
1....0. INPUT-OUTPUT-BOARD 

GENERAL INFORMATION 

The Nabu input/output board AIO-1100 provides two serial 
input/output ports, one parallel output port, and six programm­
able 16 bit timers. The board is S-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 
communication 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 latch1 which can be easily 
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 configured 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 polling through software interrogation loops. However, the 
I/O 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 ana 
framing error detection. As well, there is a choice of 1, 1 1/2, 
or 2 sto~its__!!.__ith false start bit detection, and modem cont~ol 
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 Jl 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 signal from the 
NEC printer to CTS of U3, no communication protocol is needed. 
However, if an 8251A is usecl in U3, a problem of repeating 
characters will occur whenev~r 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 Port Mdress 
---------------------------------------- -------------------------
Console J2 U6 status register 82H 

--------------------------
Data register 83H 

------------------·--------------------- -------------------------
List Jl U3 Status register 80H 

----------~--------------
Data register 811-1 

-----------------------------------------~-------------------------

The two 26-pin header strips (Jl and J2) are connected 
through two ribboP cahleR t0 the RS-2~JC connectors Jocatea on 
the back of the system. The connPctor asRnciated with Jl is 
located above that associated with J2. 



The pins are assigned as follows: 

Jl or J2 Pin Number Pin Name Data Direction 
-------------------------- ----------------- -----------------

2 
3 
4 
5 
6 
7 

20 

RXD 
TXD 
ffi 
RT"§ 

DTR 
GND 
DSR 

Input 
Output 
Input 
Output 
Output 

Input 

The pin numbers of the rear panel DB connector are the same 
as those for Jl 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 ffi active. 

Jumpers JP-5 through JP-8 (on pins 6, 5, 4 and 20 
respectively on connector Jl) 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 

DO 
Dl 
D2 
D3 
D4 
05 
06 
DATA STROBE 
BUSY 
GND 

JJ·•-pin · Number centronics--Printer~Ptn-- t 

1 ----------------------> 2 
2 ----------------------> 3 
3 ----------------------> 4 
4 ----------------------> 5 
5 ----------------------> 6 
6 ----------------------> 7 
7 ----------------------> 8 
8 ----------------------> 1 
9 <--------------------- 11 

22 <---------------------)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. 

Programmable Timers 

Six programmable 16-bit counters are available from the two 
PIT's (Ul8 and U20). Two 16-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: 

counter Address Function 
-----------------------------------------------------------------

U20 

0 
1 
2 
Control register 

84H ] 85H 
86H 
87H 

Available to 
the user 

-----------------------------------------------------------------

Ul8 

0 
1 
2 
Control register 

88H 
89H 
BAH 
8BH 

Clock for List PCI 
Clock for console PCI 

-----------------------------------------------------------------

For the timers used as baud rate generators, the following 
table relates the programmed count to the generated baud rate: 

Programmed count -----------------------------------------------
110 
300 
600 

1200 
2400 
4800 
9600 

1136H 
0417H 
0208H 
0104H 
0052H 
0026H 
0013H 

-----------------------------------------------
NOTE: The PIT must be programmed for mode 3 operation witn 

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 A4 
o o AS 
o o A6 
0--------------0 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/O 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 l0H for future 
expansion to a multi-user system. Thus, the standard board is 
shipped with interrupt jumpers installed, as shown: 

0--------------0 A7 0--------------0 A6 0--------------0 AS 
o o A4 
0--------------0 A3 0--------------0 A2 0--------------0 Al 0--------------0 EI 

NOTES: 1) Interrupt vector setting: without jumper means logic 
one. 

2) AO 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 0 0 0 0 

1/. 2 0 0 0 0 

:: 1 0 0 0 0 

0 0 0 0 

~ 



The equivalent block diagram is: 

Counter Counter Counter Counter 

2 MHz ------{--~--J-----{--;_---,J _____ _r- -~-----J, ____ ;--;--] 
----- ------ L ----- L ____ _ 

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. 



~ AI0-1100 INPUT/OUTPUT BOARD 
PARTS I.1fil'. 

Integrated circuits: 

Ul, U4 
U2, us 
U3 

U6 

U7, Ul2 

us, U9 

Ul0, Ull 
Ul3-Ul6, U29 
Ul7, U26 
Ul8, U20 
Ul9, U27-U28, 
U31-U33 
U21, U25 
U22 

U23 

U24 
U30 

U34 
U35 
U36, U37 

capacitors; 

Cl, C5-Cl0 
C2-C4, Cll-Cl4 

Resistors; 

Rl-R5 
R6, R7 
RNl, RN2 
RN3 

Quantity 

14 
7 
4 
4 

1488 
1489 
8251 

8251A 

74LS244 

74LS38 

7 4LS273 
74LS00 
74LS04 
8253 

74LS367 
74LS32 
74LS136 

74LS139 

74LS10 
74LS74 

7812 
7912 
7805 

RS232 hex driver 
RS232 hex receiver 
Intel programmable communication 
interface 
Intel programmable communication 
interface (improved version) 
Octal buffer/line-driver with 
3-state outputs 
Quadruple 2-input positive-NANO 
buffer with open-collector outputs 
Octal D-type flip-flop 
Quadruple 2-input NAND 
Hex inverter 
Intel programmable interval timer 

Hex bus driver 
Quadruple 2-input OR 
Quad exclusive-OR with open-collector 
outputs 
Dual 2-to-4-line decoder/demulti­
plexer 
Triple 3-input NAND 
Dual D-type positive-edge-triggered 
flip-flop with preset and clear 
12 V positive voltage regulator 
12 V negative voltage regulator 
5 V positive voltage regulator 

10 ~F 35 v tantalum electrolytic 
0 .1 ,uF 

3.3 kl\. 
1 k.J\. 
3.3 kJ\. 
1 k A 

Description 

14 pin IC socket 
16 pin IC socket 
20 pin IC socket 
28 pin IC socket 



ouantity 

1 
1 
3 
4 
6 
6 
1 

Description 

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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8251A/S2657 
PROGRAMMABLE COMMUNICATION INTERFACE 

• Synchronous and Asynchronous 
Operation 

• Synchronous 5-8 Bit Characters; 
Internal or External Character Synchro­
nization; Automatic Sync Insertion 

• Asynchronous 5-8 Bit Characters; 
Clock Rate-1, 16 or 64 Times Baud 
Rate; Break Character Generation; 1, 
1 ½, or 2 Stop Bits; False Start BU 
Detection; Automatic Break Detect 
and Handling 

• Synchronous Baud Rate - DC to 64K 
Baud 

• Asynchronous Baud Rate - DC to 
19.2K Baud 

• Full Duplex, Double Buffered, Trans­
mitter and Receiver 

• Error Detection - Parity, Overrun and 
Framing 

• Fully Compatible with 8080/8085 CPU 

• 28-Pin DIP Package 

• All Inputs and Outputs are TTL 
Compatible 

• Single + 5V Supply 

• Single TTL Clock 
The mtel® 8251A is the enhanced version of the industry standard, Intel® 8251 Universal Synchronous/Asynchronous 
ReceiverfTransmitter (USART), designed for data communications with Intel'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 virtually any serial data transmission technique presently in use (including IBM "bi·sync"). The USART accepts 
data characters from the CPU in parallel format and then converts them into a continuous serial data stream for 
transmission. Simultaneously, it can receive serial data streams and convert them into parallel data characters for the 
CPU. The USART will signal the CPU whenever it can accept a new character for transmission or whenever it has 
received a character tor the CPU. The CPU can read the complete status of the USART at any time. These Include data 
transmission errors and control signals such as SYNDET, TxEMPTY. The chip is constructed using N-channel silicon 
gate technology. 
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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 Intel micropro­
cessors that includes the new 8085 CPU and main­
tains compatibility with the 8251. Familiarization 
time is minimal because of compatibility and 
involves only knowing the additional features and 
enhancements, and reviewing the AC and DC speci­
fications of the 8251A. 

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

• 8251A has double-buffered data paths with 
separate 1/0 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. 

• 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 SBR K is programmed. 

11-44 

• 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 it1elf 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 8251 A 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 Intel's new industry 
standard, the MCS-85. 

,t,F~1573B 
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FUNCTIONAL DESCRIPTION 

General 

The 8251A is a Universal Synchronous/Asynchronous Re­
ceiver/Transmitter designed specifically for the 80/85 Micro­
computer Systems. Like other 1/0 devices in a Microcom­
puter System, its functional configuration is programmed 
by the system's software for maximum flexibility. The 
8251A can support virtually any serial data technique cur­
rently in use (including IBM "bi-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 
unique 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 OUTput 
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 8-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. It 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 RESET pulse width is 
6 tcv (clock must be runningl. 

CLK (Clock) 

The CLK input is used to generate internal device timing 
and is normally connected to the Phase 2 (TTLI 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 8251 A that the CPU is 
reading data or status information from the 8251A. 

8-45 

C/0 (Control/Data) 
This input, in conjunction with the WR and RD inputs, 
informs the 8251 A that the word on the Data Bus is either 
a data character, control word or status information. 
1 = CONTROL/STATUS O = DATA 

CS (Chip Select) 

A ''low" on this input selects the 8251A. No reading or 
writing will occur unless the device is selected. When CS is 
high, the Data Bus in the float state and Fft5 and WR will 
have no effect on the chip. 

t,s ___ ...., 

MODEM 
CONTROL 

/ 
INTERNAL 
DATA BUS 

TRANSMH 
BUFFER 

IP -Sl 

TRANSMIT 
CONTAOl 

RECl!:IVE 
BUFFER 

!S ·Pl 

RECEIVE 
CONTROL 

r.o 

T:iaROY 

Td,..PTV 

ra 

R•O 

R•:RDV 

R,C 

SVNDET/ 
BRIIOET 

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

C/D RD WR cs 
0 0 1 0 8251A DATA - DATA BUS 
0 1 0 0 DATA BUS -8251A DATA 

0 I 0 STATUS~ DATA BUS 
0 0 DATA BUS- CONTROL 

X 0 DATA BUS- 3•STATE 
X X X DATA eus- 3-STATE 

Modem Control 
The 8251 A has a set of control inputs and outputs that can 
be used to simplify the interface to almost any Modem. The 
Modem control signals are general purpose in nature and 
can be used for functions other than Modem control, if 
necessary. 

AFN~15138 
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DSR (Data Set Ready) 
The DSR input signal is a general purpose, 1-bit inverting 
input port. Its condition can be tested by the CPU using a 
Status Read operation. The ~ input is normally used to 
test Modem conditions such as Data Set Ready. 

DTR (Data Terminal Ready) 
The l5TA 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. 

RTS (Request to Send) 
The ITT 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 Rn 
output signal is normally used for Modem control such as 
Request to Send. 

CTS (Clear to Send) 
A "low" on this input enables the 8251 A to transmit 
serial data if the Tx Enable bit in the Command byte is 
set to a "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 8251A/ 
52657 if CTS off or Tx Enable off condition occurs before 
the last character written appears in the serial bit stream, 
that character will be transmitted again upon CTS on or Tx 
Enable on condition. 

Transmitter Buffer 
The Transmitter Buffer accepts parallel data from the Data 
Bus Buffer, con1111rts it to a serial bit stream, inserts the 
appropriate characters or bits lbased on the communica­
tion technique) and outputs a composite serial stream of 
data on the TxD output pin on the falling edge of i'xc: 
The transmitter will begin transmission upon being enabled 
if CR' • o; 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 al1G internally to accomplish this 
function. 

TxRDY (Transmitter Ready) 
This output signals the CPU 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 
character is loaded from the CPU. · 

Note that when using the Polled operation, the TxROY 
status bit is not masked by Tx Enabled, but will only 
indicate the Empty/Full Status of the Tx Data Input 
Register. 
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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 
enabled. T>cEMPTY 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-duple>ced operational mode. 

In SYNChronous mode, a "high" on this output indicates 
that a character has not been loaded and the SYNC charac­
ter or characters are about to be or are being transmitted 
automatically as "fillers". TxEMPTY does not go low 
when the SYNC characters are being shifted out. 

DAT11 
BUS 

BUFFER 

/ 
I .. TERNAL 
DATA BUS 

RECE~VE 
CO,_TAOL 

r.o 

A• :FIDY 

liic 

SVNOET/ 
BAKDET 

Figure 4. 8251A Block Diagram Showing Modem 
and Tran•mltter Buffer and Control 
Functions 

TxC (Transmitter Clock) 
Tha Transmitter Clock controls the rate at which the char­
acter is to be transmitted. In the Synchronous transmission 
mode, the Baud Rate l1xl is equal to the TxC frequency. 
In Asynchronous transmission mode the baud rate is e 
fraction of the actual Tice frequency. A portion of the 
mode instruction selects this factor; it can be 1, 1/16 or 
1/64 the TxC. 

For Example: 

If Baud Rate equals 110 Baud, 
Tic equals 110 Hz (1x} 
TxC equals 1.76 kHz (16xl 
Tic equals 7.04 kHz (64xl. 

The falling edge of T,cC shifts the serial data out of the 
8251A. 
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Receiver Buffer 

The Receiver accepts serial data, converts this serial input 
to parallel format. checks for bits or characters that are 
unique to the communication technique and sends an 
"assembled" character to the CPU. Serial dc1ta 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 8251 A from 
mistaking an unused input line tor 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 bitl 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 riominal 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 
absent 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 ROY 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 holds RxROY 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 
RxRDY, the Receiver must be enabled and a character 
must finish assembly and be transferred to the Data Output 
Register. 

Failure to read the received character from the Rx Data 
Output 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 
being read by the CPU when the internal transfer is occur­
ring, overrun error will be set and the old character will be 
lost. 

RxC (Receiver Clock) 
The Receiver Clock controls the rate at which the character 
is to be received. In Synchronous Mode, the Baud Rate (1xf 
is equal to the actual frequency of Fixe. In Asynchronous 
Mode, the Baud Rate is a fraction of the actual R xC fre-
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quency, A portion of the mode instruction selects this 
factor; 1, 1 /16 or 1 /64 the Ric. 
For Example: 

Baud Rate equals 300 Baud, if 
RxC equals 300 Hi (lx) 
RxC equals 4800 Hz (16x) 
RxC equals 19.2 kHz {64x). 

Baud Rate equals 2400 Baud, if 
RxC equals 2400 Hz {lxf 
RxC equals 38.4 kHz (16x} 
RxC equals 153.6 kHz (64xl. 

Data is sampled into the 8251A on the rising edge of RxC. 

NOTE: In most communications systems, the B251A will 
be handling both the transmission and reception operations 
of a single link. Consequently, the Receive and Transmit 
Baud Rates will be the same. Both hl and ffxC' will rP.• 

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 Delecl)IBRKDET (Break Detect) 
This pin 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 SYNOET pin will go "high" to indicate that the 8251A 
has located the SYNC character in the Receive mode. If the 
B251A is programmed to use double Sync characters (bi• 
sync}, then SYNDET will go "high" in the middle of the 
iast bit of the second Sync character. SYNDET is auto· 
matically reset upon a Status Read operation. 
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Figure 5. 8251A Block Diagram Showing 
Receiver Buffer and Control Function• 

AFfll.-015738 



8251A/S2857 

When used as an input (external SYNC detect mode). a 
positive going signal wi 11 cause the 8251 A to start assem• 
bl i ng data characters on the rising edge of the next Axe 
Once in SYNC, the "high" input signal can be removed. 
When External SYNC Detect is programmed, the Internal 
SYNC Detect is disabled. 

BREAK DETECT (Async Mode Only) 
This output wi!I go high whenever the rece,~.,r rer.,;,ins 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/S2657, if the RxData returns to a 
"one" state during the last bit of the next character after 
the break, break detect will latch-up, and the device must 
be cleared by a Chip Reset. 

I. . ADDRUS BUS 

Ao 

\ CONTROL BUS 

1/0 R iTc5w RESET ,, 
!TTI.I 

' DAfA BUS 

/';,. 

• 
·,.7 

C/15' cf D7-Da liD WR RESET CLK 

B2S1A 

Figure 6. 8251A Interface to 8080 Standard 
Sy•tem Bus 

DETAILED OPERATION DESCRIPTION 

General 

I 

I 

The complete functional 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 8251A 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 (TxRDYI is reset 
automatically when the CPU writes a character into the 
8251A. On the other hand, the 8251A receives serial data 
from the MODEM or 1/0 device. Upon receiving an entire 
character, the Rx ADV output is raised "high" to signal the 
CPU that the 8251A has a complete character ready for the 
CPU to fetch. RxRDY is reset automatically upon the CPU 
data read operation. 
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The 8251A cannot begin transmission until the Tx Enable 
(Transmitter Enable) bit is set in the Command Instruction 
and it has received a Clear To Send (CTSI input. The TxO 
output will bP. held in the marking state upon Reset. 

Programming the 8251A 
Prior to starting data transmission or reception, the 8251 A 
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 fol· 
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 been written into 
the 8251A by the CPU, SYNC characters or Command In· 
structions may be inserted. 

Command Instruction 
Thi~ ,-,rmat defines a status word that is used to control the 
actual operation of the 8251A. 

Both the Mode and Command Instructions 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 load the Command Instruction. Command 
Instructions 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 automatically places the 
8251 A back into the Mode Instruction format. Command 
Instructions must follow the Mode Instructions or Sync 
characters. 

CID.,. 1 

CID= 1 

CID•' 

C/D • O 

clti •, 

C/0 • 0 

C/0. 1 

, 

MODE INSTRUCTION 

SYNC CHARACTER l 

SYNC CHARACTER Z 

COMMAND INSTRUCf,ON 

DATA 

COMfrlAND •NSTAUCTION 

DATA 

COMMAND INSTRUCTION 

} 
SVNC MODI 

ONLY• 

• Thli.-d.SVNC111:h.-• iillki,..t if MODE•~ 
Ila --1ho8ZS1Atu1i .... .., ... ,., ,....,..SYNC Iii- Bath SYNC ..... ..-... I .... illlllOOE I-•• 
llap- lllo8ZS1Atu ASYNC """'°• 

Figure 7. Typlcal Data Block 
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Mode lnatructlon 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 
8251 A, 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 only after a master chip Reset. For explanation 
purposes the two formats will 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 line 
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 8251A, and will be 
"zeros" when reading the data from the B251A. 

Asynchronoua Mode (Transmlaslon) 

Whenever a data character is sent by the CPU the 8251A 
automatically adds a Start bit (fow level) followed by the 
data bits {least significant bit first). and the programmed 
number of Stop bits to each character. Al so, 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 loaded into the 8251A 
the TxD output remains "high" (marking) unless a Break 
(continuously low) has been programmed. 

Asynchronous Mode (Receive) 

The RxD line is normally 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. 
If parity error occurs, the parity error flag is set. Data and 
parity bits are sampled on the RxD pin with the rising edge 
of Riie. If a low level 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 parallel 1/0 buffer of the 
8251 A. The RxRDY pin is raised to signal the CPU that a 
character is ready to be fetched. If a previous character has 
not been fetched by the CPU, the present character replaces 
it in the 1/0 buffer, and the OVERRUN Error flag is raised 
(thus the previous character is lost). All of the error flags 
can be reset by an Error Reset Instruction. The occurrence 
of any of these errors will not affect the operation of the 
8251A. 
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Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends 
its first character to the 8251A which usually is a SYNC 
character. Wheo 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 115 the T xC. 

Once transmission has started, the data stream at the T xD 
outpul must continue at the TxC rate. If the CPU does not 
prnv:de the 8251 A with a data character before the 8251 A 
Transmitter Buffers become empty, the SYNC characters 
(or character if 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 8251A is 
empty and SYNC characters are being sent out. TxEMPTY 
does not go low when the SYNC is being shifted out (see 
figure be>owl. The TxEMPTY pin is internally reset by a 
data character being written into the 8251 A. 

AUTOMATICALl Y lr-lS~RTED BY USART 

I \ 
r.o ! DATA I DATA I SYNC, I SYNC 2 j DATA I -----

I \\\\\\\\ Fl,LLS UPON CPU WAITING A 

l•E"'PTV ----· . __ _ ___ / CHARACTER TO THIE USART ~-·, 
NOMINAL CENTER OF LAST BlT 

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 Axe. The 
content of the Rx buffer is compared at every bit boundary 
with the first SYNC character until a 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 
SYNOET 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 
applying a high level on the SYNOET pin, thus forcing the 
8251A out of the HUNT mode. The high level can be 
removed after one RxC cycle. An ENTER HUNT command 
has no effect in the asynchronom 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 a "one", thus prevent· 
ing a possible false SYNDET caused by data that happens 
to be in the Rx Buffer at ENTER HUNT time. Note that 
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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" 
word 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 SYNOET indication.) 
When external SYNDET mode is selected, internal Sync 
Detect is disabled, and the SYNDET F/F may be set at 
any bit boundary. 

D7 o. o, o, o, o, o, o. 

I scs I ES0 I E• I PEN I L, I L, I O I O I 

I 
L __ ~ CHARACTER LENGTH 

0 l 0 , 
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PARITY ENABLE 
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1 "'S.YNDET 1$ AN INPUT 
0"' SV~OET IS AN OUTPUT 

SINGLE CHARAC1"ER SV,-,C 
1 "'S.NGI.E SVNC CHARACTER 
0 = DOUBLE SYNC CHARACTER 

NOTE: IN EXTERNAi.. SYNC MOD£, PROGRAMMING DOUBLE C'ttAMACTE:R 
SYNC Will AFFECT ONL V TH£ T:11;. 

Figure 10. Mode Instruction Format, 
Synchronou1 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 Model 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 8251A 
and Sync characters inserted, if necessary, then all further 

"control writes" {C/D = f) will load a Command Instruc­
tion. A A8$et Operatioo (internal or external! wilt return 
the 8251A to the Mode Instruction format. 

0 7 0 6 D~ D-4 

EH IA RTS ER 

lfiANSM1r f:NABLf 
1 • enabh! 
0 ~ d1~illbi~ 

DAT A TE A Mi NAL 
READY 
'·h1gti'· w1111ou:t OTA 
OtJtput W ll!"tO 

RECEIVE ENABLE 
~-----, 1 "- -tn.atd .. 

0 = dfsable 

SEND BREAK 

'---------l Ct-tARACTER 
1 ~ forcM T-o ··1ow·· 

Q :i. normal o r.1110!"1 

ERROR RESET 
~---------- 1 aar11111e:,rorfl~ 

PIE. OE. FE 

REQUEST TO SEND 
"tl•gh" will force ffi 
OlltJJ'll't ii;, l"fO 

lt'li,-EANAL A ESE T 
"'J-,igh,c fl!turi'\ 9251A to 

M-odl! ln~tmctmn form•[ 

ENH A HUNT MODE~ 
1 -= •1'18bh JNrch for Svnc 
Cha,aete-n 

~ (HAS 1\10 fHECT 
iN ASYNC MOOE) 

Note: Error Reset must be performed wnenaver Rx Enable 
and Enter Hunt.,, progremmed. 

Figura 12. Command Instruction Format 

STATUS READ DEFINITION 
tn data commuflication systems it is oftl!ll necessary to 
examine the "status" of the active device to ascertain if 
errors have occurred or other conditions that require 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 JJpdate is 
inhibited during status reed). 
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A normal "read" command is issued by the CPU with C/0 = 1 
to accomplish this function. 

Some of the bits in the Status Read Format have identical 
meanings to external output pins so that the 8251 A can be 
used in a completely 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. 

o, o. o, o, o, o, o, o. 

I OSR l SVNDET I FE l OE l PE l ... -1 R,ROY I T,ROY 

l l l ~ 
Notel 
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DATA SET READY !nd.ut,n 
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Note 1, Tx RDY status bit has different meanings from the 
TxRDY output pin·. The former is not conditioned 
by rn and TxEN; !he latter is conditioned by both 
ffland TxEN. 
i.e. TxRDY ,tatus bit~ DB Buffer Empty 

T•RDY pin out • DB Buffer Empty , ICTSaOJ • 
IT•EN~1) 

Figura 13. Status Raad Format 
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APPLICATIONS OF THE 8261A 

8251A 

ADDRESS BUS 

CONTROL 8l.JS 

DATA BUS 

r----, 
r.o 1-----• coNvrnr ~ L 1 

RxD flA TO TTL .... , •--+I -~-ic'/. -.-.. ,':". -r, 
IDPT! J 

ir.c L - - - - J ,il!".}s,, 

fie -~--1 6:~~R~~~~ CRT 
TERMINAl 

Figure 14. Asynchronous Serlal Interface to CRT 
Termlnal, DC-9600 Baud 

A•0-----1 
1.01----... 

8251A 1'iil! 

r.c-----1 

SYNDETt-----t 

SYNCHRONOUS 
rEiAMINAl. 

O'R PERIPHERAL 
DEVICE 

Figure 15. Synchronou• Interface lo Termlnal or 
Peripheral Device 
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ASYNC 
MODEM 

a•uo 
RATE 

GENERATOR 

PtiON£ 
UNE 

INTER 
FACE 

TELEPHONE 
LINE 

Figure 18. Asynchronou• Interface lo Telephone 
Line• 

SYNC 
MODEM 

PHON£ 
LtNE 

INTO 
F ... Cl 

TELEPHONE 
LINE 

Figure 17. Synchronou• Interface to Telephone 
Unes 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias. 

Storage Temperatur2 . 

Voltage On Any Pin 
With Respect to Ground. 

Power D,ssipat1on ...... . 

O"C: lo 70°C 

.. -65°C to +15o"c 

-0.5V to • ·7V 

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 de~·ice at these or any other conditions above 
those indicated in the operational sections of this specifi­
cation is not implied Exposure to absolute maximum 
rating conditions for extended periods may affect device 
reliability. 

0.C. CHARACTERISTICS (T.e. = o·c to 10°c, Vee= s.ov :t5%, GND = 0VJ 

Symbol Parameter Min. Max. Unit Test Condttlona 

V1L Input Low Voltage -0.5 0.8 V 

V1H Input High Voltage 2.2 Vee V 

VoL Output Low Voltage 0.45 V loL = 2.2 mA 

VoH Output High Voltage 2.4 V loH ~ -400µA 

IQFL 0 utput FI oat Leakage :t10 µA V OUT = V cc TO 0.45V 

1IL Input Leakage :t10 µA v,N = Vee TO 0.45V 

Ice Power Supply Current 100 mA All Outputs= High 

CAPACITANCE (TA= 25"C, Vee = GND = 0V) 

Symbol Parameter Min. Max. Unit Test Conditions 

C1N Input Capacitance 10 pF tc"" 1MHz 

c,,o I /0 Capacitance 20 pF Unmeasured pins returned to GND 

A.C. CHARACTERISTICS (TA= o•c to ?0°C, Vee= s.ov :t5%, GND = 0V) 

Bus Parameters lNote l l 

READ CYCLE 

Symbol Parameter 

lAR Address Stable Before READ (CS, C/D) 

tRA Address Hold Time for READ (CS, C/DI 

tRR READ Pulse Width 

IRo Data Delay from READ 

toF READ to Data Floating 

8-53 

Min. Max. Unit Test Conditions 

50 ns Note 2 

50 ns Note 2 

250 ns 

250 ns 3, CL~ 150pF 

10 100 ns 

Aff-1-01573B 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter Min. Max. Unit T .. t 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 

two Data Hold Time for WRITE 50 ns 

tRv Recovery Time Between WRITES B tcv Note4 

OTHER TIMINGS 

Symbol Parameter Min. Max. Unit Test Conditions 

tcv Clock Period 320 1350 ns Notes 5, B 

t(/l Clock High Pulse Width 140 tcv-90 ns 

ti Clock Low Pulse Width 90 ns 

tR, tF Clock Rise and Fall Time 20 ns 

toTx TxD Delay from Falling Edge of TxC 1 /JS 

fTx Transmitter Input Clock Frequency 

1x Baud Rate DC 64 kHz 
1 Bx Baud ,Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tTPW Transmitter Input Clock Pulse Width 

1x Baud Rate 12 tcv 
16x and 64x Baud Rate 1 tcv 

trpo Transmitter Input Clock Pulse Delay 

1x Baud Rate 15 tcv 
16x and 64x Baud Rate 3 tcv 

fR,c Receiver Input Clock Frequency 

1x Baud Rate DC 64 kHz 
16x Baud Rate DC 310 kHz 
64x Baud Rate DC 615 kHz 

tRPW Receiver Input Clock Pulse Width 

lx Baud Rate 12 tcv 
16x and 64x Baud Rate 1 tcv 

tRPD Receiver Input Clock Pulse Delay 

1x Baud Rate 15 tcv 
16x and 64x Baud Rate 3 tcv 

tT,cROY TxROY Pin Delay from Center of last Bit 8 tcv Note 7 

ltxRDY CLEAR TxRDY J. from Leading Edge of wFi 6 tcv Note 7 

tRxRDY RxRDY Pin Delay from Center of last Bit I 24 tcv Note 7 

tR,.RDY CLEAR RxRDY J. from Leading Edge of RD 6 tcv Note 7 

tis Internal SYNOET Delay from Rising 
24 tcv Note 7 

Edge of Axe' 
tes External SYNDET Set-Up Time Before 

16 tcv Note 7 
Falling Edge of FixC 

tTxEMPTV TxEMPTY Delay from Center of Last Bit 20 tcv Note 7 

twc Control Delay from Rising Edge of 8 tcv Note 7 
WRITE (TxEn,OTR, RTSI 

tcR Control to READ Set-Up Time (DSR, CTS) 20 tcv Note 7 
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intJ 
A.C. CHARACTERISTICS (Continued) 

NOTES: 

8251A/S2657 

AC timings measured VoH = 2.0, Vol = 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 Addre!IS is valid before Ro!-
4. This recove,y time is for Mode Initialization only. Write Date is allowed only when TxADY = 1. Aecove,y Time between Writes for 

Asynchronous Mode Is e tcv and for Synchronous Mode is 16 tcv-
5. The TxC and AxC frequencies have the following limitations with respectto CLK: For 1 x Baud Rate, tn, or fRx.; 1/(30 Icy); For 16x and 

6'1x Baud Rate, frx or fRx "" 1/(4.5 tcvl-
6. Reset Pulse Width = 6 tcv minimum; System Clock must be running during Reset. 
7. Status update can have a maximum delay of 28 clock periods from the event affecting the status. 

TYPICAL~ OUTPUT DELAY VS.~ CAPACITANCE (pf) 

•20~--~---------~ 

•10 --- +---J_ · 
i 

--t 
-10 

.20~--''--~~--'----~----' 
-100 •50 +100 

~ CAPACITANCE lpFI 

A.C. TESTING INPUT, OUTPUT WAVEFORM A.C. TESTING LOAD CIRCUIT 

INPUT/OUTPUT 

2.0 2.0 > TEST POINTS< 

o., 0.1 

AC TESTING INPUTS ARE DRIVEN AT 2 4V FOR A lOGIC 1 · ANO O 45V FOR 
A LOGIC O TIMING MEASUREMENTS ARE MADE AT 2 av FOR A LOGIC 1 
ANO O 6V FOR A LOGIC 0 · 

8261A 

C1. = 150;i,F 
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WAVEFORMS 

SYSTEM CLOCK INPUT 

CLOCKo 

TRANSMITIER CLOCK AND DATA 
1T,W IT!'D 

TiZ lh-li ~------ ,_ _____ __, _ 

T'Z (\l•MOOI • 

--1 ~•on '•••---j \= 
hOATA =:=]('-___________ __,){,-, ------------x== 

RECEIVER CLOCK AND DATA 
Uh: BAUD COUNT&R ST AR1S H£RE j 

f11111DA.TA 

Rieth MODEi 

R.C t11MODE! 

U'tlTl,IJIIIPl.lNG ~~--------~~------------~L---------

WRITE DATA CYCLE {CPU - USART) 

READ DATA CYCLE (CPU +- USART) 

111:.dllDY ----..J 

8-56 "FN-015739 
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WAVEFORMS (Continued) 

WRITE CONTROL OR OUTPUT PORT CYCLE (CPU_... USART) 
•T~.ffi ---------------,,--------

!NOTE ~1~ --------•-----1---,wc--1' ~-----

t::_j' 
1--',ow--~•wo 

DATA IN ID.8.1 ----------{ ._ _____ _ 

I-· -- •Aw ,___j twA 

CID --------1!',-1 --+-- r,. 
·~-----

' ' ,_____J 
---------,:--, IA~ 1 - -lr'W_A ____ _ 

READ CONTROL OR INPUT PORT (CPU .__ USART) 

DSA,CTS ----~ •----------------

INOTE -"21 ----

_____ 1-_----•C_R_-_-J L ,AR ~Ir----
•• ~~~---____ Y, 

--r 1- <Ro 1- tDF 
DATAOUf 

jD_BJ 

C/0 

-1tAR 1 

_______ ___, 

~1•AR 
cs ---------..~---------

l'.IOTE •1 Twc INCLUDES THE ,-ESl'ONSE TIMLNG OF A CONtRQL !IYTE. 

NOTE ~2- 1cR INCLUDES T+IE E~FECT Of CTS ON THE Tx'ENBL C1RCUITRY. 

TRANSMITTER CONTROL AND FLAG TIMING (ASYNC MODE) 

CTS 

T• EMPTY 

l• READY 
iSTATOS BIT; 

hFl~ ... DY 
(PIN. ----e, 

c,D 

DA.1'4.CHAA 1 

EXAM,t.t: FORMAT= 7 BIT CHA.AACTER WITH PA.RITY 6 2 STOP 81TS, 

8-57 
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WAVEFORMS (Continued) 

RECEIVER CONTROL AND FLAG TIMING (ASYNC MODE) 

nu,...,<t<,L"l,O:,it 

SI.I\IUStil, -----------------------

.. 

TRANSMITTER CONTROL AND FLAG TIMING (SYNC MODE) 

rn 

T• llltl.Cl'I'" ---+---• 
151 .. Wi •m 

RECEIVER CONTROL AND FLAG TIMING (SYNC MODE) 

$Y;t,iOl"J 

1j01N1r.OTE 1 ------------

'•S 
"$1'111{.lfl •5,!111 -----------"""'' 

DVl••UJI 

EltMOIIII tSB• -------------!-------+-+---• 

,. 

L .-im l'ILf'liilT MOD£ 
HT ~.-Neon 

Wfl INUl'IIM•L SlfNC 1S~tii:CH,U:At::tEl'll5.'!il.lTS.11'1111H1-'ili~ITY 
MIU [io:,UIIII .. \. $Ylrt(_ 1$.8,11$, Wll'H l"ARl'fT 
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8253/8253-5 
PROGRAMMABLE INTERVAL TIMER 

• MCS-85™ Compatible 8253-5 • Count Binary or BCD 

• 3 Independent 18-Blt Counters 
• Slngle + 5V Supply 

• DC to 2 MHz 

• Programmable Counter Modes • 24-Pln Dual In-Line Package 

The Intel• 8253 Is a programmable counter/timer chip designed tor 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-blt counters, each with a count rate of up to 2 MHz. All modes of operation are soft­
ware programmable. 

fl -CL~O 

A____J DATA 

~ COUNTER 
Q70a,~ 8 HUS 

"" 
GATE 0 

BUFFER: 

I 
OUTO 

RD 
CLK l Vee 

WR-- READ/ COUNTER WA WRITE •1 - GATE.l 

Ao-- LOGIC lffi 
-• UTl "'1 ___ 

A1 

o, ~ 
cs - CLK2 

ClK2 
O_.,Tf2 

CONTROL 
COUNTER 

CLK 1 
WORD •2 GATE 2 GAH 1 AEGISTER 

OUT 2 OUT 1 

INTeRNAL BUS / 

Figure 1. Block Diagram Figure 2. Pin Configuration 
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FUNCTIONAL DESCRIPTION 
General 
The 8253 Is a programmable interval timer/counter 
speclflcally designed for use wilh the Intel'• Micro­
computer systems. Its function is that of a general 
purpose, multi-timing element that can be treated as an 
array of 1/0 ports in the system software. 

The 8253 solves one of the most common problems in any 
microcomputer system, the generation of accurate time 
delays under software control. Instead of setting up timing 
loops in systems software, the programmer configures the 
8253 to match his requirements, initializes one of the 
counters of the 8253 with the desired quantity, then upon 
command the 8253 will count out the delay and interrupt 
the CPU when it has completed its tasks. It is easy to see 
that the software overhead is minimal and that multiple 
delays can easily be maintained by assignment of priority 
levels. 

Other counter/timer functions that are non-delay in 
nature but also common to most microcomputers can be 
implemented with the 8253. 

· • Programmable Rate Generator 
• Event Counter 
• Binary Rate Multiplier 
• Real Time Clock 
• Digital One-Shot 
• Complex Motor Controller 

Data Bua Buffer 
This 3--state, bi-directional, 8-bit buffer is used to interface 
the 8253 to the system data bus. Data is transmitted or 
received by the buffer upon execution of INput or OUTput 
CPU instructions. The Data Bus Buffer 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 Log le accepts Inputs from the system bus 
and in turn generates control signals for overall device 
operation. II ia enabled or disabled by CS so that no 
operation can occur to change the function unless the 
device has been aelected by the system logic. 

AD (Read) 
A "low" on this input informs the 8253 that the CPU is 
inputting data in the form of a counters value. 

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. 

8-60 

AO, A1 

These inputs are normally connected to the addreaa bua. 
Their function la to select one of the three counters to be 
operated on and to addresa the control word reglater for 
mode aelection. 

es (Chip Select) 
A "low" on this input enables the 8253. No reading or 
writing will occur unless the device is selected. The CS 
input has no effect upon the actual operation of the 
counters. 

11D 
wJi 

.... 
A1 

cs 

CONTROL 
WORO 

REGISTER 

INTERl'lA,L 8US 

COUNTER 
#0 

COUNTER 
#1 

COUNTER 
#Z 

CLK0 

G,l,TED 

OUTD 

CUI 

GATe1 

0UT1 

CLK2 

GA,TEZ 

OUT? 

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

cs RD WR A1 Ao 

0 1 0 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 

0 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 Regl•ter 
The Control Word Register is selected when AO, A 1 are 11. 
It then accepts information from the data bus buffer and 
stores ii in a register. The information stored in this 
register controls the operational MODE 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 
read operation of its contents is available. 

Counter #0, Counter #1, Counter #2 
These three functional 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 each can have 
separate Mode configuration and counting operation. 
binary or BCD. Also, 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 applications 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 component of the Intel"' Microcomputer 
Systems and interfaces in the same manner as all other 
peripherals of the family. It is treated by the systems 
software as an array of peripheral 1/0 ports; three are 
counters and the fourth is a control register for MODE 
programming. 

Basically, the select inputs AO, A 1 connect to the AO, A 1 
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 output of a decoder, such as 
an Intel~ 8205 for larger systems. 
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lffi--~Q 

i'ill----a 

OATA 
BUS 

BUFFER 

READ/ 
WRITE 
LOGIC 

INTERNAl BUS 

CLK 0 

GATEO 

OUTO 

CU( l 

GATE l 

OUT 1 

CLK 2 

GATI: 2 

OUT 'J. 

Figure 4. Block Dl• gr• m Showing Control Word 
Reglater and Counter Function• 

AOORE$S BUS 1181 

C0"1TROLBUS 

WR 

COUI\ITER COVPHER COVIIITER 
-0 1 2 

l OUT G~TE CLK I Olli -GAT~ CLK I OUT G~T-E Cl-K j 

Figure 5. 8253 Sy•tem Interface 
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OPERATIONAL DESCRIPTION 

Qaneral 
The complete functional definition of the 8253 is 
programmed by the systems software. A set of control 
words must be sent out by the CPU to initialize each 
counter of the 8253 with the desired MODE and quantity 
Information. Prior to lnltlallzatlon, the MOOE, count, and 
output of all counters Is undefined. These control words 
program the MODE, Loading sequence and selection of 
binary or BCD counting. 

M- MODE: 

M2 M1 MO 

0 0 0 ModaO 

0 0 1 Mode 1 

X 1 0 Mode 2 

X 1 1 Mode 3 

1 0 0 Mode4 

1 0 t Mode 5 

Once programmed, the 8253 is ready to perform whatever BCD: 
timing tasks it is assigned to accomplish. 

The actual counting operation of each counter is 
completely independent and additional logic is provided 
on-chip so that the usual problems associated with 
efficient monitoring and management of external, 
asynchronous events or rates to the microcomputer 
system have been eliminated. 

Programming the 8253 
All of the MODES for each counter are programmed by the 
systems software by simple 1/0 operations. 

Each counter of the 8253 is individually programmed by 
writing a control word into the Control Word Register. 
(AO, Al= 11) 

Control Word Format 

Do 

I SC1 I sco I RL1 I ALO [ M2 I M1 I MO BCD I-

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 Illegal 

AL - ReadlLoad: 

RL1 RLO 

0 0 Counter Latching operation (see 
READ/WRITE Procedure Section I 

1 0 Read/Load most significant byte only. 

0 1 Read/Load least significant byte only. 

1 1 Read/Load least significant byte first, 
then most significant byte. 

0 Binary Counter 16-bits 

Binary Coded Decimal (BCD) Counter 
(4 Decades) 

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 
falling edge of the clock. Any read of the counter prior to 
that falling clock edge may yield invalid data. 

MODE Definition 

MODE 0: Interrupt on Termlnal Count. The output will 
be initially low after the mode set operation. After the 
count Is loaded into the selected count register, the out• 
put will remain low and the counter will count. When ter• 
mlnal count is reached the output will go high and re­
main high until the selected count register Is reloaded 
with the mode or a new count is loaded. The counter 
continues to decrement after terminal count has been 
reached. 

Rewriting a counter register during counting results 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 output 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 pulse. 

The one-shot is retrlggerable, hence the output will re­
main low for the full count after any rising edge of the 
gate Input. 
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MODE 2: Rate Genel'lltor. Divide by N counter. The out­
put will be low for one period of the input clock. The 
period from one output pulse to the next equals the 
number of Input counts In the count register. If the 
count register Is reloaded between output pulses 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 until 
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. After timeout, the output goes low and the full count 
is reloaded. The first clock pulse (following the reload) 
decrements the counter by 3. Subsequent clock pulses 
decrement the count by 2 until timeout. Then the whole 
process is repeated. In this way, it the count is odd, the 
output will be high for (N + 1)12 counts and low for 
(N - 1)12 counts. 

MODE 4: Software Triggered Strobe. After the mode is 
set, the output will be high. When the count is loaded, 
the counter will begin counting. On terminal count, the 
output will go low for one input clock period, then will 
go high again. 
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If the count register is reloaded between output pulses, 
counting will continue from the new value. The count 
will be inhibited while the gate input is low. Reloading 
the counter register wlll restart counting beginning with 
the new number. 

MODE 5: Hardware Triggered Strobe. The counter will 
start counting after the rising edge of the trigger lnput 
and will go low for one clock period when the terminal 
count is reached. The counter Is retriggerable. The out­
put will not go low un111 the full count after the rising 
edge of any trigger. 

~· Low 

s Or Going 
M Low Rising Hlgh 

0 Disable!!. -- Enab~-es 

counting counting 

1 -- 11 lnItIa1es --
counlmg 

21 Rese1s output 

after next cloc::k 

2 1) o,sables 
1) Reloads 

counting 
counter 

Enables 
21 Sets oulput 

2) lnlllates 
count mg 

immediately 
counting 

h•gh 

3 11 o,sables 
ciJunt1n9 in1t1ales Enables 

2) Sets output counting counting 

immediately 
h,gh 

4 Disables -- Enables 
counl1ng counting 

5 Initiates --
counting 

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

CI.OCK 
I 

'Mf n ~ 
' ' 

OUTl'IJT UNTERRVl'TI 

, 3 2 , o,_ _____ _ 

ln•41 l+---t-n-----l 
I I 

1"1m 
I ' 

0~ :~~·:----
a , 3 

(M• 5) .__, 

A 

MODE 1: Programmable One-Shot 

CLOCK 

Wlln-i__.r­

TAIGOEA ____r---

2 , o.,... __ _ 

4 3 2 1 0 
OUTPUT ;;::-;-,-----' 
TRlllOfR~ 

4324321 OUTPUT -, ________ _. 

MODE 2: Rate Generator 

CU)CK 

•• 
OUTPUT 

OUTPUT In • 31 

RESET 

MODE 3: Square Wave Gen.111tor 

CLOCK 

OUTPUT (n•4) 

OUTPUT (n • 5) 

MODE 4: Software Triggered Strobe 

CLOCK 

~~ 
4 3 2 1 D 

OUTPUT ---,_,-

LOJ\On 

GATE 

Ol/T¥UT 

L...J 
4 4 3 2 1 0 

MODE 5: Hardware Triggered Strobe 

CLOCK 

GATE__i----
4 3 2 1 0 

OUTPUT In• 41 W 

GATE~ 
4 3 4 3 2 1 0 

OUTPUT 1n • 41 

Figure 7. 8253 Timing Diagram, 
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8253 READ/WRITE PROCEDURE 

Write Operation• 
The systems software 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 (l or 2) 
prior to actually using the selected counter. 

The actual order of the programming is quite flexible. 
Writing out of the MODE control word can be in any 
sequence ot 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. (SC0, SCl) 

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 {ALO. AL 1). This 
loading of the counter's count register is still sequence 
independent like the MODE control word loading. but 
when a selected count register is to be loaded it m.!:!.§! be 
loaded with the number of bytes programmed in the 
MODE control word (RL0, AL 1). 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 loading 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 a count register wiH result in the 
maximum count (2'e for Binary or 1o•for BCD). In MODE o 
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 (RL0. RL 1) are program­
med. Then proceed with the restart operation. 
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MODE Control Word 
Counter n 

LSB 
Count Register byte 

Counter n 

MSB 
Count Register byte 

Counter n 

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

No. 1 

No. 2 

No. 3 

No. 4 

No. 5 

No.6 

No. 7 

No.a 

No.9 

Figure 8. Programming Format 

MODE Control Word 
Counter 0 

MODE Control Word 
Counter 1 

MODE Control Word 
Counter 2 

LSB 
Count Register Byte 

Counter 1 

Count Register Byte 
MSB Counter 1 

LSB 
Count Register Byte 

Counter 2 

MSB 
Count Register Byte 

Counter 2 

LSB 
Count Register Byte 

Counter 0 

MSB 
Count Register Byte 

Counter a 

A1 AO 

1 1 

1 1 

1 1 

0 1 

0 1 

1 0 

1 0 

a 0 

a 0 

Note: The exclusive addresses of each counter's count register make 
the task of prog,Mnming the 8253 a very simple matt(lf. a~d 
maximum effective use of the device will result if this feature 
is fully utilized. 

Figure 9. Alternate Programming Formats 

AFN-00745B 
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Reid Operations Read Operation Chart 
tn most counter applications it becomes necessary to read 
the value of the count in progress and make a 
computational decision based on this quantity. Event 
counters are probably the most common application that 
uses this function. The 8253 contains logic that will allow 
!he 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 1/0 read operations of the selected 
counter. By controlling the AO, A 1 inputs to the 8253 the 
programmer can select the counter to be read [remember 
that no read operation of the mode register is allowed AO. 
A1-11). The only requirement with this method Is that In 
order to assure a stable count reading the actual operation 
of the selected counter must be inhibited either by 
controlling the Gate input or by external logic that inhibits 
the clock input. The contents of the counter selected will 
be available as follows: 

first 1/0 Read contains the least significant byte JLSB}. 

second 1/0 Read contains the most significant byte 
(MSB) 

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

3MHz 
CLK >2 

8085 

A1 AO RD 

0 0 0 Read Counter No. 0 

0 1 0 Read Counter No. 1 

1 0 0 Read Counter No. 2 

1 , 0 lllega I 

Reading Whlle Counting 
In order for the programmer to read lhe contents of any 
counter without effecting or disturbing the counting 
operation the 8253 has special internal logic that can be 
accessed using simple WR commands lo the MODE 
register. Basically. when the programmer wishes to 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 
available. 

MODE Register tor Latching Count 

AO, A1 = 11 

SC1.SCO- specify counter to be latched 

DO 

X 

D5,D4 - 00 designates counter latching operation. 

X - don't care. 

The same !imitation applles 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. 

• 1.5MHz 
CLK 

8253·5 

·u an 8085 clock ou1put is to drive an 8253--5 clock Input, it must be reduced to 2 MHz or less. 

Figure 10. MCS-85"' Clock Interface• 
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ABSOLUTE MAXIMUM RATINGS* 

Ambient Temperature Under Bias 
Storage Temperature 
Voltage On Any Pin 

With Respect to Ground 
Power Dissipation 

0°Cto 70°C 
-ss•c to +1 so0 c 

-0.5Vto+7V 
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 at the device at these or any other conditions above 
those indicated in the operational sections of this 
specification is not implied. Exposure to absolute maxi­
mum rating conditions for extended periods may affect 
device reliability. 

D.C. CHARACTERISTICS <TA= 0°c to 1o•c. Vee= sv ±10%) 

Symbol Parameter Min. Max. Unit Test Conditions 

V1L Input Low Voltage -0.5 0.8 V 

V1H Input High Voltage 22 Vcc+.5V V 
"--· 

Vol Output Low Voltage 0.45 V Note 1 

VoH Output High Voltage 2.4 V Note 2 

l1L Input Load Current ±10 µA V1N = Vee to ov 
to FL 0 utput F I oat Leakage ±10 µA VouT = Vee to 0V 

1cc Vee Supply Current 140 mA 

CAPACITANCE (TA= 2s·c. Vee= GND = 0V) 

Symbol Parameter Min. Typ. Max. Unit Test Conditions 

C1N Input Capacitance 10 pF fc = 1 MHz 

C110 1/0 Capacitance 20 pF Unmeasured pins returned to Vss 

A.C. CHARACTERISTICS <TA= o·c to 70°C. Vee= s.ov :!'5%, GND = 0V) 

Bus Parameters (Note 3) 

READ CYCLE 

8253 825:J.5 

Symbol Parameter Min. Max. Min. Max. 

IAR Address Stable Before READ 50 30 
--

tRA Address Hold Time for READ 5 5 

IRA READ Pulse Width 400 300 

tRO Data Delay From READ[•) 300 200 

toF READ to Data Floating 25 125 25 100 

IAv Recovery Ti me Between READ 
1 and Any Other Control Signal 1 

8-67 

Unit 

ns 

ns 

ns 

ns 

ns 

µ.s 
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A.C. CHARACTERISTICS (Continued) 

WRITE CYCLE 

Symbol Parameter 

tAw Address Stable Before WFi'ffE 
twA Address Hold Time for WRITE 

tww WRITE Pulse Width 

tow Data Set Up Time for WRITE 

two Data Hold Time for WRITE 

tRv Recovery Time Between WRITE 
and Any Other Control Signal 

CLOCK AND GATE TIMING 

Symbol Parameter 

tcLK Clock Period 

tPWH High Pulse Width 

tMt Low Pulse Width 

tow Gate Width High 

tGL Gate Width Low 

tos Gate Set Up Time to CLKt 

tGH Gate Hold Time After CLKt 

too Output Delay From CLK,l.[4) 

tooG Output Delay From Gate! [4] 

NOTES: 
1. loL = 2.2 mA. 
2. loH = -400 ,,A. 
3. AC timings measured at VoH 2.2, VoL = 0.8. 
4. CL = 150pF. 

A.C. TESTING INPUT, OUTPUT WAVEFORM 

u 
2.0 2.0 > TUT POINTS< 

D.45 
o., •.• 

AC TESTING: INPUTS ARE DR1VE1¥AT 24V FORA LOGIC.,. ,um0.45V FOR 
A LOGIC 0 TIMtNG MEASUREMENT$ AAE ,MOE AT 2011 FOR A LOGIC T' 
ANDO 811 FOA A LOGIC o:· 
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Min. Mu. Min. Max. 

50 30 

30 30 

400 300 

300 250 

40 30 

1 1 

8253 8263-5 

Min. Mu. Min. Max. 

380 de Jill de 

230 230 

150 150 

150 150 

100 100 

100 100 

50 50 

400 400 

300 300 

A.C. TESTING LOAD CIRCUIT 

DEYICI! 
UND£R ric, TEST 

CL INCWOES JIG CAPACITANCE 

Unit 

ns 

ns 

ns 

ns 

ns 

µ.s 

Unit 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 

ns 
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WAVEFORMS 

WRITE TIMING READ TIMING 

l_.....,,..___..1"w-

CLOCK AND GATE TIMING 

'oo-J __r---------

~-- 100G 
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