3.0 INPUT-OQUTPUT BOARD

GENERAL INFORMATION

The Nabu input/output board AI0-1100 provides two serial
input/output ports, one parallel output port, and six programm-
able 16 bit timers. The board is $-100 bus compatible and all
data lines are buffered with line drivers to increase current
drive capability.

The serial ports are implemented by two 8251 programmable
commuhication interfaces (PCI's), and each has separate software
programmable baud rate selection. Line drivers and receivers are
provided for EIA RS-232C standard signals., The parallel output
port is a simple 8-bit, D-type latch; which can be easilily
programmed to interface with any parallel printer.

The six programmable counters are implemented by two 8253
programmable interval timers (PIT's). Two of the six counters
are confiqured as baud rate generators for the two serial ports,
while the remaining four counters may be used as desired by the
user (eg. rate generators, real time clocks, etc.).

In the Nabu 1100 System, input and output functions are done
by peolling through software interrogation loops. However, the
I/0 board is also capable of operating in an interrupt driven
system. The board provides a selectable interrupt vector which
allows the programmer to locate the interrupt service routine
anywhere in memory.



SPECIFIC FEATURES

Serial Ports

Full duplex RS-232C serial data communication with two
external devices is permitted via the two programmable
communication interfaces. The PCI features parity, overrun and
framing error detection. As well, there is a choice of 1, 1 1/2,
or 2 stop bits with false start bit detection, and modem control
signals DSR, DTR, CTS, and RTS. The baud rates of the serial
ports are software selectable and are available in a range from
110 to 9600,

In the Nabu 1100 System, connector J2 is assigned as the
main console device. The associated PCI (U6) is programmed for
the asynchronous transmit/receive mode, with one stop-bit, no
parity, eight data bits, a 16x transmitter clock, and a baud rate
of 9600.

Connector J1 is assigned as the list device in the system,
which is normally a NEC Spinwriter. The associated PCI (U3} is
programmed the same way as U6; the only exception being the baud
rate is 1200. By _connecting the reverse channel s1gna1 from the
NEC printer to CTS of U3, no communication protocol is needed.
However, if an 8251A is used in U3, a problem of repeating
characters will occur whenever the reverse channel becomes
active. This problem can be overcome by making use of DSR on U3
and performing a slight modification in the operating system
(which will not be discussed here}.

The port addresses are assigned as follows:

Device Connector PCI Port Address

Console a2 U6 | Status register 828
‘Data register  83H

List a v Status register  80H
Pata register  8ln

The two 26-pin header strips (J1 and J2) are connected
through two ribbon cables to the RS~222C connectors Jocated on
the back of the system. The connector associated with i is
located above that associated with J2.



The pins are assigned as follows:

J1l or J2 Pin Number Pin Name Data Direction
—————————————————————————— '__._____._._.__._..._.._._.-....- f"‘--"'-‘----'-.'—"—__-—

2 W RXD Input

3 TXD Qutput

4 CTS Input

5 RTS Output

6 DTR Output

7 GND -

20 DSR Input

The pin numbers of the rear panel DB connector are the same
as those for J1 or J2.

Jumpers JP-1 through JP-4 (on pins 6, 5, 4, and 20
respectively on connector J2) are normally not installed, since
none of these modem control signals are used by the main console.
However, in order for data transmission, the resistor Rl must be
present to make CTS active.

Jumpers JP~-5 through JP-8 (on pins 6, 5, 4 and 20
respectively on connector J1) are factory installed for
interfacing to the NEC Spinwriter.

Parallel Ports

One parallel output port is available from J3 to the user,
and is normally used to interface to a parallel printer, if
needed. It is assigned the address 8DH in the Nabu 1100 System.
The interface cable to a Centronics parallel printer would be
wired as follows:

Signals J3"Pin Number Centronics Printer-Pin #
DO l cormm e e > 2
D1 2 e e > 3
D2 3 - > 4
D3 R LT — > 5
D4 B e > 6
D5 6 ——— e > 7
D6 T e e > 8
DATA STROBE § ——— e > 1
BUSY I G L T 11

GND 22 (mm—mmmmmmmmm e >16



A parallel input port is available as an option. It uses
connector J4 and is assigned the same address as the parallel
output port.

Six programmable 16-bit counters are available from the two
PIT's (Ul8 and U20). Two 1l6-bit counters from Ul8 are used as
baud rate generators for the two serial ports. They are software
programmable, and the baud rate can be selected to suit each
user's requirements,

The four remaining counters are not used in the Nabu 1100
System. They are available to the user (through wirewrapping) for
implementing a real time clock, which will be discussed in the
next section,

The address assignments for the timer are as follows:

8253 PIT Counter Address Function
0 84H
1 85H Available to
u20 2 g86H the user
Control register 87H
0 88H
1 89H Clock for List PCI
Uls 2 8AH Clock for console PCI
Control register 8BH
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For the timers used as baud rate generators, the following
table relates the programmed count to the generated baud rate:

Baud Rate Programmed Count
110 1136H
300 0417H
600 0208H
1200 0104H
2400 0052H
4800 0026H
9600 0013H

e e e e o e e e o e o ot ot o s e e B o A A B 7 . . e

NOTE: The PIT must be programmed for mode 3 operation with
binary coded decimal (BCD) counter format for these values.



Jumper Connections

Four jumpers located near the middle of the board are used
for setting the board address. They are set to 80H for the
Nabu 1100 System, by installing a jumper at A7.

o o Ad
o o Ab
0 o Ab
O —— s o A7

NOTE: With jumper means logic one.

The eight jumpers located in the lower right hand corner of
the board are used to establish an interrupt capability on the
I/0 board. The top seven jumper spaces are used to set the
interrupt vector, while the bottom space enables the interrupt.
Interrupts are not used in the input/output scheme for the
Nabu 1100 system. However, the board is preset to enable
interrupts with the interrupt vector set to 10H for future
expansion to a multi-user system. Thus, the standard board is
shipped with interrupt jumpers installed, as shown:

O —— o A7
O=————————— - o Ab
e R © A5
o o A4
O——rm——mmm e o A3
Q== 0 A2
O- e ——— e o Al
O o EI

NOTES: 1) Interrupt vector setting: without jumper means logic
one,
2) A0 is always logic zero,
3) EI setting: with jumper means enable.

The 24-pin wirewrap pad (located above the board base
address setting jumpers), is used for interconnection of the
timers. A connection for a real time clock implementation is
shown below:

GATES VCC GND 2 MHz ouTs CKS

3 o} o 0 o

o
2 o o o o 0'/,///0
1 0o 0o 0 0 ::::::::



The equivalent block diagram is:

Counter Counter Counter Counter

Counters #0 and 1 can be programmed to be a frequency
divider so that the output of Counter #1 is a 1 Hz clock (1
second period). Counters #2 and 3 are used to accumulate the
count. The counter contents can then be read by the CPU to
determine the time.

By connecting the timer's output to the Interrupt Request
pin of the CPU, the timer can be programmed to interrupt the CPU
at a preset time, Detailed instructions on the configuration of
the 8253 PIT are provided in the manufacturer's data sheets.



NABU AIQ-1100 INPUT/OQUTPUT BOARD

Int ted Circuits:

U4
U5

ul,
U2,
U3

U6

U7, Ul2

us, U9

Ulo, Ull
Ul3-uls,
Ul7, U026
uig, U20

Ulg' U27—U28’

U31-033
U21, U25
u22

U23

U24
U30

U34
U35
U36, U037

u29

Capacitors:
Cl, C5"C10

C2-C4, Cl1-Cl4

Resi .

R1-R5
R6, R7
RN1, RN2
RN3

Ouantity
1

[ - S

PARTS LIST

1488 RS232 hex driver
1489 RS232 hex receiver
8251 Intel programmable communication
interface
8251A Intel programmable communication
interface (improved version)
74L5244 Octal buffer/line-driver with
3-state outputs
74LS38 Quadruple 2-input positive-NAND
buffer with open-collector outputs
74LS8273 Octal D-type flip-flop
74LS00 Quadruple 2-input NAND
74LS04 Hex inverter
8253 Intel programmable interval timer
7415367 Hex bus driver
74LS32 Quadruple 2-input OR
74L8136 Quad exclusive-OR with open-collector
outputs
74LS139 Dual 2-to-4-line decoder/demulti-
plexer
74LS10 Triple 3-input NAND
74L874 Dual D-type positive-—edge-triggered
flip-flop with preset and clear
7812 12 V positive voltage regulator
7912 12 V negative voltage regulator
7805 5 V positive voltage regulator
10 nF 35 V tantalum electrolytic
0.1 uF
3.3 kL
1 kL
3.3 k 1
l k. L
Descripti
14 pin IC socket
16 pin IC socket
20 pin IC socket
28 pin IC socket



OO b=

r i tion
delta 1-630-0.50 dual TO-220 heatsink
4 position dip switch

26 pin right angle pin connector

2 pin straight pin connector

$6-32 x 3/8" machine screw

#6-32 nuts
p-c¢. board
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Inte| 8251A/52657
PROGRAMMABLE COMMUNICATION INTERFACE

a Synchronous and Asynchronous a Asynchronous Baud Rate — DC tc
Operation 19.2K Baud
Full Duplex, Double Butfered, Trans-
» Synchronous 5-8 Bit Characters; " ml;tter a‘;:xﬁeceiver
Internal or External Character Synchro-
nization; Automatic Sync Insertion m Error Detection — Parlty, Overrun and
Framing
s Asynchronous 5-8 Bit Characters; il
Clock Rate—1, 16 or 64 Times Baud u Fuily Compatible with 8080/8085 CPU
Rate; Break Character Generation; 1, m 28-Pin DIP Package

12, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect
and Handling

m All inputs and Outputs are TTL
Compatible

ingl 5V Suppl
» Synchronous Baud Rate — DC to 84K Single + 5V Supply

Baud a Single TTL Ciock

The intel® 8251A is the enhanced version of the industry standard, intel® 8251 Univarsal Synchronous/Asynchronous
Receiver/Transmitter (USART), designed for data communications with Intef's new high performance family of
microprocessors such as the 8085. The 8251A is used as a peripheral device and is programmed by the CPU to operate
using virtuatly any seriat data transmission technique presently in use (inciuding IBM “‘bi-sync”). The USART accepts
data characters from the CPU in parallel format and then converts them into a continuous serlal data stream for
transmission. Simultaneously, it can receive serial data streams and convert them into paraliel data characters tor the
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has
received a character for the CPU. The CPU can read the compiete status of the USART at any time, These include data
transmission errors and controj signals such as SYNDET, TXEMPTY. The chip is constructed using N-channel silicon
gate technology.

DATA TRANSMIT ¥
DD BUS BUFFER {—=T20
7D BUFFER 5]
o, ~ 1o,
I J 1 0,32 27 (J o,
RESET Rao [ 2 26 (7 v,
c | TxROY * _
LKt READWRITE TRANSMIT [ = 2 [ Axc
B o coNTROL controL = T*E o, [Os X w i
AD o tosic ) . L DFF
& r —e=1 — o, 6 23 L3 RTS
T o, 7 8261A 22 (] 0%R
‘ c‘s—t g 2 Tl REsET
el s 26 ] cux
550 W_F| 10 1% <D
SsOn 18 [ TxEMPTY
OTRa o MODEM | { RECEIVE ~ =
€ BUFFER |»—FrB cb [z 17 [} €15
&Ts contROL | . i g
aTe 9 ‘ RO [J13 16 SYNDET/BD
-9 e i l aerOY {114 15 TuRDY
// | BxADY
RECEIVE AxC
INTERNAL conro, E
DAYA BUS e SYNOET
~/
Figure 1. Block Diagram Figure 2. Pin Configuration

8-43
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8251A/S2657

FEATURES AND ENHANCEMENTS

8251A is an advanced design of the industry stan-
dard USART, the Intel™ 8251 The 8251A oper
ates with an extended range of Intet micropro-
cessors that includes the new 8085 CPU and main-
tains compatibility with the 8251. Familiarization
time is minimal because of compatibility and
invoives only knowing the additional features and
enhancements, and reviewing the AC and DC speci-
fications of the 8251A.

The B251A incorporates all the key features of
the 8251 and has the following additional features
and enhancements:

¢ 8251A has double-buffered data paths with
separate /O registers for control, status,
Data In, and Data Out, which considerably
simplifies control programming and mini-
mizes CPU overhead.

® In asynchronous operations, the Receiver
detects and handles ‘‘break’ automatically,
relieving the CPU of this task.

e A refined Rx initialization prevents the
Receiver from starting when in “"break’’
state, preventing unwanted interrupts from
a disconnected USART.

® At the conclusion of a transmission, TxD
line will always return to the marking state
uhless SBRK is programmed.

R-44

Tx Enable logic enhancement prevents a
Tx Disable command from halting trans-
mission until all data previously written has
been transmitted. The logic also prevents
the transmitter from turning off in the middle
of a word.

When External Sync Detect is programmed,
Internal Sync Detect is disabled, and an Ex-
ternal Sync Detect status is provided via a
flip-flop which clears itself upon a status read.

Possibility of false sync detect is minimized
by ensuring that if double character sync is
programmed, the characters be contiguously
detected and also by clearing the Rx register
to all ones whenever Enter Hunt command is
issued in Sync mode.

As long as the 8251A is not selected, the
RD and WR do not affect the internal opera-
tion of the device,

The 8251A Status can be read at any time
but the status update will be inhibited during
status read.

The 8251A is free from extraneous glitches
and has enhanced AC and DC characteristics,
providing higher speed and better operating
margins,

Synchronous Baud rate from DC to 64K.

Fully compatible with tntel's new industry
standard, the MCS-85.

AFMN-015738
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8251A/528657

FUNCTIONAL DESCRIPTION

General

The 8261A is a Universal Synchronous/Asynchronous Re-
ceiver/Transmitter designed specifically for the 80/85 Micro-
computer Systems. Like other /O devices in a Microcom-
puter System, its functional configuration is programmed
by the system's software for maximum flexibility. The
8251A can suppert virtually any serial data technique cur-
rantly in use {including IBM “bj-sync"}.

In a communication environment an interface device must
convert parallel format system data into serial format for
transmission and convert incoming serial format data into
parallel system data for reception. The interface device must
also delete or insert bits or characters that are functionally
unigue to the communication technique. In essence, the
interface should appear "'transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to interface
the 8251A to the system Data Bus. Data is transmitted or
received by the buffer upon execution of INput or QUTput
instructions of the CPU. Control words, Command words
and Status information are also transferred through the
Data Bus Buffer. The command status and data in, and
data out are separate B-bit registers to provide double
buffering.

This functional block accepts inputs from the system Con-
trol bus and generates control signals for overall device
operation. |t contains the Control Word Register and Com-
mand Word Register that store the various control formats
for the device functional definition.

RESET (Reset)

A "high” on this input forces the 8251A into an *‘Idle”
mode. The device will remain at “idle’’ until a new set of
control words is written into the 8251A to program its
functional definition, Minimum REBET pulse width is
6 toy (clock must be running),

CLK (Clock)

The CLK input is used to generate internal device timing
and is normally connected to the Phase 2 (TTL} output of
the 8224 Clock Generator. No external inputs or outputs
are referenced to CLK but the frequency of CLK must be
greater than 30 times the Receiver or Transmitter data
bit rates.

WR (Write}
A “low" on this input informs the 8251A that the CPU is
writing data or control words to the 8251A.

RD {Read)

A “low” on this input informs the 8251A that the CPU is
reading data or status information from the B251A,

CiD {Control/Data)

This input, in conjunction with the WR and RD inputs,
informs the 8281A that the word on the Data Bus is either
a data character, control word or status information.
1=CONTROL/STATUS 0=DATA

CS (Chip Selectl)

A “low” on this input selects the B251A, No reading or
writing will occur unless the device is selected. When CS is
high, the Data Bus in the float state and RD and WR will
have no effect on the chip.

TRANSMIT
BUFFER [ Tx0
-5

|—= TxADY

ool I

e TC

MODEM

T CONTROL

RECEIVE
<’L_-< BUFFER  |a—FxD

l

-
iy
1]
-

RafDY
INTERNAL g::f:ﬁ oo FNT
DATA BUS
lee- SYNDET/
BAKDET

Figure 3. 8251A Block Diagram Showing Data
Bus Buffer and Read/Wrlite Logic

Functions
c/D RD WR S
Y 0 1 o 8251A DATA =~ DATA BUS
0 1 0 o DATA BUS = 8251A DATA
1 ) | 0 STATUS = DATA BUS
1 1 0 0 DATA BUS = CONTROL
X 1 0 DATA BUS = 3.STATE
X X X 1 DATA BUS = 3-STATE

Modem Ceontrol

The B251A has a set of control inputs and outputs that can
be used to simplify the interface to almost any Modem. The
Modem contro! signals are general purpose in nature and
can be used for functions other than Modem control, if
necessary.

AEN-015738
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DSR {Data Set Roady)

The D3R input signal is a general purpose, 1-bit inverting
input port. tts condition can be tested by the CPU using a
Status Read operation. The D3R input is normally used to
test Modem conditions such as Data Set Ready.

DTR (Data Terminal Ready)

The DTR output signal is a general purpose, 1-bit inverting
output port. It can be set “low” by programming the ap-
propriate bit in the Command instruction word. The DTR
output signal is normally used for Modem control such as
Data Terminal Ready or Rate Select.

ATS (Request to Send)

The RTS output signal is a general purpose, 1-bit inverting
autput port. It can be set “low'’ by programming the ap-
propriate bit in the Command [nstruction word. The RT3
output signal is normally used for Modem control such as
Request to Send.

CTS (Clear to Send)

A “low” on this input enables the 8261A to transmit
serial data if the Tx Enabie bit in the Command byte is
set to 8 “one.” If either a Tx Enable off or CTS off condi-
tion occurs while the Tx is in operation, the Tx will
transmit all the data in the USART, written prior to Tx
Disable command before shutting down. On the 825TA/
82657 if CTS off or Tx Enabie off candition occurs before
the last character written appears in the serial bit stream,
that character wiil be transmitted again upon CTS on or Tx
Enable on condition,

Transmitier Butier

The Transmitter Buffer accepts parallel data from the Data
Bus Buffer, converts it to & serial bit stream, inserts the
appropriate characters or bits {based on the communica-
tion technique} and outputs a composite serial stream_of
data on the TxD output pin on the falling edge of TxC.
The transmitter wili begin transmission upon being enabled
if T8 = 0. The TxD line will be held in the marking
state immediately upon a master Reset or when Tx Enable/
CTS off or TXEMPTY.

Transmitter Control

The transmitter Control manages all activities associated
with the transmission of serial data. It accepts and issues
signals both externally and internally to accomplish this
function.

TxRDY (Transmitter Ready)

This output signals the CPL that the transmitter is ready to
accept a data character. The TxRDY output pin can be
used as an interrupt to the system, since it is masked by
Tx Disabled, or, for Polled operation, the CPU can check
TxRDY using a Status Read operation. TxRDY is auto-
matically reset by the leading edge of WR when a data
charactar is loaded from the CPU.

Note that when using the Polied operation, the TxRDY
status bit it not masked by Tx Enabled, but wiil only
indicate the Empty/Full Status of the Tx Data input
Register.

TxE (Transmitter Empty)

When the 8251A has no characters to transmit, the TxEMP-
TY output will go “high”. it resets automatically upon re-
ceiving a character from the CPU if the transmitter is
enabied. TxEMPTY can be used to indicate the end of a
transmission mode, so that the CPU “knows” when to “turn
the line around” in the half-duplexed operational mode,

In SYNChronous mode, a “high” on this output indicates
that a character has not been ioaded and the SYNC charac-
ter or characters are about to be or are being transmitted
automatically as "fillars”. TXxEMPTY does not go iow
when the SYNC characters are being shifted out.

DATA
o o</L N sus TaD
75 BUFFER
RESET . ROV
x|
CLK ot praDimwRITE
C/D_——w] cONTROL TXEMPTY
RO__.d LoGic "
| S——
J
L]
£ )}
OSh 7
5TE & 7
Ve L RECEIVE
4 BUFFER [a—FxD
CTS s gy 15 -p}
ATS 5
/ | RaADY
RECEWE [
INTERNAL CONTROL e
DATA BUS SYNDET/
BRKDET

s

Figure 4. 8251A Block Diagram Showing Modem
and Transmitter Buffer and Contrel
Functions

T>C {Transmitter Clock)

The Transmitter Clock controls the rate at which the char-
acter is to be transmitted. In the Synchronous transmission
mode, the Baud Rate (1x) is equal to the TxC frequency.
tn Asynchronous transmission mode the baud rate is &
fraction of the actual TxC frequency. A portion of the
mode instruction setects this factor; it can be 1, 1/16 or
1/64 the TxC.

For Example:

If Baud Rate equals 110 Baud,
E equals 110 Hz {1x}

TxC equals 1.76 kHz (16x)
TxC equals 7.04 kHz (64x).

The falling edge of TxC shifts the serial data out of the
8251A.
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Recelver Butfer

The Receiver accepts serial data, converts this serial input
to paraliel format, checks for bits or characters that are
unique to the communication technique and sends an
"assembled” character to the CPU. Serial data is input to
RxD pin, and is clocked in on the rising edge of RxC.

Receiver Control

This functional block manages all receiver-related activities
which consist of the following features:

The RxD initialization circuit prevents the 82514 from
mistaking an unused input line for an active low data
line in the "break condition”. Before starting to receive
serial characters on the RxD line, a valid “1" must first
be detected after a chip master Reset. Once this has been
determined, a search for a valid low (Start bit} is en-
abled. This feature is only active in the asynchronous
mode, and is only done once for each master Reset.

The False Start bit detection circuit prevents false starts
due to a transient noise spike by first detecting the fall-
ing edge and then strobing the nominal center of the
Start bit (RxD = low}.

The Parity Toggle F/F and Parity Error F/F circuits are
used for parity error detection and set the corresponding
status bit.

The Framing Error Flag F/F is set if the Stop bit is
ghsent at the end of the data byte {(asynchronous model,
and also sets the corresponding status bit,

RxRDY (Receiver Ready)

This output indicates that the B251A contains a character
that is ready to be input to the CPU. Rx RDY can be con-
nected to the interrupt structure of the CPU or, for Polled
operation, the CPU can check the condition of RxRDY
using a Status Read operation.

Rx Enable off both masks and hoids RxRDY in the Reset
Condition. For Asynchronous mode, to set RxRDY, the
Receiver must be Enabled to sense a Start Bit and a com-
plete character must be assembled and transferred to the
Data Output Register. For Synchronous mode, to set
AxRDY, the Receiver must be enabled and a character
must finish assembty and be transferred to the Data Qutput
Register.

Failure to read the received character from the Rx Data
Qutput Register prior to the assembly of the next Rx Data
character will set overrun condition error and the previous
character will be written over and lost. if the Rx Data is
heing read by the CPU when the internal transfer is occur-
ring, overrun error wil! be set and the old character will be
lost.

RxC {Receivar Clock)

The Receiver Clock controls the rate at which the character
is to be received. in Synchronous Mode, the Baud Rate {1x}
is equal to the actual frequency of BxE. In Asynchronous
Mode, the Baud Rate is a fraction of the actual RxC fre-

quency. A portion of the mode instruction selects this
factor; 1, 1/16 or 1/64 the RxC.

For Example:

Baud Rate equals 300 Baud, if
B_T_(_:equals 300 Hz (1x)

RxC equals 4800 Mz {16x)
RxC equals 19.2 kHz {64x).

Baud Rate equals 2400 Baud, if
RxC equals 2400 Hz {1x}

RxC equals 38.4 kHz {16x)
RxC equals 153.6 kHz {64x).

Data is sampled into the 8261A on the rising edge of RxC,

NOTE: In most communications systems, the 8251A will
be handling both the transmission and reception operations
of a single link, Consequently, the Receive and Transmit
Baud Rates wilt be the same. Both TxC and RxT will re-
quire identical frequencies for this operation and can be
tied together and connected to a single frequency source
{Baud Rate Generator} to simplify the interface.

SYNDET (SYNC DelectyBRKDET (Break Detect)

This gin is used in SYNChronous Mode for SYNDET and
may be used as either input or output, programmable
through the Control Word, It is reset to output mode low
upon RESET. When used as an output {internal Sync mode),
the SYNDET pin will go "high’ to indicate that the 82561A
has located the SYNC character in the Receive mode. |f the
8251A is programmed to use double Sync characters (bi-
sync), then SYNDET wiil go “high* in the middle of the
iast bit of the second Sync character. SYNDET is auto-
matically reset upon a Status Read operation.

/\_4\ DATA r TRANSMIT
D, 0% J_\) 8us /4:'> BUFFER |—= T*0
7 e BUFFER - .8l
RESET |
cLK T*AOY
C/D‘—' READ/WRITE TRA T
CONTR NSM
w51 “lods CONTROL [ TrEMPTY
plhamasnts . o T
WR T
kvl
_ [}
G}
a5
OTR.
MODEM A
s CONTROL 0
] -
A
. AXRDY
/‘ —
INTERNAL RxC
DATA8US M . sYnDET/
BRKDET
\/
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Figure 5. 8251A Block Diagram Showing
Receiver Buffer and Control Functione
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When used as an input {external SYNC detect model, a
positive going signal will cause the 8251A to start assem-
biing data characters on the rising edge of the next RxC.
Once in SYNC, the “high” input signal can he removed.
When External SYNC Detect is programmed, the Internal
SYNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever the receiver remains low
through two consecutive stop bit sequences {including the
start bits, data bits, and parity bits}. Break Detect may also
be read as a Status bit. It is reset only upon a master chip
Reset or Rx Data returning to a “‘one” state.

NOTE: On the 8251A/S2667, if the RxData returns to a
“one"” state during the last bit of the next character after
the break, break detect wiil latch-up, and the device must
be cleared by a Chip Reset,

¢ ADDRESS BUS \
AD]
¢ CONTROL BUS,
J Eé"al i?o_irl RESETI 7
T
& DATA BUS

D;-0, AD  WR HESEY <CLK

8261A

Figure 6. 8251A Interface to 8080 Standard
System Bus

DETAILED OPERATION DESCRIPTION

General

The complete fumctional definition of the 8251A is pro-
grammed by the system’s software. A set of control words
must be sent out by the CPU to initialize the 8251A to
support the desired communications format. These control
words will program the: BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR-
ITY, etc. in the Synchronous Mode, options are also pro-
vided to select either internal or external character synchro-
nization.

Once programmed, the 82514 is ready to perform its com-
munication functions, The TxRDY output is raised “high”
to signal the CPU that the 8251A is ready to receive a data
character from the CPU. This output {TxRDY} is reset
automatically when the CPU writes a character into the
8251A. On the other hand, the B251A receives serial data
from the MODEM or /0 device. Upon receiving an entire
character, the RxRDY cutput is raised "’high’ to signal the
CPU that the 8251A has a complete character ready for the
CPU 1o fetch. RxRDY is reset automatically upon the CPU
data read operation.

The 8251A cannot begin transmission until the Tx Enabie
{Transmitter Enable} bit is set in the Command Instruction
and it has received a Clear To Send {CTS! input. The TxD
output will be held in the marking state upon Reset.

Programming the 8251A

Prior to starting data transmission or reception, the B251A
must be loaded with a set of control words generated by
the CPU. These control signals define the complete func-
tional definition of the 8251A and must immediately foi-
low a Reset operation {internal or external}.

The control words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the 8251A. It must follow a Reset operation {internal or
external). Once the Mode Instruction has beep written into
the 8251A by the CPU, SYNC characters or Command in-
structions may be inserted.

Command Instruction

This curmat defines a status word that is used to controi the
actual operation of the 8261A.

Both the Mode and Command [nstructions must conform
to a specified sequence for proper device operation. The
Mode Instruction must be inserted immediately following a
Reset operation, prior to using the 8251A for data com-
munication.

All control words written into the 8251A after the Mode In-
struction will [oad the Command Instruction. Command
{nstructions can be written into the 8251A at any time in
the data block during the operation of the 8251A. To re-
turn to the Mode Instruction format, the master Reset bit
in the Command Instruction word can be set to initiate an
internal Reset operation which sutomatically places the
8251A back into the Mode {nstruction format. Command
Instructions must follow the Mode Instructions or Sync
characters.

CD s 1 MODE INSTRUCTION
em -1 SYNC CHARAGTER 1

SYNC MODE

_ v

-1 SYNC CHARACTER 2 OMLY
Cie COMMAND INSTRUCTION
c/D =0 J; DATA J
O/ = 1 | COMMAND INSTAUCTION
ch=0 & DATA J
C/R =1 | COMMAND INSTRUCTION

-

The second 5YNC cheracter i+ skipped it MODE instruction
has programmad the BZ51A to singie character lntemat SYNC
Mode. Both SYNG charsctars ses skippad if MODE instruetion
has progremmed the B251A to ASYNC mode,

Figure 7. Typical Data Block
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Mode Instruction Definition

The 8251A can be used for either Asynchronous or Syn-
chronous data communication. To understand how the
Mode Instruction defines the functional operation of the
8251A, the designer can best view the device as two sepa-
rate components sharing the same package, one Asynchro-
nous the other Synchronous. The format definition can be
changed onty after a master chip Reset. For explanation
purposes the two formats wilt be isolated.

NOTE: When parity is enabled it is not considered as one of
the data bits for the purpose of programming the word
length. The actual parity bit received on the Rx Data tine
cannot be read on the Data Bus. In the case of a pro-
grammed character length of less than 8 bits, the least
significant Data Bus bits will hold the data; unused bits are
“‘don‘t care’ when writing data to the B251A, and will be
*‘zerns’’ when reading the data from the 8251A.

Asynchronous Mode (Transmiaslon)

Whenever a data character is sent by the CPU tha 8251A
automatically adds a Start bit {low jevel) followed by the
data bits {least significant bit first), and the programmed
number of Stop bits to each character. Also, an even or
odd Parity bit is inserted prior to the Stop bit(s), as de-
fined by the Mode Instruction. The character is then trans-
mitted as a serial data stream on the TxD output. The serial
data is shifted out on the falling edge of TxC at a rate equal
to 1, 1/16, or 1/64 that of the TxC, as defined by the Mode
Instruction. BREAK characters can be continuously sent to
the TxD if commanded to do so.

When no data characters have been [oaded into the 8251A
the TxD output remains “high” (marking} unless 2 Break
{continuously low) has been programmed.

Asynchronous Mode (Receive)

The RxD line is normaliy high, A falling edge on this line
triggers the beginning of a START bit. The validity of this
START bit is checked by again strobing this bit at its nom-
inal center (16X or 64X mode only). If a low is detected
again, it is a valid START bit, and the bit counter will
start counting. The bit counter thus locates the center of
the data bits, the parity bit (if it exists} and the stop bits.
I parity error occurs, the parity error flag is set. Data and
parity bits are sampled an the RxD pin with the rising sdge
of BxC. If a low lavel is detected as the STOP bit, the
Framing Error flag will be set. The STOP bit signals the end
of a character. Note that the receiver requires only one stop
bit, regardless of the number of stop bits programmed. This
character is then loaded into the paralle] /O buffer of the
8251A. The RxRDY pin is reised to signal the CPU that a
character is ready to be fetchad. if a previous character has
not been fetched by the CPU, the presant character replaces
it in the 1/Q buffer, and the OVERRUN Error fiag is raised
{thus the previous character is lost). All of the error flags
can be reset by an Error Reset Instruction. The accurrence
of any of these erfors will not affect the operation of the
8251A.

D; B¢ Dy 0 Dy

O; Dy Dy

SNRCEOD0

BAUD RATE FACTOR
0 ] [} 1

] (1] 1 1

SYNC
MODE | (VX §118X) | 164X)
il

CHARACTER LENGTH
o ) 0 1

L] g 1 ]

—_———
1= ENABLE O = DISABLE

5 6 7 3
BITS | BIYS | BITS § BITS
PARITY ENABLE

EVEN PARITY GENERATION/CHECK

e £VEN U0=-0DD
NUMBER OF 5TOP BITS
o 1 0 1

Q G 1 1

1 1% 2
INVALID
BIY § BITS | BITS
(ONLY EFFECTS Tx; Ru NEVEA
REQUIRES MORE THAN ONE
STOP BIT)

Figure 8. Mode Instruction Format,

A

synchronous Mode

TRANSMITTER OUTPUT

Ta0 MARKINGI s';ﬂu

GENERATED
DoDy~-~—Dx  BY B2BIA

PARITY sTOP
l DATA BITS l BT I pled l
—h

RECEIVER INPUT

l STAAT
Rx0 [

DOES NOT APPEAR
Dg 0y ——-=Dx ON THE DATA BUS

TRANSMISSION FORMAT

CPU BYTE (68 BITS/CHAR)

PARITY STOP
| DATABITE | 41 [ BITS !
i §
——— jm——r

PRCGRAMMED
CHARACTER
LENQTH

I

DATA CHARACTER I

ASSEMB

f G
—t F

LED SEAIAL DATA QUTPUT (TxO}

<5 5
START ) PARITY sTOP
[ o r DATA CHARACTER ] o i BiTE l

* -+

RECEIVE FORMAT

SERTAL DATA INPUT (AzD}

$ — -
START PARITY sTCP l
[ o 1 DATA CHA‘HACTER l oIt I 8iTS

CPU BYTE {58 BITS/CHAR)*

F
DATA CHARACTER I

it

*NOTE: [F CHARACTER LENGTH IS DEFINED AS 5. 6 OR ?

BITS TH

'E UNUSED BITS ARE SET TO “2ERD”

Figure 9.

Asynchronous Mode
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Synchronous Mode ({Transmission)

The TxD cutput is continuously high until the CPU sends
its first character to the 8251A which usually is a SYNC
character. When the CTS line goes low, the first character
is serially transmitted out. All characters are shifted out on
the falling edge of TxC. Data is shifted out at the same
rate as the TxC.

Once transmission has started, the data stream at the TxD
outpui must continue at the TxC rate. If the CPU does not
provide the 8251A with a data character before the 8251A
Transmitter Buffers become empty, the SYNC characters
{or character it in single SYNC character mode) will be
automatically inserted in the TxD data stream. In this case,
the TxEMPTY pin is raised high to signal that the 8261A is
empty and SYNC characters are being sent out. TxEMPTY
does not go low when the SYNC is being shifted out {(see
figure betow). The TXEMPTY pin is internally reset by a
data character baeing written into the 8251 A.

AUTOMATICALLY INSERTED BY USART

=0 | DaATA l DATA I SYNC 1 l SYNG 2 I DATA ] _____ I

FALLS UPON CPU WRITING A

TAEMPTY ’/ CHARACTER TO THE USART

w

N

NOMINAL CENTER DF LAST BIT

Synchronous Mode (Receive)

In this mode, character synchronization can be internally
or externally achieved. If the SYNC mode has been pro-
grammed, ENTER HUNT command should be included in
the first command instruction word written. Data on the
RxD pin is then sampled in on the rising edge of RxC. The
content of the Rx buffer is compared at every bit boundary
with the first SYNC character until a2 match occurs, If the
B251A has been programmed for two SYNC characters, the
subsequent received character is also compared; when both
SYNC characters have been detected, the USART ends the
HUNT mode and is in character synchronization. The
SYNDET pin is then set high, and is reset automatically by
a STATUS READ. If parity is programmed, SYNDET
will not be set until the middle of the parity bit instead of
the middle of the last data bit.

In the external SYNC mode, synchronization is achieved by
appiying a high level on the SYNDET pin, thus forcing the
8251A out of the HUNT mode. The high level can be
removed after ong RxC cycle. An ENTER HUNT command
has no effect in the asynchronous mode of operation,

Parity error and overrun error are both checked in the same
way as in the Asynchronous Rx mode. Parity is checked
when not in Hunt, regardless of whether the Receiver is
enabled or not.

The CPU can command the receiver to enter the HUNT
mode if synchronization is lost. This will also set all the
used character bits in the buffer to a2 “one’’, thus prevent-
ing 8 possible false SYNDET caused by data that happens
to be in the Rx Buffer at ENTER HUNT time. Note that

8-50

the SYNDET F/F is reset at each Status Read, regardless ot
whether internal or external SYNC has been programmed.
This does not cause the 8251A to return to the HUNT
mode. When in SYNC mode, but not in HUNT, Sync Detec-
tion is still functional, but only occurs at the "known'*
ward boundaries. Thus, if one Status Read indicates SYN-
DET and a second Status Read also indicates SYNDET,
then the programmed SYNDET characters have been re-
ceived since the previous Status Read. (If double character
sync has been programmed, then both sync characters have
been contiguously received to gate a SYNDET indication.)
When external SYNDET mode is selected, internal Sync
Detect is disabled, and the SYNDET F/F may be set at
any bit boundary.

D, D, Oy D, D, O

scs,sso £e PEN[ Lt
I i

2 Dy Dy

]

EHARACTER LENGTH

0 3 0 1

o ] 1 1

5 ] 7 8
B81TS | BITS | aIts | BITS

b ——————e PARITY ENABLE
{1 = ENABLE)
{0 « DISABLE}

EVEN PARITY GENERATION/CHECK
1= EVEN
0 =000

EXTERNAL SYNC DETECT
1= SYNDET 18 AN INPUT
0= SYNDET IS AN CUTPUT

SINGLE CHARACTER SYNC
1« SINGLE S¥YNC CHARACTER
0 = DOUBLE SYNC CHARACTER

NOTE: IN EXTERNAL SYNC MODE, PROGRAMMING DOUBLE CHARACTER
SYNC WILL AFFECT ONLY THE Tx.

Figure 10. Mode Instruction Format,
Synchronous Mode

CPUBYTES i5-6 BITS/CHAR)

il

ASSEMEBLED SERIAL DATA QUTPUT (TuD)
SYNC
CHAR 1

RECEIVE FORMAT

e
[ DATA CHARACTERS

SYNC

CHAR 2 I DATA CHARACTERS J

SEREAL DATA INPLT IRxD)

SYNC l DATA CHARACTERS

CHAR 2

]

SYNC
CHAR )

CPU BYTES {5-8 BITS/CHAR}

L DATA CHARACTERS J

Figure 11. Data Format, Synchronous Mode
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COMMAND INSTRUCTION DEFINITION

Once the functional definition of the 8251A has been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode) then the device is ready to be
used for data communication. The Command instruction
controls the actual operation of the selected format. Func-
tions such as: Enable Transmit/Receive, Error Reset and
Modem Controls are provided by the Command Instruction.

Once the Mode Instruction has been written into the B251A
and Sync characters inserted, if necessary, then all further
"control writes” {C/D = 1) will load a Command [nstruc-
tion. A Reset Operation {internal or external} wili return
the 8251 A to the Made Instruction format.

D, Dg O D, O, O, Dy DOy

EH (AR | RTS | ER SBH](I AxE DTRIT!EN

‘ L TRANSMIT ENABLE
! 1 = enabie

0 = diable

DATA TERMINAL
READY _
“high” will {arce BT
Qutput tg z8rn

RECE{VE ENABLE
1 « enable
0 = disable

SEND BREAK
CHARACTER
1 = torces TaD “low™
Q 3 normmal operation

ERAQR RESET
1 = rosut seror flogn
PE. OF, FE

REQUEST TO SEND
"high® will torce RTS
output to 7ero

INTERNAL RESET
“high™ erturns B251A 10
Mode [nstructon Format

ENTER HUNT MODE*
3 = ensbia wearch for Sync
Charecters

“ (HAS NQ EFFECT
N ASYNC MQOE)

Note: Error Reset must be performed whenever RxErnable
snd Enter Hunt ars programmed.

STATUS READ DEFINITION

in data commuaication systems it is often necessary to
examine the “status” of the active device to ascertain if
errors have occurred or other conditions that reguire the
processor’s attention. The 8251A has facilities that allow
the programmer to “read” the status of the device at any
time during the functional operation, {The status update is
inhibited during status read).

A normal “read” command is issued by the CPU with C/B =1
to accomplish this function,

Some of the bits in the Status Read Furmat have identical
meanings to external output pins so that the 8251A can be
used in a compietely Polled environment or in an interrupt
driven environment. TxRDY is an exception.

Note that status update can have a maximum delay of 28
clock periods from the actual event affecting the status.

D, Dg 0 0 o, D, o, Do

DSR SYNDET FE OE PE TxEMPTY] RxRDY | TaROVY

T =

SAME DEFINITIONS AS 1/0 PINS

PARITY ERROR

The FE fing 19 sat whin & perity
ceor 18 dutected, it it resat by
tha ER bit ot the Command
Instruction. PE does nat snhibit
operation of the 8261A,

QVERARUN ERROR

The OF flag it sat when tha GPU
dows nat reed & chacgctsr belors
the next one bacomas awsilable

It is resot by the ER bit 6f the
Comman imtruction. OF dom
not inhibit opatation of the B2S1A
hawever, the previourly ovastun
character is Jost,

FAAMING ERROR (Async only)
The FE flag 1 et when 2 vehd
Stap bt 1s not datecied ot the
wnd of svery character it i resst
by the ER bat of the Command
Instruction. FE does not snhibit
the opsration of ths 8251A.

DATA SET READY: Indscates
that tha DSR4 0t 8 2000 lovel.

Note 1! TxRDY status hit has different meanings from the
TxRDY output pin. The former is not conditianed
by CT5 and TxEN; the latter is conditioned by both
€TS and TxEN.

i.e. TXBOY status bit = DB Buffer Empty
TxRDY pin out = OB Buffer Empty - (CTS=0)-
(TxEN=1}

Figure 12. Command Instruction Format

Figure 13. Status Read Format
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APPLICATIONS OF THE 8251A

o AOGRESS BUS §
Sl CONTROL BUS v
§ DATA BUS \
1y ADDRESS BUS 1 @ U
CONTROL BUS {
j T RxD
1 =D £
DATA BUS o PHON
L T { DSA ASYNC LINE
| BTR MODEM INTER.
[ FACE
! g251a  CTS
o= - ‘ E m
RxD fo——— ] EIATO TTL
| convear
amia TP L 10PTS 3
—— Aot BAUD
ANC - ? "ff AATE
—= BAUD RATE cRT TeC GENERATOR TELEPHONE
Tt GENERATOR TERMINAL LINE
Figure 186. Asynchronous Interface to Telephone
Figure 14. Asynchronous Serlal Interface to CRT 9 Llny;s P
Terminal, DC—9600 Baud
¢ ADDHESS BUS 3
S:L CONTROL BUS i
0 DATA BUS 3
y ADDRESS BUS ] @
CONTROL BUS 4
[ —[ ] RO
TxO
DATA BUS 82514 PHONE
L o S it LINE
— INTER-
TxC
FACE
l L @ J\ L $YNDET il
AxD T8
TxD SYNCHRONOUS AT
TERMINAL bR
B261A  fAxC "‘—*1 OR PERIPHERAL ot
TxC pEVICE TELEPHONE
SYNDET LINE

Figure 15. Synchronous Interface to Terminal or

Peripheral D

evice

Figure 17. Synchronous Interface to Telephone
Lines
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ABSOLUTE MAXIMUM RATINGS*

Ambient Temperature Under Bias. . . . 0°C 1o 70°C
Storage Temperatur2 . .. .. ... ..—B5°Cto +150°C
Volitage On Any Pin

With Respect to Ground . . . ... ... ... ~0.5V to +7V

Power Dissipation

D.C. CHARACTERISTICS

....................... 1 Watt

‘NOTICE: Stresses above those listed under ‘Absolute
Maximum Ratings'' may cause permanent darmage 16 the
device. This is a stress rating only and functional cpera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this specifi-
cation is not implied. Exposure to absolute meaximum
rating conditions for extended periods may affect device
reliability.

{Ta = 0°C to 70°C, Ve = 5.0V =5%, GND = 0V)

Symbol Parameter Min. Max. Unit Test Conditions
ViL Input Low Voitage -05 0.8 v
Vg input High Voltage 22 Vee v
Voo Output Low Volitage 0.45 \Y loL = 2.2mA
Vor Output High Volitage 2.4 \Y loy = -400 uA
lorL Qutput Float Leakage £10 HA VouT = Ve TO 045V
. Input Leakage *10 uA Viny = Vee TO 0.45V
lee Power Supply Current 100 mA All Qutputs = High
CAPACITANCE (T, = 25°C, Vo = GND = 0V)
Symbol Parameter Min. Max. Unit Test Conditlons
Cin Input Capacitance 10 pF fe = 1TMHz
Cio 1/0 Capacitance 20 nF Unmeasured pins returned to GND

A.C. CHARACTERISTICS

Bus Parameters {Note 1)

(Ta = 0°C to 70°C, Ve = 5.0V +5%, GND = OV)

READ CYCLE
Symbol Parameter Min. Max. Unit Test Conditions
AR Address Stable Before READ (CS, C/D) 50 ns Note 2
thA Address Hold Time for READ (CS, /D) 50 ns Note 2
tRA READ Pulse Width 250 ns
tRD Data Delay from READ 250 ns 3,C =150 pF
tpF I READ to Data Floating 10 100 ns
8-53 AFN-01573B
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A.C. CHARACTERISTICS (Continued)
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WRITE CYCLE
Symbol Parameter Min. Max. Unit Test Conditions |
taw Address Stable Before WRITE 50 ns .
twa Address Hold Time for WRITE 50 ns
tww WRITE Pulse Width 250 ns
tow Data Set Up Time for WRITE 150 ns
twb Data Hold Time for WRITE 50 ns
tRv Recavery Time Between WRITES 6 tcy Note 4
OTHER TIMINGS
Symbol Parameter Min. Max. Unit Test Condlitions
tey Clock Period 320 1350 ns Notes 5, 6
Clock High Puise Width 140 tcy-g0 ns
Clock Low Pulse Width 90 ns
/. tF Clock Rise and Fall Time 20 ns
toTx TxD Delay from Falling Edge of TxC 1 1S
frx Transmitter input Clock Fregquency
1x Baud Rate DC 64 kHz
16x Baud Rate bC 310 kHz
64x Baud Rate DC B15 kHz
trew Transmitter Input Clock Puise Width
1x Baud Rate 12 toy
16x and 64x Baud Rate 1 toy
tTpo Transmitter Input Clock Pulse Delay
1x Baud Rate 15 tey
18x and 64x Baud Rate 3 toy
fax Receiver input Clock Frequency
1x Baud Rate DC 64 kHz
16x Baud Rate DC 310 kHz
64x Baud Rate DC 6156 kHz
tapw Receiver Input Clock Pulse Width
1x Baud Rate 12 cy
16x and 64x Baud Rate 1 oy
trpD Receiver Input Clock Pulse Delay
1x Baud Rate 15 tcy
18x and 64x Baud Rate 3 toy
tTXRDY TxRDY Pin Delay from Center of {ast Bit 8 tcy Note 7
tTXxROY CLEAR TxRDY ! from Leading Edge of WR ) 8 toy Note 7
IRxRDY RxRADY Pin Delay from Center of [ast Bit 24 tey Note 7
tR,RDY CLEAR RxRDY ! from Leading Edge of RD . ] tey Note 7
tig lntfér:ga; 3:‘:%1’ Delay from Rising 24 toy Note 7
t External SYNDET Set-Up Time Before
= x:alting Edge of AxC i 16 tey Note 7
TXEMPTY TxEMPTY Deiay from Center of Last Bit 20 toy Note 7
twe Control Delay fromﬁing_Edge of 8 toy Note 7
WRITE {TxEn,OTR, RTS)
tcR Contral to READ Set-Up Time (DSR, CTS) | 20 toy Note 7
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A.C. CHARACTERISTICS {Continued)

NOTES:

1 AC timings measured Vou = 2.0, Vg = 0.8, and with load circuit of Figure 1.

2. Chip Select (CS) and Command/Data (C/D) are considered as Addresses.

3. Assumes that Address is valid befora Rp|.

4. This recovery time is for Mode initialization only. Write Data is allowed only when TxRDY = 1. Recovery Time between Writes for

Asynchronous Mode is 8 tcy and for Synchronous Mode is 16 tcy.

5. The TxC and RxC frequencies have the foltowing limitations with respect to CLK: For 1x Baud Rate, t or fry = 1/(30 tgy); For 16xand
84x Baud Rate, t1x or fax = 1/{4.5tcy).

. Reset Pulse Width = 6 t¢y minimum; System Clock must be running during Reset.

. Status update can have a maximum delay of 28 ciock periods trom the event affecting the status.

~

TYPICAL A OUTPUT DELAY VS. A CAPACITANCE (pF) .

+20 !
i
JET/) S———— p S
z
>
L
)
a
] e
2 “SPEC
z
2
(=]
-
10— R
Poo 50 0 +50 +100
3 CAPACITANCE {pF)
A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT
INPUTIOUTPUT v
4200
24
20 20 et
> TEST POINTS <
BZ51A f ouTt
0.8 04
0.45
C
AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC 1° ANQ 0 45V FOR I
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 2.0v FOR A LOGIC 1 =
AND (18V FOR A LOGIC ' 0 -
C, = 150aF
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WAVEFORMS

SYSTEM CLOCK INPUT

~LOCK o

m-——!w N
oty ] Et;j

TRANSMITTER CLOCK AND DATA

treD

W

Tall (1= MOOE} ‘

}"‘n"

IRV AVA VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVA VAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAVAR
it

TaDATA X
RECEIVER CLOCK AND DATA
1Ax BAUD COUNTER STARTS HERE]}
A% DATA _\L/ START 1T / DATA BIY X oatasit
oo
tmrwe
RxC {1x MODE} § \
the :fo"l;gf” e 18 A PERODS {185 MODE) ——
2 e wooe VVAAANAVVVAANAMANN
N, S T welfa1t,,
INT SAMPLING ’1
PULSE e
-] }¢_ t

WRITE DATA CYCLE (CPU — USART)

TaROY / \l

! ITARDY CLEAR

tww«-],

W
o— 1DW —y ™0
: NT
DATAIN (DB} DONTCARE {"o'l; TASTARE ) DON'T CARE
7
L

cB Red WA | e
= tAw WA

READ DATA CYCLE (CPU «— USART)

Y 2

IRxADY CLEAR

L
1of
A
DATA OUT (D8} DATS FLOAT { DATAOUT ACTIvE ) DATAFLOAY
" "u"!
oo —
™ ™
a
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WAVEFORMS (Continued)

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU — USART)

oTR, ATS
INGTE =1} X

}-—ch-i

;- L &ln

)
F.—-— oW -—= -—»1 wWp
DATA IN [D.B.) i }_,._.___.

wr

READ CONTROL OR INPUT PORT (CPU « USART)

OSA. CT§
INOTE 22 |
o - 1CR ﬁi
fe—— AN _._,1
-
Ay
—|-‘ IQ-A tRO —e] tn— 1Df
DATA OUT ]
Da) L—.__—:)
—-.i AR f— —ei A i«-—
2] 7 k)

NOTE #1: T, INCLUDES THE RESPONSE TIMING OF A CONTROL BYTE,
NOTE =2- Y., INCLUDES THE EFFECT OF CTS ON THE TxENBL CIRCUITRY.

TRANSMITTER CONTROL AND FLAG TIMING {(ASYNC MODE)

Fa i \ 4 —
CTREMPTY —er t._ —
TREMPTY T § - 3
Tx AEADY
(STATUS BIT) 3 3 Y f
TTXRDY =
Tx READY : / 4 N HL
PINY fg !
WeDATA 1 WiDATAZ We DATA D wrDATA 4
55 S Y B e an Y I S 7™
Wr TuEn 1 Wr SBAX
w AN LS AN

DATACHAR 1 DATA CMAR Z DATA CHAR 3 C-NFfAD
- DATACHARA
=t -
3 =S
- &
25 3
EXAMPLE FORMAT = 7 8/T CHARACTER WITH PARITY & 2 STOP BITS, 5 5 4
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WAVEFORMS (Continued)

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE)

salae pETICT

Fihumng LANOR

sratus il
Dvll:'wlﬂrl
L7t s cranz
LN "14 - o
nuvas
ce T Y Is T 1\
-t = ean o
LS s
wi | ¥ v li
noata s
iACEART  GAlTHART  DATACRAY N -
TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE)
553 K\
- \ —

sTaTOERT, t {_‘ k_.{
- A W iy W G !

W COMMAND
SARK

co \ L AL i A [

WiDATR Wi DATA W DATA wr BAYA
CHAR ¢ CHAR D CHAR 3 CHaR &
1

Wi COMMAND. W OATA
["L1] CHan &

ATA pata ORTA

MARKING | SPACING | MARKING

EXAMPLE FORMAT =3 BIT CHARACTIN WIYWAARITY 2 SYMC CHARACTERS

SVNC Ya OATA SYNC
MARKING STATE CHAR 1 CHAR 2 CHAR ¥ SYNC CHAR 2 [ eale ] CHAR 4 SYAYE SV1ATE STAtE CHAR & CHaR L
TeoATA B0000008000000000800002000000800000 MO E808000008000

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE)

SET SYNC DEY

NOTE 5 IMTERNAL SYNC 7 5YNC CHARACTERS § BITS, WiITH PARITY
MOTE 7 [XTERMAL STNC. S 8ITS WITH PARITY

EXIT HUNT MODE
SET SVMDET (STATUS AIT]

SYNDET S r‘
NI ROTE 1 \ uorzt ,’
5 —e] I.-— S
-
SYNDEY R8I \
Koty foxvaceanz gy
ERAON ($ B} e
4
Ax ADY (FIN) {
AdSTATUS Wt ERA Ast Rd 3TATUS
o i STATUS
e \ e L[}
Rukn Rd OATA R4 OATA Rd DATA
CHAR CHAR 3
4
“ \ v/
“ ! N
oONT Syec SYNC GATA DATA DATA SYNG CATA DATA
came CHAR Y CHAR 2 CHAR 1 CHAR 7 CHAR Y CHAR T | BYMCCHAR 2| DONT CARE Crean 1 CHAR 2 €ve
N DATA 000000030008 00D0BCADLO0LOEOuO0OO0uCaRNALO0O0BLDRS00EL0008000:100000:
CHAR ASAY BEGINS cuan
— 7 WCINS
e Tr
4 oxrm nuwr wone !

AT SYWOLT (STATUR MIT)
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PROGRAMMABLE INTERVAL TIMER

s MCS-85™ Compatible 8253-5

s 3 Independent 18-Bit Counters

s DC

to 2 MHz

n Programmable Counter Modes

s Count Binary or BCD

a Single + 5V Supply

u 24-Pin Dual In-Line Package

The Intel®* 8253 is a prograinmabla counter/timer chip designed for use as an Intel microcomputer peripheral. it uses
nMOS technology with a single +5V supply and is packaged in a 24-pin plastic DIP.

It is organized as 3 independent 16-bit counters, each with a count rate of up to 2 MHz. All modes of operation are soft-
ware programmable.

At
Q, 0, Qr [

DATA
BUS
BUFFER

0

RD —mmen—

WR ———e ()

L —

A, e —]

READ/

€8 —

WRITE
LOGIC
T ]
—
/\—.
N—

CONTROL
WORD
AEGISTER

COUNTER
=0

—— CLKD

p#———~ GATE D

}———=0uT 0

|

COUNTER

fe——— CLK 3

pa-—— GATE 1

o DUT 1

| ]

COUNTER
=2

po-——— CLK 2

po—— GATE 2

= ouT 2

INTERNAL BUS /

N

Figure 1. Block Diagram

0,{J1 B 24 v,
0,z 23 [JwR
% ) 2D
p,]s 28
043 s wa,
o,{Je 8253 13[4,
o037 otk 2
Rak 17 Jour 2
cikal} e 16 JoATEZ
oute(J 0 16 ek s
gare ¢ 1 14 [JeATE 1
aNo(] 12 12 outy

Figure 2. Pin Configuration
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FUNCTIONAL DESCRIPTION AD, A1

Qeneral

The B253 is a programmable intervai timer/counter
specifically designed for use with the intel™ Micro-
computer systems. Its function is that of a general
purpose, multi-timing element that can be treated as an
array of 1/O ports in the system software.

The 8253 solves one o1 the most common problems in any
microcomputer system, the generation of accurate time
deiays under software control. Instead of setting up timing
loops in systems software, the programmer configures the
8253 to match his requirements, initializes ong of the
counters of the 8253 with the desired guantity, than upon
command the 8253 will count out the dsiay and interrupt
the CPU when it has compisted its tasks. It is easy to see
that the software overhead is minimal and that multiple
delays can aasily be maintained by assignment of pricrity
lavels.

Other counter/timer functions that are non-delay in
nature but also commaon to most microcomputers can be
implemented with the 8253,
® Programmable Rate Generator
Event Counter
Binary Rate Multiptier
Real Time Clock
Digital One-Shot
Complex Motor Controlier

Data Bus Buffer

This 3-state, bi-directional, 8-bit buffer is usedtointerfacs
the 8253 to the system data bus. Data is transmitied or
received by the butfer upon execution of INput or OUTput
CPU inatructions. The Data Bus Butfer has three basic
functions.

1. Programming the MODES of the 8253.

2. Loading the count registers.
3. Reading the count values.

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn generates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation c&n occur to change the function unless the
device has been selected by the system logic.

RD (Read)
A “tow"” on this input informs the 8253 that the CPU is
inputting data in the form of a counters vaiue,

WR (Write)
A “low"” on this input informs the 8253 that the CPU is

outputting data in the form of mode information or loading
counters.

These inputs are normally connected to the address bus,
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selection.

TS (Chip Select)

A “low” on this input enables the B253. No reading or
writing will cccur unless the device is selected. The CS
input has no effect upon the actual operation of the
counters.

e CLK 0
<:> couzrsn e aTED
j-—0uT 0
gy
Ab L ¢
-y —— CLK 1
COUNTER
#1 —— GATE 1
f—0ouT1
le—cLx 2
CONTROL
WORD K < ) oou;;‘r:a ja—— GATE 2
REGISTER INCT
—0UT 2
INTERNAL BUS / N

Figure 3. Block Diagram Showing Data Bus Buffer and
Read/Write Logic Functions

CS |RD | WR | A, | Ap

0 1 o] 0 0 Load Counter No. 0
0 1 0 0 1 Load Counter No, 1
0 1 0 1 0 Load Counter No. 2
0 1 0 1 1 | Write Mode Word

0 0 1 0 0 Read Counter No. 0
0 0 1 0 1 Read Counter No. 1
0 0 1 1 0 Read Counter No. 2
1} 0 1 1 1 No-Operation 3-State
1 X X X X Disable 3-State

0 1 1 X X No-Operation 3-State
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Control Word Reglster

The Control Word Register is seiected when A(, A1are 11.
It then accepts information from the data bus buffer and
stores it in a register. The information stored in this
register controls the operational MCDE of each counter,
selection of binary or BCD counting and the loading of
each count register.

The Control Word Register can only be written into; no
raad operation of its contents is available.

Counter #0, Counter #1, Counter #2

These three functiona! blocks are identical in operation so
only a single Counter will be described. Each Counter
consists of a single, 16-bit, pre-settable, DOWN counter.
The counter can operate in either binary or BCD and its
input, gate and output are configured by the selection of
MODES stored in the Control Word Register.

The counters are fully independent and aach can have
separate Mode configuration and counting operation,
binary or BCD. Aiso, there are special features in the
control word that handle the loading of the count value so
that software overhead can be minimized for these
functions.

The reading of the contents of each counter is available to
the programmer with simple READ operations for event
counting apptications and special commands and logic
are included in the 8253 so that the contents of each
counter can be read “on the fly" without having to inhibit
the clock input.

8253 SYSTEM INTERFACE

The 8253 is a componant of the Intel™ Microcomputer
Systems and interiaces in the same manner as all other
peripherals of the family. It is treated by the systems
software as an array of peripheral I/O ports; three are
counters and the fourth is a controt register for MODE
programming.

Basically, the select inputs AQ, A1 connect to the AD, A1
address bus signals of the CPU. The CS can be derived
directly from the address bus using a linear select method.
Or it can be connected to the cutput of a decoder, such as
an Intel® B205 for larger systems.

Dy- OATA
oo BUS
BUFFER

o
WA — =
READ/

GATE

ouT Y

CLK 2

GATE 2

ouT 2

INTERNAL BUS /

Figure 4. Block Diagram Showing Control Word
Register and Counter Functions

{ ADDRESS BUS {16} )
A (% I

§ CONTROL 8US ¢
] =

§ UATA BUS [8) 3

A, A 0y0, WR
8253
COUNTER COUNTER COUNTER
1 2

1 1 i
fout cate cuk | TouT cate cuk' ouT GATE CLk

HERN

Figure 5, 8253 Syatem Interface
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M — MODE:

OPERATIONAL DESCRIPT

ION M2 M1 MO
General 0 0 0 Mode 0
The complete functional definition of the 8253 is 0 0 1 Mode 1
programmed by the systems software. A 'se_t‘ of controi X 1 0 | Mode 2
words must be sent out by the CPU to initialize each
counter of the 8253 with the desired MODE and quantity X {1 ] 1} Mode3
information. Prior to initiatization, the MODE, count, and 1 0! 01 Medea
output of all counters I8 undefined. These control words
program the MODE, Loading sequence and selection of 1 0 ! | Mode5
binary or BCD counting,
Once programmed, the 8253 is ready to perform whatever BCD:
timing tasks it is assigned to accomplish.
The actual counting operation of sach counter is 0 Binary Counter 18-bits
completely independent and additional logic is provided - -
on-chip so that the usual problems associated with 1 Binary Coded Decimal {BCD) Counter
efficient monitoring and management of external, {4 Decades)

asynchronous events or rates to the microcomputer
system have been eliminated.
Programming the 8253

All of the MODES tor each counter are programmed by the
systems software by simple /O operations.

Each counter of the B253 is individually programmed by
writing a control word into the Control Word Register,
(AD, A1 =11)

Control Word Format
D, Dg Ds Dg D3 D2 Dy

[sct | sco|ru1 [ Rrio [M2] w1 [ moj :gowl

Definition of Control
SC — Select Counter:

sC1 sCo
0 0 Select Counter 0
0 1 Select Counter 1
1 0 Select Counter 2
1 1 (llegal

RL — Read/Load:

RL1 RLO
0 0

Counter Latching operation {see
READ/WRITE Procedure Section}

0 Read/Load most significant byte only.

0 1 Read/Load least significant byte only.

Read/Load least significant byte first,
then most significant byte.

Counter Loading

The count register is not loaded until the count value is
written {one or two bytes, depending on the mode
selected by the RL bits), followed by a rising edge and a
talling edge of the clock. Any read of the counter prior to
that failing clock edge may yleld invatid data.

MODE Definition

MODE 0: Interrupt on Terminal Count. The output wili
be initially low after the mode set operation. After the
count is loaded into the selected count reglster, the out-
put will remain low and the counter will count. When ter-
minal count is reached the output will go high and re-
main high unti) the seiected count register is reloaded
with the mode or a new count is loaded. The countsr
continues to decrement after terminal count has bean
reached.

Rewriting a counter register during counting resuits in
the following;

{1) Write 1st byte stops the current counting.
(2) Write 2nd byte starts the new count.

MODE 1: Programmable One-Shot. The output will go
low on the count following the rising edge of the gate in-
put.

The cutput will go high on the terminal count. If a new
count value is loaded while the output is low it will not
affect the duration of the one-shot pulse until the suc-
ceeding trigger. The current count can be read at any
time without affecting the one-shot puise,

The one-shot is retriggerable, hance the output will re-
main (ow for the full count after any rising edge of the
gate input.

8-62 AFN-00T458
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MODE 2: Rate Generator. Divide by N counter. The out-
put will be low for one peried of the input clock. The
period from one output pulse to the next equals the
number of tnput counts in the count register. If the
count register Is reloaded between output puises the
present period will not be affected, but the subsequent
period will reflect the new value.

The gate input, when low, will force the output high.
When the gate input goes high, the counter will start
from the initial count. Thus, the gate input can be used
to synchronize the counter.

When this mode is set, the output will remain high untit
after the count register is loaded. The output then can
also be synchronized by software.

MODE 3: Square Wave Rate Generator.Similar to MODE
2 except that the output will remain high until one half
the count has been completed (for even numbers) and
go low for the other half of the count. This is accom-
plished by decrementing the counter by two on the fall-
ing edge of each clock pulse. When the counter reaches
terminal count, the state of the output is changed and
the counter is reloaded with the full count and the whole
process is repeated.

If the count is odd and the output is high, the first clock
pulse {(after the count is loaded) decrements the count
by 1. Subsequent clock pulses decrement the clock by
2, Atter timeout, the output goes low and the full count
is reloaded. The first clock pulse (following the relcad)
decrements the counter by 3. Subsequent clock pulses
decrement the count by 2 until timeout. Then the whole
process is repeated. In this way, if the count is odd, the
output will be high for (N+ 142 counts and low for
(N~ 1)/2 counts.

MODE 4: Software Triggered Strobe. After the mode is
set, the output will be high. When the count is loaded,
the counter witl begin counting. On terminal count, the
output will go low for one input clock period, then will
go high again.

if the count register is reloaded between output pulses,
counting will continue from the new vatue. The count
will be inhibited while the gate input is low. Reloading
the counter register will restart counting beginning with
the new number.

MODE 5: Hardware Triggered Strobe. The counter wilt
start counting after the rising edge of the trigger input
and will go low for one clock period when the terminal
count is reached. The counter s retriggerable. The cut-
put will not go low until the full count after the rising
edge of any trigger.

Signal Low
Status Or Going
Modes Low Rising High
¢ Disables —— Enables
counting counting
1 - 1} Initiates ——
counbng
21 Resets output
after next clock
2 1
1} Disables 1) Reloads
counting Enables
2) Sets outpul counter counting
2) Initlates
immediately | counti
high unting
3 1) Disables
couniing (nitrates Enables
2} Sets output counting counting
wmmediately
high
q Disables —— Enables
counting counting
5 _— Initiates —_
counting

Figure 6. Gate Pin Operations Summary
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MODE 0: Interrupt on Terminal Count

;

wEn | I 1 \
]
4 3 2 1
OUTPUT {INTERRUPT) 1
ine 4 fe—f—n—=
|
' '
m T} I '
)
| 1
QATE 1 o
8 4 3 2 1 0
DUTPUT (INTERRUPY) ! ] I
(me=5) — [sirp——
A B
A+B=m

MODE 1: Programmable One-Shot

cock MMM
el

TRIGGER
4 3 2 1 0©

OUTPUT _——-L__—'———.——-——

n=48)

TRIGOER I~ 1 I
4 3 2 & 3 2 310
QUTPUT 1

MODE 2. Rate Generator

cwock _MUrunrnnunnnmruun.

W n o 4 02
ouTeuT 4 1 2 5 0 ) 2 1 o2 Vo0
u L LT
[1n]) 3 2 1 62 Y 0Nt
DUTPUT (n = 3) b I I g
RESET 1 I

MODE 3: Square Wave Generator

4 2 4 2 4 2 4 2 4 2 & 2 4

ouTPuT n=é __ [ | 1 1 =
5 4 2 S 2 % 4 2 5 2 6 4 2
oUTPUT (= 8y __ [ 1 I 1 J

MODE 4: Scoltware Triggerad Strobe

W 1n=-¢ ]
4 3 2 1 0
QUTPUT | e §
LOAD n n=4
GATE 1 ]
4 4 3 2 1 0
OouTPUT Lt

MODE 5: Hardware Triggered Strobe

GATE I
4 3 2 1 0O
OUTPUT (n = 4} | I |

GATE l i |

OUTPUT in= #) L

Figure 7. 8253 Timing Diagrams
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8253 READ/WRITE PROCEDURE
Write Operations

The systems sottware must program each counter of the
8253 with the mode and quantity desired. The program-
mer must write out to the 8253 a MODE control word and
the programmed number of count register bytes (1t or 2)
prior to actually using the selected counter.

The actuai order of the programming is quite flexible.
Writing out of the MODE control word can be in any
sequence of counter selection, e.g., counter #0 does not
have to be first or counter #2 last. Each counter's MODE
control word register has a separate address so that its
loading is completely sequence independent. {SCQ, SC1)

The loading of the Count Register with the actual count
value, however, must be done in exactly the sequence
programmed in the MODE control word (RLO, RL1). This
loading ot the counter's count register is still sequence
independent like the MODE c¢ontrol word {oading, but
when a selected count register is to be foaded it must be
lpaded with the number of bytes programmed in the
MQDE control word {RLO, RL1). The one or two bytes to
be loaded in the count register do not have to follow the
associated MODE control word. They can be programmed
at any time following the MODE control word toading as
long as the correct number of bytes is loaded in order.

All counters are down counters. Thus, the value loaded
into the count register will actually be decremented.
Loading all zeroes into & count register wil result in the
maximum count (2'¢ for Binary or 10*for BCD). In MODE 0
the new count will not restart until the load has been
completed. It will accept one of two bytes depending on
how the MODE control words {RLO, RL1) are program-
med. Then proceed with the restart operation.

MODE Control Word
Counter n

Count Register byte
Counter n

LS8

Count Register byte

MsB Counter n

Note: Farmat shown is a simple example of loading the 8253 and
does not imply that it is the only format that can be used.

8-65

Figure 8. Programming Format

Al | AO
MODE Control Word
No. 1 Counter ¢ ! 1
No. 2 MODE Control Word 1 1
Counter 1
MODE Controt Word
No. 3 Counter 2 ! !
No. 4 | LSB Count Register Byte o 1
Counter 1
Count Register Byte 0 1
No.5 | MSB Counter 1
Count Register Byte
No.6 { LSB Counter 2 1 0
Count Register Byte
No.7 | MSB Counter 2 1 0
Count Register Byte
No,
0.8 | LSB Counter 0 0 0
Count Register Byte
No.
o9 | MSB Counter 0 0 0

Note: The exclusive addresses of each counter’s caunt register make
the task of programming the 8262 a vary simple matter, and
maximum effsctive use of the device will result if this feature
is fulty utilized,

Figure 9. Alternate Programming Formals
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Read Operations

in most counter applications it becomes necessary to read
the value of the count in progress and make a
compulational decision based on this quantity. Event
counfers are probably the most common application that
uses this function. The 8253 contains logic that will allow
the programmer to easily read the contents of any of the
three counters without disturbing the actual count in
progress.

There are two methods that the programmer can use to
read the value of the counters. The first method involves
the use of simple 1/O read operations of the selected
counter. By controiling the A0, A1inputs to the 8253 the
programmer can select the counter to be read (remember
that no read operation of the mode register is allowed AQ.
A1-11). The only requirement with this methed is that in
order to assure a stable count reading the actual operation
of the selected counter musl be inhibited either by
controlling the Gate inpul or by external logic thatinhibits
the clock input. The contents of the counter selected will
be available as follows:

first 1/O Read contains the least significant byte {LSB}.

second 1/O Read contains the most significant byte
{MSB).

Due to the internal logic of the 8253 it is absolutely
necessary to complete the entire reading procedure. If two
bytes are programmed 10 be read then two bytes must be
read before any loading WR command can be sent tc the
same counter,

Read Operation Chart

Al AD RD
0 0 0 Read Counter No. 0
0 1 0 Read Counter No. 1
1 0 (1] Read Counter No. 2
1 1 0 fitegal

Reading While Counting

In arder for the programmer to read the contents of any
counier without effecting or disturbing the counting
operation the 8253 has special internal logic that can be
accessed using simple WR commands to the MODE
register. Basically, when the programmer wishes 1o read
the contents of a selected counter "on the fly” he loads the
MODE register with a special code which latches the
present count value into a storage register so that its
contents contain an accurate, stable quantity. The
programmer then issues a normal read command to the
selected counter and the contents of the latched register is
avaitable.

MODE Register for Latching Count

A0, A1 = 11
D7 D6 DS | D4 | D3 | D2 | D1 | DO
5C1 5Co 0 0 X X X X

SC1,SC0— specify counter to be latched.
D504
X

The same timitation applies to this mode of reading the
counter as the previous method. That is, it is mandatory

to complete the entire read operation as programmed.
This command has no effect on the counter's mode.

— 00 designates counter latching operation.
— don't care.

3MHz
CLK

* 1.5MHz

CLK

8085

*If an 8085 clock output is to drive an 8253-5 clock input, it must be reduced to 2 MHz or less.

82535

Figure 10. MCS-85™ Clock Interface*
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ABSGCLUTE MAXIMUM RATINGS*

Ambient Temperature {nder Bias .. 0°Cto70°C
Storage Temperature ......... —-65°Cto+150°C
Volitage On Any Pin

With RespecttoGround  ............ .. -0.5Vto+7V
Power Dissipation ................ ....... ... 1 Watt

*NOTICE: Stresses above those listed under “Absolute
Maximum Ratings” may cause permanent damage to the
device. This is a stress rating only and functional opera-
tion of the device at these or any other conditions above
those indicated in the operational sections of this
specitication is not implied. Exposure to absolute maxi-
mum rating conditions for extended periods may affect
device reliability.

D.C. CHARACTERISTICS (T4 = 0°C to 70°C, Voo = 5V +10%)

Symbol Parametear Min. Max. Unit Test Conditions
Vi Input Low Voitage 0.5 0.8 A
ViH Input High Voltage 2.2 Vee+.5V \
VoL Output Low Voltage 0.45 \'2 Note 1
Vo Output High Voltage 24 \ Note 2
i Input Load Current 10 MA ViN = Ve to OV
loFL Output Float Leakage +10 LA Vout = Veg te OV
bee Vee Supply Current 140 mA
CAPACITANCE (14 = 25°C, Voo = GND = OV)

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

CiN Input Capacitance 10 pF fc=1MHz

Cijo 1/0 Capacitance 20 pF Unmeasured pins returned to Vgg

A.C. CHARACTERISTICS (T4 = 0°C to 70°C, Vo = 5.0V 5%, GND = QV)

Bus Parameters (Note 3)

READ CYCLE
8253 82635
Symbotl Parameter Min. Max. Min. Max. Unit
tAR Address Stable Betore READ 50 30 ns
tRA Address Hold Time for READ 5 5 ns
tRR READ Pulse Width 400 300 ns
tRD Data Delay Fram READ[4] 300 200 ns
toF READ to Data Floating 25 125 25 100 ns
tay Recovery Time Between_ READ 1 1 ;:s o
and Any Other Control Signai
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A.C. CHARACTERISTICS (Continued)

WRITE CYCLE
8253 82535
Symbol Parameter Min. Max. Min. Max. Unit
AW Address Stable Before WRITE 50 30 ns
twA Address Hold Time for WRITE 3o 30 ns
YW WRITE Pulse Width 400 300 ns
tow Data Set Up Time for WRITE 300 250 ns
twp Data Hold Time for WRITE 40 0 ns
tRv Recovery Time Between WRITE 1 1 Hs
and Any Other Control Signal
CLOCK AND GATE TIMING
8253 82635
Symbol Parameter Min. Max. Min. Max. Unit
tolk Clock Period 380 de 380 de ns
towH High Pulse Width 230 230 ns
tpwe Low Pulse Width 180 150 ns
tow Gate Width High 150 160 ns
tGL Gate Width Low 100 100 ns
tas Gate Set Up Time to CLK? 100 100 ns
tGH Gate Hold Time After CLK® 50 50 ns
top Qutput Delay From CLK{[4] 400 400 ns
toDG Output Defay From Gate! (4] 300 300 ns
NOTES:
1. lgL = 2.2 mA.

2. Ign = —400 uA.
3. AC timings measured at Vo 2.2, Vo = 0.8.
4. G| =~ 150pF.

A.C. TESTING INPUT, OUTPUT WAVEFORM

A.C. TESTING LOAD CIRCUIT

2.4

28 20
> TEST POINTS <:
03 os

AC TESTING: INPUTS ARE DRIVEN AT 2 4V FOR A LOGIC '1° AND 0.45¥ FOR
ALOGIC 0 TIMING MEASUREMENTS ARE MADE AT 20V FOR & LOGIC 17
AND 08V FOR A LOGIC 0.
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C( INCLUDES JIG CAPACITANCE
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WAVEFORMS
WRITE TIMING READ TIMING
L
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Ly !
CLOCK AND GATE TIMING
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