. only)

Working Storage (RAM)

82509
82516
825116
8X350

1/O Devices

8T26A/28
8T31
BT32/33/35/36
8T39

B8T58

8X4l

8X320

Communications Devices

2652
8X01
8X330
9403

Integrated Fuse Logic

825100/101
825102/103

Description Access Time

QC/TS 32X8 PROM 50 ns
QC/TS 256X4 PROM 50 ns

TS 512X4 PROM 50 ns
TS 512x8 PROM 60 ns
TS 1KX4 PROM 60 ns
TS 1KX8 PROM 70 ns
15 2KX4 PROM 100 ns
QC/TS 2KX8 PROM 80 ns
TS 1iKX8 PROM 60 ns
QocC 64X9 RAM 50 ns
TS 256X1 RAM 50 ns
TS 256X1 RAM 40 ns
TS 256X8 RAM 35ns

Quad Bus Transceiver

8-Bit Bidirectional I/Q Port

8-Bit Addressable Bidirectional I/O Port
Bus Extender

Transparent Bus Expander

Bidirectional Bus Extender/Repeater
Bus Interface Register Array

Synchronous Data Link Controller
Cyclic Redundancy Checker
Floppy Disk Formatter /Controller
64-Bit FIFO Buffer Memory

TS/OC 16X8X48 FPLA
OC/TS FPGA
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6.154 MHz
CLOCK

NOMINAL

18, 75ns

DELAY
NOMINAL
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62.5ns -—l-l——-bl-'l—- 100 ns —>|
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Figure 2-20. Elongated Positive Cycle Clock

Figure 2-21 iliustrates a system which operates with up to 64K bytes
of industry standard, TTL compatible MOS5 working storage. The
system is implemented through the use of some additional
hardware. It shouid be noted that the pregram memaory should
consist of devices with an access time of 80 nanoseconds or less and
that the instruction word has been extended from 16 bits to 20 bits.
Two of these bits are used as enables for the RAM address latches.
The remaining two bits may be used for other control or display
drive functions. Although this method requires additional ROMs for
the extension, it eliminates the latch select instruction cycle that
would be necessary if addressable latches, such as the 8X32, were
used as RAM address latches. This saves both in program storage
and in total processing time for working storage. It requires that a
specific program structure be followed within program storage.
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The RAM address latches must be sequentially loaded, the data
latch selected, then the data itself loaded into the data latch. If the
RAM array is composed of devices with an access time of 250
nanosecands ar less, the RAM address.will be stable by the time
data is to be written to or read from the RAM array.

The system designer must ensure that the program instruction
becomes valid early enough relative to MCLK in order for the RAM
address latch enable bits (I16 and I117) to be latched into the
D-latches. In cases where the instruction is not yet wvalid at the
trailing edge of MCKL, the MCLK signal to the D-latches can be
slightly delayed by adding two or three buffer stages to the MCKI_
signal line, just prior to the D-latches
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Figure 2-21. Extended Microcode Select
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When interfacing program storage composed of ROMs with an access
time greater than 80 nanoseconds, the problems facing the designer
are quite similar to those encountered when designing for slower
working storage. Often, the solution to the problem is the same for
both slower working storage and slower program storage. Faor
example, an instruction cycle time of 500 nanoseconds will allow the
designer to use either RAMs or ROMs (or both) having an access
time of 120 nanoseconds. A solution for slow RAM is that of
inserting software delays after each RAM address function. A
software delay can be generated by maving a register to itself - the
equivalent of a NOP. The drawback to using software delays is that
they increase the required program storage. If, due to generation of
software delays, program storage size becomes a problem, then the
designer might consider hardware generation of delays. Figure 2-22
illustrates a hardware implementation of a delay using a minimum
of additional devices.

This configuration is suitable for use with RAM devices having
access times of up to 250 nanoseconds. By increasing the number of
flip-flops, additional hardware delays may be added, based on the
RAM access time requirements.
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Figure 2-22. Hardware Delay Generation
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A variation of this same scheme, which js suitable for use with
program storage, is shown in Figure 2-23. In addition, it allows the
designer to combine both bipolar and MOS ROMs within the same
system. As in the previous example, a flip-flop is used to generale a
hardware delay via the HALT input. Also, the program storage has
been partitioned into two equal segments - one segment composed
of bipolar ROMs, the other segment composed of MOS ROMs. The
state of the most significant address bit determines which program
storage segment is active. Other decoding schemes can be applied
to partition the memary at different ratios.
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Figure 2-23. Hardware Delay Generation With Program Storage Partitioning
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2.4.2 1/O Interface

Typical interfaces to the 8X300 employ the B8X32 latched
addressable bidirectional I/O port. This device provides a single
connection between the 8X300 I/O bus and the user status and data
lines. A unique feature of this I/O port is the way in which it is
addressed. Each I/O part has an 8-bit, field programmable address,
used to enable the device. When the 5C signal is high, data at the
microprocessor port is treated as an address. if the address matches
the 1/O port's internally programmed address, the I/O port is latched
into a selected state. The port remains selected until an address
which does not match its internal address is presented, at which
time the port is disabled. This feature eliminates the need for the
additional hardware required for port enable decoding. The 8-bit
address field, combined with the LB/RB select bits, allow selection
of one of a possible 512 1/O ports.

The only disadvantage of this device is the increase in software
averhead and throughput time encountered when addressing is
necessary. Faster 1/O selection may be implemented by adding bits
to the instruction word, similar to that which was done in Figure
2-21. This technique, illustrated in Figure 2-24, allows an I/O port
to be selected within the same instruction where it is used. By
eliminating the need for the I/O port select instruction, important
processor time is saved.

The program memory extension is followed by D-type latches, and
the latches in turn followed by a decoder. The outputs of the
decoder, ANDed with the bank select signal, comprise the 1/O port
select cireuitry.

MCLK—D&—DD—D:»-|

ME
1/0
PORT

170
PORT

—C— B P
TYP
DECODE Lgm”:s EXTRA BITS ADDED
FOR FAST SELECT
- -] BIT 1
AOM
r
BANK SELECT 16
INSTRUCTION fo—rt
/0 £x300
BUS 13
ADORESS |—

Figure 2-24. Fast I/O Select For Small Systems
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This method of fast 1/O port selection is suitable for use in small
systermms. It can be used in the same system with normal select 1/O
(such as 8X32s), but when using fast I/O select the programmer must
ensure that a programmable [/O port has not been left selected on
the bank in use.

On large systems extra delays may be encountered, with the result
that it may be necessary to program the [/O port enable address in
the instruction preceding its usage. A double set of D-latches are
used as address hold latches to insure that the address appears
sufficiently early in the instruction cycle. Refer to Figure 2-25.
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BX300

170 BUS 13 r"
ADDRESS

“h

Figure 2-25. Fast 1/O Select For Large Systems

In both examples, Figures 2-24 and 2-25, the program memaory
extension is usually made in increments of four or eight bits. If only
one I/O port is to be enabled, then the remaining extension bits may
be used for other contro] or display drive functions. If, on the other
hand, a maximurmn of eight extension bits are decoded, this allows
I/O port selection from up to 256 ports.
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The preceding descriptions should not imply that up to 512 [/O
devices can be directly attached to the 8X300 [/O bus. Special
attention must be given to the fan-out and drive capabilities of the
8X300. When a large number of I/O or memory devices are to be
driven, consideration should be given to use of the Signetics 8T39
addressable bus expander, and the Signetics 8T5B transparent bus
expander. Each of these devices can buffer a block of 16 /O ports
while adding only a single load to the device driving them. The use
of these bus expanders may impact system cycle time due to the
added delay in the data path. When calculating allowable cycle
time, the bus expander delays should be considered as additive to
the I/O port delays so that a buffered 1/O port actually appears as a
slower 1/O port.

The left bank of devices in a rmaximum system might consist of one
8T58 driving sixteen BT39%s, each 8T39 driving sixteen 8X32s. This
results in a total of 256 usable 1/O ports.

NOTE: 1If, when operating with asynchronous /O input data, the
data on the IV bus changes arbitrarily during the execution of an
instruction such as

NZT PORT, ADDR

where PORT references an IV bus source, the resulting branch
address may be unpredictable. To avoid this, code

MOVE PORT, REGX
NZT REGX, ADDR

where REGX is a scratch pad register.

2.4.3 Data Conversion

In recent vyears thers has been considerably more demand of
engineers to design systems in which analog and digital disciplines
coexist. Thus, the field of data conversion was born. Data
conversion covers a broad range product applications including
automotive and audio, and for this reason it plays a part in our
everyday lives. As technology advances, it is to be expected that
the product application range will continue to grow. Data
conversion systems will find greater usage in a variety of fields,
particularly including those of energy conservation and home
entertainment.
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Operating principles of Analog-to-Digital and Digital-to-Analog
converters are well-defined in textbooks and industrial manuals;
therefore, the following discussions are aimed at acquainting the
user with the problems involved in specifying D-to-A and A-to-D
converters, and to aid the user in selection of these devices.

Generally, the greatest problem facing the designer is that of device
speed andfor accuracy versus cost. Quite often, as a device's speed
increases its accuracy decreases. An increase in either speed or
accuracy causes an increase in the cost of the device. For these
reasons, a compromise is sometimes called for. The designer must
consider speed, accuracy and cost in terms of system objectives.
After determining the system objectives the following key
specifications may be defined:

1. Accuracy - the actual output leve! as related to a known
reference
2. Resolution - the smallest output increment that can be

distinguished

3. Speed - the length of time necessary to perform the desired
fupction (typically, the sampling rate)

4. Stability - the lack of sensitivity of a converter's
characteristics to time and temperature.

Once these specifications have been defined then the general price
range of the device can be determined.

When interfacing data conversion devices with the §X300, it must be
realized that the B8X300 operating at maximum speed (250
nanosecond instruction cycle) is faster than the majority of data
conversion devices currently available. The software and hardware
must be arranged in a manner that will econamically accommodate
the data conversion device being used. For example, the designer
might elect to use a Digital-to-Analog converter with a settling
time of 500 nanoseconds. System requirements might dictate that
the analog output level be heid stable for one microsecond. This
means that the digital inputs to the D-to-A converter must be held
stable for a minimum of 1.5 microseconds. This s easily
accomplished using a latched addressable 1/O port such as the
Signetics 8X32. Refer to Figure 2-26. The digital input word to the
Signetics NES008 is latched into I/0O port number three.
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Figure 2-26. Digital-to-Analog Converter Configuration

The above described configuration is easily adapted for use as a
successive-approximation Analog-to-Digital converter, and requires
a minimum of additional hardware. Referring to Figure 2-27, a
comparator has been placed on the output of the D-to-A converter.
The output of the comparator is then connected to the UD-7 (LSB)
input of I/O port number four.

2-44




SIGNETICS
8X32 170 PORY

a UDo-un?
PoRT | {—
1

Ll———oﬁs

—QBoc

10
PORT

SIGNETICS
BX300
MICRO-
CONTROLLER

_ 2 -~ ANALOG
- -— INPUT

| — —oBiC o

__o6oe D-10-A

uDo-UD7?
10 COMPARATOR

Yee

| v

BIC

[r-]
[=]
[x]
iH

unD7?

_ a08
At —

Figure 2-27. Successive - Approximation
Analog-to-Digital Converter Configuration

The objective is to successively turn-on each bit of the D-to-A
converter, starting with the most significant bit. An internal
register of the 8X300 may be used as a successive-approximation
register. As each bit is output to the comparator, it is checked for
a compare condition with the analeg input. If the D-to-A output
compares low with respect to the anmalog input, a high is stored in
the successive-approximation register for this respective bit
position. If the D-to-A output compares high with respect to the
analog input, a low is stored. After comparisaon and storage is
completed for this bit posititon, the program loops back and the
procedure is repeated for the next least significant bit. This process
is repeated until all input bits to the D-to-A converter have been
processed. Upon compietion of the process, the digital word
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stored in the successive-approximation register represents the
analog input value with respect to the D-to-A converter. The
successive-approximation routine is shown in Figure 2-28,
Successive-Approximation Flowchart.
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Figure 2-28. Successive-Approximation Flowchart

This type of converter is somewhat slow, with speeds in the range of
tens of microseconds. The actual speed is determined by a number
of factors, including the settling time of the D-to-A converter and
the resolution (8-, 10-, or 16-bits) desired. The latter affects the
number of approximations that must be made.
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2.5 8X300 INTERRUPT STRUCTURE

Although the 8X300 microprocessor is a very fast device and in
many cases external events aceurring randomly and influencing the
program filow may be discovered by means of a polling technique,
there are instances when the system must react immediately to such
events.

Because the 8X300 has no interrupi facility, it is necessary to add
hardware to obtain such a facility. This hardware should perform
the foliowing actions on receipt of an interrupt signal:

- save the current Program Counter contents

- retain the last used IVL and IVR addresses

make the program jump to a fixed (interrupt) address
- detect a return instruction

restore the VL and IVR addresses

- restore the original contents of the Program Counter

Any registers which are used in the interrupt routine should also be
saved and restored on return; this is done in software as is the
restoration of the 1VL. and IVR addresses, although the saving is
done by hardware. To save and restore various items, a RAM of at
least ten bytes is required. However, it is assumed that a 256 byte
RAM is available, connected to the right bank.

To provide an interrupt facility for 8X300 systems, it is necessary to
add the following bardware:

a) EXECUTE decoding - Interrupts must be inhibited during an
EXECUTE instruction

b) Return decoding - 717777 (JMP 17777) is used as a return
instruction. The address 17777 must be decoded

c) Interrupt control - The Interrupt signa! has to be synchronized
with the Master Clock, and various control signals have to be
generated

d) Return Address Register

e) Interrupt Vector logic - This logic forces a jump to the interrupt
address on the instruction bus

f) IVL, IVR Save logic - It is necessary to retain the last IVL and

IVR addresses selected before the interrupt, to be able to
restore these addresses on return
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@) Priority logic - If mare than one interrupt request is given at one
time, the priority between them has to be determined and a
different interrupt address allocated to each interrupt level.

Figure 2-29 shows the block diagram of the hardware.

On a right bank select instruction, the address is stored in the 8X31
latches. The three-state outputs of the latches drive the address
inputs of the eight RAM cireuits. The data connections of the RAM
and the I/O ports are wired to the [/O bus.

In the interrupt logic, an interrupt signal is sent to the Interrupt
Control device. A Return Address Clock is then given to store the
current address in the Return Address Register. Generally, the
current address is equal to the contents of the Program Counter
(PC). Only when an Execute instruction occurs are the contents of
the address bus not equal to that of the PC. This condition is
detected by decoding the first three bits of the instruction bus, and
defers the interrupt. When the interrupt is given, the PROM is
disabled and a JMP instruction to the interrupt address is forced on
the instruction bus by the Interrupt Vector, coincident with a
Vector Enable signal.

Ouring the running of the main program, prior to the interrupt, IVL
and IVR addresses are stored in RAM locations 255 and 254
respectively. This is done when the Select Controi (SC) signal is
active. When an interrupt occurs, the Save logic is disabled and the
last IVL and IVR addresses are retained in locations 255 and 254.
Just before the return, these addresses must be fetched to reselect
the original left and right 1/Q ports (or RAM locatian).

The return instruction is 717777, The address 17777 is decoded and
again causes a PROM Disable. The contents of the Return Address
Resister are forced on the instruction bus by means of the RETURN
ADDRESS ENABLE signal while the three most significant bits are
"1, Thus, a IMP to the return address is made.

An INTERRUPT INHIBIT signal may be generated by software and
taken from a bit of an /O port, or it may be generated somewhere
else in the system. The interrupt signal is inhibited from generating
an interrupt, but the interrupt may remain pending until the
INTERRURPT INHIBIT signal is removed.
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when an interrupt occurs, a signal INTERRUPT ACKNOWLEDGE is
generated. The timing depends upon whether a handshake interrupt
or an edge and stobe interrupt is chosen.

The implementation of the interrupt facility as described requires
20 DIL devices.

110 BUS
110 PORT E
INSTAUCTION =
vECTOR [—
INTERRLPT ENABLE 10 PQRT —
VECTOR =
RETURN ADDRESS EXECUTE
AEGISTER
RAM
AETURN ADDRESS ENABLE
AETURN ADDRESS CLOCK SAVELOGC| v ivA
1 DiSABLE
N ADDRESS
»]
ADDRESS 17777 ! POET
¥ r
_ INTERAUPT INHIBIT )
PROM -
OISABLE INTERALPT

PROM k-

-——
CONTROL INTERRUPT SIGNAL

= INTERARUPT ACKNOWLEDGE

Figure 2-29. Typical Interrupt Block Diagram

2.5.1 Execute and Return Decoding

The EXECUTE and RETURN decoding logic is shown in Figure 2-30.
when an EXECUTE instruction {(opcode 100) is encountered, the
content of the address bus is not equal to that of the Program
Counter. At that moment no interrupt may occur. To detect
whether an EXECUTE instruction is being performed, however,
requires a delay of the trailing edge of MCLK because the
instruction bus becomes valid after this trailing edge. Prior to the
leading edge of the next MCLK the address changes, causing the
instruction to also change.
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Figure 2-30. Execute and Return Decoding

The instruction is decoded and clocked into a flip-flop about 50
nanoseconds after the trailing edge of MCLK. The output of the
flip-flop is used to stop the interrupt {see Figures 2-31 and 2-32).

To save some hardware, it is also passible to inhibit the interrupt by
means of software. In that case the hardware decoding and clocking
is not required, but before each EXECUTE instruction, one has to
make sure that the INTERRUPT INHIBIT signal is active.

At the end of the interrupt routine, an instruction, 717777, has to be
given to indicate a return. The address 17777 is on the address bus
and is decoded to form the RETURN signal. If 4K or less of
program memory is used, the decode logic (13-input gate) is no
langer necessary since the MSB(AD) alone may be used to signal a
return, that is, a jump to any address 4096,
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Figure 2-32. Interrupt Control (Fdge And Strobe)
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2.5.2 Interrupt Control (Handshake)

The timing of the handshake procedure is shown in Figure 2-33. The
time between the activation of the INTERRUPT signal and the
leading edge of INTERRUPT ACKNOWLEDGE (time A} is Teycle +
10 nanoseconds minimum, and 3 X tpyele + 60 nanoséconds
maximum, (when Execute has to be taken in{O account).

The time between the de-activation of the INTERRUPT signal and
the trailing edge of INTERRUPT ACKNOWLEDGE (time B) is 10
nanoseconds mimimum, and 3/4 x teycle + 50 nanoseconds
maximum.

INTERRUPT SIGNAL

INTERRUPT ACKNOWLEDGE

e A — it B} oo

Figure 2-33. Handshake Timing

The INTERRUPT signal must remain active until the INTERUPT
ACKNOWLEDGE goes high. The INTERRUPT ACKNOWLEDGE is
de-activated when the INTERRUPT signal is no longer active.

When an INTERRUPT signal occurs with no INTERRUPT INHIBIT
present, the signal is synchronized in flip-flops SYNC1 and S5YNC2
because the output of SYNC1 may be a very small pulse if the
INTERRUPT signal occurs very near the leading edge of MCLK. If
there is an EXECUTE instruction, the setting of SYNC?2 is inhibited
for one cycle. When SYNC2 is set, the signals PROM DISABLE,
RETURN ADDRESS CLOCK and INTERRUPT VECTOR ENABLE
become active. The acknowledge flip-flop (ACKN) is also set.
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2.5.3 Interrupt

The interrupt disable flip-flop (INTDIS) is set to 1 at the trailing
edge of MCLK. The signal SAVE LOGIC DISABLE may anly become
active after MCLK, as the previous instruction might have been an
1/0 select instruction and the 1/O address still has to be saved in the
RAM. SYNCI and SYNCZ are reset with the next MCLK because of
INTDIS and ACKN, respectively. ACKN remains set as long as the
INTERRUPT signal is active, and is reset at the MCLK following
de-activation of the INTERRUPT signal.

When a return instruction is given (717777) INTDIS is reset, the
PROM disabled and the output of the Return Address Register is
forced on the instruction bus. Thus, a jump to the return address
occurs. The SAVE LOGIC DISABLE signal is de-activated, sa I/O
addresses are saved again.

Control {Edge and Strobe)
The interrupt contrel logic is shown in Figure 2-32, with the timing

shown in Figure 2-34.

The width of the INTERRUPT signal (time A in Figure 2-34) must be
25 nanoseconds, mintmum.

The time between the activation af the INTERRUPT signal and the
leading edge of INTERRUPT ACKNOWLEDGE (Time B) is toycle +
10 nanoseconds, minimum, and 3 X toyple + 60 nanosecands,
maximum {(when EXECUTE has to be taken into account).

The width of INTERRUPT ACKNOWLEDGE (time C) is tgygle-

INTERRUPT SIGNAL

INTERRUPT ACKNOWLEDGE

et A ——

Figure 2-34., Edge and Strobe Timing
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The positive edge of the INTERRUPT signal triggers the interrupt
flip-flop {(INTFF). Then the synchronizaion is accomplished in the
same way as in the handshake procedure. INTERRUPT
ACKNOWLEDGE is derived from the SYNC2 output.

2.5.4 Return Address Register And Interrupt Vector

The Return Address Register is built up of four 8710 three-state
quad D-type flip-flops. Refer to Figure 2-35. The inputs are
connected to the address bus, but the three most significant bits are
tied to "1", providing a JMP opcode {111} at the outputs, which are
connected to the instruction bus.

By

AD A1 AT AL pAs AB oAb &7 AR A AT0 AT A2
RETIHAN ADDRESS
GLOGK _ , .
] BT10 BT AT10 BT10
g b1 D2 B3 D0 D1 Di D3 D0 D1 DE pa oo D1 D D3
CLOCK  OUTECHSY CLOCK  QUTDHE § CLOGCK DUTOIET CLOCKk  DUTDHS
INGIST CUTDNSZ ——]INDIST  DUTIS2 — INDI51 CLUTDNS2 WRS1  OUTDISS f—
[ INDIEZ CLEAR | — 1’—- INTISZ CLEAR |—% Y INDISZ CLEAR INDI§Z CLEAR '—"‘F
#0102 _D_!_ 00 ol 2 o2 0 01 02 03 [ o0 102 43
RETURN ADDRESS .
NABLE i
+ +
L1 T N -] 4 15 5 17 w3 mwmom 2 a4 ns

Figure 2-35. Return Address Register

The Interrupt Vector consists of 8T97 tri-state buffers. Refer to
Figure 2-36. The inputs may be chosen to be O or 1 by means of
straps, jumpers, or switches to form the start address of the
interrupt routine. The three most significant bits, however, must be
"1" to provide a JMP opcode.

In the case of eight levels of interrupt priority, the three least
significant bits form the interrupt code.
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Figure 2-36. Interrupt Vector logic

At the start of an interrupt, the RETURN ADDRESS CLOCK loads
the Return Address Register with the current address, and the
INTERRUPT VECTOR ENABLE forces a jump to the interrupt
address an the instruction bus.

At the return, RETLIRN ADDRESS ENABLE forces a jump to the
original address on the instruction bus.

2.5.5 1VL, IVR Storage Logic

The IVL and IVR storage logic is illustrated in Figure 2-37. With a
256 byte RAM {(eight 825116'), an 8X31 8-bit latched bidirectional
[/O port may be used as address latches. When a right 1/O select
occurs, the 1/O address is latched in the 8X31, and in a following
instruction data can be transferred in or out of the RAM.

With the interrupt circuitry, the B8X31 retains its function as
RAM-address latches, but with an 1/O select instruction {(SC active)
the output is disabled and the 8797 three-state buffers force the
address 255 or 254 on the RAM address bus. If the SAVE LOGIC
DISABLE is not active, the /O address on the data bus is written
into the RAM at address 255 (left 1V) or 254 (right IV) by means of
the Write Enable input (WE). If SAVE LOGIC DISABLE is active,
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the writing of I/O addresses is inhibited. Only data that has to be
written into the RAM at a specifc address will be written by means
of the Write Control (WC) signal, if the RB signal is active to enable
the RAM by means of the CEl input. Only one of the eight RAM
cells, 825116, has been drawn in Figure 2-37.

RAM
ADDRESS
BUS

/0 BUS

MCLK
5AVE LOGIC
DISARLE

Jn; “f+

¥

Jlllill

1

¢ ¥

CEZ
CE3

AQ AT AZ A3 Ad AB AL AT A0 Ay A2 A3 AL AR AG AT
5y —— BGC RC — %
425116 st —] BIC mn WG — s8¢ i
- - el OUTE |
— cukf—meux B
[]] DO Ba B7

n}—ﬁ

[ 1] ]
T T 1]

7

&l

>

Figure 2-37. IVL, IVR Storage Logic

2.5.6 Priority Interrupt Levels

Figure 2-38 shows part of the logic for an eight level interrupt
priority. The remainer of the interrupt control logic is depicted in
Figure 2-32. (Edge and Strobe), with the exception that one
interrupt flip-flop {INTFF) is replace by a number of flip-flops,
INTFFA, INTFFB, ete. A handshake procedure is also possible.
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In total, eight interupt requests may be given. As an example,
INTREQA is chosen as an edge-trigger interrupt while INTREQH is
treated in a handshake procedure.

The eight interrupt request signals, INTREQA through INTREQH,
either trigger an interrupt flip-flep or feed directly into a masking
gate, with which it is passible to inhibit one or maore chosen levels.
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Figure 2-38. Priority Interrupt Level Logic

INT MASK signals come from an 1/O port, so that masking may be
dene by software. A general interrupt inhibit may be applied if a
signal is fed to the EI input of the encoder. If this is not reguried,
the EI input should be tied to ground. The pricrity of the incoming
interrupts is determined in the priority enceder. If at least one
interrupt request is active at the input of the encoder, an
INTERRUPT signal is generated for the Interrupt Control (Figure
2-32). The code of the active interrupt with the highest priority is
clocked into the flip-flops of the 74175, coincident with the
INTERRUPT ACKNOWL_EDGE from Interrupt Control.

2-57



The outputs of the flip-flops are used as the three least significant
bits of the Interrupt Vector to provide eight different start
addresses for the interrupt routines.

They are also decoded to form an acknowledge signal indicating
which interrupt request has been served. In the handshake procedue
this signal sets the acknowledge flip-flop (ACKN). The acknowledge
flip-flop is reset only when the INTREQ signal is de-activated. With
this logic, however, the INTREQ signal must be de-activated before
the end of the interrupt routine (return instruction}, otherwise, the
routine may be repeated.
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ARCHITECTURAL OVERVIEW

The Signetics 8X300 Microcontroller (Figure 1} is a high-
speed bipolar microprocessor implemented with low-power
Schottky technology. The 8X300 brings together all the
qualities needed— SPEED, FLEXIBILITY, and ECONOMY —
for systems design in the many areas that require reliable bit
stream management. Congiderl—5V operation, TTL bus
compatibility, and an on-chip clock—the result, a system
with fewer parts. Congider!—the inherent power of L3I logic
(programmable Rotate, Mask, Shift, and Merge functions in
the data-processing path) and the ability to Fetch, Decode,
and Execute a 16-bit instruction in a minimum of 250-
nanogseconds —the result, a system with superior bit
handling capabilities. Considerl —the 250ns c¢ycle time in
conjunction with extended microcode —the result, the flexi-
bility of bit-slice devices with the programming ease of MOS
microprocessors. Now, consider the results!—a device tai-
lored to bit-stream management in the areas of Industrial
Control, Input/Qutput Control, and Data Communications.

The BX300 uses three separate buses—one for 13-bit in-
struction addresses, one for 16-bit instructions, and a
bidirectional 8-bit input/ output data bus; except for the I/O
bus, there are no time multiplexing of functions.

PIN CONFIGURATION

%) 1 ) L L L L L L L L B L L L L

B E

BIPOLAR LSI DIVISION

FEATURES

* Feich, Decode, and Execute a 16-bit instruction in a
minimum of 250-nanoseconds (one machine cycle)

* Bit-oriented instruction set {addressable single-or-

multiple bit subfieids)

Separate address, instruction, and 1/0 buses

Source/destination architecture

On-Chip oscillator and timing generation

Eight 8-bit working registers

TTL inputs and outputs

BiPolar Low-Powaer Schottky technology

3-State 1/0 bus

Single 15V supply

ORDERING INFORMATION

Commercial

Order number: N8X300I

Packaging information: Refer to Signetics price list
Supply voltage: 5V (+ 5%)

Operating temperature ranga: 0°C to +70°C

Military

Qrder number: SBX300-1

Packaging information: Refer to Signetics price list
Supply voltage: 5V (x 5%}

Operating temperature range: —40°C to +100°C

Order number: S8X300-2

Packaging information: Refer to Signetics price list
Supply voltage: 5V {+ 10%)

Operating temperature range: —20°C to +100°C
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BIPOLAR LSI DIVISION

TTTREHESFASS ]
TRANSISTOR |- . .,
[LOCATED OFF-CHIP} :

{126 X &}

l- LEFT BANNK
I-0F-128 ‘ 4
10 PORTS '
PROGRAM J |
STORME . |
(READ-DMLY
MEMORYI—BK £ 16 ! HOTE
ROM “FROW
1-0F-12
170 PORTS
—T ! | AIGHT Bk
¥ i
NOTE = el
Up to 25€ bytas can be directly interfaced 24 STORAGE
to each bank, With decoders and some 25 {128 X 8)
external logic, the 11O complamant can
be exganded 1o the point ol critical 1iming.
PIN NO. IDENTWFIER NAME AND FUNCTION ACTIVE STATE
2-9745-49 Ad-A12 Frogram Address Lines: These outputs permit direct addreszing of up to 8192 words of program High
slorage. A high voltage level equals a bhirary "1”; A12 ig Least Significant Bit.
13-28 12-115 Ingtruction Lines: These input lines receive 18-bit instructions from program storage. A high voltage High
{evet equals a binary “1°; 115 ia Leaat Signiticant Bit.
33-38 VO-IV7 Input/ Qutput Bus: These bidirectional three-state lines communicate with up to 512 1/ 0 devices (256 Low
38-41 per bank). A low voltage level equals a hinary “17; I¥7 is Least Significant Bit.
0 & 11 X1 8 X2 Connectlons for a capacitor, g serigs-resonant cryatal, or an external ¢clock source with complemen- _
tary outputs. For precise frequency control, a crystal or external scurce i3 raquired.
42 MCLK Mastar Clock: This output is used for clocking 1/ O devices and/ or synchronization of external logic. High
a0 wC Write Command: When signal is high (binary 1), deda is being autput on pins VB-IV7 of /0 bus. High
25 SC Select Command: When signal is high {binary 1), an address is being output on pins VO-IVT of 1/O High
biua.
n [N} When the LB signal ia low (binary 0), any one of up-10-256 |/ O devices {or memory locations) in tha left Low
bank ¢an be accessed. When the addrass of a particular device (or memory location} matches the
address on the |V bus, that particular device (or memory location) is enabled and selected for
input foutput oparations. All addressas on the left bank that do not match are dessalected.
32 FB When the RB signal is low (binary @), any one of up-to-256 |/ O devices {or memory locations) in the Low
right bank can be accessad. When Ihe address of a particular device (¢r memory location) matches
tha address on the 1/ 0 bus, that particular device (or memory location) is enabled and selected for
input/ output operalions. All addresses on the right bank that do not match are deselected.
43 RESEY When resst input is low {binary @), the microcontroller is initialized —sets Program Counter/Address Low
to zero and inhibits MCLK output.
44 HALT When halt input is low (binary @), internal operation of microcontroller siops at the start of next Low
ingtruction. The stop function dose not inhibit MCLK or aHect any internal registers.
50 VR Internaily-generated reference output voltage for external series-pass transisior, -
1 VCR Ragulated voltage input from series-pasy transistor {2N5320 or aquivalent). —
12 GMD Circuit ground, -
ar Vee nput connection tor +5V power. —_

Figure 2. Typical 8X300 System with Pin Definltions
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TYPICAL 8X300 SYSTEM HOOKUP

Although the system hookup shown in Figure 2 is of the
simplest form, it provides a fundamental look at the 8X300
microcontroller and peripheral relationships. As indicated,
program storage can be either ROM or PROM and, by using
various addressing-methods/decoding-schemes, memory
paging tachniques can be easily implemented. Aiso, by
proper bit assignment, some external interface logic and,
under software control, the program memaory can be used ag
a storage device for interrupt-service subroutines. The user
intertace (IV@ through IV7) is capable of addressing 256
input/Qutput ports and, with the additional bank-select bit
(LB and RB), the number of addressable | /O ports is 512—
the left bank and right bank sach consisting of 256 ports.
The 1/0 ports of each bank can be used in a variety of ways;
one of these ways is shown in Figure 2, When LB is active
low, the left bank can be enabled and, providing there is an
address match, anyone of 128 1/O ports or anyone of 128
locations within the RAM memory can be accessed for
input / output operations. When RB is active low, the same
set of conditions are applicable to the right bank. With somse
sacrifice in speed, any given 1/Q port can be interfaced to a
memory peripheral or other |/ O device of the user.

PROGRAM STORAGE INTERFACE

As shown in Figure 2, program storage is connected to
output addgress lines AQ through A12 (A12 = LSB) and input
instruction lines 10 through 115. An address output on
AOQ/A12 identifies one 16-bit instruction word in program
storage. The instruction word is subsequently input on
10/115 and defines the microcontroiler operations which are
to follow.

The Signetics 825115 PROM or any TTL-compatible mem-
ory can be usad for program storage. (Note. The worst-case
access time depends upon the instruction cycle time, and
aiso, the overall system configuration.)

1/0 INTERFACE AND CONTROL

An 8-bit /0 data bus is uged by the microcontroller to com-
municate with two fields of I/Q devices, The complementary
LB and RB signals identify which field of the 1/ 0 devices is
enabled.

Both data and address information are output on the 1/0Q
bua. The SC (Select Command) and WC (Write Command)
signals distinguish between data and address information
as follows:

sC wC FUNCTION

High Low 1/Q address is being output on the
170 (IV) bus

Low High 1/Q data is being output on the 1/0
{I¥) bus

Low Low ‘Input date expected from selected
170 device

High High Invalid {not generated by BX300)

DATA PROCESSING

From a data precessing point of view, the 8X300
microcontroller chip (Figure 1) contains eight 8-bit working

BIPOLAR L3I DIVISION

registers (R1 through R&, R11, AUXiliary), an arithmetic
logic unit (ALU), an overflow register (OVF), rotate/ shift/
mask/merge logic, and a bidirectional 8-bit 1/Q bus. Internal
8-bit data paths connect the registers and |1/0 bus to the
ALUinputs, and the ALU output to the registers and |/ O bus.
Inputs te the ALU are preceded by the data-rotate and data-
mask logic and the ALU output is followad by tha shift and
merge logic. Any one or all of the logic functions can operate
on B-bits of data in a single instruction cycle. Data from the
source register can be right-rotated {end around) before
processing by the ALU; external data (1/0 bus) can also be
masked to isolate a portion of the 8-bit field. Since the ALU
always processas 8-bits of data, bit positions not specified
by the mask operation are filled with zeroes.

When less than 8-bits of data are specified as output to the
170 bus from the ALU, the data field (shifted and masked, as
required) is marged with prior contents of the 1/Q latches to
form the output data. Bit positions of the [/0 data not
affected by the logic operations are not modified. Depend-
ing upon whether an |/ O peripheral or an internal register
is specified in the instruction as the source of data, the
1/0 latches contain, respectively, 1/0-bus source data or
destination data. For instance, when an internal register is
specified as a source of data and an 1/ O peripheral as the
destination, data from the peripheral is read into the /0O
latches at the start of the instruction cycle; processed data
is then merged with contents of the 1/ O latches to form the
170 output data at the end of the instruction cycle. When an
17O peripheral is specified as both data source and destina-
tion, data from the source ig used both as the input to the
1/Q latches and as data to be processed; the processed
data is then merged with data from the 1/0 latches to form
the previously-described 1/0O bus output. If the data source
and destination are on opposite banks of the 8X300 bus, the
destination data is written with a full 8-bits, since the prior
contents wera not stored in the 1/0 latches.

INSTRUCTION CYCLE

Each microcontroller operation is executed in a single in-
struction cycle. The instruction cycle is divided into quarters
with each quarter cycle being as short as 62.5-
nancseconds. Figure 3 shows the general functions that
occur during each quarter cycle; specifics regarding
minimum/maximum timing and ¢ther critical values are de-
scribed under “Deasign Parameters™ in this data sheet. Dur-
ing the first quarter cycle, a new instruction from program
storage is input on signal lines 10 through 115; simulta-
neously, new dats is fetched via the input/output bus {IVO
through W)‘ At the end of the first quarter ¢ycle, the new
ingtruction is latched in the instruction register and the new
I/0 data is present at the input of the chip but is not, as yet,
latched by the |V latches.

In the second quarter cycle, the 1/0 data stabilizes and
preliminary processing is completed; at the end of this quar-
ter, the IV latches are closed and final processing can be
accomplished. During the third quarter cycle, the address
for the next instruction is output to the 170 (IV) bus, control

_signals are generated, and |1/0 data is setup for the output
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phase. During the fourth quarter cycle, a master clock signal
(MCLK)} generated by the 8X300 is used to latch valid ad-
dress or data into peripheral devices connected to the IV
bus; MCLK is also used to synchronize any external logic
with timing cireuvits of the 8X300. To summarize the action,
the first half of the instruction cycle deals primarily with input
functions and the second half is mostly concerned with
output functions.

J 1 1 r
ISTGUARTER | 2MD GUARTER IAD QUARTER If atnounaten |

f—

62.5 m} (62.5 na) {625 nx] {62.5 ns}
o T L T i
HPUT IMSTRUCTION & LATCH & PROCESS HEXT MSTRUCTION 170 ADDRESS OR
FETCH NEW DATA INPUT DATA ADDRESS. GENERATE 150 DATA WALID

CONMTRCL SGHALS,

AHO SETUP 10
a-I OATA FOR QUTPUT J MCLK—ACTIVE STATE |

NOTES
1. New ingtruction must be accepted and latched at end of first quarter cycle,

nanoseconds.
3. The addresa is cutput during third quartar cycla.
4. 170 bus drivers are active (turmad on) during third and fourth quarter cyclea.

2. The 1/O data )atches arg open for the firsl two quarter cycles, ihat is, for 125-

Figure 3. Instruction Cycle and MCLK with: Crystal = 8MHz
and Cycle Time = 250 ns

INSTRUCTION SET

General Format and Basic Operations

The 16-bit instruction word (10 through 15) from program
storage is input to the instruction register (Figure 1) and is
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subsequently decoded to implement the events to occur
during the current instruction cycle. The instruction word is
formatted as follows;

MSB LSB
{ ¢
BIT POSITIONS —
Q12 34567891011 12 13 14 15
OPCODE OPERAND(S)

Rather than discrete instructions, the three operation code
{OP CODE} bits specify eight instruction classes. Each in-
struction class is subject to a number of powerful variations;
these variations are specified by the thirtean opsrand bits.
General areas of control for the eight instruction classes
are:

s Arithmetic and Logic Operations (ADD, AND, AND XOR)
* Movement of Data and Constants (MOVE and XMIT)

& Branch or Test (JMP, NZT, and XEC)

Basic operations for each of the eight instruction classes
are as follows; a summary of the instruction set is provided
in Table 1.

MOVE—data in source register or I/ Q-bus input is moved to
deastination register or i/0-bus output. Data can be shifted
any number of places and/or masked to any length.

ADD—data in source register or |/O-but input is added to
content of AUX (R0O) register and tha result is placed in the
destination register or 1/0-bus output. Data ¢an be shifted
and/or masked, as required.

Table 1. Summary of 8X300 Instruction Set
STATE OF CONTROL SIGNAL
DURING INSTRUCTION CYCLE
INSTRUC 10 CONT INPUT PHASE OUTPUT PHASE
CLASS | OPCODE FORMATS DESCRIPTION SH3 (INSTRUCTION {ADDRESS &
INPUT & DATA 1/Q BUS})
PROCESSING}
MOVE 0 F1: Reglster to Reglater (5)=D
Move content of mternal register specified by 8C = L Hit 0" = 07g, 17g
Q12 |3 4 5 8 7|8 8 101112131415 | [ & faiy 10 intamal regisier specifiad by D-fieid. wo=|L L
CPCODE 5 R D Prior ta the "MOVE" cparation, right-rotate LB = x Hit“D" = 17g
of internal source register by oclal LE = X Lit D" = o7y
Invalid values of "5": valve (O through 7) defined by the R-fieid,
07g, 1Ty, 204-27g
Invalid valyes of “D";
10,, 20g-37g
F2: t/0 Bus to Registar Move righi-rotaied 110 bus (source} dele SC = L Hit“D" = OFg, 174
apucifiod by the S5-ield to internal register WC = L L
0f2 134567188 10]112131415 | | spocifind by tha D-fieid. The Ldiald specifies | TB = | Lit"5" = 20g-274 |HI"D" = 174
OPCODE s L D the length of wource data starting from ihe LB = Hif "§" = 305-373 Lil*D* = UTe
LSE-position and, it laas than 8-bits, the re-
Valid valuea of "§"; 204375 maining Bits are fillad wilh zeroes.
Invahd values of "D 10, 205-37g
F2: Aegister to 170 Bus Move contents of internal register spacified by 5C = L L
the S-lield to the 10 Jatches. Belfore WE = L H
0123 [4 5 6 7[b B 10 411213 14 15 onl/Obus, datais shiffedas speci- | LB = |Lif"D" = 20g-27¢ |Lif "D" = 205-274
OPCGODE 5 L o fied by the laast significani cctal digit of the O- LE = Hif"D" = 30g-3Tg [Hif D" = 30y-3T4
figld and the bils specHied by the L-ield are
Invalid valusa of “S"; 074, 17, 205, 37 margad with tha lalchad |/ 0 date.
Valid valuesa of "D". 203—:!?5
F2: 170 Bus to 1/ 0 Bus Move ngrt coleted 1/0-bus (source) data 8C = L L
pecified by tha 5-fisid to (he (/D latchea. Be- WG = L H
o012 3456 718 9 10[1112131415 tore outputting on |/ O bus, ahifr data as apeci- LB = L it “D" = 20g-27 Lif D" = 20g-2Tg
OPCODE s L D fiad by the D-fieki; then merga source and LB = Hit “0" =30g-37g |Hif "D" = 30g-37g
I 11/C data ae specified by tha L {lsngth)
Valid valuas of *S": 20g-97¢ field.
Valid valuea of “D"; 205-37g
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Table 1. Summary of 8X300 Instruction Set (Continued)
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STATE OF CONTROL SIGNAL
DURING INSTALCTHONM CYCLE
INETRUC 1/0 CONT INPUT PHASE QUITPUT PHASE
CLASS | OPCODE FORMATS DESCAPTION S1G INSTRUCTION (ADDRESS &
INPUT & DATA 140 BUS)
PROCESSING)
ADD 1 Same &3 MOVE Instruction class (5} plus {AUX) ~ D Samg as MOVE inotruction class
Sama an MOVE instruction class excapt that
contants of AUX {RO) register are ADDed 10
the source data. It thera is g “carry” from M58,
then OVF (overllow) = 1, ctharwise OVF = 0.
AND 2 Same as MOVE instruction clase {S) A (X}~ D Same as MOVE instruction class,
Same an MOVE instruction clags except that
contents of AUX, {AC) regiater ara ANDed with
source data.
XOR 3 Samas un MOVE ingtruction class (3) @ (W —+D Same ax MOVE instruction class.
Same 23 MOVE instruction class except that
contents of ALX [A0) regieter are sxclunively
ORnad with source data.
XEC 4 E it ton at t page addrey
otfast by J {litersl} + ($). Returm to novmat
instruction Aow unless & Branch Iy sncoun-
tered.
F3: Rugister Immadiste Exscule lnstruclion at an addrass dedermined :r% = :: ::
a1z 2 4 5 B T|89 101112 13 14 15 by raplacing ihe low-order B-bite of tha Pro- iE = x x
gram Countar with the 1cllowmg derived aum:
OPCODE 5 J * Malue of litersl {J-fiald) plus
. of int: I regisiar spacilied by $-
Invalid vaives of *5% fiwld
075, 175, 204-374 Tha PC is nod incrementad and tha overflow
Valid values of *J": siglus [OVF) ia not changed.
0004-377g
Fa; 170 Bus Immadists Execule inatructien at an address determinad SC = L L
by repl the low-order we = L L
012 94567688 10;1112131416 S-bits of Program Counter with tha following Q- Lif*"8" = 20g-27g X
OPCODE s L J derlved sum: B= Hif "8" = 30g-37g | %
+ 5-bit value of lderal (J-liald) plus
I gy, _ + Yalua of rotated source dala specilied by
:::: :::::::: _f._‘ ggﬂ_:: 8 S-field (The L-fiald specifies the langih of
FHetea aource dala slarling from the LSB-position
and, If te2g than 8-bis, the remaining bity
are lilled with zaros, the Program Countar
iz nol incremented and the overflow siatus
(OVF) |8 a0l changed.)
NZT £ It daia spacifind by the S-fleld I not equal to
T80, jump to cusrrent page address offsst
by valus of J-figld; atherwise, incremant the
Program Counter.
F3: Register Immaediste M " of int I register specifid by S- vsv(é : :: t
o1z 32 4 5 8 7]89 1011 12 13 14 15 | | field is non-zero, transter to address deler- 6= x %
mined by replacing the low-order B-bils of Pro-
OPCODE 5 J gram Countar with *J", otherwise, incremant
PC.
Invalid valums of “S™: 0T, tTg, 205-37g
Valid valusa of "J*; 000g-37Tg
F4: 10 Bus Immadiste W righi-rodatad |/ O bug data is non-2ero. trans- SC = L L
jar to addrese delarmined by replacing low- WC = L L
012 |3 4568 7|89 101112131415 1 | 1 jar 5i-bita of Program Counter with “J™. oih- | UB = | L it 8" = 204-274 | X
OPCODE ‘5 L J arwise, increment PC. (The L-field spacifies Le = Hil"s" = 303—375 x
1he langth of sgurce /O data starting from the
" wgn LEB-poaition and, if leas than B-bits, the re-
Val F H - '
V:I:: :::::: :f ..3.., ozong_g:: makning bits are filed with zeross.)
XMW 6 F3: Regiater Immadialy Tranamit } = D
T it and wicre 9-bit hinary pattarn in J- SC= L HilD =074 0r 17g
012 13 456 7)688 10111213 14 15 [} 54 1o internal register apacitied by D-field. we= |[L L
OPCODE o J LB= X HRD = 17
E= |x Li#D =07y
Invalid values of “D™: 10y, 205-374
Valid valuas of "J": 0005-377g
Fé: 1/0 Bus Immadiale Tranamil bmary pattern in J-fisld to 110 bus. - L L
Before pyiting data on 170 Bus, shift literal WE = L H
Q12 |3 4 58 71809 10|1112131415 | [yong-J~as specitiedoythe D-tieldand merge | TE= | LitD = 20g-27g | LD = 205-27
OPCOOE o L J bits apacifisd by the L-field with axisting 17Q LB = HifD = A0g-374 His D = 305-37g
bus data. If the L-tield spaciies more than 5-
Valid values of “D*: 208'3.’8 ‘hils;;:.urling::r: the LEB-poaition, all remain-
Valid vaiusn of 1™ 00g-37g ing bite are ael to zera.
Jp 7 F&: Address Immedials Jump 10 address in program storape specified SC = L L
by A-field: this address is loadet into the Ad- WC = L L
o1z 34358788910 111213 1415 dreaa Registar and the Program Gounter. LB = X X
OPCODRE.- A
Valid valas of A: 00000g-17777g
NOTES
“FBis . of [, X = Undetined




AND—data in source register or |/O-bus input is ANDed
with content of AUX (R0) register and the result is placed in
the destination register or 1/0-bus output. Data can be
shifted and/or masked, as required.

XOR-—data in source register or 1/ O-bus input is exclusively
ORed with contents of AUX (RO} register and the result is
placed in the destination register or 1/0-bus output. Data
can be shifted and/or masked, as required.

XMIT—immediate data field of instruction word replaces
data in destination register or 1/ O-bus output.

XEC —executes instruction at the program address which is
formed by replacing the least significant bits of the last
address with the sum of:

» Literal (J) field value of instruction plus,
* Value of data in source register or |/O-bus input.

NZT—Ileast significant bite of program address are re-
placed by literatl (J) field of instruction if the source register
or i/0-bus is not equal to zero.

JMP—program address is replaced by address field of the
instruction word.

instruction Fields
As shown in Table 1, each instruction contains an operations
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code {OPCODE) field and from one-to-three operand fields.
The operand fields are: Source (S), Destination (D}, Rotate/
Length {R/L), Literal (J), and Address (A). The OPCQDE
and operand fields are briefly described in the following
paragraphs.

Operations Code Field: The three-bit OPCODE field speci-
fies one of eight classes of 8X300 instructions; octal desig-
nations for this field and operands for each instruction class
are shown in Table 1.

Source (S) and Destination (D) Fields: The five-bit (S) and
(D} fields specify the source and destination of data for the
operation defined by the OPCODE field. The AUXiliary (RO}
register is an implied second operand for the ADD, AND, and
XOR instructions, each of which require two source fields.
That is, ingtructions of the form:

ADD X, Y

imply a third operand, say 2, located in the AUX (RO} regis-
ter. Thus, the operation for the preceding expression is
actually (X + Z), with the result stored in Y. The {S) and/or
(D) fields can specify an internal X300 register or any one-
to-eight bit 1/0 field; octal values for these registers and
Source/ Dastination field assignments are provided in Table
2.

Table 2. Octal Addresses of 8X300 Registers and Address/Bit Assignments of Source/Destination Fislds

Octal Value 8X300 Register Octal Valua 8X300 Register
00 Auxiliary (R0} 10 OVF (Overflow Register}—
used only as a source

01 R1 11 Rt

02 R2 12 Unassigned

03 R3 13 Unasgsigned

04 R4 14 Unassigned

0s RS 15 Unassigned

08 R8s 16 Unassigned

o7 *IOL Registor—Laft Bank 17 *IOR Register—Right Bank
1/Q Address Register; |70 Address Regis_ter;‘
Used only as destination Used only as destination

NOTE
*t 1IOL or IOR in apecified as a source of data, the source data is all zeross.
NOTES:
Octal Value 1. 20g-27g apetities the LSB of a variable tength field within the 1/0 porl previcusly MSE 4— BYTE —a LS8
selscted by tha left-bank (IOL) register. Leagih of field is detarminad by R/L. m
l 2. 3lg-37y performe the caunierpart function for the right-barnk register {IOR). b ko4 4
20 — Fiald within praviousily seleciad port wath LSB position = @
21 — Fisld within praviously asleciad port with LSE position = 1
22 — Field within previously selectad pori wilh LSB position = 2 b
Note 1 23 — Field within pravicusly selecled pert with LSB pogition = 3 —ab
24 — Fleld within previsusly seleclad porl with LSE position = 4 —-| =y
25 — Field within previously selecied port with LSB posi =5 ==~
26 — Fleld within previously selecied port with LSB pogition = B el Bl el e
27 — Field within previcusly selectad port with L3B position = 7 —— —lk
30 — Fisald within previously seleciad porl with LSE poaiti b 4 4

A2 — Field within praviously aslected port with LSB poaition

33 — Fiald within previously selected port with LSE positi

LU I T I
e O

34 — Flald within previously selecied port wilh LSB

s
31 — Fiald within previously selectad porl wilh LSB posi
Nole 2

35 — Fiald within previously saleciad part with LSB posgition = 5

36 -~ Fisld with|n previcusly selecied port wilh LSEB position = 6

. 37 — Field within previously selecied port with LSE pozition = 7
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Rotate (R) and Length (L) Field: The three-bit R/L field
performs one of two functionsg, specifying either the field
length {L} or a right-rotate (R). For a given instruction, the
specified function depends upon the contents of the source
(5) and destination (D) fields.

When an internal register is specified by both the source
and destination fields, the {R) field is invoked and it speci-
ties a right-rotate of the data specified in the (3} field—see
accompanying diagram. The source-register data {up to
eight-bits) is right-rotated within one instruction cycle. (The
right-rotate function is implemented on the bus and not in the
source register.)

RIGHT-ROTATE FUNCTION

Bit Position—~ 0 1 2 3 4 5 6 7

F!_‘I'IIT;}'!II*

When either or both of the source and destination fields
specify a variable-length 1/ Q data fieid, the (L} field speci-
fies the lengih of the |1/Q data field—see accompanying
diagram. If the source field specifies an |70 address (20g-
37g) and the destination field specifies an internal register
{00g-06g, 07g, 11g, or 17g), the L-field specifies the length
of source data; the source data is formed by right-rotating
the |/ O bus data according to the source address (Table 2)
and then masking result as specified by L-field. If iength is
less than eight-bits, ali remaining bits are set to zero prior to
processing data in the ALU. If the source field specifies an
internal register (00g,-06g, 10g.0r 11g) and the destination
field specifies 1/ 0 bus data (20g-373), the L field specities
the length of the destination data. To form the destination
data, the ALU output is left-shifted according to the destina-
tion address (Table 2) and then masked to the required
length—see DATA LENGTH SPECIFKCATION. The destina-
tion data is merged with data in the 1/0O latches to finalize
the /O bus data. Hence, a one-to-eight bit destination data
field can be inserted into the existing eight-bit 1/0 port
without moditying surrounding bits. If both the source and
destination fields specify 1/O bus data {20g-37g), the L-
field specifies the length of both the source and destination
data.

DATA LENGTH SPECIFICATION

012345867

LI PT

™ L=1
= L=2
N N O A L=
I N I B L=
L1 1 e L=
[ [ L=
|t L=
e =0
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To form the source data, the 1/0 bus data is right-rotated
according to the source address {Table 2) and then masked
to the required length—see preceding DATA LENGTH
SPECIFICATION. if length is iess than eight-bits, all remain-
ing bits are set to zero before processing in the ALU. To
form the destination data, the ALU output is left-shifted ac-
cording to the destination address (Table 2) and masked to
the required length specification. The destination data is
then merged into the 170 bus data that was used to obtain
the sowrce; thus, if the source and destination addresses
are on the same bank, the |/ O bus data written to the desti-
nation register appears unmodified, except for bits changed
during the shift-and-mask operations. If the source and des-
tination addresses refer to different banks, the destination
register is changed to contain the contents of the source
register in those bit positions not atfected by the destination
data.

J-Field: The 5-bit or 8-hit () field is used to load a literal
valug (contained in the instruction} into a register, inte a
variable 1/ O data field, or to modify the low-order bits of the
Program Counter. The bit-length of the (J} field is implied by
the (S) field in the XEC, NZT, and XMIT instructions, based
on the following considearations.

* When the source (S) field specifies an internal register,
the literal value of the J-field is an 8-bit binary number,

* When the source (3) field specifies a variable 1/0Q data
field, the literal valug of the J-field is a 5-bit binary number.

A-Field: The 13-bit (A) field is an address field which allows
the 8X300 to directly address up 8192 locations in Program
Storage memoaory.

INSTRUCTION SEQUENCE CONTROL

Formation of Instruction Address

The Address Register and Program Counter are used to
generate addresses for accessing an instruction from pro-
gram storage. The instruction address is formed in any one
of four ways:

* For all except the JMP, XEC, and a "satisfied” NZT in-
struction, the Program Counter is incremented by one and
placed in the Address Register.

* For the JMP instruction, the 13-bit A-fieid contained in the
JMP instruction word replaces the contents of both the
Address Register and Program Counter.

* For the XEC instruction, the Address Register is loaded
with the high-arder bits of the Program Counter modified
as follows:

XEC using 1/0 Bus Data: low order 5-bits of ALU output
replaces counterpart bits in Address Register.

XEC using Data from Internal Register: low order B-bits
of ALU output replaces counterpart bits in Address Regis-
ter.

The Program Counter is not modified for either of the
above conditions.

* For a “satisfied” NZT instruction, the low order 5-bits
{NZT source is |/ QO Bus Data)} or low order 8/bits (NZT
source is an Internal Register) of both the Address Regis-
ter and Program Counter are loaded with the literal value
specifiad by J-field of the instruction word.
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Data Addressing

The source and/or dastination addresses of the data to be
operated upon are specified as part of the instruction word.
As shown in Table 3, source/destination addresses are
specified using a five-bit address {(00g through 37g). When
the most significant octal digit is a 0 or 1, the source and/or
destination address is an internal registar; if the most signifi-
cant digit is a 2 or 3, an 1/0 bus address is indicated—2
specifying a left-bank (LB} address and 3 specifying a right-
bank (RB) address. The least significant octal digit {0
through 7} indicates either a specific internal register ad-
dress of positioning information for the least significant bit
when specifying 1/0 bus data. Referring to Table 1, the
AlUXiliary register (00) is the implied source of the second
argument for the ADD, AND, and XOR operations. IOL (desti-
nation address 07a) and IVR (destination address 17g) pro-
vide a means of routing address information to 1/ 0 registers.
With IOL or IOR specified as the destination address, the
data is placed on the 1/ 0 bus during the output phase of the
instruction cycle, Simultaneously, a sefect command (SC) is
genecated to inform all 170 devices that information on the
1/0 bus is to be considered as an |1/ 0 address. Since [OL
and IOR are not harware registers, they should never be
specified as a source address.

Control outputs LB and RB are used to partition 1/0 bus
devices into two fields of 258 addresses. With LB in the
active-low state and a source address of 20g-27g, the left
bank of |/0 devices are enabled during the input phase of
the instruction cycle. With RB in the active-low state and a
source address of 30g-37g, the right bank of devices are
enabled. During the output phase, RB is low if the destina-
tion address is IOR (17g) or 30g-387g; LB is low if the desti-
nation address is I0L (07g) or 20g-27g. Each address field
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(LB and RB) can have a different 1/ O device selected; thus,
two devices can be directly accessed within one instryction
cycle.

Table 3. Source/Destination Addresses

Source and/or

Daatination Source/Destination
Fleld {Octal}
o0 AUXiliary register (RO)
01-06 Working registers R1-R8, respec-
tively
o7 I0L Left-bank anable (Destination
only)
10 Overflow status—OVF {Source only)
11 Working register R11
17 IOR Right-bank enable (Destination
onty)

2N(N=0,1,2,3
4,5 6, 0r7)

If a source, I/0 data is right-rotated
{7 — N) bits and then masked as
specified by the L-field. LB = low and
AB = high generated during input
phase.

If & destingtion, 1/0 data is left-shift
(7 = N} bits and merged (specified
by L-field) with data contained in the
1/0 atches. LB = low and RB = high
generated during output phase.

If a source, I/0 data is right-rotated
(7 — N) bits and then magked as
apecified by the L-field. LB = high
and RB = low generated during input
phasge.

If & destination, |/ 0O data is laf-shift-
ed (7 — N} bits and merged (speci-
tied by L-fiald) with data contained in
the I/ Q latches. LB = high and RB =
low generated during output phase.

BN(N=0,1.2 3,
4,5 6. 0r7)

DESIGN PARAMETERS
Hardware design of an 8X300-based system largely con-
sists of the following operations:

* Selecting and interfacing a Program Storage device—
ROM, PROM, etc. (Pins 2 through 9 and 45 through 49
for 13-bit address interface; Pins 13 through 28 for 16-
bit instruction interface.)

» Selecting and interfacing Input/Qutput devices—
RAM, Multiplexers, 1/0 Ports, and other eight-bit
addressable |/ O devices. (Pins 33 through 36 and pins
38 through 41 for eight-bit 1/0 interface.)

= Choosing and implamanting System Clock—Capaci-
tor-Controlled, Crystal-Controlled, or Externally-Driv-
en. (Pins 10 and 11 for System Clock interface.)

* Selection of 5-volt power supply and off-chip series-
pass transistor.

* External logic, as required, to meet the control re-
quireaments of a particular application.

All information required for easy implementation of these
design requirements is provided under the following cap-
tions.

s DC Characteristics
AC Characteristics
Timing Considerations
Clock Considerations
HALT /RESET Logic
Voltage Regulator
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DC CHARACTERISTICS (Commerclal Part) 4.75v < Voo =< 525V, 0°C =< Tp < 70°C

LIMITS

PARAMETER TEST CONDITIONS Min Typ Max UNIT COMMENTS
Voo Supply voltage 475 50 £.25 v &V x 5%, pin 37 only
VIH High level 0.6 2.0 v X1 and X2

input voltage 2.0 All other pins
VIL Low level 0.4 v X1 and X2

inpul vollage 0.8 All other pins
Vo  Highlevel VCC = min; Ioy = —3mA 2.4 3.0 v

output voltage
VoL Low level Voo = ming lgL = 6mA 0.39 0.55 AQ through A12

output voltage Voo = min; Ig = 16mA 0.39 0.55 v Al other cutputs
VCR Regulator voltage Voo = 5V 3.1 v From series-pass

ransistor
vic Input clamp voltage Voo = min; iy = —10mA -1.5 v Crystal inputs X1 and X2 do
not have internal clamp diodes.

I High-lavel input Voo = max; Viy = 0.6V 1.0 1.7 3.0 mA Xt and X2

current Viy = 4.5V 1 50 118 All other pins
T Low-level input Voo = max; V) = 0.4V -3 mA X1 and X2

current -0.13 -0.2 IVO-IV7

-0.67 -1.6 10-115
—0.23 —-0.4 HALT and RESET

los Short circuit Voo = max; Vop = Vopy | —30 —140 mA All output pins

output current {Note: At any time, no more

than ona autput should be
connected to ground.)
oo Supply current Voo = max; VoRr = VoRY 150 mA
IREG Regulator control Voo = 5.0V —14 —21 mA
Fol=] Regulator current Voo = max 250 mA
NOTES:
1. Operaling lemperature ranges ara guarantead after thermal aquilibrium has been 2. Al val ed with reapect to g dt

reached.

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Ve = SV (£5%), Viy = OV or 3V, 0°C < T < 70°C
LOADING: {Ses test circuits)

LIMITS {INSTRUCTION LIMITS (INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
{NOTE 1) Min Typ Max Min Typ Max
Tpc Pracessor cycle time 250 250 ns
Tep X1 clock period 126 125 ns
TcH X1 clock high tima 62 62 na
TeL X1 clock low time g2 62 ns
TMCH MCLK high delay 3 42 52 3 42 52 ns
TMCL MCLK low dalay H 42 52 3 42 52 ns
Tw MCLK pulse width 55 62 689 Taq=7 T4} ns Note 2
Tas X1 falling edge to 50 83 80 50 €3 80 ns Note 7
address stable
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BIPOLAR L.SI DIVISION

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Ve = 5V (£5%), Viy = OV or 3V, 0°C =< Ta =< 70°C

(Continued) LOADING: (See tast circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ns) UNITS COMMENTS
{(NOTE 1) Min Typ Max Min Typ Max

TMAS MCLK falling edge to 130 143 160 |Tiq+Teg|(Tia+T20 | Tia+tT20 na Notes 2, 3. & 7
address stable +5 +18 +35

TiA instruction to address 170 Tog+108| ns Notes 2, 3, & 8

TIvA Input data to address 105 105 ne Notes 3 & 9

Tis Instruction set-up time -7 =7 ns Note 10
(X1 riging adge)

™IS MCLK falling edge to 20 Tio—42 ns MNotes 2, 4, & 10
instruction stable

TIH Instruction hold time 45 45 ng Note 11
{X1 riging edge}

TMIH Instruction hold time) 80 Tig—2 ns Notes 2 & 11
(MCLK falling edge)

TwH X1 falling edge to 40 49 58 40 49 &8 ns
SC/WC rising edge

TMWH MCLK falling edge to 125 130 138 | Tyq+tT2q|T1g+T2q | T1atT20 ns Note 2
SC/WC rising edge +5 +10 ns

TwL X1 falling edge to 40 49 58 40 49 58 na
SC/WC falling edge

TrawL MCLK falling edge to 5 7 15 5 7 15 ns
SC/WC falling edge

TiBS X1 talling adge to 48 60 70 48 60 70 ns
LB/RB (Input phase)

TMIBS MCLK falling edge to 7 17 25 7 17 25 ns
LB/RB (Input phase)

Tues Instruction to LB/RB 27 35 27 35 ns
({Input phase}

Togs X1 falling edge to 48 60 70 48 60 70 ng
LB/RB {Output phase}

TMoBs  MCLK falling edge to 132 137 147 |T1qtT20|T10+T2g | T1g+T20 ns Note 2
LB8/REB (Output phase) +7 +12 +22

Tips Input data set-up time 25 16 25 16 ns
(X1 falling edge)

TMIDS MCLK falling edge to 65 85 Tig+T2qiT10+T20 ns Notes 2 & §
input data stable —60 =70

TioH Input data hold time 40 30 40 30 ng
(X1 falling edgae)

TMDIH Input data hold time 125 112 Tig+T2q | T1g+T20 ns Note 2
(MCLK falling edge) ~-13

ToODH Qutput data hold time 55 85 75 55 B5 75 ns
(X1 falling edge)

TmopH  Output data hold time 1t 20 25 1t 20 25 ng
{MCLK falling edge)

Tops Output data stable 74 84 94 74 84 94 ns Notes 12, 14, & 15
(X1 failing edge)

Tmops  Qutput data stable 150 160 170 |T1q+Tea Tt 20 |TigtT20 ns Notes 2, 12,
(MCLK falling edge) +25 +35 +45 14, & 15
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BIPOLAR L S| DIVISION

AC CHARACTERISTICS (Commercial Part) CONDITIONS: Voo = 5V (£5%), Viy = OV or 3V, 0°C = Ta =< 70°C

{Continued) LOADING: (See test circuits)
LIMITS (INSTRUCTION LIMITS (INSTRUCTION
PARAMETER CYCLE TIME = 250 ns) CYCLE TIME > 250 ne} UNITS COMMENTS
(NOTE 1) Min Typ Max Min Typ Max
Top Input data to output 104 120 136 104 120 136 ns Notes 13 8 15
data
THs HALT set-up time 0 0 ns
(X1 riaing edge)
TMHS MCLK falling edge to 18 T1o—44 ns Notes 2 & 6
HALT falling adge
THH HALT hold time 32 32 ns
(X1 riging edge)
TMHH  HALT hold time 50 Tig—12 ns Note 2
(MCLK f{alling edge)
Tace Program storage 80 ns
access time
Tio 1/0 port output enable 30 ns
time (LB/RB to valid
IV data input)
MNOTES:
1. X1 and X2 inputa are driven by an external pulse ganerator with an amplitude ¢f 1.5 TEST C|RCU|TS
volts: all timing paramatars are maasurad ol this voltaga lavel,
2. Reapectively, Tyq. Tag. Tag. and Ty reprasenat time intarvale tor the first, secand,
third, and fourth quarter cyclas, ADDRESS sy
3. Capacitive loading for tha address bus is 150 picofarade.
4, Same as TIS bul rederenced to falling adge of MCLK.
5. Sama as TIOS but refarenced to falling edge of MOLK,
6. Sama as THS but referencad 10 falling edge of MCLK. TaLL
7. TASia obtained by forcing & valid instruction and an (/0 bus input te cocur earlier than
the apeciied minimum set-up Lima; the TAS parameter then represents the aarliisst Sﬂ;:';”TEST
tims thal the address bus iv valid,
8. THA is obtained by forcing & valid instruction input to ocour earlier than the minimum Tt 1atpt
sot-up 1ime.
9. TIVA is obtained by 1orcing a valid 11O bus input to just mast the minimum set-up time.
10, TMIS reprasents 1ha sei-up time required by | latches of tha BX300. In ayalem
pplicationa, the i input may have to be valid before the worsi-cass aet-up —=
time in order for ihe ayaiem to raapond with & valid /0 bua input that mesats the 1/ O - OTHER
Busg input sei-up time (MDS and TMIDS). 5¥
11. TH repressnta 1he hold time raguired by intarnal latches of the BX300. To generate
proper LB/RB wsignals, the inatruction must ke held valid until the address bus
changes. 2201
12. TODS is obtained by forcing a valid 170 bue input 10 occur earlior than the 170 bus
input aet-up time (TIOS); this #iming parameter rapresanis tha sarlinst time thel 1he QUTPUT
1/0) putput dala can ba valid. UNDER TEST
13, TDD is obtained by forcing a valid 1/C bus input to jusi meei the minimum 1/Q bus input 8an a00pr
set-up tima; thua timing parameter repraasenia the latast tima that the 1/C output data
can be valid.
14. The minimum figure for thase parameters reprasentis the aarlies! tima that 1/0 bus
output drivars of tha X300 will turn on,
15, For TIDS = 35 na, TOOS ar TMODS shauld ba used to determine when the outpul date =
iz siable.
i
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DC CHARACTERISTICS (Military Part) s8x300-1 —40°C < TC = 100°C Vgg = 5V + 5%
58X300-2 —20°C = TC = 100°C Voo = 5V =+ 10%

BIPOLAR LSI DIVISION

LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
VIH High level input voltage
X1, X2 08 v
All others 2.0 v
VIL Low level input voltage
X1, X2 0.4 v
All others eX-) v
YVic Input clamp voltage Voo = min ~-1.5
(Notas 1 & 5) If = —10mA
H High level input current
X1, X2 Voo = max 3.0
ViH = 0.6V mA
All others Voo = max 0.05
VIH = 4.5V
L Low level input current
X1, X2 Voo = max —3.0 ma
VL = 0.4V
Vo-Iv? Voo = max
VL =04V —-0.3 mA,
10-118 Yoo = max
ViIL = 0.4V —-1.8 mA,
HALT, RESET Voo = max
VL = 0.4V —-0.4 mA
VoL Low level output voltage
AO-A12 Voo = min 0.55 v
IL = 4.25mA
All others Voo = min 0.55 v
loL = 16mA
VOH High level output voitage Voo = min 2.4 v
o = —3mA
los Short circuit output current Voo = max ~30 —140 mA
{Note 2)
lcc Supply current Voo = max 160 mA
{Note 4)
IREG Regulator control Voo = 6.0V -14 =21 mA
Fol-] Regulator current Voo = max 285 mA
TC = 25°C
o Regulator current Voo = max 330 mA,
TC < 256°C
Ver Regulator voltage {Note 3) 3.1 v
NOTES:

1. Crystal inpurs X1 and X2 do no1 have clamp dicdes.

2. Only one cutpul may ha proundad at a fime.

A. From aaries-passed tranaistor under the following condihona:

4. Pin 37 only.

5. Test sach input one at a time.
€. All voliages are with respact o ground 1erovnal,

7. The cperating temperaturs rangea are guaranteed aftar thermal squilibrium has been
VCC = Mex, HALT = RESET = ADDRESS = I¥X = 0.0V, all other pins open reached.
B. Siorage temparature —857C 1o +150°C.

SINOGES
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AC CHARACTERISTICS (Military Part) CONDITIONS: S8X300-1—Vgg = 5V (£5%) -40°C = Tg = 100°C
$BX300-2—Vee = 5V (£ 10%) -20°C < T < 100°C

Clock:
Tpe Processar cycle time 300 ng
Tcp X1 clock period 150 na
ToH X1 clack high time 82 ng
TeL X1 clock low time 82 ns
Controls: o
THS HALT set-up time {X1 riging edge) 0 ns
THH HALT hold time (X1 rising edge) 50 ns
Instructions:
Tas X1 falling edge to address stable CL = 100pF 35 82 ns
Tig Instruction set-up time (X1 rising edge} 0 ns
TIH Instruction hold time (X1 rising edge) 50 ns
TMCH MCLK high delay X1 =20V 20 55 ns
TMCL MCLK low delay X1 =20V 20 55 ns
TwWH X1 falling edge to SC/WG rising edge 80 ns
TwL X1 falling edge to SC/WC falling edge 80 ns
TIBS instruction to LB/RB (input phase) 62 ns
TBs X1 falling adge to LE/RE (input phase) 24 ns
Toes X1 falling edge to LB/AB (output phase) a0 ns
TiDs Input data set-up time (X1 falling edge) 36 ng
TioR Input data hold time {X 1 falling edge) 50 ns
Tops Output data stable (X1 falling edge) 125 na
ToDH Output data hold time {X1 falling edge} 35 85 ns
Tacc Instruction access time Provided by worst case timing 80 ns
Tio Data 1/0 access time Provided by worst case timing 40 ns
NOTES:

1. Operating temperature ranges are guaranieed after thermal esquilibrium has been
raached.
2. Unless otherwiae noted CL = 300 pF, VIN = 3V,

TIMING CONSIDERATIONS (Commercial Part)

As shown in the “AC CHARACTERISTICS” table for this part,
the minimum instruction cycle time is 25 ns, whereas, the
maximum is determined by the on-chip oscillator frequency
and can be any value the user chooses. With an ingtruction
cycle time of 250 nsg, the part can be characterized in terms
of absolute values; these are shown in the first “"LIMITS"
column of the table. When the instruction ¢ycle time is great-
er than 250Q ns, certain parameters are cycle-time depen-
dent; thus, these parameters are specified in terms of the

four quarter cycles (T1Q. ToQ, TaQ. and T4Q) that make up
one instruction cycle—see 8X300 TIMING DIAGRAM. As the
time interval for each instruction cycle increases (becomes
greater than 250 ns), the delay for all parameters that are
cycle-time dependent is likewise increasead. In some cases,
these detays have a significant impact on timing relation-
ships and other areas of systems design; subsequent para-
graphs describe these timing parameters and reliable meth-
ods of calculation.
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8X300 TIMING DIAGRAM

BIPCLAR LSI DIVISION
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Timing parameters for the 8X300 are normally measured
with referencea to X1 or MCLK; those referenced to MCLK
are prefaced with an “M” in the mnemonic—TMAS, TMIH,
and s0 on. To determine the timing relationship hetween a
particular signal, say “A" and MCLK, the user should, at
all times, use the value specified in the table—~DO NOT

sjnehics

calculate the value by adding or subtracting two or more
parameters that are referenced to X 1. When deriving timing
relationships between two signals (A to B, etc.) by adding or
subtracting the parameter values, the user must consis-
tently use the same parameter reference—MCLK or X1.
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System determinants for the instruction cycle time are:

* Propagation delays within the 8X300

» Access time of Program Storage

s Enable time of the 1/Q port

Normally, the instruction cycle time is constrained by one or

more of the following conditions:

Condition 1—Instruction or MCLK to LB/RE (input phase)
plus 1/ O port access time (THO} = IV data set-
up time (Figure 4a).

Condition 2—Program storage access time (TACC) plus
instruction to LE/RB (input phase) plus 1/0
port access time (TIO) plus IV data (input
phase) to address = instruction time (Figure
4b).

Condition 3—Program storage access time plus instruction
to address =< instruction cycle time (Figure
4c).

1 MGLK to TB/7 (nput
phias) or insdruction bo
(E/FH {nput pheas).

T 120 porl accees (THO),

I ¥ data snt-up T
{rataconced to MOLK).
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|
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T
|
| o = ey ! | i l(l“: Frogram storsge stoest
| : | : | }" i,
1015 | H 1 l P YZ: MCLX to LE/RE {inpul
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ADDRESE |
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ACCESS

Figure 4. Constraints of 8X300 Instruction Cycle Time

BIPOLAR LS8! DIVISION

From condition #1 and with an instruction cycle time of
250 ns, the 1/0 port access time (TIQ) can be calculated as
follows:
TMIBS + TIO = TMIDS
transposing, TIO =< TMIDS — TMIBS
substituting, TIO =< 55ns — 25ns
result, TIO =< 30 ns

Using 30 ns for TIO, the constraint imposed by condition #1
can also be used to calculate the minimum cycle time:

TMIBS + TIO = TMIDS

thus, 25ns 4+ 30ns =Ty + Tog — 70

25ns + 30ns = % cycle — 70 therefore, the
worst-case instruction cycle time is 250 ns. With subject
parameters referenced to X1, the same calculations are
valid:

TIBS + TIO + TIDS = % cycle
thus, 70ns + 30ns + 26ns = % cycle therefore,
the worst-case instruction cycle time is again 250 ns. From
condition #2 and with an instruction cycle time of 250 ns,
the program storage access time can be calculated:

TACC + THBS + TIO + TIVA = 250ns
transposing, TACC =< 250ns — TIIBS — TIO —TIVA
substituting, TACC =< 250ns — 35ns - 30ns —105ns

thus, TACC = 80ns hence, for an instruction ¢y-
cle time of 250 ns, a program storage access time of 80 ns
is implied. The constraint imposed by condition #3 can be
used to verify the maximum program storage access time:

TIA 4+ TACC = instruction Cycle

thus, TACC = 250ns — 170ns
and, TACC = BOns, confirming that a program
storage access time of 80 ng is satisfactory,

For an instruction cycle time of 250 ns and a program stor-
age access time of 80 ns (Condition #2/Figure 4b), the
instruction should be valid 10 ns before the falling edge of
MCLK. This relationship can be derived by the following
equation:

250ns — TMAS — TACC

250ns — 160ns — 80ns

10ns

It is important to note that, during the input phase, the begin-
ning of a valid LB/RB signal is determined by either the
instruction to LB/RB delay (TIBS) or the delay from the
falling edge of MCLK to LB/RB (TMIBS). Assuming the in-
struction is valid 10 ns before the falling edge of MCLK and
adding the instruction-to-LE /RB delay (TIIBS) = 30ns), the
LB/RB signal will be valid 25 ns after the falling edge of
MCLK. With a fast program storage memory and with a valid
instruction more than 10 ns before the falling edge of
MCLK—the LB/RE signal will, due to the TMIBS delay, still
be valid 25 ns after the falling edge of MCLK. Using a worst-
case ingtruction cycle time of 250 ns, the user cannot gain a
speed advantage by selecting a memory with faster access
time. Under the same conditions, a speed advantage cannot
be obtained by using an 1/ 0 port with tast access time (TIO}
because the address bus will be stable 80 ns (TAS) after the
beginning of the third quarter cycle—no matter how early
the IV data input is valid.
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Internal Timing and Timing Relationships

All timing and timing-control signals of the 8X300 are gener-
ated by the oscillator and sequencer shown in Figure 5. The
sequencer outputs direct and control ali of the timing param-
eters specified in the TIMING DIAGRAM. Observe that each
input quarter ¢cycle bears a fixed relationship to X1 via the
propagation delay.

General and interactive timing relationships pertaining to
110 signals of the 8X300 are shown in Figure 6. Example—in
the input phase, the switching point of the LB/RB signal is
caused by the worst-case delay from the instruction to
LB/RB or from the beginning of the first internal guarter
cycle to LB/RBE; the two arrows pointing to the LB/RE tran-
sition indicate this “seither/or" dependency. This information
coupled with tabular values and the TIMING DIAGRAM pro-
vides the user with the wherewithal to calculate any and all
system timing parameters.

CLOCK CONSIDERATIONS

The on-chip oscillator and timing-generation circuits of the
8X300 can be controlled by any one of the following
methods:

Capacitor: if timing is not critical

Crystal: if precise timing is required

External Drive: if application requires that the 8X300 be
synchronized with system clock

Capacitor Timing: A non-polarized ceramic or mica capaci-
tor with a working voltage aqual to or greater than 25-volts is
recommended. The lead lengths of capacitor should be ap-
proximately the same and as short as possible; also, the

BIPOLAR LSl DIVISION

X1 ——

SEQUENCER

X2 ——

INTERNAL
HJARTER
CYCLES

Figure 5. Timing and Timing Control Signale of the 8X300

timing circuite should not be in close proximity to external
sources of noise. For various capacitor (Cy) values, the
cycle time can be approximated as:

Cyx (in pF) APPROXIMATE CYCLE TIME
100 300 ns
200 500 ns
500 1.1 us
1000 2.0 us

INTERNAL

GUARTER-CYCLES

ADDRESS
Ap=fn2

INSTRUCTION
o415

SCWC

140 BUS
G- 5

HALT

{71 DENOTES CHANGING DATA
P55 oenoTES HIZ

MOTES \_‘__/

Figure 6. Timing Ralationghips of 8X300 170 Signals
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Crystal Timing: When a crystal is used, the on-chip oscilla-
tor operates at the resonant frequency {fg) of the crystal;
the series-resonant quartz crystal connacts to the 8X300
via pins 10(X1) and 11 (X2). The lead lengths of the crystal
shouid be approximately equal and as short as possible;
also, the timing circuits should not be in close proximity to
external sources of noise. The crystal should be hermaeti-
cally sealed (HC type can) and have the following electrical
characteristics:

Type: Fundamental mode, series resonant

Impedance at Fundamental: 35-ohms maximum
impedance at Harmonics and Spurs: 50-ochms minimum

BIPOLAR L3I DIVISION

The resonant frequency (f,) of the crystal is related to the
desired cycle time (T} by the equation fg = 2/T; for a cycle
time of 250 ns, fo = BMHZ,

Using an External Clock: The 8X300 can be synchronized
with an external clock by simply connecting appropriate
drive circuits to the X1/X2 inputs. Figure 7 shows how the
on-chip oscillator can be driven from the complementary
outputs of a pulse generator. In applications where the
microcontroller must be driven from a master clock, the
X1/X2 lines can be interfaced to TTL logic as shown in
Figure 8.

+

PULSE
GENEAATOR MICROCONTROLLER

FULSE GENERATOR CHARACTERISTICS:
Zoyt = W2 Youy = &9 YOLT
RISETIME =10y8EC SKEW =10na

-
Mo x=d L T L
=
|t 4 [ N N |
Yoo -3l | I T I N
CLOCK — ]———-‘i X300
& MICROCONTROLLER
£ 1K
L - 3
= = OPENH COLLECTOR

TTL DRIVER CHARACTERISTICS:
FALL TIME =10m5EC

SKEW BETWEEN COMPLEMENTARY QUTPUTS
=10ma

Figure 7. Cilocking with a Pulse Generator

Figure 8. Clocking with TTL

RESET Logic

The RESET line {pin 43) can be driven from a high {inactive)
state to a low {active) state at any time with respect to the
system clock, that is, the reset function is asynchronous. To
ensure proper operation, the RESET line should be held low
{active} for one full ingtruction time. When the line is driven
from a high state to an active-iow state, soveral events
occur—the precise instant of occurrence ias basically a
function of the propagation dolay tor that particular event.
As shown in the acompanying RESET timing diagram, these
avents are:

* The Program Counter and Address Reglster are set to
an all-zero configuration and remain in that state as
long as the RESET fine is low. Other than PC and AR,
reaat does not affect other Internal registers.

* The input/output (1V) bus goes three-state and re-
mains In that mode as long as the RESET line is low.

* The Select Command and Write Command signals are
driven low and remain Inactlve as long as the RESET
line Ia low.

* The Left Bank/Right Bank signals are undefined for
the period in which the RESET line is low.

During the time RESET is active-low, MCLK is inhibited:
moreover, if the RESET line is driven low during the last two

20

quarter cycles, MCLK can be shortenad for that particular
machine cycle. When RESET line is driven high (inactive)—
one-quarter to one full instruction cycle later—MCLK ap-
pears just before normal operation is resumed. The
RESET /MCLK relationship is clearly shown by "B” in the
timing diagram. As long as the RESET line is active-low, the
HALY signal {described next) is not sampled by internal
logic of the 8X300.

HALT Logic

The HALT signal is sampled via internal chip logic at the end
of the first internal quarter of each instruction cycle. If, when
samplaed, the HALT signal ig active-low, a halt is immediately
executed and the current inatruction cycle is terminated,;
however, the halt cycle does not inhibit MCLK nor does it
affect any internal registers of the 8X300. As long as the
HALT line is active-low, the SC and WC lines are low (inac-
tive) and the input/output (IV) bus remains in the three-state
mode of operation. The halt cycle comtinues until, when
again sampled, the HALT line is found to be high; at this
timea, normal operation is resumed. Timing for the halt signal
is ghown in the accompanying diagram.
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RESET TIMING DIAGRAM
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NOTES

1. Thve HALT signal can awitch trom High 10 Low at any time during this intarval Thgq—hold time from X1 to HALT (indepandent of instruction cycle time)

2. Tre HALT signal can awitch from Low o High at any time during this interval Tirig-—40t-up fime from MCLK ta RALT {dependent upon inllrut_:tion oycle time}
Timing Descriptions:

THg-—sat-up time from HALT to X1 (indepanch

TpaH—held time trom MCLK to FACT (depand
of | ion cyche time)

upon i ian cyche time)
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VOLTAGE REGULATOR

All internal logic of the 8X300 is powered by an on-chip
voltage regulator that requires an external series-pass tran-
sistor. Electrical specifications for the off-chip power tran-
sistor and a typical hook-up are shown in the accompanying
diagram. To minimize lead inductance, the transistor should
be as close as possible to the 8X300 package and the
emitter should be ac-grounded via a 0.1-microfarad ceramic
capacitor.
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PRELIMINARY

ARCHITECTURAL OVERVIEW
The Signetics 8X320 Bus Interface Register Array {Figure 1)
is a dual-port RAM memory designed for use betwen a host
processor and a peripheraf processor. Specifically, the reg-
jgter array provides a convenient and economical interface
between the BX300 Microcontroller {secondary port) and
User's Host System {primary port); the host can be almost
any bus-oriented device—another processor, a mini-
computer, or a mainframe computer. The host has 8-bit
{byte) or 168-bit {word) access to the primary port; data can
be read-from or written-into any memory location as deter-
mined by the primary-port address and control lines. The
secondary port (8X300 bus) congists of eight input/output
lines and four bus control lines, To implement the secondary-
port interface, an 8-bit memaory location is addressed during
one machine cycle and, during another cycle, data is read or
written under control of the secondary {8X300) processor.
Both primary and secondary ports feature three-state out-

BIPOLAR LS| DIVISION

puts and both ports are bidirectional.

Besides the convenience and economy of a two-port mem-
ory, the array also provides simple handshake control via
two B-bit flag registers, logic to facilitate DMA transfers, and
a write-protect feature for the primary port in both byte and
word modes of operation,

FEATURES

* 16-Byte/2-Port interface
* 8 or 16 Bit primary-port {(Host) interface (user

selectable)

* 8-Bit sacondary-port Interface
* Two 8-Bit flag registers (handshake control)
* DMA or programmed 1/0 operation
* Two Three-State Bidirectional Ports
* Sacondary Port is bus compatible with 8X300

* Single 5V supply
®* 40-Pin package

SECONDARY PORT

PRIMARY PORT

ADDRESS LATCHES
AND
DECODE LOGIC

4

[
X300 ’“‘
DRIVERS.' RECEIVERS,

16 X 8 MEMORY
I FLAG REGISTER 1
| PRIMARY ADDRESS:

| BYTE - Oy

| WORD -- Note

L SECONOARY ADDRESS: 608

I
|
I
1

igelnteghamn L J

iGEN PURPOSE HEGISTER

IFRIMARY ADDRESS:

! BYTE~ 28

| WORD — MOTE

LSECONDARY ADORESS: 620

'GEN FURPOSE REGISTERI
PRIMARY ADDRESS: I
aYTE~ 48 !

WORD ~ NOTE !

I 1
EECDNDAR\‘ ADDRESS: 645 .

IGEN PURPOSE REGISTERl
IPRIMARY ADORESS: |
I BYTE~ &g |
! WORD — NOTE !
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Eecaumm ADDRESS: 668 B

IGEN PURPOSE REGISTEFIl
IPRIMARY ADDRESS:

| AYTE - 10g |
I WORD — ROTE :
[SECONDARY ADORESS: 708 |

|GEN PURPOSE REGISTER
IPRIMARY ADODRESS: i
| BYTE - 123 1
| WORD - NOTE i
ISECONDARY ADDRESS: 725 I

|GEN PURPOSE HEGlSTER
IPRIMARY ADDRESS:

I BYTE — 14g

| wonp — NOTE
Eecoumnv ADDRESS: 748

O ——

IGEN PURPOSE REG[STEFh
IPRIMARY ADDRESS:

| BY¥TE ~ 188 |
! WORD -+ NOTE 1
'Eecoumnv ADDRESS: 765 J

h 'I1|| Whmm The
Ars
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n Specific

o lSEC)OM:!.N"H’ ADDRESS: 738

" "FLAG REGISTER i
| PRIMARY ADDRESS: I
I BYTE~ 1g !
| WORD - NOTE '
‘L SECONDARY ADDRESS: 615 J'
IGEN PURPOSE REGISTER,
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BYTE — 3a

| WORD — NOTE
|SECONDARY ADDRESS: 63g

-

1
|

i

]
_
ey |
GEN PURPOSE REGISTER1
PRIMARY ADDAESS: |
BYTE — 5g 1
WORD ~ NOTE !
'Eecoumnv ADDRESS: 655 _ !
|GEN PURPQSE REG‘STERn
|PRIMARY ADDRESS: !
| BHYTE -~ 78 1
| WORD - NOTE :

I teg AY .
L? CONDARY ADDRESS: §7g _l

_________ -
IGEN PURPOSE REGISTER;
| FRIMARY ADDRESS: 1
| BYTE— 11a 1
| WORD — NOTE !
‘sscmmnv ADDRESS: 719 |

,GEN PURPOSE REGISTERl
I|PRIMARY ADDRESS: I
| BYTE~ 133 !
| WORD — NOTE I

1

| PRMARY ADORESS: |
| BYTE— 158 t
| WORD - HOTE |

{SECONDARY ADDRESS: 758 _I'

{GEN PURPOSE REGISTER|
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I BYTE— 178 !
i WORD ~ NOTE !

ISECONDARY ADDRESS: 778 |
ST AT

Paivs—Byte 0./Bybs 1, Byte 2./ Byie 3,
Byta 5__Byte 14/ Brie 15, And Byls 1efn-pt- 17
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ADDRESS DECODE

r
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STATUS
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LOGIC

-
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USER-PORT
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Figure 1.

Block Diagram of 8BX320 Bus Interface Register Array
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PRELIMINARY BIPOLAR LSI DIVISION
GHND [T o] veo
OWAE (2] W) B/W
' 074 [5] =] A0
Dep [T [37] &1
ﬁ D54 [5] [36] a2
E @ | o ] [55] A3
w E 03 [7] [33] FIOE
< 024 7] [33] AW
oan] g fEws
\ WAE INTERFACE  [21] 77
r ofe M Rit:.::sﬁ Bl
oéa (17 BEE
@ o5a 13} 8] va
g | va el
Og 1 ©se s %] W3
« D28 [e] =l W
| o8 [z z4) VD
\ 008 i3] 23] we
wE [2] 2] sc
GND [ [21] MCLK
PIN NO. PARAMETER FUNCTION
1,20 | GND Ground Circuit ground. '
2 DMAE Direct Memory Enables primary port to facilitate DMA transfers; does not affect secondary port.
Accesa Enable
3-18 | DOa-D7p/  Primary Data Port Sixteen 3-state lines used lor data trensiers to-and-from the primary data port; most
D0g-D7g significant bit is DOA and least significant bit is D7g.
19 ME Master Enable Enables secondary port when active low (ME).
21 MCLK Master Clock When MCLK is high, and 8X320 is enabled (ME), a register location may be either
selected or written-into under control of SC and WC.
22 SC Salect Command With SC high, WC low, MCLK high and ME low, data on IV through IV7 is interpreted as
an address. If any one of the 18 register addresses (60g-77g) matches that on tha I/0O
{IV) bus, that particular register is selected and remains selected until another address
on the same bank (i.e. ME = low) is output on the 1/O bue—at which time, the old
_ register is deselocted and & new register may or may not be selected.
23 WC Write Command With WG high, SC low, MCLK high, and ME low, the selected register stores contents of
V0-IVT as dats.
24-31 | WO-IN7 Secondary Data Port | Eight 3-state lines ueed to transefer data or )/ O address to-and-from the sacondary data
: port; most significant bit is IVO and laast significant bit is V7.
32 ws Write Strobe When active high, data appearing at the primary port (D04 -D7 4 /DOg-D7p) ia stored in
the registar array if the primary port is in the write mode.
a3 R/W Read/Write Control Whaen this signal is high, primary port is in read moda; when siﬁnal is low, primary port is
in write mode.
34 FIDE Programmed |/ O En- | When active low, primary port operates in programmed input / output mode with register
able _to be read-from or written-into selected by AO-A3.
35-38 | AD-A3 Primary Port Selects register or ragister-pair that primary port is to read-from or wrlte-into. Most
Address Selaect. significant bit [8 A3; least significant bit is AQ,
39 B/W Byte/Word Whan signal is high, the primary pdrt operates in the byte (B-bit} mode; when signal is
low, the primary port operates in the word (18-bit) mode.
40 Voo Power +6 volts.

Al barred symbols (DMAE. etc.) dencte signais thal ars anserted (or activa) when low
(lcgical O} algnals thal are not barred are aaserted i the high state (logical 1).
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PRELIMINARY

OPERATING CHARACTERISTICS

Memory Organization

Memory and addreas correlation for the 16-register array is
shown in Figure 2. From the primary port, the sixteen 8-bit
registers can be addressed in sither byte (8-bit) or word
{18-bit} format; in the word mode, the registers are ad-
dressed in pairs—O0g/1g, 23/3g, 45/5g,... 14/ 15g, and

BIPOLAR LS| DIVISION

16g/17g. From the secondary port, all registers are ad-
dressed in byte format—60g through 77 5. The memory con-
sists of two 8-bit flag registars and fourteen 8-bit general-
purpose registers. The flag registers facilitate information
transfers between the two ports and, in addition, they pro-
tect certain registers from being written into from the prima-

ry port,

MSEB LEB

M OW WM W W W W M m
¥ I

wow W m
I N S |

t 4 4

w W W

' .

Dog

Dig [ ozgl osBI D4g I DEgI osg I pra I

Pt
| DOy ID'IA l DZATD.‘J,\ ]TNA 1 D§ l MA[D?,QI

EVEN

—|

e firad
A FLAG REGISTER "
= 11001111 ~»| SECONDARY PORT ADDRESS = 05 Vo
BYTE MODE
PRIMARY PORT ADDRESS — 0g - o000 N
FLAG REGISTER ocox  HORD MODE
|~ 11001110 SECONDARY PORT ADDRESS = 61g
PAIMARY PORT ADCRESS = 13 | ¥ oopy BYTEMODE
GENERAL PURPOSE REGISTER
|~ 11001101 —-| SEGONDARY PORT ADDRESS = 620
PRMARY PORT ADDRESS — 2p o010 —
GENERAL PURPOSE REGISTER borx —
| — 11001100 SECONDARY PORT ADDRESS = £3g N
PRMARY POAT ADDRESS = ag - 0011 ————
L_EENERAL PURPQSE REGISTER
|~ 11061011 . SECONDARY PORT ADDRESE = 64g
PAIMARY FORT ADDRESS = 45 0100 N
GEMNERAIL, PURPOSE REGISTER o10x
[~ 11001010 — [ SECONDARY PORT ADDRESS = 658 \
FRMART PORT ADDRESS = 55 - g —
GENERAL PURPOSE REGISTER
|~ 11001001 —s-[ SECONDARY FORT ADDRESS = 605
PRIMAAY PORT ADDRESS = L] - [ 0 [+] \
GENERAL PURPOSE REGISTER o1k
SECONDARY s 11001000 »| SECONDARY PORT ADDRESS = E7g Y
PORT PRIMARY PORT ADDRESS — 78 B PRMARY
GENERAL PURPOSE REGISTER ) FORT
. 11000111 —»-| SECONDARY PORT ADGRESS = 70g
PRIMARY FORT ADDRESS = 10g 1000 j
Y GENERAL PURPOSE REGISTER % rox /
11000110 -] SECONDARY PORT ADDRESS = Tig
PRIMARY PORT ADDRESS = 113 - 1001 ———/
GENERAL PURPOSE REGISTER
I 11000101 —w] SECONDARY PORT ADDRESS = 725
PRIMARY PORT ADDRESS = 12p - 1010 ‘}
g GENERAL PURPOSE REGISTER } onx y
11000100 — o [ SECONDARY PORT ADDRESS = 73g
FRIMARY PORT ADDRESS = 134 .-— 01 _...__._./J
GENERAL PURPOSE REGISTER
Mo 11000011 —n| SECONDARY PORT AGDRESS = 7ag
PRIMARY PORT ADDRESS = tdg 1106 /)
h_ | GENERAL PURPOSE REGISTER % 190% A
11000019 »| SECONDARY POHT ADDRESS = 75g
FRIMARY PORT ADDRESS = 1&g —— 1101 ——'j
L\ GENERAL PURPOSE REGISTER
11000001 —w-| BECONDARY PORT ADCRESS = 763
PRMARY PORT ADDRESE = 16g 1110 —'—-—-‘/
L GENERAL PURFOSE REGISTER } . y
1 | SECONDARY PORT ADDRESS = 77
PRMARY PORT ADDRESS = 175 < —

Figure 2.
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PRELIMINARY

In either byte or word mods, the write-protect logic, im-
plemented by bits FO and F1 of register 60g, inhibits the
primary port from writing into addresses 168g and 17g. The
write-protect bits (FO and F1) can be either read or written
from the secondary port; the bits are read-only from the
primary port.

As shown in Tabla 1, flag bits F2 through F7 of 60g and FQ
through F7 of 61g are controlled by the fourteen general-
purpose registers. When any one of these registers is writ-
ten into by either port, the corresponding flag bit for that
register is automatically set by internal logic of the 8X320.
When information is read from any register, the correspond-
ing flag bit must be reset by user software. Except for the
write-protect bits, all other flag bits can be read or writien
from the primary or the secondary port.

Table 1. Control of the Two Flag Registers

60g (Og) | F2 Fa F4 F5 F6 F?

Flag

fRegisters B1g (1g) FQO F1 F2 FAF4 F5 F6 F?

Octal
Address of

10 11 12 13 14 15 16 17
Controlling 2845687

Primary

Byta Secondary| 62 63 64 6566 BY 7O 71 7273 74 7576 77

FUNCTION AND CONTROL OF PRIMARY PORT
The primary port provides an 8-bit (byte) or 18-bit {(word)
interface between the 16-byte memory and the user's host
system. If the host is an 8-bit system (or 16-bit system
operating in Byte mode), the sixteen bidirectional 1/ 0 lines
must be tied together (D0OA to DOR, D1 to Dip,.. .and D74
to D7R); when data is input or output on DO through D74,
the remaining eight lines (DO through D7g) are high-Z and
vice-versa.

Other than the Byte/Word control line, specific operating
characteristics of the primary port are controlled by two
signals—PIQE {Programmed |/ Q Enable} and DMAE (Direct
Memory Access Enable). When PIOE is active (low) and
DMAE is inactive (high), the primary port operates in the

BIPOLAR L3I DIVISION

Table 3 defines programmed |/ O operation of the primary
port in terms of read/write functions and Byte / Word control.
In the byte mode, data is read-from or written-into the even
addresses (Og, 2g, 48, 65, 10g, 12g, 14g, and 16g) via data
lines DOy through D7 A; data is read-from or written-into odd
addresses (1g, 3a, 5g. 78, 11g. 138, 15g, and 17g) via data
lines DOg through D7m. When AC is low (logical 0}, even
addresses are selected and when AQ is high (logical 1), odd
addresses are selected; thus, AD is the LSB of a 4-bit ad-
dress. In the word mode, the state of AQ is irrelevant, since
both the odd and even bytes are, simultaneously, read-from
or written-into; thus, a register pair is selected by a 3-bit
address, A1 being the LSB.

In the DMA mode of operation with DMAE set to O and other
conditions satisfied, data is directly transferred to-or-from
specified memory locations under control of Byte/Word,
R/W, and AQ. The state of the Byte/Word control line deter-
mines whether the data word is 8-bits or 16-bits. The AD
address line correlates aight of the sixteen data lines (D0 -
D7 a or DOg-D7R) with the proper byte/waord location. Thus,
in the word mode, the exchange of data between the mem-

Table 3. Primary Port Operating in Programmed |/0 Mode
_ DOA-D74 DOg-D7g

MODE | B/W | AO | (Even Addrasses) | {Odd Addresses)

Read |0 (Word) Stored Data Stored Dala

Read |1{Byte)| O Stored Data HI-Z

Read |1 (Byte}| 1 Hi-Z Stored Data

Write |0 {Word)| X Write Write

Write [1{Byte)| O Write No Change

Write |1 (Byte) | 1 No Change Write

X = Don't Cara

Table 4. DMA Operation of the Primary Port

programmed 1/O mode—refer to Table 2; in this mode of MODE | BYTE/WORD | A0 | DOj-D74 DOg-D7g
operation, the register to be read-from or written-into is Read 0 (Word) 0 |Deta storedin | Data stored in
determined by four address lines (AO through A3) and the byte 14g byte 15g
Byte /Word control line—see Figure 2 and Table 3. In the -
DMA mode of operation, A1, A2, and A3 are not used; data is Read 0 (Word) f Eatta T:”ed n Eatta :;Omd n
read-from or written-into preassigned registers: bytes 16g vie ®a vie 178
{78g) and 17g (77g)} for the byte mode of operation and Read 1 (Byte) 0 |Data stored in H-Z
bytes 14g (745} / 15g (75g) and 185 (76g)/ 17g(77g) forthe byte 16g
word mode of operati.on. In both cases, switching between Read 1 (Byte) 1 HI-Z Data stored in
bytes 16g and 17g in the byte mode and 14g/15g and byte 17g
16g/17g in the word mode is controlled by AO (the least - -
significant address bit). Refer to Table 4. Wiite | O(Word) | 0O ‘:‘:‘t" to byte ;‘\;"‘9 to byte
8 &
Table 2. Mode Control of Primary Port Write 0 {(Word) 1 | Wrlte to byte Write 1o byte
MODE MOE DMAE 16y 17g
Disabled (output high-Z) 1 1 Wwrite 1 (Byte) 0 |Write to byte HI-Z
Programmed |/ O 0 1 163
DMA X 0 Write 1 {Byte) 1 HI-Z Write to byte
17g
X = Don’t Cara
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PRELIMINARY

ory and the port occurs via DOA-D7 for bytes 14g and 16g
and via DOg-D7g for bytes 155 and 17g. The byte mode of
operation is similar, except that the unused eight lines are

BIPOLAR LSl DIVISION

sar}). As shown in Table 5, the sscondary-port interface is
controlled by five input signals and a status latch. The status
latch is set when SC is high (MCLK high/ME low) and a valid

high-Z.

FUNCTION AND CONTROL OF

SECONDARY PORT

Tha secondary port provides an 8-bit interface between the
sixteen memory registers and the 8X300 (or other proces-

memory address (60g-77g) is presented to the 8X320 via
the secondary data port (IVO-IV7). The latch is cleared by
internal logic when an invalid memory address is presented
at the secondary port, In all read/ write operations from the
secondary port, the status latch acts like a master enabile;
data can be transferred only if the status latch is set.

Tabla 5. Functional Control of Sacondary Port

STATUS
ME s wC! MCLK R/W LATCH FUNCTION OF SECONDARY BUS

L L L X X Set Qutput data from 8X320 memory to 8X300.

L L H H H Set Data from 8X300 is input and read-into a previously-selected memory loca-
tion of the 8X320 (Note 2).

L L H H L Set With the primary port in the write mode (R/W = 0), the secondary port is
overridden and cannot write to the same register addressed by the primary
port; hawever, the register addressed by the primary port ¢an be read and
any other register can be read-from or written-into from the secondary port
{Note 2}.

L M L H X X Data transmitted to the secondary port via the IV bus is interpreted as an
addreas; if address is within range of 60g~77g the memory status latch is
subsequently set.

L L H L X X inactive

L H L L X X Inactive

L L X X X Not Set | Ilnactive

H X X X X X Inactive

HNotes:

1. The 5C and WC tings should never both be high at tha same tima; the 8X30C processor
naver generatas this condition,

2. Duting read or write operalions, the same register can ke simuttanagusly addrassaed
from either part, For any writa operation by both ports on the same reglater, the primary
port hea prigrity; ather than this, ithe 8X320 doea noi indicale errar candiliona or

resolye conflicta.
3. X = Don't Cara

Sijnntics 7
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DC CHARACTERISTICS 0°C =< Ta =< 70°C; 475V =< V¢ < 5.25V

BIPOLAR L3I DIVISION

LTS
PARAMETER TEST CONDITIONS . 2 Min Typ Max UNIT
Voo Supply voltage 4,75 5 5.25 v
VIN (L) Low level input voltage 0.80 v
VIN (H} High level input voltage . 2.0 v
Voo Low laval output voitage Voo = 4.75V; lgL = 16mA 0.55 v
VoH High level output voltape Voo = 475V loH = —3mA 2.40 v
VoL Input clamp voltage = —5mA -1.00 v
oo Supply current Voo = 5.26V (Both ports high-Z) 270 mA
log Short circuit output current? Voo = 4.75V —20 —100 mA
N (L) WC, MCLK, 5C, & ME Voo = 5.256V; VL = 0.50V -1.0 mA
N (L) B/W Voo = 5.25V; V| = 0.50V -1.8 mA
IN (L) AC-A3 Voo = 5.25V; V) = 0.50V -1.0 mA
N (L) DMAE Voo = 5.25V; V)L = 0.5V —800 uA
N L) ws, PIOE, & R/W Voo = 5.25V; VL = 0.5V —400 pA
N (L) Wo-Iv7 Voo = 5.28V; V)L = 0.5V —400 A
each lina
hN (L) D0a-D75/00g-D7g Voo = 5.25V; v = 0.5V —400 wh
each line
N ¢(H) WC, 5C, MCLK, & ME Voo = 525V, Vi = 5.26V 100 pA
N (H) B/W Voo = 5.25V; VY = 5.25V 240 uA
N (H) AO Voo = 5.25V; Vg = 5.25V 120 A
N (H) A1-A3 Voo = 5.25V; V| = 5.25V 60 nh
N (H) DMAE Voo = 5.28V; Vi = 6.25V 120 BhA
N (H) WS, PIOE, & R/W Voo = 5.25V; V| = 5.25V 60 uA
N {H) IVO-1V7 and DOA-D7 5 /DOR-D7g Voo = 5.28V; Vi = 5.25V 100 nA
Notes:

1. Operaling temparature renges ara guaranieed after tarminal aquilibrium has been

reached.

2. Alt vollages are

ad with ! 1o ground tarminal.

3. Short anly one output at a time.

SHDtES
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AC CHARACTERISTICS OF PRIMARY PORT

0°C = T < 70°C; 4.75V =< Voo < 5.26V

Loading: See Test Circuit

BIPOLAR LSt DIVISION

ADDRESS ACCESS TIME

ADDRESS (A3 ~AD] ——a

+3v

DATA 170 -
D0y, ~D7 4/ Do~ D7}

|
YoH
|
I
|

VoL

PRIMARY PORT ENABLE /DISABLE TIMES

+ay
e
| ——— |

DATA 110

- Mﬂ T

ADDRESS (A3 AD) —a—i

CATA 1/D
(Dp ~DT 4 /Db ~ D7 R)

WRITE STAOBE (WS} —=-

= TeE -} | == Ten —=| H - :&t %i‘:r
WRITE CYCLE
+av
: o
TwsD

LIMITS
PARAMETER FROM TO Min Typ Max UNIT

TAA Address acceaa time A3-A0 DOA-D7 5/ 40 nS
Dog-D7g

TeE Primary port enable time } PIOE DOA-D7 p / 30 ns
{ DMAE DOg-D7R

Tep Primary port disable time { PIOE DOA-D7 4/ 35 nS
} DMAE DOg-Di g

TwsA Address setup time A3-AD jWws 40 ns

TwHA Address hold time t WS A3-AD 10 n$

TwsD Primary port data setup time DOA-D7 A/ tws a0 nS

Dog-D7g

TwHD Primary port data hold time | WS DOA-D7 5! 10 ns
DOp-D7g

Twsc Write mode control setup time PIOE tws 30 nS

DMAE WS 40 nS

R/W WS 30 nS

TWHC Write mode control hold time { WS PICE 10 nS

DMAE 10 nS

R/W 10 nS

Twp Write atrobe pulse width 25 nS

Siljantics
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AC CHARACTERISTICS OF SECONDARY PORT 0°C = Tp < 70°G, 4.75V < Vgo =< 5.25V
Loading: See Test Circuit

CLOCK PULSE WIDTH

e S
| |

i Tw —=|

SETUP AND HOLD TIMES

/ \_ |
MCLK —n 1.5

I
:1— Tsp —-rlq— ‘I'uo—l-l
| |
{

I —_—

DATA/CONTROL —= 1.5

| S ——

OUTPUT ENABLE /DISABLE TIMES (TRI-STATE QUTPUTS)}

Packaging information: rafer to Signetics price list
Supply voltage: 5V {+5%)
Operating temperature range: §°C to +70°C

2321t

QuTPUT
UNDER TEST G
L

16902 300pt

Note

CL includes jig and probe capacilance

10 Siljnetics

LOW-LEYEL
EMABLING
- — e +ay
CONTROL —#= y L
I\---------.-_H ov
I | A——
== Toe == (I EMABLING
I I e
| L |
DATA OUTPUT &#1 —8= —_
o—ToE—( |“TODPI
0.5 VoM
DATA OUTPUT #2 —& i
LIMITS
PARAMETER FROM TO Min Typ Max UNIT
tw MCLK pulse width 30 nS
Tsp Data setup time VO-IV7 $ MCLK a5 ns
ME Setup time ME } MCLK 30 ns
SC Setup time SC § MCLK 3¢ 1]
WC Setup time WC t MCLK 30 nS
THD Data hold time } MCLK VO-IV7 0 ns
ME Hold time 4 MCLK ME +] nS
SC Hold time 4 MCLK 8C ¢} nS
WC Hold time § MCLK WG 0 nS
TOE Output enable ME, 5C, or WG NO-V7 30 nS
ToD OQutput disable ME, SC, or WC W0-IV7 25 ns
TEST CIRCUIT ORDERING INFORMATION
av Order numbar: N8X320
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ARCHITECTURAL OVERVIEW

The Signetics 8X330 Floppy Disk Formatter/Controller
(Figure 1) is a menolithic peripheral device of the 8X300
family. The chip uses Bipolar-Schottky/12L-Technology
and some very unique features to provide 8X330 customers
with a competitive edge in both simple and complicated
disk-controller designs. The competitive advantage is
measurable in terms of “systems parts count”, “error-
correction capabilities”, and “overall design concepts” that
are applications griented. Except for a crystal, a capacitor,
an external transistor acting as a series-pass element for the
on-chip voitage regulator, an active low-pass filter, and an
optional ot-chip voltage controlled osciflator (refer to Fea-
tures and Option), the 8X330 contains all processing cir-
cuits and the required control logic to encode/decode
double-density {(MFM/M2FM) and single-density (FM}
codes. Even the data-separation and write-precompensa-
tion logic are located on the chip; in addition, 16-bytes of
scratch-pad RAM are provided for storage of various con-
trol/status parameters.

BIPOLAR LSI DIVISION

FEATURES
# Single or double density
encoding/decoding
* On-chip data separator
¢ Programmable:
FM. MFM, and M2FM encoding/decoding
Preamble Polarity
Data transter rate
Address mark encoding/decoding
Sector length
Output port (7-bits disk command’
lnput porl (5-bits disk status)
Write Precompensation
with on/olf control
On-chip phase lock loop
CRC generator with
software-controlled error correction capabilities
40-pin package
+5 volt operation

OPTION: External Voltage Controlled Oscillator (VCOL. For
critical applications, window margins can be
improved by as much as 6% with the use of an
external VCO.

NOTES
1. Components shown with doted lines are located off-chip

2. Certain bits of the status/control requsters connected to the 140 bus are ‘raad-only’; thig

distinction is not shown in the dagram.

3. Greater detar! far the more complicated blogks IPhase-Lock Loop, Data Separalor, ete.)

are shown in other areas of this data sheet,
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8X330 PACKAGE/PIN DESIGNATIONS

Gno |1 [40) vee
x2 E: [39] vA
x1 E [38] ver

&W [ 37] 2
BR [5] 36] ¢1

ocr [ %] cco

s [7] [34] PUP

ocs [5] [33] FON

oc+ E FLOUPJ:':??)ISK E 7

ocs [0 ;g:::;ﬂ: [31] iv6

ocz [17] [50] Vs

o112 [20] ¥4

pss [13 78] iv3
p54 [14 27] W2
os3 [15 26]
ps2 [18 25] Vo
vs1 [17] 23] we
PF e [73] sc
wa 18 [22] mcwk

aND [7o 27] We

PIN NO.
1,20
2,3

§-12

13-17

MNEMONIC & DEFINITION
GND

X1,

(]3]

D{C1-BC7 Disk commands

Ground

X2 Crystal inputs

Crata writa

Data read

D3S1-DS5 ODisk slatus

Power fail

FUNCTION
Circuit ground

Inputs from a crystal that deter-
mines frequency of an on-chip
crystal oscillator.

A series of negative-going pulsaes
transmitted to the disk drive. The
data write signal produces pulses
iwith precompensation, if re-
quired! for data and clock inaccor-
dance with the applicable encod-
ing rutes (FM, MFM or M2FM].

Megative-going pulses transmitted
from 1he digk drive 1o a Schmitt-
trigger input of the 8X330; these
pulses represent encoded dataand
clock from the disk media.

Sewven outputs Trom the 8X330 that
allow general-purpose control, of
one ar more disk drives.

Five genaral-purpose Schmitt-
trigger inputs from the disk drive
ior drives) that provide status infor-
mation for the §X300.

Schmitt-trigger input from exter-
nal logic that is active low) when
the "user-sensed” power supply
voltage drops below a predeter-
mined value.

PIN NO,
19

21

22

23

24

25-31

33

34

33

36-37

a8

il

40

sifnoties

MNEMONIC & DEFINITION

WG

MCLK

SC

WO

ol
o
=

o
|

cCco

1, c2

VCR

VR

Voo

Write gate

Master gnable

Master clock

Select command

Write command

Input/output
lines

Purmp down
autput

Pump up output

Frequency Con-
trol Input for Cur-
rent-Controlled
Oscillator

Capacitor input
terminals

Regulated supply
voltage

Reference wvolt-
age

Supply voltage

BIPOLAR LSI DIVISION

FUNCTION

When active lowl,  this  40-
milliampere opan-collector cutput
enabies writing io the disk media.
When PF is low, the write gats is
inhibited during periods of power
supply uncartainty.

When this input signal 18 aclve
{lowl, the 8X330 ¢an be accessed
and enabled by the 8X300. (Referta
the LB and RB pinout discriptions
ol the 8X300 for further detail.

When active high and with ME in
the active-low state, this input sig-
nal provides a means wherebry the
1/Q output from the 84300 is inter-
preted as an enabling address
(provided thers is an address
match) or as input data {if one of
the 8X330 registars has already
bean selecied).

When this signal is active (high,
the information output on pins IV0-
W7 of the 8X300 is interpreted as
an address input by the BX330.

When this signal is active (hight,
the information output on pins IV0-
V7 of the 8X300 is interpreted as
input data by the BX330.

Eight three-state input/output lines
that provide bidlrectional data
transfers between the 8X300 and
the enabled /O device; 1V7 is the
Least Signiticant Bit.

Open-collectar autput of on-chp
phase detector which indicates (by
a negative-going.,  guantized,
pulse-width madulated signall that
internal CCC frequency is too
high.

Open-collector output of on-chip
phase detectar which indicates tby
a negative-going, guantized,
pulse-width modulated signat that
inlernal CCO frequancy is oo low,

Vartable input current from ax-
ternal low-pass filter that
controls the frequency

af the oscillator,

Inputs  tar capacitor that de-
termines  center  frequency of

the current-controlled oscillator.

DC  wvoltage input from emit-
ter of axtarnal series-pass transis-
tor; this vollage powers inlernal
legic of chip.

Reference voltage output to base
of series-pass transistor, this ref-
erence contrals VCR.

+3 valt power.



SYSTEM INTERFACE

A typical floppy disk controller using an 8X300 microcon-
troller and the 8X330 is shown in Figure 2. The non-shaded
portion of this particular configuration can service the
command, status, and input/output requirements of two
double-sided disk drives and, under software supervision,
the system can read/write single-density (FM) or double-
density (MFM/M2FM) codes. Interface requirements are
simpie-—on one hand, consisting of the 8X300 microcon-
troller and, on the other, the two disk drives. All 8X330
control and data registers directly linked to the micropro-
cessor interface (Figure 1) are addressable and appear to
the 8X300 as simple /0 ports; a 13-bit addressbus and a 16-
bit instruction bus provide communications between the
8X300 and up to 8K of microprogram storage.

The disk-drive interface consists of seven (7) cutput control
lines (DC1-DC7), five (5) input status lines (DS1-DS5), a write
gate (WG), a data- write output IDW), and a data-read input
{DR}. The twelve command/status lines are not dedicated:;

BIPOLAR LSI DIVISION

thus, the user can assign system functions to best suit a
given application. As shown in Figure 2, all control lines
except WG are buffered to accommodate a reasonable
distance between the controller and the disk media; the
Write Gate, being a 40-milliampere output, requires nc
buffering.

As shown by the shaded part of Figure 2, the control and
status lines can be expanded with peripheral hardware—the
8T32 (in this example) being only one method of implemen-
tation. Using this particutar techriique, one /O port is totally
dedicated to output control, whereas, the other port is
totally dedicated to input status. With additional hardware
and supporting software, the disk-drive system can be
expanded without limit; however, fram a pocint of being
practical, five or six drives is sufficient for most applica-
tions. By using the programmable features of the 8X330, the
user can emphasize and pricritize those system parameters
that are most important—econemics, reliability and/or
speed.
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Figure 2. Typical Interface Using an 8X300 Microcontroller
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FUNCTIONAL OPERATION

As shown in Figure 2, the interface between the BX300 and
8X330 consists of twelve (12} lines—IVD-IV7, SC, WC,
MCLK, and ME; the Master Enable {ME) input {pin 21) is
driven from either the LB (Left Bank) or RB (Right Bank)
output of the 8X300. An expanded view of this interface is
shown in Figure 3 and, as indicated, the 8X330 appears asa
number of addressable registers {110s-1273 and 132g-137g)
under input/output control of the BX300. These registers are
used for general-purpose storage, data-transter operations,
disk commands, disk status, and various control functions.
Design-oriented information for these registers and other
data-processing/logic functions of the 8X330 are described
in the paragraphs that follow; in all of these registers, bitQ is
the Most Significant Bit (MSB).

BIPOLAR LSI DIVISION

NOTE

When power is first applied to the 8X330, the Disk Command lines (DC1-DC7, the Write
Gate WG output, and contents of Command/Status Asgister #2 (CSR #2) are set to 1
lhigh!. The wakeup state of all other bils is undetined

General-Purpose Register File

This general-purpose (scratch pad) memory is directly
accessible by the 8X300 and is used to store system vari-
ables such as track address, sector address and other
necessary parameters. The sixteen B-bit registers {(110g-
12738} provide sufficient on-chip memory to accommeodatea
minimum of two disk drives; the maximum number of drives
that this non-dedicated memory file can support depends
on several factors—system configuration, reliability re-
quirements, economic constraints, and so on. Because of
the on-chip file, all other system memory can be dedicated
to the purpose of handling data to-and-from the disk media.
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Figure 3. An Expanded View of the 8X330/8X300 Interface

6 ENBtES



Command/Status Register #1 (CSR 1/Address 132s)
The disk status (read) or disk-command (write) contents of
this register are interpreted as follows; unless otherwise
indicated, all bits of CSR 1 are read/write from the /0 bus,

Blt 0 {(Wrlte Gate Enable)

Enables write gate output (WG/pin 19} to disk driveis)—the
write gate (WG} cannot be enabled unless the PF input pin
(18 is high. When the WGE bitis setto 0, the WG ouput pinis
low {enabled); when WGE is set to 1, the WG output is high
(disabled). If the PF input goes low while the WG output is
tow, the WG output will go high and the Write Gate Enable
bit is reset to 1.

Bit 1 (CRC Enable)

When set te 1, permits internal CRC register to compute
remainders on the data stream in either read or write modes
of operation. When sat to 0, the CRC register becomes the
source of data. A change in the CRC Enable bit does not
become effective until the "next BYTRA flag appears”
following the command bit change—refer to description of
CSR 1/Bit 6.

Bit 2 {Data Register Control})

When set to 0, contents of data register consists of inter-
leaved data-and-clock bits; starting from the MSB (IVO)
position, register contents are: Clock 1, Data 1, Clock 2,
Data 2, Clock 3, Data 3, Clock 4, and Data 4. When writing an
address mark, the appropriate data/clock pattern is loaded
into the data register by the 8X300. Since each byte of data
from the processor becomes an interleaved pattern (4-bits
of data and 4-hits of clock} in the 8X330 data register, two
bytes from the processor are required to write each full byte
of address mark to the drive—eight bit cells with each ceii
containing a possible data and/or clock transition, or a total
of 16 bit positions. When writing address marks, the normal
on-chip clock insertion circuitry of the BX330 is inhibited;
thus, the user is free to define any clock/data pattern for the
address mark.

When reading address marks, the data register is loaded
with data and clock representing four bit cells from the disk
media, The information in the data register can then be
compared with the expected address mark by the 8X300 on
a nibble-by-nibble basis, When the DRC bit is set to 1, the
data register contains separated data (no clocks), A state
change in this hit does not become effective until the “next
BYTRA flag appears” following the state-change command.

Blt 3 (Sync Enable}

The Sync Enable bit allows the on-chip data separator to
obtain bit and byte synchronization; this bit also controls
initialization of the CRC Register. With the 8X330 in Read
mode and with Bit 3 setto 0, bit synchronization occurs. The
Preamble field is assumed to be all “zeroes” or all “ones"” as
determined by the Preamble Select bit (CSR 2/Bit 4).

When the proper number of preamble bytes, as determined
by the disk-control program, have been found, the Sync
Enable bit should be changed, under program direction, to

BIPOLAR LSI DIVISION

a 1. This puts the 8X330 in the Address-Mark search mode.
Accordingly, all bits of the CRC Register are presettc 1,the
BYte TRAnsfer flagis inhibited, and the 8X330 examines the
data stream for an Address Mark. The Address Mark is
detected by observing the data and clock bits to find a
change in the normal Preamble pattern, Byte synchroniza-
tion is achieved by assuming that the change occurred in
the bit cell determined by two Bit Select bits (CSR 2/Bits 2
and 3.

When the pattern change is found indicating the start of an
Address Mark, the 8X330 starts CRC computation and
synchronizes BYTRA to the byte boundaries. Note that the
B8X330 presumes an Address Mark by finding achangein the
preambie pattern; however, it is up to the 8X300 to read the
Address Mark and to establish its validity or non-validity.

in write mode, setting the Sync Enable bit to 0 presets all
bits of the CRC Register to 1. Setting the Sync Enable bit to
1 allows CRC computation to begin at the next byte boun-
dary.

Bit 4 (Load Counter)

When set to 1, transfers 8-bits of data from Sector Length
register and 1-bit IMSB) of data from Byte Counter (refer to
next description) to 8-bit Byte Counter. Loading of the 9-bit
Byte Counter is effective one bit-cell time after the Load
Counter bit is set to 1. In both the read and write modes of
operation, the Byte Counter is incremented by BY TRA_The
Load Counter bit is self-clearing and always returns a 0
when read.

NOTE
The Load Counter bit must be sat one or more instruction cycles afer setting ihe Byte
Counter MSB, that is, bits 4 and 5§ of CSR 1 cannot be set during th same instruction cycle.

Bit § (Byte Counter MSB)

This bit is used to set and menitor the state of the ninth
(MSB) bit in the Byte Counter; reading this bit always
returns the current state of MSB in the Byte Counter. The
MSB of the Byte Counter is set to the value of CSR 1/Bit 5
when the Load Counter bit (CSR 1/Bit 4) is asserted—refer
to preceding description.

NOTE
The Byte Counter MSB musl be set one or more instruction cycles before the Load
Counter bits—bits 4 and & of CSR 1 cannot be set during the same instruction cycle.

Bit 6 (BYTRA)

Buring a disk read operation, the BYte TRAnsfer flag is
automatically set to 0 when 8-bits of information are trans-
ferred from the Data Shift Register to the Data Register
—see Figure 1. During a disk write operation, BYTRA is
automatically set to 0 when 8-bits are transferred from the
Data Register to the Data Shift Register. BYTRA (a read-
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only bit} is reset to a 1 when the Data Register (addrass 137s)
is selected by the user’s program. During read/write opera-
tions, the 1-to-0 transition of the BYTRA flag increments the
Byte Counter to keep count of bytes read or bytes written.
All read-only bits of the 8X330 are designed to remain stable
during the monitor period; thus, to read a status change of
BYTRA, Disk-Status bit, the Byte Counter MSB, or other
read-only bit requires a two-instruction loop similar to;

TEST SEL CSR 1
NZT BYTRA, TEST

Bit 7 (Disk Status 1)

Reflects state (0 or 1) of input DS1 (pin 17); this is a user-

definable read-only bit.

NOTE
A high input on any one of the Chak Status lines of the 8X330 is read by the 8X300 program
as a lagical 1 and & low mput on the status fnes is read as a logical 0.

Command/Status Register #2 (CSR 2/Address 133s)

The disk status (read) or disk-command (write) contents of
this register are interpreted as follows:

Bit 0 (Precompensation Enable)

This command bit determines whether or not precompen-
sation is applied to the data stream being written onto the
disk. When set to 0, precompensation isinhibited. When set
to 1 and with double-density encoding, write precompensa-
tion is applied to the following data/clock bit patterns:

Precomp Data/Clock Paftarn BitBeing Bits Already Written
Time ({in Data Shift Reg) Written to Disk
2T iLate) 0 1 0 1 0 0 0
2T iLate! a] 1 0 1 8] 0 1
2T (Early) 1 0 4 1 0 1 0
2T (Early! 0 0 0 1 0 1 0
where, T= ! if bit 7 of CSR 2 (1/oF) = 1

crystal frequency

T=

=——————— ifbit7of CSR 2 1/2F} =0
crystal frequency

Bit 1 (Read Mode)

When set to 0, the 8X330 reads data from the disk and
transfers it to the Data Register; when setto 1, datafromthe
Data Register is transferred to the disk, provided the Write
Gate Enable bit (CSR1/Bit 0) is set to 1. With WGE set to 0
and the Read Mode bit set to 1, the current-controlled
oscillator is forced to lock onto the crystal oscillator; this
technique is used during a data-read operation to ensure
rapid acquisition of the disk data.

Bits 2,3 (Bit Selects 1 and 0)

Togather with the Sync Enable (CSR 1/Bit 3), these two bits
allow the user to establish byte boundaries for the data
stream; this is done in the following way. After bit synchron-
ization is established, and the preamble pattern is verified,
the 8X330 looks for a change in the normal preamble
pattern. As shown in the following truth table, Bit Select 1
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{Bit 2} and Bit Select 0 (Bit 3} identifies the bit cell within the
first nibble of the first Address-Mark byte in which the first
deviation from the normal preamble is expected. BYTRA is
always referenced to bit ceii 0.

BS 0 BS 1 Bit Cell
0 0 0
o 1 1
1 0 2
1 1 3

Bit 4 (Preamble Select)

This bit is used only for bit sychronization—refer to CSR
1/Bit 3. With Bit 1 of CSR 2 set to 0 (Read Mode) and the
Preamble Select bit set to 0, the preamble field is assumed
to be all zeroes; with the Preamble Sslact it set to 1, the
preamble field is assumed to be all ones. In either case,
preamble validity is determined by the 8X300.

Bits 5,6 (E1 and E2)
Together, E1 and E2 select the encoding scheme used to
write data on the disk—refer to truth table that foilows.

E1 E2 Encoding Scheme
1 X FM

0 1] MFM

¢ 1 M2FM

X = don't care

Blit 7 (1/2F)

This bit allows the data transfer rate to be changed without
modification of the frequency-selective components in the
data-separation logic; thus, differences in data transfer
rates between standard-and-mini floppies can be accom-
modated via software—no component or other hardware
changes. Assuming an 8 MHz crystal and with the 1/2F bit
set to 1, the data transfer rate is 250K-bits per second in the
single-density (FM) mode and 500K-bits per second in the
double-density (MFM/M2FM} mode. When set to 0, the
transfer rates are halved-—125K-bits and 250K-bits, respec-
tively. When using frequencies other than 8 MHz, the data
transfer rate is determined as follows:

Single-Density Double-Denslty
Bit 7 {1/2F) {FM) {MFM/M2FM)
0 xtal freq xtal freq
64 32
; &L;_req_ xtal1 ;@

Command/Status Register #3 {CSR 3/Address 134g)

This register contains seven bits (Bit 0 through Bit ) which
determines the state of the disk-command outputs; writing
to Bit 7 has no effect and reading Bit 7 always returns a zero,
When a logical “1" is specified by the 8X300 program for a
given disk-command ling, a high willappear at the output of
the 8X330 for that particular command line. Each bitand the
output pin it controls are summarized below.
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Bit (CSR 3) Control Function Pkg Pin Na.
0 DC1 Output 12
1 DC2 Output 11
2 DC3 Qutput 10
3 DCA4 Cutput 9
4 DCS5 Quiput 8
5 DC6 Qutput 7
6 DC7 Qutput 6

Command/Status Register #4 (CSR 4/Address 1353g)

This register contains four bits (Bit 0 through Bit 3) which
reflect the state of the disk-status inputs to the 8X330;
reading all other bits 4 through 7} always returns a zero.
These read-only bits and the reflected status they represent
are as follows; the information specified by notation for Bit
7/CSR 1 is applicable to these input lines.

Bit (CSR 4} Control Function Pkg Pin No.
0 DS2 Input 16
1 DS3 Input 15
2 DS4 Input 14
3 DS5 Input 13

BIPOLAR LSI IVISION

Sector Length Register—Address 1363

This register contains the icad value for the lower eight
(LSBs) bits of the Byte Counter. Data is transferred from the
Sector Length Register to the Byte Counter under controt of
Load Counter Bit in CSR 1. When the contents of this
register are transferred to another location via a read or
write commands, the original helding of data is not lost;
thus, if the same data is to be used more than once, a
repetitive read or write can be impiemented without reload-
ing the register.

Data Register—Address 1373

Together with the Data Shift Register, the Data Register is
used for bidirectional transfer of data between the 8X330
and the 1/0 bus. All transfers to-and-from this register are
made in cenjunction with Bit 6 (BYTRA—Byte Transfer
Flag) of CSR 1. When the Data Register Control bit (CSR
1/Bit 2) is set to 0, the content of this register is interleaved
with four bits of data and four bits of clock. When data is
transferred from the Data Register to the Data Shift Regis-
ter, the criginal content of the Data Register is not lost.

Phase Lock Loop (PLL) and Data Separation Logic
An expanded view of the phase-lock loop and the data-
separation logic is shown in Figure 4. Basically, the PLL
consists of two counters, a phase detector, and a feedback
loop containing a low-pass filter (off-chip) that controls a
phase-locked osciltator (CCQ). tn simplified form, the data-
separation logic consists of data flip-flops (pulse synchron-
izer) and other ¢ircuits required to separate data and clock
transitions. In the read mode, the output of the phase-
locked oscillator (CCO) is applied to the clock inputs of
counter #1, counter #2, and the pulse synchronization
circuits. Essentially, the frequencies of the two counters are
identical {phase relationships may or may not be identicad);
to maintain proper frequencies and to continuousty correct
for any phase deviations, the following actions occur.

Preset values which represent, respectively, nominal mid-
points of the clock and data windows are present at counter

#2 and, when an output appears at the pulse synchronizer,
these preset values are entered. The count sequence for
both counters is from “0 to F'; hence, the phase difference
between Carry 1 (counter #1) and Carry 2 (counter #2)
actually corresponds to any phase deviation between the
CCO and the synchronized data from the disk. The phase
detector measures the phase difference between the two
carry inputs and produces a series of quantized pulses
whose widths are proportional to the phase error at the end
of each counting cycle. After integration by the low-pass
filter, a current proportional to the phase error is applied to
the current-controlied oscillator. Accordingly, the CCO is
driven in a direction (pump-up or pump-down} to correct
any phase difference between the synchronized disk data
and the feedback-controlled clock. Phase detector charac-
teristics for both single-and-double density formats are
shown in Figures 5 and 6.
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Components shown with dashed lines are located off-chip
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Figure 4. Simplified Block of Phase-Lock Loop
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PHASE DEYIATION T4 E
FOR BOTH DATA z
AND CLOCK -1
o
2

NOTE

All horizontal/vertical units are specitied in CCO clock petiods; tor
Standard Floppy FM Formal, ena CCO clock period squals 250
nangseconds

Phase Detector Characteristic for
Single-Density (FM) Format

Figure 5.

MAXIMUM
PHASE
DEVIATION
FOR DATA

-
t

o
f
t

PLIMP-UF BIGNAL WIDTH
+

24 BEVIATION
FOR CLOCK
1+
PHASE DEVIATION
—_— . OFACTUAL
¥ . ) ¥ = 2 % 45 FAW DATA FROM
45 35 25 olas 15 25 a3 45 O T
LATE] T'E (EARLY}
[=]
1: ¥
MAXIMUM PHASE 3
DEVIATION FOR T3e
CLOCK n
1a E
o
MAXIMUM 158
PHASE DEVIATION 5
FOR DATA

NOTE

All horizontalfvertical units are spacifiad in CCO clock periods, for
standard floppy double density IMFM/MEFM), ona CCO clock pariod
agquzls 125 nanosaconds

Filgure 6. Phase Detector Characteristic for
Dauble-Density (MFM/M2FM} Format
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Data Processing and Error-Check Functions

These functions of the 8X330 are summarized in Figures 7
and 8. The read/write operations are software-controlled by

BIPOLAR L3I DIVISION

CSR1 and CSR2. For the sake of simplicity, control lines
and much of the control logic associated with the data

previously-described bits of command/status registers

processing and error-check functions are omitted in the
read/write diagrams.

CRC
GEMERATOR

CRC
ENABLE

|

ENCODE
EMABLE

l

PRAECOMP

WRITE
GATE

ENABLE/DISABLE ENABLE

l

S DATA DATA SHIFT cLOCK PRECOMPENSATION TRITE
a MULTIPLEXER p—= ENCCDING 1 TC DISK
g REGISTER REGISTER LOGIC LOGIE
L
Figure 7. Simplified Block of Data Processing and Error Check
Functions—Write Mode
|__ CRC
GEMERATOR
[
CRC - - [——
ENABLE BYTE 5YNC
ENABLE
g DATA DATA SHIFT
° REGISTER REGISTER MULTIPLEXER CLOCK/DATA PULSE READ
= - SEPARATION SYNLC FROM
LOGIE CIRCUITS DISK
i
1 PHASE LOCK LOOP 1
[ 19 — [
Mt
Figure 8. Simplified Block of Data Processing and Error Check
Functions—Read Mode
sifjnetEs 11



DC CHARACTERISTICS voc = 5V (£5%), T = 0°C to 70°C

BIFOLAR LS| DIVISION

PARAMETER TEST CONDITIONS LTS UNITS COMMENTS
Min | Typ | Max
VI High level input voltage 2.0 Voo v For all inputs except X1, X2,
VIL  Low level input voltage 1.0 8 v | ©1.©2 CCO, and Vop
Voo | Supply voltage 475| 50 (5.25 v 5V (£ 5%)
Vcr  Regulator voltage Voo = 5V al v From series-pass transistor
VgL Input clamp voltage Vee = Min -1.0 v Inputs X1, X2, C1, C2, and CCO
iy = —5mA do not have internal clamp
diodes.
Von  High level output voltage Voo = Min; 2.7 v DC 1 through DC7 (Pine B-12) &
loH = —0.4mA DW (Pin 4)
Voo = Min; lgy = —3mA 2.4 \ VO-1V7 (Pine 25-32)
VoL  Low level output voltage Voo = Min; 0.5 v DC1 through DC7 (Pins 8§-12);
IoL = 8mA PUP, PDN (Pins 33, 34); DW
(Fin 4)
Voo = Min; gL = 18mA 0.55 v VO-IV7 (Pins 25-32)
Voo = Min; lgL = 40mA 085 V WG (Pin 18)
IcEx Open-collector leakage Voo = Min; 100 [ wA WG {Pin 19); PUP (Pin 34);
current with output set to 1. | VouT = Voo PDN (Pin 33}
IhH High level input current Voo = Max; Viy = 2.7V 20 A DS1-DS5 (Pins 13-17);
PF (Pin 18); DR (Pin 5)
40 | @A | ME (Pin 21); MCLK (Pin 22);
SC (Pin 23); WC (Pin 24)
Voo = Max; With C1 (Pin 36) under test, G2
VIN = 5.25V; (Pin 37) ia open and, vice-versa.
CCO {Pin 35) input 4 mA
current = OmA
Voo = Max; Vg = 5.26V
GCCO (Pin 35) input 2 mA
current = 1mA
Voo = Max; 4 mA With X1 (Pin 2} under test, X2
VN = 0.6V (Pin 3} is open and, vice-versa.
Voo = Max; VN = 4.5v 50 sA | VO - VT (pins 25-32)
Voco Input voltage for Voo = 8V, T = 25°C 750 mv
current-controlled CCO input current
oscillator (Pin 36) = 300 pA

12
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= Jg

DC CHARACTERISTICS (Cont'd) Vo = 5V (£5%), Ty = 0°C to 70°C

BIPGLAR LSI DIVISION

PARAMETER TEST CONDITIONS LIMITS UNITS COMMENTS
Min | Typ | Max
'R Low level input current Voo = Max; —400| wA DS1-DS5 (Pins 13-17);
VIN = 0.4V PF (Pin 18}; DR (Pin 5)
—800| A ME (Pin 21); MCLK {pin 22);
SC (Pin 23); WC (Pin 24)

-1 -4 mA ¥1 (Pin 2), X2 (Pin 3), C1 {Pin 386),
and C2 (Pin 37)—with X1 under
test, X2 is opan and, vice-versa;
the same relationship exists for
C1 and C2.

- Voo = Max o
VN = 0.5V =550 uA IVO-1V7 {Pins 25-32)
log  Output short-circuit current | Voo = Max; -15 —100f mA | DC1-DC7? (Pins 6-12) & DW
Qutput = "1"; VoyT = "0". (Pin 4)
{NOTE —
At any time. na more than one outpul —30 —140 mA WO-IVY {Ping 25-32)
should ba connectad to ground}
lec (Pin 40) Voo = Max 200 maA
IcR Voo = Max 250 ma
IrReg  (Pin 39) Voo =6ViVog=0vavp=2V| —-18 ~24 | mA
NOTES ; Yoo
1. Operating temperatura ranges ars guarantesd afier thermal equillbrium has be&n
reachsd. 40
2. All voltag d with paci 10 g d tarminal. vee 'R
3. Unless otherwise apacifisd, anch teet raquirss that Vo be suppliad through u series-

pusE trangisior as shown in the accompanying drawing.

Sifjantics
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AC CHARACTERISTICS v(gg = 5V (25%), Ta = 0°Cto 70°C

BIPOLAR LS| DIVISION

MNEMONIC REFERENCE INPUT OUTPUT Min Typ Max COMMENTS
tPp PE WG 30ns Refer to Note 3 and Test Loading Circuit #1.
tpD A MCLK WG 70ns
tpD MCLK WG 70ns
tPD A MCLK |DC1-74 70na | Refer to Note 3 and Test Loading Circuit #2.
tpp MCLK |DC1-7\_ 70ns
1pw ﬁ 50ns
tow DR 50ns
tow oW Note 1
tsETUP \_SC Input on DS1-5 55ns Note 2
tseTUP N WC Input on DS1-5 55ns Note 2
tSETUP \__ ME  |Input on DS1-5 55ns Note 2
tHOLD \__SC Input on DS1-5 Ons Note 2
tHOLD N WC Input on DS 1-5 Ong Note 2
tHOLD ME Input on DS1-5 Ons Note 2
" T\ _ME_

OE— VI, ™y T 2
SC & WG sC O bus Snsec

. WC

Refer to Test Loading Circuit #3.
o ME

top—ME, ?/_(— 170 bus 30psec
SC & WC Kithree-state)

WC
14 (MCLK Pt 45ns
pulse width} MCLK
tgp (data MCLK /O bus 50ng
setup time)
tgn (ME setup | ok ME 46ns
time)
:%[L;sc setup MCLK 5C 45ns

1
tgp (WC setup | ok % WG 45ns
time}
tHD (data hold MCLK 11O bus Ona
time)

14
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AC CHARACTERISTICS (Cont'd) Vg = BV (+5%), Ta = 0°C to 70°C

BIPOLAR LS| DIVISION

MNEMONIC REFERENCE INPUT OUTPUT Min Typ Max COMMENTS
tHp (ME hald HE Ons
e MCLK \— ME
time)
tHp (SC hold Ong
time) MCLK 5C
tHp (WC hold Ons
time) MCLK Y WC
NOTES
1. Wrile pulas width = 2/Fy1y) . that is, tor BMHz cryatal, tow = 250naec (typical)
2. Changes on DS1-5 are not alored in raad mode {(ME = 0, 5C = 0, and WG = 0)
3. During the period whan MCLK I3 high, measuramant is mada with ME = Low, 5C = Low,
and WC = High.
TEST LOADING CIRCUIT
CIRCUIT #1 CIRCUIT #2 CIRCUIT #3
+5v
+5% +5¥
TEST ;
POMNT RL1
‘?&1 sosd E ::;EI
FROM OUTPUT FROM DUTPUT FROM QUTPUT L
UKDER TEST UNDER TEST UNDER TEST |
[ L ALy =% < Rz
I A0pF 200pF 5450 SopF 2 el
PROPAGATION DELAY TIME PULSE WIDTH WAVEFORM
hY
INPUT 1.5¥ 5V 1.5
'\ 15
T ; , !
| - | - i
S’I{ I I
ouTPUY 15v
--’
SETUP & HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
P VT
5'/
REFERENCE 158¥ ! 7
- I contror M sy X‘
INPUT 5¥
I“"lsmw -Jl*'- 'HOLD —-1 S -
I
s | 4 - N --221
DATA/CONTROL 1.5¥ 1.5% Y
) S O O —
Yoo
ok L ey s ‘
oH
ga.:':ur =1 1 i/ﬁ\' }:Ik‘—
[ .
top |

SIS
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CLOCK REQUIREMENTS

Crystal Oscillater.The on-chip crystal oscillator circuit is
designed for operation using an external series-resaonant
quartz crystal; alternately the crystal oscillator can be
driven with complementary outputs of a pulse generator or
interfaced to a master clock source via TTL logic—see
accompanying circuits. When a crystal is used, the on-chip
oscillator operates at the resonant frequency f) of the
crystal; the crystal connects to the 8X330 via pins 3 (X1} and
2 {X2). The lead lengths of the crystal should be approxi-
mately egual and as short as possible; also, avoid close
proximity to atl potential noise sources. The crystal should
be hermetically sealed (HC type can) and have the following
electrical characteristics:

Type: Fundamental mode, series resonant
Impedance at Fundamental: 35-ohms maximurm
Impedance at Harmonics and Spurs: 50-obhms minimum

When the crystal oscillator is externally-driven, typical
waveforms are as follows:

BIPOLAR LS| DIVISION

CLOCKING XTAL OSC WITH PULSE GEN

+ 3K}

PULSE
GENERATOR ax330

= 5011

- 2(%2)

PULSE GEN CHAR:
ZouT = 580
YouT =02V
RISETIME = 10rSEC
SKEW = 1MrSEC
GOMPLEMENTARY QUTRUTS

CLOCKING XTAL OSC WITH OPEN-COLLECTOR
TTL

‘h
< 1K 3 {x1}
-
<
-'—I [TEE

b T 2(X2)

CLOCK

/

taw = 50% (TYP)

tgEW < 1SEC

FREGUENLY = 8 MHz (TYP)/16 MHz (MAX)
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Current-Controlled Osclllator (CCO).

A non-polarized ceramic or mica capacitor is recom-
mended for the current-controlled oscillator. The capacitor
connects to the BX330 via pins 37 (C2) and 36 (C1); lead
lengths of the capaciter should be approximately the same
and as short as possible. When the input current to the CCO
is near zero (maximum frequency), the capacitor vatue
should be chosen so that the high-limitrest frequency of the
oscillator does not exceed 24 MHz. If the rest frequency is
higher than 24 MHz, synchronization of the CCQO with the
crystal oscillator just prior to the read operation, may be
impeded. The curves in Figure 9 (current-versus-frequency)
and Figure 8 (capacitance-versus-frequencyl show how
these design parameters affect operation of the CCOovera
temperature range of 0°C to 70° C. A suitable test circuit for
verification/validation of the current-controlled oscillatoris
also shown in Figure 10, Like the crystal oscillator, the CCO
can be driven with the TTL output of a pulse generator or
interfaced to amaster clock via TTL logic—see accompany-
ing diagrams.

BIPOLAR LSI DIVISION

CLOCKING WITH OPEN-COLLECTOR TTL

+5Y

FROM TTL 4ron
TOTEM-POLE

TO C2 (PIN 37}
ouTPUT

r TO G (PIN 34}
1

a1

CLOCKING WITH PULSE GENERATOR

AT00E
QUTPUT OF ' APP— TO £2 (FIN 37)

PULSE GEN
rc- TO C1 (PIN 3
a1t I

s ——‘

tance = 25 Plcofarads

|
71— e TG
® I R
" Ny
"
W
" N
« " \\ [ vc
g " V
g 13 Y
g u g
£ N
@P=vepsmy A
10  vep 05y P
' SN
Fann Fn
. LW i )
T
a
s
T 8sef-sE2gq83889 8888888888t

CURRENT IN MICAOAMPERES

Figure 9. Current-versus-Frequency with: Voo = 5V and Capaci-

sinntics
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BIPOLAR LS DIVISION

TEST

CAPACITANCE IN FICOFARADS

2.5V, and | = 300uA

»n N POINT —
19 \ owla ——
' + W QUTFUT PULSE |—]
HATE = Forng
“ i \ B |
K230
1% Voo —
15 e
E SK
3 mn e
z 4
§ L] ac —
w =
S 12 LOAD HEGIST!.IIS,m
w 0
T =
'S 11 —
BITS—0 1 2 3 4 & & 7
700 -1 wWE-0 1 1 1 X X X X
10 1332-x 1 ¥ X X 1 1 1
L5 ol L T T T B R NS |
a
]
T
[
5
2 2 R £ 8 8 9 % B 2 8 & =2 r® 3 2 2 % §

Figure 10, Capacitance-versus-Frequency with: Voo = 5V, VCR =

VOLTAGE REGULATOR

ORDERING INFORMATION

All internal logic of the 8X330 is powered by an on-chip  Order number; N8X330
voltage regulator that requires an external series-pass  Packaging information: Refer to Signetics price list
transistor. Electrical specifications for the off-chip power  Supply voltage: 5V (£5%!
transistor and a typicat hook-up are shown in accompany-  QOperating temperature range: 0°C to +70°C

ing diagrams. To minimize lead inductance, the transistor
should be as close as possible to the 8X330 package and the
emitter should be ac-grounded via a0.1-microfarad capaci-
tor.

TYPICAL HOOK-UP

AX330

Yen
(o F)
ELECTRICAL SPECIFICATIONS
*PARAMETER CONDITIONS LIMITS
hte Ve = 2V =50
VBEON Ve = 5V/Ig = 500mA <1V
VCESAT Ic = 500 mA/lg = 50 mA <(.5V
BVceo =BV
ft »>30 MHz

‘Medium power NPH silicon (0°=Ta<70°C1 recommended pans. 2N5320, 2M5337

18 SiNNLiCS




PRELIMINARY SPECIFICATION 8X350-F

DESCRIPTION TYPICAL 1/0 STRUCTURE PIN CONFIGURATION
The 8X350 bipolar RAM is designed princi- Y o
pally as a working storage elem.ent‘ln gn F PACKAGE
8X300 based system. Internal gircuitry is
provided for direct use in 8X300 applica- 3 5
tions, When used with the 8X300, the RAM o O Yee
address and data buses are tied together os 2] 2] 47
and connected to the IV bus of tha system. os [3] [20] a5
The data inputs and outputs share a com- 04 [4] [13] 25
man |/ O bus wilh 3-state outputs. oy [5 (4] 24
The BX350 is available in commercial and o2 (] [17] a3
military temperature ranges. For the com- o1 [7] [16] 52
mercial temperature range (0°C to +75°C) o0 [5] 7] 1
specify NBX350-F, and for the military lem- -
perature range (—55°C to +125°C) specify e [o] [14] %0
$8Xa50-F. s w [i6] [13] mewk
ano [17] [72] s¢
FEATURES
* On-chip addross [atches F = Gardip
= 3-glate outputs
s Schottky clamped TTL =
+ Intarnal control logic for 8X300 system
» Directly interfaces with the 8X300 =
bipolar microprocessor with no
axternal logic ABSOLUTE MAXIMUM RATINGS
= May be used on left or right bank PARAMETER? RATING UNIT
APPLICATIONS Voo Supply voltage +7 vdc
» 3X300 working storage VIN Input voltage +5.5 Vdo
Qutput voltage Vdc
VoH High +5.5
Yo Off-state +5.5
Temperature range °C
Ta Operating
NBX350 Qto +75
S58X350 —-55t0 +125
T5TG Sterage —65 to +150
THUTH TABLE Mote X = Don’t carg BLOCK DlAGRAM
BUSSED
MODE ME | 5C | WC | MCLK | DATA/ADDRESS
LINES A0
Haold addreas :C n(J:(w MEMDRY CELL MATRIX
Disable dataout | 1 | X | X X |HighZ N wrren becane a2 % 04 = 7038
LATCH
Input new address | 0 | 1 | © 1 Address AMO—=
Hold address High 2 o I il
Disable datacut | 0 | 1 | O 0 |Highz i -
Ap O— | LN | COLube SELECT
Hold address d Croce
Writedata [ 0 |0 | 1 | 1 |Datain e O——————— e 1l (]
50 O WH
Hold address READ: WRITE CIRCINT
Disabledataoqut | G | O | 1 ¢} High 2 N
= o—y > 1l L
Hold address oo OATTPLIT BUEFERS
Readdata | 0 |0 [ 0 | X |[Dataout oo o
Undefined state'2 | 0 [ 1 | 1 1 - I l I I ] I I I
Hold addregs?2 s Dy Dz Da Da D5 Dg Dy
Disable data out | O 1 1 0 High Z

sifntics 3



PRELIMINARY SPECIFICATION 8X360-F
DC ELECTRICAL CHARACTERISTICS2 N8x350; 0°C = Tp = +75°C, 4,76V = Voo = 5.25V
SBX350; =55°C =< Ty < +125°C, 4,75V < Voo < 5.25V
N8X350 S8xX350
PARAMETER TEST CONDITIONS Min Typ Max Min Tvo Max UNIT
Input voltage v
ViL Low! Yoo = Min .B5 .80
VIH High! Voo = Max 2.0 2.0
vIC Clamp!.3 Voo = Min, |y = —12mA —-1.2 -1.2
Qutput voltage Veg = Min v
VoL Low!4 lgL = 9.6mA 0.5 5
VoH High'-# IoH = —2mA 2.4 24
Input current A
L Low Viy = 0.45V —100 —150
IH High ViN = 5.5V 25 50
Output currant A
lotoFF)  High Z state ME = High, oyt = 5.5 ¥ 40 80 HA
E = High, Vour = 0.5 V —100 —100
los Short circuit38 SC = WC, ME = Low,
VouT = OV. Stored High ~20 -70 [ =15 -85 | mA
oo Vo supply current? Voo = Max 185 185 maA
Capacitance ME = High, Voo = 5.0V pF
CiN Input VN = 2.0V 5 5
Cout Qutput Vour = 2.0V 8 8
AC ELECTRICAL CHARACTERISTICS 2,8 nNgx350: 0°C < Ty < +75°C, 4.75V < Voo =< 5.25V
S8X350: ~56°C < Tp = +125°C, 4.75V < Vg < 5.25V
NBX350 58X350
PARAMETER TO FROM Min Typ Max Min Typ Max UNIT
Enable time ns
Teq Output Data out SC— 35 40
TE2 Qutput Data out ME— 35 40
Disable time ns
D1 Qutput Data out 8C+ 35 40
Tp2 Output Data out ME+ 35 40
Fulse width ns
Tw Master clock? 40 50
Setup and hold time ns
Tsa Setup time MCLK— Address 30 40
THA Hold time Address MCLK— 5 10
Tsp Setup time MCLK— Data in 35 45
THD Held time Data in MCLK— 5 10
Tss Setup time MCLK— ME— 40 50
TH3 Hold time ME+ MCLK— 5 5
Tgq Setup time MCLK— ME— 30 40
TH2 Held time ME- MCLK— 5 5
Tgo Setup time ME— 56— WC— 0 5
TH1 Hold time 5C- MCLK— 5 5
TH4 Hold time wC— MCLK— 5 5

Siljnetics



PRELIMINARY SPECIFICATION

TIMING DIAGRAMS

TRANSPARENT ADDRESS READ CYCLE

+av
MCLK , 1.6 *—
|~— T8y ——] ¥
WE 1012 ! v A
l‘_ TL—D Ta H:‘: +v
W BUS 1.5% * “%&Esi_ ’W} 15y DATAQUT o
i) [T —Tor— +av
go 1012 ’ 1_5\;! *I.s\f o
we = g10.12
o
LATCHED ADDRESS READ CYCLE
m 1.8% v
MCLK .
= ?
B 10.12 *I_.SV 1.5¢
e TEz —| | Toz b j:v
S Y, ——
We 1112 1I5:--I—kfsa an +av
ov
+av
50 = 010,12 ov
LATCHED ADDRESS WRITE CYCLE
MCLK 1.5v 1.5V o
| ov
|-1—T‘I‘ysa—-—- Ths |-|-- oy
wE 1 * 1.5¥ f- 1.6¥
|-<—‘I'sn—b-| THD1"‘—‘ o
lz'. aﬁ's% DONT CARE % DATA IN VALID _ﬁ“ e ::v
=] TH4 I-d—
we 1112 _/;1 *1.“ +3¥
ov
&C = o 10,12
ov

NOTES

1
2.

All vpltage valuas are with raspect tq natwork ground terminal.

The cperating ambienl lemperature ranges are g tead wilh ir &ir low
axceeding 400 linear feel per minute Bnd 8 2-minule warm-up.

Typical thermal resisiance vaiues of the package at maximum temperalure are;
B, iunclion to ambient at 400fpm air flow - 50°C watt

HJA junclion to ambignt - still air - 50°C fwall

B junchon to case - 20°C/watt

. Tesat each pin cne at a tima.
. Measured with a logic low stored Output aink current ia supplied through a regiator to

VYoo

. Measurad with a lagic mgh stored.
. Duration of the short circuit should nel sxceed 1 second.
-l s measured with he write enabie and mamory anahle inpuls grounded, all other

inputs at 4.5V and the cutput apen.

. Minimum required 10 guarantea a Writa inte the slowasi bit.
. Appliad to tha 8X300 based system with the date and address pina fied to the IV Bua.

. 8C + ME = 1 to avoid bus conflict,
. WC + ME = 1 to evoid bus cenflict.
. The SC and WC cutputs from the 8X300 ara never at 1 simultanesusly.

8X350-F

TIMING DEFINITIONS

Tgy Required delay betwaen beginning
of Master Enable low and falling
adge of Master Clock.

Tga Required detay between beginning
of valid address and falling edge
of Master Clock.

THA Required dslay hetwaen falling
edge of Master Clock and end of
valid Address.

TH1 Required dstay between falling
edge of Master Clock and when
Select Command baecomes low.

TE+ Delay between beginning of Se-
lect Command low and beginning
of valid data output on the IV Bus.

Tot Delay batween when select Com-
mand becomes high and end of
valid data output on the IV Bus.

TH2 Required delay between falling
adge of Master Clock and when
Master Enable becomes low.

TE2 Delay batwean when Master En-
able becomes low and beginning
of valid data output on the IV Bus.

Tp2 Delay between when Master En-
able becomes high and end of val-
id data output on the IV Bus,

Tga Required delay between when Se-
lect Command or Write Command
becomes low and when Master En-
able bacomes low.

Tw Minimum width of the Master
Clock pulse.
Tgs Required delay batween when

Master Enable becomas low and
falling edge of Masater Clack.
TH3 Required delay between falling
odge of Master Clock and when
Master Enable becomes high.
Tsp Required delay between beginning
of valid data input on the IV Bus
and falling edge of Master Clock,
THD Required delay between falling
edge of Master Clock and end of
valid data input on the IV Busg.
TH4 Required delay between falling
edpe of Master Clock and when
Write Command bacomes law.

VOLTAGE WAVEFORM

INPUT PULSES

ALL INFUY #ULSES
TIOY r——

I — —

Measurements: All circuit delsys are measured at
the +1.5V level of inputs and qutput,




PRELIMINARY SFECIFICATION

TYPICAL 8X350 APPLICATION

BX360-F

SGNETICS

&8Taz

170 PORT

1/ PORT

1/0 PORT

+5v AESET HALT
Ad-A12 9 ?
SIGNETICS |
B25115 2M5320
5129 = __—_"'>
PROM w7 1 =]
.
vee| YR ven L WE
Ad-A12
CEz | &y :TE
. WBO-IVET
-— 8X300 <:
Ao-Ar MICRGCONTROLLER MCLK, »
8C. WC j>|
-]
_'> K5 ip
V _ -
_‘> B
X1 Xz -
GND
BIGNETICS Ag-Aiz ’ =
825115 5.0 MHz
S12%8
FROM 15 N
L %
3 | CEy —>
WE
B350
- 256X8 M »
RAM
A [ ’
O
ME HE

17O PORT

SjntiEs



PRODUCT DESCRIPTION

Both the 8T31 and 8X31 are 8-bit bidirectional data registers
designed ta function as Input/Output interface elemants in micro-
processor systems. The two parts are functionally identical; how-
ever, the 8X31 is housed in a 0.4-inch Slim-Line package which
makes it ideally suited for applications where board space is Jimit-
ed.

Each part contains eight clocked data latches that are accessible
from either a microprocessor port or a user port. Separate Y0
control is provided for each port. The two ports operate indepen-
dently, except that when both are attempting to input data into
the data latches, the User port (UDO-UDT) has pricrity. The master
enable (ME} signal enables or disables the microprocessar bus
regardless of the state of the other inputs but has no effect on the
user bus.

A unique feature of these parts is their ability 1o start up in a
predetermined state. If the clock is maintained at a level of less than
0.8 volts until the power supply reaches 3.5 volts, all bits of the user
port will wakeup ata "logic 1" level and those of the microprocessor
port will wakeup in the high-impedance state.

BLOCK DIAGRAM

FEATURES

« Dual bidirectional poris

» Independent port operation (User-porl priority for data entry)
* User data Input synchronous

» At power-up, User-port oulputs are high and Microprocessor-
port outputs are high-Z

Three-state TTL outputs for high-drive capabilities

Directly compatible with 8X300 Microcontroller

Single +5V supply

Slim {0.4 in.} 24-pin DIP (8X31 only)

ORDERING INFORMATION

Order number; NBT31N, NBX31N

Packaging information: Refer to Signetics price list
Supply voltage: 5V (£5%!

Operating temperature range: 0°C to +70°C

PIN CONFIGURATION

r- -~ T T T T TT T oo !
[ [
| |
| f‘(/j | [ |
e [
uD o —— RS wa
[ |
[ 1
| :
[ [
[ '
| [
| [
[ [
| ONE OF EIGHT |
| BiT SLICES |
[ |
| [
e i
m
-
we
MCLK
BOC
BIC — l <} ME

uo? E E Yoo

une | 2 73| W7
wos | 3 22| v

AR RE]
20 | W3

o2 | & EI W3
LDl E E] Wz
uos | 8 E] i
EOC |9 E wo
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PIN DESIGNATION

PIN SYMBOL | NAME AND FUNCTION TYPE
i-8 UDQ-UD7: | User Data I/0 Lines. Bidirectional data lines to | Acitve high
communicate with user's equipment. three-state
18-23 | IVO-IV7 Microprocessor Bus. Bidirectional data lines 1o | Active low
communicate with controlling digital systern. three-state
10 BIC Input Control. User input to control writing into | Active low
the 1/0 Port from the user data lines.
9 BOC: Output Control. User input to control reading | Active low
from the 170 Port onto the user data lines.
1 ME: Master Enable. System input to enable or dis- | Active low
able all other system inputs and cutputs. Ithas no
effect on user inputs and cutputs.
15 WC: Write Command. When WC is high, stores con-| Active high
tents of TVO-IV7 as data.
14 RC Read Command. When RC is low, data is| Active low
presented on IV0-1V7.
13 MCLK: Master Clock. Input to strobe data into the | Active high
latches. See function tables for details.
24 Voo 8V power cohnection.
12 GND: Ground
BIC BOC MCLK USER DATA BUS FUNCTION
H L X Qutput Data
L X H Input Data
H H X Inactive
H = HighLevel L = Lowlevel X = Don'tcare
Table 1 USER PORT CONTROL FUNCTION
— == = MICROPROCESSOR BUS
ME RC wC MCLK Ic FUNCTION
L L L X X Output Data
L X H H H Input Data
X H L X X fnactive
X X H X L Inactive
H X X X X Inactive

Table 2 MICROPROCESSOR PORT CONTROL FUNCTION

SHNOLES

USER DATA BUS CONTROL

The activity of the user data bus is con-
trolled by the BIC and BOC inputs as shown
in Table 1.

The user data input is a synchronous func-
tion with MCLK. A low level on the BIC input
allows data on the user data bus to be
written into the data latches only if MCLK is
at a high tevel,

To avoid conflicts at the data latches, input
from the microprocessor port is inhibited
when BIC Is at a low level. Under all other
conditions the two ports operate indepen-
dently.

MICROPROCESSOR
BUS CONTROL

Asis shown in Table 2, the activity of the mi-
croprocessor port is controfled by the ME,
RC, WC and BIiC inputs, as well as the state
of an internal status lateh, BIC is included to
show user port priority over the micropro-
cessar port for data input.

BUS OPERATION

Data written into the 8T31/8X31 from one
port will appearinverted when read from the
other port. Data written into the 8T31/8X31
from one port will not be inverted when read
from the same port.



DC ELECTRICAL CHARACTERISTICS vgo =5V + 5%, 0°C = Ta < 70°C uniess otherwise specified.

LiIm
PARAMETER TEST CONDITIONS TS UNIT
Min Typ Max
Input voltage: v
ViH High 2.0
ViL Low 8
Vig Clamp Ij = -5mA -1
Output voltage: Voo = 475V \
VoH High 2.4
VoL Low 55
Input currentl: Ve = 5.25V HA
liH High V|H = 5.25V <10 100
li Low Vi =5V =350 -550
Qutput current2: mA
los Short circuit Voo =475V
U bus 10
IV bus 20
lcc VCC supply current Ve =525V 100 150 mA
NOTES
1. Tha input currant includes the three-state/open collector leakage current of the output
driver on the data lines.
2 Only ope Qutput may be shorted at a lime.
PARAMETER MEASUREMENT INFORMATION
LOAD CIRCUIT FOR THREE-STATE OUTPUTS INPUT WAVEFORM
ALL WODES
ARE 1h914d
260 51 OnEQUIVALINT 57
Veg O—AAWN—0 30—
TEST 1k n
POINT €
FRLM - TZhm
auTPUT L -1 | 81 UPEN s
UNDER Z ©H1 52 CLOSED NE S
TEST H -L | 51 CLDSED
- Z L | 52 OPEN
I L -7 | 51 CLOSED
L Moo 4| 52 CLDSED
NCOTE. CL includes fixiure capacitance
CLOCK PULSE WIDTH DATA DELAY TIMES

Clock Referenced

j 1.5% 15¥
MCLK

INPLUT
DATA

OUTPLT
DaTA

Siqnotics




AC ELECTRICAL CHARACTERISTICS 0°C=TA=70°C, Voo =5V £ 5%

TEST LIMITS
PARAMETER INPUT CONDITION Min Typ Max UNIT
Uuo X 25 38 ns
tpn User data delay’ MCLK C = 50pF 45 61 ns
tog User output enable BOC Cy = S0pF 18 26 a7 ns
. BIC ~ 18 28 35 ns
top User cutput disable BOC CL = 50pF 16 03 a3 hs
IV X 38 53 ns
t P delay C, = 50pF
po MP data delay MCLK L7 oop 48 61 ns
ME
toe  MP output enable RC C_ = S0pF 14 19 25 ns
WwC
ME
top uP output disable RC C| = 50pF 13 17 32 ns
wC
by Mirmmum pulse width MCLK 40 ns
UD X3 15
BIC 25
tSETUP Minimum setup time2 IK‘EX gg ns
RC a0
WC 30
UD X3 25
BIC 10
tHoLp Minimum hold time?2 IWI_%{ 12 ns
RC 5
WC 5
NOTES
1. Data delays referenced to the ¢lock are valid anly If the input data is stabla at the arrival 3 Times ara referenced to MCLK
of the clock and the hold time requirement is met.
2. Setupand hald timas given arg for “narmal” operation BIG setup and hold times are for
& userwrita operation, BC setup and hold times are for an /O Port select operation. ME
and WC setup and hold timas are for a microprocessor bus write aperation.
VOLTAGE WAVEFORMS
SETUP AND HOLD TIMES QUTPUT ENABLE AND DISABLE TIMES
{Three-State Outputs)
LW LEVEL
ENASLING
Lk COMTRAL -\\l i/
DUTPUT e P HIGH LEVEL
1 L N ll ENABLING
L_"’E_—f son =
BIf e e i e — j | |
o T l j\l‘f} =¥oL
ugr: AND I“—'ez—"l : | )
CONTROL T Y “¥oH
P 15v : 1 I
|
+1o0~]

WAVEFORM +1 18 FOR AN OUTPUT WITH INTERNAL CONCITIONS SUCH THAT THE
CUTPUT 15 LOW WHEN THE THREE-STATE DRIVER {$ EMABLED, WAVEFOAM =2 15
FOR THE OFPOSITE CONDHITION.
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PRODUCT IDENTITY

BT32— Three-slate, field-programmable
{addresses 0-255), synchronous
user port

8X32— Three-state, preprogrammed ad-
dresses (0-15), synchronous user
port in slim-line {0.4 In.) package

8T33— Open-collector, synchronous user
poit

8T35— Open-collector,
user porl

8T36— Three-state, fleld-programmable
(addresses 0-255), asynchronous
user port

8X36— Three-state, preprogrammed ad-
dresses {0-15), asynchronous user
port in slim-tine {0.4 in.) package

8X42— Three-state, 4-Inpui/d-output, pre-
programmed addresses (0-13),
synchronous user port

asynchronous

ORDERING INFORMATION

All of the above parts can be ordered as
field-programmable or with addresses pre-
assigned at the factory. To order, use the
following part-number format.

N8XYY-ZZZ-P
NBTYY-2ZZ-P

where,

P = F for Caramic package and
WA for Plastic package
ZZZ = Any address from 000 through 255 ideciman—256
available addresses for each 87-- part. Foran 8X--
part, preassigned addresses are limited to ODD
through 015 (decimali—15 available addrasses.
YY = |/0 port version.

PRODUCT DESCRIPTIONS

8T32/8T33/8T35/8T36. Each of these 1/0O
Bytes is an addressable and bi-directional
register designed for use as an interface
element in any system with TTL-compatible
buses. (Nofe. Since these I/O Bytes are
frequently used with the 8X300 Microcon-
troller and its associated Interface Vector
bus, the 8T32-8T36 family of parts are com-
monly called IV Bytes.) Each 1/0 Byte con-
tains eight identical data latches (Bits O
through 7); the latches are accessed from
aither of two B-bit ports—ane port connect-
ing to the microprocessor (8X300) and the
other port connecting to the user device.

FEATURES
* Dual bidirectional ports (axcept 8X42)

¢ Independent port operation (user-port
priority for data entry)

¢ User data Input avallable as synchronous
{8T32/8X32/8X42/8733) or as asynchro-
nous (BT35/8T36/8X36)

User data bus available with three-state
(8T32/8X32, 8T36/8X36, and/or 8X42) or
open-collector (8T33 and/or 8T35) out-
puts

* At power-up, user-port outputs are high
and microprocessor-port outputs are
high-z; status latch (from address com-
pare) is also cleared at power-up

» Three-state TTL outputs for high-drive
capabilities

+ Directly compatible with 8X300 micro-
controller

* Single +5V supply

* Slim (0.4 in.)
8X36/8X42 only)

24-pin DIP (8X32/

A stock of 8T32s and 8T36s with addrasses
*1" through “10" are maintained in inven-
tory, with a lenger lead time, a small quanti-
ty of addresses “11" through "50" are aiso
available.

Separate controls are provided for each port
and the two ports operate independently,
except when both attempt to input data at
the same time; in this case, the user port bus
has priority.

The addrass of each I/O Byte is field-
programmable and the microprocessor port
is accessed when a valid address is re-
ceived; the user port is accessible at all
times. A selected Byte is automatically de-
selected when the address of another 1/0
Byte is sensed on the address/data bus. A
Master Enabie [ME} input is available for use
as a ninth address bit, allowing direct ac-

sjgnotics

BIPOLAR LSI DIVISION

PIN CONFIGURATION

E] Vee
23] w3
zl IVE
Zl IV

voz | & El v
upz | 8 El w3
Ut E E 12
upo | a E] W
BdC [ @ Eivu
BIC E E 1,74
ME |11 11} SC
GHD | 12 E] MCLK

cess to 512 /O Bytes without address dec-
oding.

A unique feature of these parts is their
ability to start up in a predetermined state. If
the clock is maintained at 2 level of less than
0.8 volts until the power supply reaches 3.5
volts, all bits of the user port willwakeup ata
“legic 1" level and those of the microproces-
sor port will wakeup in the high-impedance
state.

8X32/8X36. Except for package differences
and the fact that the 8X32 and 86X36 are
avaiiable with preprogrammed addresses (O
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*Switch indicales synchronous/asynchronous userwrite option. Switch shown for synchronous version,

through 15}, these two devices are fungtion-
ally identical to their 8Txx counterparts;
design parameters and interface require-
ments are exactly the same.

8X42. This part differs fror the 8X32 in the
following ways:

Bits 0-3 {pins 8-5, respectively} are dedi-
cated user inputs controlled by Byte Input
Control (BIC/pin 10. Byte Output Control
{BOC/pin 9 does not affect these bits and
the user output drivers do not exist for
these bits.

Bits 4-7 {pins 4-1, respectively) are dedi-
cated user outputs whose three-state

drivers are controlled by BOC; BIC has no
control over these bits.

Pin numbers, software requirements, and
AC characteristics of the BX42 are identi-
cal to those of the 8X32, ergo 8T32. A
simplified block diagram of the 8X42 is
shown in the accompanying diagram.

SIMPLIFIED DIAGRAM OF 8X42

Fl
LS -a—-gpl—ind
MICROPROCESSOR
(A0} DATA

F]
M58 +

L]
CONTROL ——~4—

8Xaz2

Z. USER DATA
CQUTPUT

USER DATA
INPUT
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PIN DESCRIPTION

PIN SYMBOL [ NAME AND FUNCTION TYPE
1-8 UDO-UDT: | User Data 170 Lines. Bidirectional data lines to Active high
communicate with user's equipment, Either tri-
state or open collector outputs are available.
16-23 V- IV7: Micropracessar Bus. Bidirectional data lines to | Active low
commurnicate with controlling digital system | three-state
(microprocessor).
10 BIC: Input Control. User input to control writing into | Active low
the 1/0 Port from the user data lines.
9 BOC: Output Control. User input to control reading | Active low
from the I/C Port onto the user data lines.
11 ME: Master Enable. System input to enable or dis- Active low
able all other system inputs and outputs.
It has no effect on user inputs and outputs.
15 WC: Write Command. When WG is high and SC is Active high
low, I¥0 Port, if selected, stores contents of
iVD-IV7 as data.
14 5C Select Command, When SC is high and WC 1s | Active high
low, data on IV0-1V7 is interpreted as an address.
170 Port selects itself if its address is identical
to 1P bus data; it de-selects itself otherwise.
13 MCLK: Master Clock. Input to strobe data into the Active high
latches. See function tables for details.
24 VCC: 5V power conneaction.
12 GND: Ground.
. USER DATA BUS FUNCTION
BIC BOC MCLK
8T32/8X32/8T33 8T35/8T36/8X36
H L X Output Data Output Data
L X H Input Bata Input Data
L X L Inactive Input Data
H H X Inactive Inactive

H = High Level L = Low Level

X = Don't care

Table 1 USER PORT CONTROL FUNCTION
o _ STATUS 10 PORT
ME sC wC MCLK BIC LATCH FUNCTION
L L L X X SET Output Data
L L H H H SET Input Data
L H L. H X X Input Address
L H H H L X Input Address
L H H H H X Input Data and Address
L X H L X X Inactive
L H X L X X Inactive
L L H H L X Inactive
L L X X X Not Set Inactive
H X X X X X Inactive

Table 2 MICROPROCESSOR PORT CONTROL FUNCTION

SiljnoLics
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USER DATA BUS CONTROL

The activity of the user data bus is con-
trolled by the BIC and BOC inputs as shown
in Table 1.

For the 8732, 8X32, 8T332, and B8X42, user
data input is a synchronous function with
MCLK. A low level on the BICT input allows
data on the user data bus to be written into
the data iatches only if MCLK is at a high
levei. Forthe 8735, 8T36 and 8X36, userdata
input is an asynchronous function. A low
level on the BIC input allows data on the
user data bus to be latched regardless ofthe
level of the MCLK input. Note that when the
8TA5, BT36, or 8436 is used with the 8X300
Microcontroller, care must be taken to in-
sure that the Microprocessor bus is stable
when it is being read by the 8X300 Micro-
controlter.

To avoid conflicts at the Data Latches, input
from the Microprocessor Port is inhibited
when BIC is at a low level. Under all other
conditions the two ports operate independ-
ently.

MICROPROCESSOR

BUS CONTROL

As is shown in Table 2, the activity of the
microprocessor port is controlled by the
ME, SC, WC and BIC inputs, as well as the
state of an internal status fatch. BIC is
included to show user port priority over the
microprocessor port for data input.

Each 170 Port’s status latch stores the result
of the most recent 1O Port select; it is set
when the IO Port's internal address
matches the Microprocessor Bus. It is
clearsd when an address that differs from
the internal address is presented on the Mi-
croprocessor Bus.

In normal operation, the state of the status
latch acts like a master enable; the micro-
processor port can transfer data only when
the status latch is set,

When SC and WC are both high, data on the
Microprocessor Bus is accepted as data,
whether or not the I/O Port was selected.
The data is also interpreted as an address.
The I/O Port sets its select status if its ad-
dress matches the data read when SC and
WC were both high; it resets its select status
otherwise.

BUS OPERATION

Data written intc the 11O Port from one port
will appear inverted when read from the
other port. Data written into the /O Port
from ong port will not be inverted when read
from the same port.



AC ELECTRICAL CHARACTERISTICS 0°C=Ta=70°C, Vo =5V £5%

BIFOLAR LS| DIVISION

TEST LIMITS
PARAMETER INPUT CONDITION Min Typ Max UNIT
up x 25 38
tpp User daia delay {Note1} MOLK® C = 50pF 45 61 ns
BICT 40 55
top User output enable BOC CL= 80pF 18 26 47 ns
top User output disable _BB{IJ% C= 50pF :g gg gg ns
IV X _ 38 53
tpp uP data delay (Note 1) MCLK C = 50pF 48 61 ns
ME
toe P output enable SC C = 50pF 14 19 25 ns
WC
ME
top MP output disable §C C|_ = BOpF 13 17 32 ns
wC
tw Minimum puise width %K gg ns
I
upD X0 15
BIC* 25
o : IV X 55
tSETUP Minimum setup time VE {(Note 2} 30 ns
8¢ 30
wC 30
uo xd 25
BIC* 10
L . IV X 10
tHoLD Minimuom hold time ME {Note 2) 5 ns
sC 5
WG 5

o—+ -

Apphes tor 3T32, 8X32 ang 8Ta3 anly.
Applies for 8T35, 8T36 and BX36 only,

Times are referenced to MCLK for 8T32, 8X32 and 8T33, and are referenced to BIC for

8T386, 8T36 and BX36.

NOTES:

1

2.

Drata delays referenced 1o the clock are valid anly if the input data is stable at tha arrival

of the clock and the hold time requirement is met.

Sel up and hold tirmes gen are lor "normal” operation. BIC setup and hoid timas are lor
auser write operation. 3C selup and hold bimes are for an V0 Port select aperalicn. WC
selup and hald Umes are for a Microprocessor Bus write operation_m setup and hold

times are for both 1V write and select operations.

sifjnotics




BIPOLAR LSI DIVISION

DC ELECTRICAL CHARACTERISTICS 0°C<TaA=70°C Voo =5V 5%

LIMITS
PARAMETER TEST CONDITIONS UNITS
Min Typ Max
ViH High-level input voitage 2.0 55 v
Vil Low-level input voltage -1.0 B v
VoL Input clamp voltage | = -5mA -1.0
IiH High-level input current? Voo = 5.25V <10 100 wh
Vig = 5.25V
he Low leve! input current? Voo = 5.25V -350 -550 uh
ViL = .5V
VoL Low-level output voltage Voo = 4.75V 55 v
lgL = 16mA
VoK High-level cutput veltage Voo = 4.75V v
loH = -3.2mA 2.4
1os Short-circuit output current?
UD bus Voo = 4.75V 10 mA
1V bus Voo =475V 20 mA
lec Supply current Voo = 5.25V 100 150 ma
NOTES . _ Absolute Maximum Ratings:
1. The input ¢urrent includes the Three-state/Open Colleclor |sakage current of the 3 v
output driver on the data lines. Supply voltage? ... ...l 7
2. Only pne cutput may be shorted at a time.
3 These limits do nol apply during addreas programming. Input voltage3 """""" 5.5V
TEST LOAD CIRCUIT TEST LOAD CIRCUIT
(OPEN COLLECTOR OUTPUTS) (THREE-STATE OUTPUTS})
v ALL DIODES
cC ARE IN914
39012 51 OR EQUIVALENT 52
Vg O— AA—O 00—
e li 4]
TEST 1K}
FOINT AMA~ -
OUTRUT TEST -
P (F)ﬁgr)r:u‘r __T— L 'H l 51 UPEN
¢ UNDER ' "L | S crosen
I T TEST —=c, z -1 l] 52 OREN
I L -z I §1 CLOSED
— H -Z | 82 CLOSED
NQTE: C | includes fixture capacitance. NOTE: C| includes fixture capacitance.
VOLTAGE WAVEFORMS
INPUT WAVEFORM CLOCK PULSE WIDTH
s - 90% 2ov
1.8y 1.5V
10% 0%
[i1%)
L™ 5 T ]
1LriGas
Ty S ns
sifnotics 7




BIPOLAR LSI DIVISION

VOLTAGE WAVEFORMS (Contd)
DATA DELAY TIMES DATA DELAY TIMES
Input Data Reference Clock Referenced
JSe o
INFUT 1.5W MELE
DATA 7
INFUT
OUTPUT DATA
DATA
1.5v 1.5%
QUTPUT
DATA
SETUP AND HOLD TIMES OUTPUT ENABLE AND DISABLE TIMES
{Three-State Outputs)
LOW LEVEL
ENABLING
_\\I I{r
CONTROL
MEL K f—_———— — ——— QUTPUT \1 » ’ 1R HIGH LEVEL
/ | e e — — — — i, l ENABLING
15 }-—‘ne—ﬁ }"nu“’i
! . /1/ | |
BIf e o o o —— o | DATA o 15¢ | |
~— 'BETUF '{-—- 'HOLD - TR //5 . | %ﬂf v
-—— - —_—_—— -  — ] T “VoL
‘\\ 4 p—toe—! L ~
DATA AND 15w / -~ I _T\( CH
COMTROL :
ounurﬂ: | b : I
______ p-ton
Wavelarm #1 is [or an culput with internal conditions such thal the
output is Low when the three-state driver is enabled. Waveform #2is
for \he cpposite condition.

SHNOLES



ADDRESS PROGRAMMING

The I/ Port is manufactured such that an
address of all high levels (>2V) on the Mi-
croprocesscr Bus inputs matches the Port's
internal address. To program a bit 50 a low-
ievel input {<0.8Y) matches, the foliowing
procedure should be used:

1. Set all control inputs to their inactive
state (BIC = BOC = ME=V ¢, SC=WC=
MCLK = GND). Leave all Microproces-
sor Bus /0O pins open.

2. Raise Vo 10 7.75V ¢ 20V,

. After Vco has stabilized, apply a single

programming pulse to the user data bus

BIPOLAR LSt DIVISION

Veor

ADDRESS
PROGRAMMING
FULSEUVDO-UD T

1000w -2, - 1x8

ADDRESS PROGRAMMING PULSE

7.5

o

oy

Figure 1

bit where a iow-level match is desired.
The voltage should be limited to 18V, the
current should be limited to 75mA. Apply
the pulse as shown in Figure 1.

4. Return Vo to OV, (Note 1).

5. Repeat this procedure for each bit
where a low-level match is desired.

6. Verity that the proper address is pro-
grammed by setting the Port’s status
latch {IVO-1V7 = desired address, ME =
WC =L, 5C=MCLK=H). Ifthe propsr ad-

PROTECT 0%
PROGRAMMING |
PULSE UD 0 - UD' T

100 . |

—

—l,

f, 100p5

PROTECT PROGRAMMING PULSE

|
|
.

t

« TmE—w

Figure 2

dress has been programmed, data pre-
sented at the uP bus will appear inverted
on the user bus outputs. {Use normal
Vo and input voltage for verification.}

1. Set ¥ and all control inputs to OV.
(Voo = BIC=BOC=ME=8C=WC=
MCLK = OV}. Leave all Microprocessor
Bus 1/0 pins open.

2. Apply a protect programming pulse to

After the desired address has bheen pro-
grammed, a second procedure must be
followed to isolate the address circuitry.
The procedure is:

PROGRAMMING SPECIFICATIONS!

every user databuspin, oneatatime. The
voltage should be limited to 14V, the
current should be limited to 150mA. Ap-
ply the pulse as shown in Figure 2.

A, Verify that the address circuitry is isolat-
ed by applying 7V to each user data bus
pin and measuring fess than 1mA of input
current. The conditions should be the
same as in step 1 above. The rise time on
the verification voltage must be slower
than 100us.

TEST LIMITS
PARAMETER CONDITIONS i - . UNITS
Vogp  Programming supply voitage
Address 7.5 8.0 W
Protect 4] A
lccp  Programming supply current Vege = 8.0V 250 mA,
Max time Vpop > 5.25V 1.0 s
Programming voltage
Address 17.5 18.0 v
Protect 13.5 140 v
Programming current
Address 75 mA
Protect 150 mA
Programming pulse rise time
Address A 1 HS
Protect 100 s
Programming pulse width 5 1 ms
NOTE

1. Il all prograrmrmung can be dene in less than 1 second, Vo - may remain at 7 75Y fur the enlire programming cycle.

Einoties



APPLICATIONS

Figure 3 shows some of the various ways 1o
use the I/O Port in a system. By controlling
the BIC and BOC lines, the device may be
used for the input and output of data, con-
trol, and status signals. /0 Port 1 functions
bidiractionally for data transferand IO Port
2 provides a similar function for discrete
status and contrel lines. /0 Ports 3 and 4
serve as dedicated cutput and input ports,
respectively.

10

APPLICATIONS

SIGHETICS
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PRELIMINARY SPECIFICATION

DESCRIPTION

The Bus Expander is specifically designed
to increase the /O capability of 8X300 sys-
tems previcusly limited by fanout consider-
ations, The bus expander serves as a buffer
betweenr the 8X300 and blocks of /O de-
vices. Each bus expander can buffer a block
of 16 17O ports while only adding a single
load to the 8X300.

FEATURES

+ 15na max propagation delay
Bidirectional

Three-state ouiputs on both ports
Pre-programmed address range

APPLICATIONS

The 8T39 Bus Expander is desighed o be
used with the BX300 microprocessor to
allow increased 1/C capability in those sys-
tems previously limited by fanout consider-
ations. Figure 1 shows & typical arrange-
ment of the bus expander in an 8X300
systern, Each expander services |/C ports
whose address is within the range of the
expander. Other /O ports or working stor-
age may be directly connected to the bus as
shown,

The bus expander is not limited to use with
the 8X300, but may be applied in any system
which uses a combined address/data bus,

8T39 ADDRESSING

During normal operation of the 8X300 when
an I/Q port address is being sent on the IV
Bus {SC is high), the 1/O port will examine
all eight bits of the microprocessor bus for
an address compare. Since the 8T39is used
to buffer blocks of O ports, only the four
most significant bits are examined by the
8T39 for an address compare.

Note that redundant addresses are not pro-
grammed into separate devices, Rather, a
discrete device (such as the 8733-03} may
be wired for any address requiring two 1 bits
and two O bits in the address. The various
address ranges for this same device are
obtained by permuting the high order (DIO
and DOO are MSB) data tfines accordingly.
Both input and output lines must be rede-
fined in order to maintain data and address
integrity on the extended bus. Table 1 sum-
marizes the 8T38 addressing.

Address functions are specified with the
convention that bit § is the MSB and bit 7 is
the LSB. The DI microprocessor bus ad-
dress decoding is active low.

FUNCTIONAL DESCRIPTION
The Bus Expander contains eight sets of

for the bus data bits, four non-inverting

unidirectional drivers for 1/Q port control,
and necessary control logic. The control
logic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the I/Q port controf signals
and the currently enabled /O port. Each
bus expander is programmed during manu-
facturing to respond to a specific biock of
170 port addresses. Only /O ports with
addresses in the range of a given bus ex-
pander may be connected tc that expander.
A bus expander may be used on either left
bank or right bank. Multiple expanders on
the same bank must have different address
ranges. however, expanders with the same
address range can be connected if they are
on different banks. Systems may be cenfig-
ured with 1/0 ports connected directly to the
8X300, as well as 170 ports connected
through a bus expander; however, no un-
huffered 17O port may have an address
within the span of a bus expander on the
same bank.

Addition of bus expanders may impact sys-
tem cycle time due to the added delay inthe
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays

PIN DESIGNATION

8T39-1.XL
PIN CONFIGURATION
I, XL PACKAGE
ene [T ] 28] v
ooz E 7 m7
pos [3 | 28] 016
nos [ 26] DIE
oos [ | 34} pia
poa [6] PRI E
poz [7 [72] o1z
Gne 3] 21) GND
o1 3] [Z0] on
poo 10 [19] oio
we tour) [17] 18] we iy
SC (ouT) 12 E SC M
MeLK (ouT) [13 [16] MLk ny
e (oum) 4] [15] W (it
10 Port Side uP Side

may be considered additive to the 1/0 port
delays so that a buffered 1/0 port simply
appears as a slower 1/0 port.

PIN NQ. SYMBOL NAME AND FUNCTION TYPE

2-7,9,10 DO0-DOT I/Q port data bus Active low,
three-state

1 WC(ouUT) Write command output Active high

12 SC(OUT) Select command output Active high

13 MCLK{OUT) Master clock output Acitve high

14 ME(CUT) Master enable output Active low

15 ME(IN) Master enable input Active low

16 MCLEK (IN) Master clock input Active high

17 SC(IN) Select command output Active high

18 WOC(IN) Write command output Active high

19,20,22-27 DIo-Dit7 Microprocessor data bus Active low,
three-state

1,8,21 GND Ground

28 Voo +5 volt supply

ADDRESS PATTERN ADDRESS BLOCKS
PART TYPE| MSB{0) LSB(7) Oclal

8T39-00 0000X XXX 0-17

BT39-01 0001 XXX X 20-37, 40-57, 100-117, 200-217

8T39-03 0011 XXXX 80-77, 120-137, 220-237, 140-157, 240-257, 300-317

B8T38-07 0111XXXX 160-177, 260-277, 320-337, 340-357

8T39-17 1111 XXXX 360-377

Table 1 8T39 ADDRESSING SUMMARY

Sinotics



PRELIMINARY SPECIFICATION

TRUTH TABLE

SELECT DATA TRANSFER ADDRESS*

ME | SC | WC [MCLK] LATCH DIRECTION COMPARISON
L L L X Set Dl Bus = DO Bus No

L L L X Net set Dl Bus = DO Bus No

L L H X X Ol Bus = DO Bus No

L H X L X DI Bus — DO Bus No

L H X H X DI Bus = DO Bus Yes

H X X X X DI Bus - DO Bus No

NOTES

"When an address comparisen is made, the selecl lateh is sel il 1he dala on the DI Bus is within the
manufaclured address range of the 1Y Bus Expander. Otherwise, tha selsct latch is cleared.

FUNCTIONAL BLOCK DIAGRAM

TD DTHER
DATA PATHES
R
DOX () ) o
s
the””
I" N
10FB
DATA PATHES
EMABLE ADDRESS ENABLE
0-8US MATCH -BUS
—H .\
W (ouT) O—Q O woun
$€ [ouT) O—q O scom
WE (ouT) o_oG O WE (1N}
MCLK {QUT) O—Q ) mcLe Ny
NOTES
Selaction made during manutfacture
X = Don't care

SHjnotics
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PRELIMINARY SPECIFICATION

ABSOLUTE MAXIMUM RATINGS!

BT39- XL

ORDERING INFORMATION

The Bus Expander is ordered by specifying

PARAMETER RATING UNIT .
the following part number:
Voo Power supply voltage +7 vde NBT39-Xxx P
VIN Input voltage 5.5 vde I - Ceramic Package
Vo Off-state output voltage +5.5 vde P= { XL - Epoxy Package
TA Operating temperature range 0 to +70 °C Address Range As Determined
Tgrg Storage temperature range -65 to +150 o From Table 1
DC ELECTRICAL CHARACTERISTICS Voo =5V £5% 0°C < Ty €70°C
LIMITS
PARAMETER TEST CONDITIONS Min Typ Max UNIT
Input voltage v
ViL Low 8
ViH High -5mA at Vo min 2.0
vic Clamp -1
Qutput voltage VCC = 475V v
VoL Low 0L = 16mA 55
VOoH High IOH = -3.2mA 24
Input current Ve = 5.25v uh
hL Low' VIL = .5V -250
hiH High' VIH = 5.25v <10 100
log Short circuit output current Voo = 4.75v 40 mA
lce Supply current Voo = 5.25v 200 mA
AC ELECTRICAL CHARACTERISTICS Voo =5V 15% 0°C < Ta <{70°C, G = 300pF2
PARAMETER TO FRAOM TEST CONDITIONS LIMITS UNIT
Min Typ Max
tpd Propagation Delay DOX DX
Data DiXx DOX 15 ns
ME (out) ME (in)
tnd Control MCLK (out) MCLK {in)
e Propagation Delay 5C (out) 5C {in} 15
WC {out) WG {in)
ME (in}
Data
toe DIX 5C (in) 28 56 ns
Qutput Enable DOX WC (in)
ME {in}
Data
put Lt DOX WG (in)
DX
Adverse DIX ME (in)
tsetup Setup Time3 DOX MCLK (in} 54 ns
SC (in)
WG (in)
_DIX
Address DIX ME (in}
thold  Hoid Time? DOX MCLK (in} 3 ns
SC (in}
WG (in)
NOTES

t. Includes tri-state leakage.
2, Minimum clock width == 50ns.

3 Al set up and hold times are referenced to the trailing edge of the clocking input

MCLK.
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PRELIMINARY SPECIFICATION

8T39-1,XL
TYPICAL APPLICATIONS TEST LOAD CIRCUIT
USING 2 BUS EXPANDERS
TO GIVE 33 /0 PORTS PLUS WORKING STORAGE
a:m ::::T Yoo
2g2fag-z
s 3900
E1]
F“ﬁ&gg?‘é‘;: {SEE NOTE 2]
-
L J L J (SEE NDTE 1)
== {-
BUS EXPANDER BUS EXPANDER 1 PORT = =
Address 20, - 37, Address 40, - 57, Address &
WORKING
STORAGE
All resistors values are typical and in ohms.
17 T 11T
161:Q POATS 16 140 POATS BIC BOC  USER 1. CL includes probe and jig capacitance.
b i fata 2. All diodes are TNS16 or 1N3054.
VOLTAGE WAVEFORMS
PROPAGATION DELAY TO PROPAGATION DELAY TIMES
THREE-STATE QUTPUTS
—— e = 3y
cgﬁlzg[ y.av —-X.:w “ INPUT
F—10a -':riod o
— ——— a5y S1 AND 52 CLOSED
WAYEFORM 1 513.5 oren :Ii"“ _:L?.__Tt :r'::- ¥oH
0.5 05%
%{:____: ¥oH ouTPUT
WAVEFORM 2 el OPEn. M : 15V

AN S1 AND $2 CLDSED




PRELIMINARY

PRODUCT DESCRIPTION

The Signetics Asynchronous Bidirectional Bus Extender and
Repeater (SABER} is a general purpose device ideal for
system bus expansion applications. SABER consists of
eight data channels, each with one pair of terminals (A; and
B;); each data channel can be operated independently.

The device requires no external controls since all intelli-
gence is internally generated; thus, operation of the device
is completely autonomous. The first logic low signal that
occurs on one channel terminal (A; or B;) will be repeated on
the corresponding terminal (B or A;) of the same channei.

The 8X41 is designed for use in open-collector bus systems
where high speed and low-current inputs/high-current out-
puts are required. In system configurations, the discrete
capabilities of SABER can be expanded by parallel connec-
tion to service any number of bits. To provide reliable oper-
ation and integrity of data transfers, all channels are dis-
abled by an con-chip power monitor whenever Ve falls
below approximately 4V.

FUNCTIONAL OPERATION

The 8X41 (Figure 1) consists of eight functionally indepen-
dent yet logically identical channels. Each channel consists
of two bus terminals (A; and B}); each terminal is internally
connectad to an open-collector driver and a high-impedance
receiver. The monitoring state of each channel is defined
when both terminals {(A; and B;) are "high”; in this state, the
internal logic of SABER continually examines the A and B
bus signals to determine signal direction—A; to B; or Bj to
Aj. A low signal occurring at either of the two terminals
causes the open-collector driver on the opposite terminal to
follow suit; hence, the signal is repeated by the 8X41. For
each channel, latches L1 and L2 determine signal direction.
As shown in the truth table for these latches, thare is no
transmission of data when both signals are low; however,
this condition should never occur during normal system
operation.

The internal automatic direction control can be overridden
by either or both of the common disable inputs—DBA and
DAB. When DBA is driven low (DAB = high), the B to A; path
is interrupted and SABER becomes a unidirectional repeater
in the A; to Bj direction only. With these conditions reversed
(DAB = low and DBA = high), the A to Bj path is interrupted
and the chip functions as a unidirectional repeater in the B
to Aj direction. When both control signals are low, data
passage is inhibited in both directions. Refer to the 1/ 0 truth
table for all posgsible input/output conditions.

Sijantics

BIPOLAR LSI DIVISION

DESIGN FEATURES

» Intalligent bidirectional bus repeater with self-ganarating or
external control

Eight independent channaels

Open-collactor outputs (maets DEC UNIBUS* specifications)

TTL compatible

High speed (30-nanoseconds max)

Expandable to any number of bits

High input impadance for every operating value of Voo

Low input current (less than 100-microamperes); high output
current (up to 70-milliamperes)

e 24-pin DIP

s +5V supply

USE AND APPLICATION

* Minlcomputers

« Microcomputers MOS/Bipolar

* Communications

» Signal buffer

= Bus fan-out extensions

s Distributad processing

+ Bidirectional bus connector/isolator
"Trademark of ihe Digital Equipment Corporation

8X41 PACKAGE /PIN DESIGNATIONS

Yoo E 4] 7
8o [2] 73| AT
a0 [3] B
oo 4] [21] oo
s [E] 20] A8
81 [€] [15] »s
oz [7 ] 18] BXE
827 [17] a5
a2 o] [16] s
oo [10] [15] ano
as[11] [12] as
B3 [1Z] 13] B4
PIN NO. IDENTIFIER FUNCTION
1 Yoo +5Y power
3.56.9 11, An-Az A-bus input/output
14, 18, 20,
and 23
2,6, 8 12, Bg-B7 B-bus input / output
13,17, 19,
and 24
4, 10, 15, GND Circuit ground
and 21
7418 DEA & DAB Input/output control-
sea TRUTH TABLE in
Figure 1
22 N/C No connection
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PRELIMINARY BIPOLAR LSI DIVISION
DBA | DAB FUNCTION
ko @ [ ° l c to @ 4] Data transmiasion
! } ! inhibited
O cHAMEL 1 [+=C— 2 1 |A—~B
i ) i 1 0 |A=«B
Az CHANHEL 2 L")
_®"l I"'@_ . ; Aj =~ B;
; * * A= B;
"3*—(}"1 CHANMEL 3 —l-‘.-.{::)_.a
* * * i=Chanmnel0,1,2,3,4,5,8,0r7
Aj = B; = Data transmission from A; to B;
4 ‘@"’I CHAMEL 4 |*’®— By Aj = B; = Data trangmission from 8 to A
x5 F— |+~GD—= | TRUTH TABLE FOR INTERNAL
[ 1 i LATCHES
ag —(z0 yee CHANNEL & '4-.— By
l LATCHES |  DIRECTION OF DATA
! R ! TR
CHANNEL T 1 1 Monitoring state
1 0 | AjtoB
A7 (33 e >< w20y B @ 1 B; to Aj
oPeEl OFEN- ’ 0 %] No transmission
0\ DRIVER OAIVER
+5v
Dy 807 (0 vee
(4 )— o
(10— oo
(15 )— ome
(21 )— oo
L1 L2 =
L@
> ‘ 1 <
oap 0 b . POWER ON. OFF __C >_ oA
DECTECTOR
Figure 1. Logic Diagram of 8X4 1 Asynchronous Bidirectional Bus Extender
and Repeatar
INPUT/OUTPUT TRUTH TABLE
EXTERNAL CONTROLS INPUT SIGNALS QUTPUT DRIVER SIGNALS
DAB DBA A By ADy BD;
H H L L H H
H H L H H L
H H H L L H
H H H H H H
H L L L H L
H L L H H L
H L H L H H
H L H H H H
L H L L L H
L H L H H H
L H H L L H NOTES
L H H H H H A; = Extarnal signal BO) = Qutput B driver
L L X X H H AD; = Qutput A drives X = Don't care
B; = Eatarnal gignal

4 SiIetEs



PRELIMINARY

DC CHARACTERISTICS vgg =5V (25%); Ta = 0°C to 70°C

BIPOLAR LSI DIVISION

LOAD CIRCUIT FOR OUTPUTS

PARAMETER | DESCRIPTION | TEST CONDITIONS LIMITS UNITS
Min | Typ | Max vee
Bus output low loL = 70 mA;
Vor voltage {driver ON} | Voo = Min 05 v
Bus input threshold
* FROM QUTPUT TEST
VB voltage (driver OFF) 18 7 v UNDER TEST POINT
V|4 (DBA, | High level input 20 v
DAE only) voltage )
ViL (DBA, | Low level input. 0.8 v
DAB only} voltage )
Voo = Min; NOTE
vic Input clamp voltage liL = —18mA —t5 v €y includes probe and jig capacitance
Power ON/OFF
VPD detector threshold 3.7 435 v
vohltage
iy {(DBA, | High laevel input Voo = Max; 20 A
DAB only) current ViN = 2.7V o
i (DBA, | Low level input Voo = Max;
_— _ —0.4 | mA
DAE only) current VIN = 0.4V
Voo = Max; 100
I Bus input current Vg = 2.5v*
{driver OFF) Veg = Max; 20 uA
Vg = Ov*
Bus leakage current | Voo = OV,
loFF {(power OFF) Vg = 2.5V* 100 | uh
Voo = Max;
Icc Supply current Ag-Ay = Low or 145 | 180 | mA
Bg-B7 = Low and
DBA = DAB = High .
¥a = Yaus
AC CHARACTERISTICS vpe =5V (25%); Ty = 0°C to 70°C
PARAMETER DESCRIPTION FROM TO TEST CONDITIONS LIMITS UNITS
Min Typ Max
. Low Aj Low BD; —— _ taE
tpLL Propagation delay Low B; Low AD; BA = DAB = High 30 nsec
. High A; High BD; EEE _ TRR =
tPHH Propagation delay High B; High AD; BA = DAB = High 30 naec
. i ; i ; DBA = ; DAB = Hi
DHH Propagation delay High A; High BD; DBA = Low, igh 25 nsec
High B; High AD; AB = Low; DBA = High 25 nsec
: : DBA = :DAB = Hi
OLL Propagation delay Low A; Low BD; BA = Low; DAB = High 25 nsec
Low B; Low ADj AB = Low; DBA = High 25 nsec
tPEH Propagation delay Low DBA High AD; AB = Low; Bj = Low a0 naec
DEL Propagation delay High DBA Low AD; AB = Low; By = Low 30 nsec
toEH Propagation delay Low DAB High BD; DBA = Low; A; = Low 30 nsec
tpEL Propagation delay High DAB Low BD; BA = Low; Aj = Low 30 nsec
tr Recovery time {see — — BA = DAB = High 20 788C
timing diagram)
NCTES
A; = Eaternal yignal  AD; = Output A driver  B; = Extamai signal  BD; = Qutput B drivar
Sijnoties 5




PRELIMINARY BIPOLAR LSI DIVISION

8X41 TIMING DIAGRAM

rd &, (EATERMAL) kT
1.5¢ % 1.5¢
1 : ov
]
1
fe tpLL ] - P"H'!
B (OUTPUT 1 t
B DAIVER) ' VYoH
1.5\!\\ % 1.5%
I —— \I'OL
CONDITIONS: 1
DBA = HGH —| |-— 1y —d
DAB = HIGH r )
Bi{EXTERNAL) ! ks
1,5% 1.5%
] ' oV
1 1
fe-teu =} = tpnn.-l
Ay {QUTPUT f 1
2 CRIVER) ! ! VoH
1.5V \ 1.5¢
VoL
4 Aj LEXTERNAL) av
% 15¢ % 1.6v
| t ov
CONDITIONS: i '
OBA = LOW — —=| tow f+— —« toHH fa—
UAB ~ HIGH BO; (CUTPUT B ] ]
DRIVER} 1 ! YOH
1.5¥ % 1.5v
v
\ [+18
e By (EXTEANAL) av
* 1.5V 1.5V
) + ov
CONDITIONS: ! !
% = HIGH =] —_...l oL |4-— —..I 1oKH |——
- Low ADj [OUTPUT A 1 1
DRIVERA) ! ! YK
1.5V 1.5%
N _ vou
[N av
NN 1.5 zl 1.5v
1 1 ov
CONDITIONS: ) 1
DAH = LOW tDEMH I-q— —..I tDEL rq—
Bl = LOW I H
1
1 T ¥QH
1.5¢ \1_“
AD; (OUTPLT A
DRIVER) Vo
DaB v
* 1.5¢ 1.5¢
! & - ov
CONDITIONS: ! !
DeA = Low — toen f— —] el |
Aj = LOW I 1
| - - Yo
1.5¢ 1.5¢
B0 (OUTPUT B
ORIVER} VoL

ORDERING INFORMATION

Order number; N8X41N

Packaging information: Refer to Signetics price list
Supply voltage: 5V { + 5%}

Operating temperature range: 0°C to +70°C
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PRELIMINARY

USING THE 8X41 IN A BUS-SHARED CONFIGURATION

BIPOLAR L3I DIVISION

CPU #1

CPU B2

MAN MEMORY

e

BUS ARBITER
iNOTE 1}

N‘I’ERN&L BUSES

Qm 2

25¢

Bxa1

()
a6 |30
¥ 3 E]l?—@-

A5

]
o

-
}tNO‘IE 3)
.y

& &

ELL

{NOTE 2)

PEAWHERAL
CONTROLLER

PEAWHERAL 4 1

FERWPHERAL &2

PERIFHERAL # 3

HOTES

1. The bus-control logic can be
handiad as shown hare, inta-
grated in sach ayatem mod-
ule, or wxtarnatly situatad.

2. The A-port and B-port of the
8X4! are transparant to ex-
iernal connecliona, that is,
Ag-Az can he connected 10
thi 170 bus and 8p-B7 can
be connected io the [aternal
bus, And vice-vErsa.

3. Reler to 1abies in Figure 1
tor date cootra) capabilities.

INTERFACING 8X41 TO IEEE 488 BUS

# DATA LIKES
WITH PLLL U
RESIETORS TO Voo

8 CONTROU LINES
WITH PULL-UP
RESISTORE TO Voo

SYSTEM Of COMTROLLER

|—a= REN

L SECONDARY J ponrocon
coMmanos | o

| uwiveRsaL |
COMMAMDS
oTHER

CORMMANDE

TALK LISTEM DEVICE

| A5 MANY AS 9 DEVICES CAN
BE COMMECTED YO THE 4BS BUS

sinotics




DESCRIPTION

The Bus Expander is specifically designed
to increase the 170 capability of 8X300 sys-
terns previously limited by fanout consider-
ations. The bus expander serves as a buffer
between the X300 and blocks of 170 de-
vices. Each bus expander can buffer a block
of 16 IYO ports while only adding a single
ioad to the 8X300.

FEATURES

* 15ns max preopagation delay
s Bidirectional
* Three-state outputs on both ports

FUNCTIONAL DESCRIPTION

The Bus Expander contains eight sets of
non-inverting bidirectional tri-state drivers
for the bus data bits, four non-inverting
undirectiona! drivers for 1/0 port control,
and necessary control logic. The controi
lagic is required to maintain the proper
directional transfer of bus data as dictated
by the states of the /O port control signals.
A bus expander may be used on either left
bank or right bank, Systems may be config-
ured with /0 ports connected directly to the
8X300, as well as /O ports connected
through a bus expander.

Addition of bus expanders may irmpact sys-
tem cycle time due to the added delay in the
data path. For the purposes of calculating
allowable cycle time as described in the
8X300 data sheet, the bus expander delays
may be considered additive to the 1/0 port
delays so that a buffered 1/Q port simply
appears as a slower I/C port.

8T58-1,XL

APPLICATIONS PIN CONFIGURATION
The 8T39 Bus Expander is designed t¢ be
usad with the 8X300 microprocessor to I.XL PACKAGE
allow increased 170 capability in those sys-
tems previously limited by fanout consider- anp 1] 78] voc
ations, Figure 1 shows a typical arrange- vor [7] =1 o1
ment of the bus expander in an 8X3DD pos ol o1
system. Other I/Q ports or warking storage ] o
may be directly connected to the bus as oos [4 ] [26] 015
shown. vod [5 1 [24] D1a
The bus expander is not timited to use with 003 6] 23] 012
the 8X300, but may be applied in any system voz [7] [35] o2
which uses a combined address/data bus.
ano {6 | 21] GND
po1 E [70] Dn1
oae [10] [19] oie
we jout} [17] 78] we am
sciouT) [1z] [17] scam)
meLk ouT) 3] 18] MCLK (IN)
WE touT) [14] [15] WE iy
uP Side
TRUTH TABLE
— DATATRANSFER ADDRESS
E sC we DIRECTION COMPARISON
L L L D1 Bus +— DO Bus No
L L H DI Bugs — DO Bus No
L H X DI Bus = DQ Bus No
H X X DI Bus — DO Bus No
PIN DESIGNATION
PIN NO. S5YMBOL NAME & FUNCTION TYPE
2-79.1¢ DOG-DOT 11Q port data bus Active low,
three-state
1" WCIOUT) Write command output Active high
12 SCIOUT! Select command ocutput Active high
13 MCLKIQUT! Master clock input Active high
14 MEQUT) Master enable output Active low
1% MEUN} Master enable input Active low
16 MCLKUN} Master clock input Active high
17 SCIN} Select command output Active high
18 WCIN Write command output Active high
19,20,22-27 DIO-DI7 Microprocessor data bus Active low,
three-state
1,821 GND Ground
28 Vco +5 volt supply

Sinotics




DC ELECTRICAL CHARACTERISTICS Voc =5V +5%, 0°C < Ta < 70°C

BT58-1,XL

LIMITS
PARAMETER TEST CONDITICNS Win Typ Max UNIT

Input voltage V
ViL Low .8
ViH High 20
Vic Clamp ~-5ma at Voo min -1

Output voltage Voo = 4.75V v
VoL Low loL = 50mA 55
VOH High lon = -3.2mA, 2.4

Input current Voo = 5.25V uh
i Low* ViL = .5V -250
lin High* ViH = 5.25V <10 100
los Short circuit output current Voo = 475V -40 mA
lcc Supply current Voo = 5.25V 200 mA

“Includes 3-5tate leakaga.

aw

VOLTAGE WAVEFORMS
PROPAGATION DELAY TCO
THREE-STATE QUTPUTS
QUTPUT
CONTRCL 1.3¥ 1.3%
Tag—ny :-'mh-
—— Y 51 AND 52 CLOSED
WAEFORM 1 sg'a?aiﬁn'\‘ 1.av e i
1 I T 0.5V ésv
WAVEFORM 2 $1 OPEN. 1.9¢ 15¥

52 CLOSED

-VoL

INPUT

IN PHASE
auTePuT

PRCPAGATION DELAY TIMES

NOTES

L
|SEE NOTE 1)
f’

All resistors values ara typical and in ohms,

1. C ingludes probe and jig capacitance.
2. Al digdes are TNS16 or 1NI0E4,

A S 81 AND 52 CLOSED
TEST LOAD CIRCUIT TYPICAL APPLICATION
USING 2 BUS EXPANDERS
TO CREATE 33 I/0 PORTS PLUS WORKING STORAGE
Jg:«rr Yoo e
% F 23§ E a 2--%
Z
51 r
PR o T (SEE NOTE 2)
3 T |

L

]

il

)

WORKING
STDAAGE

BUS EXPANDER

BUS EXPANCER

1O PORAT
Address &

1/Q PORTS

T

Y0 PORTS

T 110

BIC BOC USER

DATA

S{0OtIES




FUNCTIONAL BLOCK DIAGRAM

TO OTHER
DATA PATHS

¢

o
5ox ! ) o
el
10GFE
DATA PATHS
EMABLE ADDRESS EHABLE
O-8U5 MATCH -BLS
WE (OUT) 0—4 = L wemm
5C(12UT) O—q Osc My
WE (OUT} O—q o L™
ABSOLUTE MAXIMUM RATINGS
PARAMETER RATING UNIT
Voo Power supply voltage +7 Vdc
Yin Input voltage +5.5 Vdc
Yo Off-state output voltage +5.5 Vdc
Ta Operating temperature range 0to +70 *C
Tsra Storage temperature range -65 to +150 °C

AC ELECTRICAL CHARACTERISTICS

Voo =568V + 5%, 0°C = Ta = 70°C, CL = 300pF

LIMITS
PARAMETER TO FROM TEST CONDITIONS UNIT
Min Typ Max
Path delay DOX DIX
tpd Data DIX DOX 15 ns
MEIQUT) ME!IN
tpa Control MCLKIQOUT! MCLK{IN)
SCOUT SCUN 15 ns
WCIoUT WCHN)
Data ME(IN
Output DIX SCUN)
toe Enable DOX WCIN) 28 56 ns
T
Data MEIIN!
Output DX SCIN) 15
tod Disable DOX WCILIN)

sipnetics
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FORMAT
BIT
i VALUE,
DEFINITION
FORAMAT
BIT
H VALLE,
DEFINITION
FORMAT
BIT
Il VALUE,
DEFINITION
FORMAT
BIT
I VALUE,
DEF INITION
FORMAT
BIT
v VALUE,
DEF INITION

BX300 INSTRUCTION SET FORMATS
GENERAL FORMAT
MSE LSB
0|1I2 3‘4|5|s|7‘slglm[nlnllslm 5
OPCODE OPERANDS
0 23 15
DEPEND UPON
SPECIFIC FORMAT [
OPCODE ~ CMD. OPERATION TYPE FORMAT
O, MOVE .......... OATATRANSFER .......01 I
1 ADD
2 AND ARITHMETIC/LOGIC [
3 XOR
N XEC } PROGRAM CONTRO v
1
5 NZT t '
6 XMIT DATA TRANSFER mow
7 JMP PROGRAM CONTROL v
OCTAL FORMATS DESIGNATION
OPCODE OPERANDS
of+]2 3[4|5|s] 7[e]9]10]11]12 13|14 6
0-3 |o-11 0-7 6-7 |o-1; 0-7 5=R{BITI=0}
! D=RIBIT1I=8)
MOVE ADD g R o
AND XOR R/L = ROTATE
OPGODE GPERANDS
0|1|2 3]4 5{5[? 3[9[1011[1213[14[15
0-3 |0-3 ©-7 1 0-7 |0-3 0-7 §=RQORID
VEADD : . . 0=ROR IO
AND X0k A/L = LENGTH
QPCODE OPERANDS
0]1[2 3[4 5[6[? 3[9[10[11]12|1ﬂ14]15
4-6 [0-1] 0-7 [0-3; 0-7 i 0-7 S=R
KEC MZT N I=8BITS
5" J
IEMIT
TYPICAL INSTRUCTION: B05300
BITPATTERN: B |9
11
OPCODE GPERANDS
011]2 3}4 slal? a|9|1011|12 13|14|15
4.6 [2-3} 0-7 | o0-7 fo-3! o0-7 §=14
R/L = LENGTH
%EC MZT a L J
XmIT I=5BITS
TYPICAL INSTAUCTIGN: 627305
&IT PATTERN: _B | 9110
011
OPCODE OPERANDS
ulllz 3[415151?[3!9 rul11|12|13|14[15
7 lo4i o-7 % o-7 % 0.7 1 0-7
i ' ' ! A =13BITS
e A

L]

OPERANDS

SOURCE (REG OR 1/0)
DESTINATION
{REG OR (/D)

ROTATE/LENGTH
IREG ~ REG]
{IF50R D =4/0)

LITERAL CONSTANT
{IMMEDIATE)

ADDRESS
IPROGRAM STORAGE}

*0 FOR XMIT INSTRUCTIONS




8X300 INSTRUCTION SET OPERANDS

S R/L D
3 4 5 6| 7 8 9 10111 12 [ 13|14 |15
0-3 0-7 0-7 0-3 0-7
MSD LSD
SOURCE DESTINATION
FORMATS | 11 111 IV FORMATS | N
REGISTER SPECIFICATION IV BUS DATA SPECIFICATION
QOCTAL OCTAL
VALUE DEFINITION VALUE DEFINITION
00 Auxiliary Register R@. Also proc- 2X Designates |/0O data on the LEFT
essed as second term during execu- bank previously selected by VL
tion of ALU commands pseudo-register.
01 R1 : 3X Designates 1/0 data on the RIGHT
0z R2 bank previously selected IVR
83 22 WORKING REGISTERS pseudo-register.
05 R5 where X =0 to 7, the location of the least sig-
06 Ea{] nificant bit within the byte of sel-
ected 1/0. The actual field ta be
07 IVL  Pseudo-register. Specifies processed is variable from 110 8
address selection to LEFT bits, depending upon the R/L
bank 1/0. Can anly be operand.*

specified as a destination.
* R/L. OPERAND

10 OVF  Overflow Rggjster. R = Right rotation of data specified in
Source specified only

c tored in Bit 7 source field R number of places,
arry stored in Sit Both Source and Destination fields

location must specify registers,
1; R11_ ~ WORKING REGISTER L =  Length of data field {in bits} within
13 the accessed byte to be manipulated.
14 UNASSIGNED
15
16
17 IVR  Pseudo-register. Specifies

address selection to RIGHT
bank 1/0. Can onty be
specified as a destination.
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