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THE DIGITAL GROUP USART COMMUNICATIONS CARD

Have you been waiting to interface your micro-computer to remote hardcopy terminals, or to transmit data over telephone
and communication lines? Well, your wait is over! The Digital Group adds data communication to the growing list of features
of our computer system, with the addition of a USART communications card. )

The communications card provides the capabilities of asynchronous and synchronous data transmission with up to four
half- or full-duplex double buffered channels. Utilizing LS| programmable USART communication interface chips (8251's)
reduces the amount and complexity of processor software overhead as well as increasing communication speeds. The 8251
USART can be programmed by the CPU to operate utilizing virtually any serial data transmission technique presently in use
(including IBM Bi-sync). It does not handle SDLC. The USART chip does parallel-to-serial, serial-to-paraliel data
conversions, data stream formatting, and transmits status and control information between the processor and the peripheral
device.

Each communication channel may be individually programmed for transmission rates of up to 9.6K baud (Asynchronous
Mode) or up to 56K baud {Synchronous Mode). Sync definition, async baud rates, character lengths, sync or async mode
selection, break character generation, and error detection parameters are set by the processor via a command word to an
enabled 8251 USART chip. Each 8251 also provides control inputs and outputs for modem control signals, and for those
signals used for transmitter and receiver control.

The communications card was designed to plug directly into an 1/0 slot in a Digital Group system, but may also be used asa
port driven card with other system configurations. The card requires +5V, and £ 12V DC for operation. Circuitry for port
addressing, data buffering to and from the CPU, and crystal-stabilized clocking is provided on the card. The card uses RS-
232-to-TTL level conversion chips (1489's) for interfacing modem and terminal signals; RXD, C-’l‘-s, ﬁgﬁ, and external sync
signal SYNDET. TTL-to-RS-232 level conversion chips (1488's) are provided for 8251 output signals; TXD, ﬁ’r‘s, (')-T-’ﬁ, and
internal sync signal SYNDET. One 20ma current loop transmitter circuit is provided on the card for transmitting toa TTY or
similar device.

The card uses a 4 MHz crystal, clock signal divided by two for 8251 internal clocking operations. For baud rate clocking
signals, an on-board frequency divider network, requiring no tuning, provides eight jumperable baud rate frequencies.

System Description

The communications card may be used with any of the currently available 8-bit microprocessors. The communications card
plugs directly into an available /0 bus slot (22-pin and 36-pin dua! edge connectors required). Port addressing on the card
uses the port address lines on the 1/O bus 22-pin connector, and is jumper selectable to any group of eight sequential port
addresses. The card uses two output ports and two input ports: one output port for command and mode instructions, one
output port for data words, and one input port each for reading status and assembled data words. Voltages of +5V and + 12V
are provided by the /O bus. For non-Digital Group system applications, these must be provided to the 22-pin card connector.

Connections for each channel’'s output and input signals are made to pins or “fingers” on the 36-pin card connactor.
Documentation provided includes a technical description of the communications card operation, assembly instructions, a
schematic and parts placement diagram, information on programming and operating the communications card, and a guide
to cabling and connections to communication devices. A list of publications and reference materialis is also included to
provide data communication information. The communications card's flexibility allows it to be used in practically all micro-
computer data communication applications. If you have a specific application to consider and need additional information,
or have problems or questions concerning the card, we suggest that you write or call The Digital Group.



USART Communication Card Specifications

Card Dimenslons: 12" x 5.4" vertical, in¢luding fingers.

System Requirements:

Power: +5V for TTL, 8251 circuit operation
+12V for RS-232 1488 line drivers
Microcomputer requirements:
Microprocessor: Digital Group system or other supplying 8 bit 1/0 ports
8 port address lines; group or 8 sequential port addresses used
READ and WRITE strobe lines; 8 data to 1/0 lines, 8 data from 1/O lines

Data Handling Capabilities:

Full dupiex, double buffered, transmitter and receiver
Error detection — parity, overrun, and framing error
Transmitter control lines — TXRDY, TXEmpty, TXC
Receiver control line — RXRDY, RXC, SYNDET
Modem control lines — RTS, CTS, DSR, DTR
Asynchronous transmission (DC to 9.6K baud)

" 5to 8 bit character lengths :
Clock rate — software selectable to 1x, 16x, 64x baud rate(1x not recommended for asynchronous receiver mode)
Break character generation — 1, 1%, 2 stop bits
False start bit detection

e Synchronous transmission (DC to 56K baud)

5 to 8 bit character lengths

Internal or external character synchronization

Automatic sync character insertion

Card Features

Port address decoding — jumper selectable for group of 8 port addresses
Data bus buffers — input and output data lines to and from CPU buffered
Baud rate — jumper selectable for each 8251 USART utilized, 4 MHz on-board crystal used for clock base and 3
IC frequency divider
e Up to four 8251’s per card
RS-232 to TTL level shifters available:
4 RS-232-to-TTL lines available per USART chip
4 TTL-t0-RS-232 lines available per USART chip
1 - 20ma current loop circuit available
Control lines RD, WR, C/D, CS
TXE, TXRDY, RXRDY, SYNDET available as externat I/0 pins or as status register bits. Allows either polled I/0O
operation or interrupt-structured operation.



Technical Description — Communications Card

The communications card is intended to aid interfacing a micro-computer to peripheral devices such as remote CRT and
hardcopy terminals, and to format and serialize data for transmission over communication lines. The card itself plugs directly
into an available 1/0 slot of a Digital Group system, using the 1/0 bus for data and port address lines. Connection to external
peripherals or devices are made to pins on the card’'s 36-pin edge connector.

The card interfaces the CPU's parallel data environment with those lines required by peripheral devices. The card also
functions to transmit and receive data, using programmable frame and character generation. Command, status, and control
logic are transmitted between the CPU and peripheral device by an 8251 USART interface chip.These logic signals include
standard modem and RS-232 level signals used for both status input and control output. Status and data information is input
to the CPU via the I/0 data bus. Status and control signals between the peripheral and the communications card are-
transferred via connections to the card’s 36-pin dual edge connector. Connections to the card may be made to the peripheral
via the CPU backplane connector and adjoining cable, or may be made directly to the peripheral.

The circuitry on the communications card carries out port address decoding, buffering of data to and from the CPU,
clocking, and baud rate frequency generation. Four 8251 programmable communication interface chips communicate
between peripherals and the CPU, and transmit and receive data. TTL-t0o-RS-232 level shifting chips (1488's) are used for
sending RS-232 level signals. RS-232-to-TTL level shifters (1489's) convertincoming RS-232 level signals to TTL logic levels.

Port address decoding is carried out by using IC26 (74154, 1 of 16 decoder), IC10 (7402, two input NOR gates), and |C25
(7442, 1 of 10 decoder). Eight port address lines are input to the communications card yielding 256 port addresses. Four port
address lines, (MSB-3 through MSB), are input to IC26 (74154) and a jumper on one of 74154’s outputs designates a group of
16 addresses for the card. A jumper installed on the LSB+3 address line selects either the lower or upper group of eight from
the 16 addresses for the card. Two address lines (LSB+1, LSB+2) are input to IC25 (7442) to select one of the four 8251
USART chips on the card. An active low signal from 1C26 is gated through IC17 with an active low signal from 1C25 and

enables one of the 8251s. The LSB is connected to the C/D line on each 8251 chip and determines whether the information on
the data bus is a control word or a data word.

Data bus lines to and from the CPU are buffered using IC15 and IC16, and IC23 and IC24. An output strobe on pin X of the
card's 22-pin connector enables the buffers of IC23 and 1C24 and passes data from the CPU to the data lines of the 8251s.
Data sent to the CPU from the data lines of the 8251s is gated through IC15 and IC16 with an input strobe accompanying a
valid card port address from IC18, and a READ strobe on pin 11 of the I/0 bus.

Ciocking on the card originates with a 4MHz crystal input to a clock dividing network of ICS5, IC6, and IC9. A 2MHz clock is
input from 1C6 to each 8251 and is used for internal clocking operations. This clock frequency is required to be a minimum of
4.5 times the desired baud rate for asynchronous mode transmission and 30 times a desired baud rate for synchronous mode
transmission. The network of IC5, IC6, and IC9, provides jumperable frequencies to control baud rates from 110 baud to 9600
baud. External clock sources optionally may be used in place of the frequency divider network to supply a baud rate clock to
each of the 8251's.

Programming the Communications Card

The major activity on the card occurs within the 8251 interface chips. An applications manual from one of the manufacturers
(8251s supplied by NEC, INTEL, AMD, NATIONAL) for the 8251 is provided in the documentation. Figures 1 and 2 show the
organization of the 8251 and the flow of data between peripherals and the CPU. The 8251 USART is user-programmed to
transmit or receive data asynchronously or synchronously, at a baud rate and with a defined frame character selected by the
user. Sample programs are included which indicate programming sequences used.

The 8251 has a data bus of eight bits that receives commands and data from the CPU and sends data and status information to
the CPU via buffered 1/0O bus data lines. The card is addressed as an 1/0 port, using input or output instructions from the
processor to read or write data. The LSB address line, making an even orodd I/0 address, signals the 8251 as to whether data
or control information is being transmitted or received. An odd address (LSB1) is used for transmitting contro! instructions to
the 8251, and reading a status word from the 8251. An even address is used for data input and output (LSB=0).
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Four "handshaking"” signal lines are avaﬂab!e from each 8251: two inputs, CTS (clear to send) and DSR (data setready), and
two outputs, RTS (request to send) and DT DTR (data terminal ready).These signal lines are intended for modem control
applications. Of the four lines, only one, CTS, is required for the 8251 to operate. Using RS-232 input levels, a logic “0” RS-
232 level (+12V), must be connected to the line receiver input (1489) for each 8251 used. This “low"” on the input pin of the
8251 enables the 8251 to transmit data (serial), if the TXEN bit in the command byte is set to a “1”. The state of RTSandDTR
can be set from bits in a command word. The state of DSR can be checked with a bit from a status read word. In a typical
application of the system (8251) with an RS-232 peripheral device or terminal, a request to send signal from the terminal
would be connected to the CTS input on the 8251, a data terminal ready signal (from peripheral) would connect to the DSR
input on the 8251. To provide the proper “handshaking” signals for a modem or peripheral device, check the literature
supplied with the device for proper sequencing and signal line connections.

Controi line logic signals on the 8251 provnded are RD WR, C/D, CS. The RD line is usd to read data from the CPU while the
WR signal sends datatothe CPU. The C/D line indicates to the 8251 whether data, control, or status information is on the data
bus. The ACS line of each 8251 is selectively brought low by port decoding logic, so only one device is turned on at a time.

The external reset line on the 8251 is disabled and is tied to ground. An internal reset (setting a bitina command word) can be
used by sending a sequence of four control words (0@1) followed by a reset command of 188 (octal).

Assembly
To build th2 Digital Group communication card you will need the following tools and equipment:

Fine-tipped low wattage soldering iron (approximately 25 watt)
Solder — 60/40 resin wire solder, 20-30 gauge

Do not use acld core solder!

Diagonal cutters — small micro shear type preferred
Long-nosed pliers

Flux remover or alcoho!

Small brush

Before mounting components on the communications card inspect the printed circuitboard, comparing it to the component-
side layout diagram provided. Identify the component side of the board; the Digital Group label is located on the upper-left
corner of the card. Check the areas under sockets to see that adjacent pads or traces are not shorted. Next, identify the
components that will be used on the communications card, with the parts list provided. All resistors have standard color code
markings bearing the value and tolerance of the resistors. All resistors used are 1/4 watt. Three types of capacitors are
used: ceramic disc, tantalum, and silver mica.

Ceramic disc capacitors are flat and disc-shaped and are generally identified by a ceramic casing. There is no polarity or
preferred direction. Tantalum capacitors used on this board are “tear-drop” shaped and have a value and polarity markingon
the body of the capacitor. These must be installed with the polarity indicated on the layout. The mylar capacitor used on the
card is rectangular-shaped, and the value marking is on the capacitor body. The voltage rating for capacitors on the parts list
is the minimum rating required; capacitors supplied in the kit may have higher voltage ratings. When soldering components
into the board make sure that your soldering iron is hot enough, is kept tinned, and is cleaned periodically with a sponge or
similar material.

Most problems that occur with newly assembled boards are related to solder shorts or “splashes”, improperly soldered
connections (“cold” solder) or missed (unsoldered) pins. All IC's are socketed to avoid applying heat to “heat sensitive” 1C's,
and to aid possible repair. Do not bend IC socket pins excessively before soldering as pins may break underneath the
sockets.



STEPS

If you have purchased a COMM-1 card, you will have received all components necessary for one channel. See the schematic
and layout diagram to determine placement of components.

u]

(.]
Q

Install and solder all IC sockets on the component side of the board. Sockets should be mounted as close to the
board as possible: 1C's 1through 4 require 28-pin sockets. IC 26 requires a 24-pin socket. IC8, IC9 and IC25 require
16-pin sockets. IC5, 1C6, IC7 and IC’s 10 through 24 require 14-pin sockets.

Next, install and solder R1 - R4 in the positions indicated on the layout diagram. Use the values as indicated in the
parts list. Mount the resistors approximately 1/16 inch away from the board.

Install and solder D1 with the polarity indicated on the layout diagram. The Diode is installed so the card may request
wait states. While not needed with present microprocessors, this feature will accommodate faster CPUs such as the
4MHz Z80.

Install and solder C5, C8, C8, C11, 1 mid tantalum capacitors in positions indicated on the layout diagram, noting
their polarity.

Install and solder C2, a 50 pfd silver mica capacitor.

Install and solder the six .01 mfd ceramic disc capacitors, C1, C3, C4, C6, C7, and C10, in position according to the
layout diagram.

Install and solder the crystal socket in the position indicated on the layout diagram, without the crystal in the socket.
To make the crystal socket leads fit in the holes provided, cut the socket lugs as indicated below.

FIG. 3 - CRYSTAL SOCKET MOUNTING

lL\‘:-\\ ~ CUT LUGS TO MATCH

BOARD SPACING

o D)

Install the 4 MHz crystal in the crystal socket on the board.

Install all 1IC’s in position, noting carefully the 1IC numbers on the layout diagram. Be careful not to bend any of the IC
pins under when installing the IC’s.

This completes assembly of the communications card. Check over alt components on the card for correct positioning, and
check over soldering. Jumpers must still be installed on the card for baud rates and port address selection. Also, depending
on the application of the card, jumpers or special wiring must be installed. These are detailed in the operating and testing
procedure to follow.



System Planning Steps

1.

2.

Designate ports, channels used, interface signal requirements, commands and mode instruction formats

Install appropriate jumpers on the communications card
a. Baud rate jumpers for each 8251 (see Table 1)
b. Port address jumpering — IC25 and IC26 (see Table 2 and Figures 5 and 6)
c. Level shifting jumpers or modification to include 20ma current loop
d. Use of control or status signals (modem control) for "handshaking logic: RXD, E'T"é B.S—R DTR, RTS, TXEmpty,
TXRDY, RXRDY; polling I/0 and interrupts are accommodated by the card. CTS must be used or connected to 12V
. to allow the 8251 to transmit.

Write programming (flow charts and sample listings included)
a. Initialization routines
1) Reset 8251 via command word — bit D6 set high
2) Write a mode instruction
3) Write sync characters if any (sync mode only)
4)  Write command instruction
b. Operation routines
1) Check status word via status register read or interrupt mode processing using external I/0 pins on 36-pinedge
connector (RXD, SYNDET, TXEMPTY, TXRDY, RXRDY, CTS, DSR)
2) Input or output data or sync characters .
3) Check status; continue transmission or reset to input new mode or command instructions
c. Program listings

Cabling, diagnostic testing and operation of the communications card

Designate ports, channels used, interface signal réquirements, command and mode instruction formats.

1)
Before installing jumpers on the communications card, decide on the'application forthe card, and determine the number
of transmission channels that will be used. Refer to the literature supplied with a particular device for specification and
wire__n_\_ents of__'_‘_r_l_andshaking” and interfacg_gi_gnals;gftermine the modem control signals that will be used: DTR,
DSR, RTS, and CTS. Modem control outputs DTR and RTS may be setvia a command instruction. Modem control inputs
DSR and CTS affect bits in the 8251's status register for polled 1/0O operation.

The user must designate an operating mode via a mode instruction word written into the 8251’s. The mode instruction
specifies sync or asynchronous operation, frame parameters, clocking rate, and error detection parameters. Acommand
instruction word following a mode instruction controls the actual operation of the selected format. Port addresses must
be designated for each 8251 for writing both data and control words to the 8251.

Programming the communications card requires routines to handle initialization of each transmission channel as well as
monitoring ali data transmissions. Initialization routines must internally reset the 8251 USART in use, and write a mode
instruction which defines the operational characteristics of the 8251. Following the mode instruction, the processor
must send out a command instruction as well as appropriate sync characters to control the actual operation of a selected
format.

Install appropriate jumpers on the communications card.
Baud rate jumpering

The frequency divider network of IC5, IC6, and IC9 provide connection points for inptits to RXC and TXC of each 8251.
Before installing jumpers for the 8251's calculate which baud rates will be used and the baud rate factor that will be used
in the mode instruction. For synchronous transmission baud rate frequencies equal the clocking inputs at RXC and TXC.
For asynchronous transmission a choice is available between clock rates, 1x baud rate, 16x baud rate, 64x baud rate.
Operating at 300 baud, asynchronously, with a baud rate factor (16x baud), a jumper would be connected to a frequency
of 4800 Hz.



Table 1 lists calculated frequencies required for baud rate factors. Figure 4 shows the position of the baud rate
frequencies and the connection points to TXC, RXC on each 8251, .

TABLE 1 — Clock input Required at RXC, TXC
for Selected Baud Rates

Baud Rate Async Clock Input (TXC, RXC) ' Sync Clock Input
at TXD 1x Baud Rate* 16x Baud Rate 64x Baud Rate 1x Baud Rate
110 baud —_ 1760 Hz 7040 Hz 110 Hz
150 baud . 2400 Hz 9600 Hz 150 Hz
300 baud _ 4800 Hz 19,200 Hz 300 Hz
600 baud I 9600 Hz 38,400 Hz 600 Hz
1200 baud - 19,200 Hz 76,800 Hz 1200 Hz
2400 baud — 38,400 Hz 153,600 Hz 2400 Hz
4800 baud —_ 76,800 Hz 207,200 Hz 4800 Hz
9600 baud - 153,600 Hz 414,400 Hz 9600 Hz

* (1x baud rate). Factor not recommended in asynchronous mode. Operation with 1x baud rate factor is unreliable.

EXAMPLE: TXC, RXC CLOCK INPUT = BAUD RATE x 16 or 4800 Hz = 300 x 16.

FIG. 4 - BAUD RATE JUMPERING
TXC.RXCPIN FOR TRANSMITTER AND RECEIVER CLOCKS
ON 8251 #1
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b. Port address selection

The port address example ot Figures 5 and 6 shows the function of each bit of the |/O port address lines. Two jumpers
must be installed which set a designation for addressing the communications card. Shown in Figure 5 are bit settings for
addressing USART #1. USART #1 would be addressed by ports 16 & 17, USART #2 by ports 18 & 19, USART #3by 20 & 21,
and USART #4 by 22 & 23. See the schematic and layout diagram for jumper location.

With the port address shown, jumper 1 would be connected across the output at pin 2, which is selected output 1. Jumper
2 would be installed on the LSB + 3 address line in a non-inverting position. The LSB + 1 and LSB + 2 positions control
which of the four 8251's is enabled. The LSB position selects control or data reading and writing to the 8251.
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TABLE 2 — Valid Port Address Selection —
Jumpers Installed on Outputs of IC26 and IC10

Card iIc10 IC10 IC26
Port Addresses Jumpered L Jumpered H Output Jumpered
0-15 - 0-7 8-15 0 - pin 1
6-31 __ 16-23) 24 - 31 1 - pin 2
32 - 47 32-39 40 - 47 2 - pin 3
48 - 63 48 - 55 56 - 63 3-pin4
64 - 79 64 - 71 S 72-79 4-pin5
80 - 95 80 - 87 88 - 95 5-pin 6
96 - 111 96 - 103 104 - 111 6-pin7
112 - 127 112 - 119 120 - 127 7-pin8
\2.8- 143 . . )
1659 ' ) ) (Pin 12 is GND)
|b°¢ 19 . . ]
240 - 255 240 - 247 248 - 255 15 - pin 17

Note: See the schematic diagram for listing of all port pin connections.

-10-



L.evel Shifting Line Drivers and Line Receivers

Line drivers used on the communications card are 1488 quad line drivers, IC11, IC13, IC19, and IC21. They require
voltages of +5V, +12V and -12V to operate and convert TTL level signals to +12V. A logic “one” (+5V) on an input is
converted to a -12V output (RS-232 logic “one”). A logic “zero” (voitage less than 7__u1put is converted to +12V output
(RS-232, logic “zero”). The inputs to the 1488's are connected to 8251 signals TXD, RTS, DTR, and SYNDET. Outputs of
the 1488's are brought out to the card's 36-pin dual edge connector. The pinouts of the 36-pin dual edge connector are
shown in Figure 8.

Line receivers used on the communications card are 1489 quad line receivers, IC12,1C14,1C20, and IC22. They require +
5V to operate and convert incoming RS RS-232 signals to TTL levels required by the 8251's. The inputs (from the 36-pin
connector) to the 1489's are RXD, CTS, and DSR. A fourth line, for external syncing in synchronous mode, may be
connected by a jumper connecting the fourth 1489 output to the SYNDET input pin on the USART chips. Jumperable
pads are provided on the communications card and are located between the chips of the top row of level shifting chips
(1488's and 1489's). These pads are also designated on the layout diagram.

The CTS line is of primary importance in using an 8251 for transmission. A +12V input (RS-232 logic “zero”) can betied to
pins H, 7, Z, and 22 on the card’s 36-pin dual edge connector to enable the CTS line of each 8251. Alternately these pins
could be tied to the DTR line from a peripheral device. The 1489 converts the incoming +12V RS-232 level toa TTL “zero”
on the CTS line which is required to enable the transmitter. One 20ma transmitter is available and can be jumpered to the
transmitted output (TXD, pin 19) of any of the 8251’s as designated on the layout diagram. The jumper pads are located in
the center portion of the board. Four jumper pads correspond to the 8251 TXD lines. A jumper should be connected
between the pad at R3 and one 8251 TXD line.

NOTE FOR MORE RELIABLE OPERATION USE 8251A

-11-
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TXRDY | ©270 | TXRDY S| msp-4 | 0150 | Lspes | = 2
RXRDY | @280 | RXRDY LW wsB-3 | 0160 | LSBea | Z 2
SYNDET (TTL)| ©29 0 |SYNDET (TTL) - § ao
- MSB-2 | ©170 | LSB+5 b
GND | 300 | GND S P
Ss ¥ | 0310 |0 (COMMON o MSB-1 | ©18 © | LSB+6 @
cs#2 | 0320 OMMON) | _MSB | 0190 | LSB+7 |
cs#3 | 0330 xz :gongm NMI | ©20 © |OUTPUT STROBE
CPU-1/0 UNDEFINED| @ 210 |[CPU-1/0 UNDEFINED
CS#4 | 0340 | N/C
+12v | @220 | -12v
OMATRANSMITTER| 0350 | N/C
20 MA REF. GND 838 © | EXTERNAL SYNC 22 Z

F1G. 8- PINOUT OF COMMUNICATIONS CARD 36 AND 22 PIN DUAL EDGE CONNECTORS.
SEE SCHEMATIC DIAGRAMFOR LOGIC (ACTIVE HIGH AND LOW SIGNALS).
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Control and Status Instructions
Mode Instruction Formats

Following a reset operation, a mode instruction is written into the 8251. The figure below, with a segment from the 8251
applications manual, shows the instruction format that is used and gives an example mode instruction for asynchronous
transmission. Synchronous transmission is selected by setting bits DO and D1 low. See the applications manual for
synchronous transmission applications.

A mode instruction of 376 (octal) illustrates how the 8251 mode may be set. Baud rate factors designate clock inputs at
TXC, RXC required for asynchronous transmission; 1x baud rate, 16x baud rate, 64x baud rate. In synchronous mode
the clock rate is equal to the baud rate (1x baud rate). The 1x baud rate factor for asynchronous transmissions is not
recommended as it may not work reliably.

MODE INSTRUCTION OF 376 (OCTAL)

1114111110

MODE instruction async, 2 stop bits
parity even, 8-bit character word, baud

FIELD 4 FIELD 3 FIELD 2 FIELD 1 rate factor: 16 x baud rate
: the transmitter clock frequency
D r D or
7 DS ﬂ 5' D4 D3 D2 D1 0 is the baud rate x 16

S —t '

r BAUD RATE

00—-SYNCHRONOUS MODE
—P~t 01—ASYNCHRONOUS 1x
10—ASYNCHRONOUS (1/18) x
11--ASYNCHRONOUS (1/64)

CHARACTER LENGTH

005 BITS
P4 01—6 BITS
10—7 BITS
11—8 BIT3

PARITY CONTROL

X0—NO PARITY
P4 01—0DD PARITY
11—EVEN PARITY

\\ o FRAMING CONTROL
SYNCHRONOUS % -

00—NOT VALID
01 —NFwreeer | Si0/ BiT5
10—1% STOP BITS

11—2 STOP BITS

SYNC CONTROL

XO—INTERNAL SYNC
P x1_EXTERNAL SYNC
0X—DOUBLE SYNG CHARACTER
1X—SINGLE-SYNC CHARACTER

FI1G. 9- MODE INSTRUCTION FORMAT
-13-



Command Instruction Format

T he command instruction controls the actual operation of a selected format, and is written into the 8251's after a mode
instruction has been programmed. Once the mode instruction has been written in the 8251, all further control “writes”
(C/D = 1) will load the command instruction. A reset operation (internal for application of the card) will return the 8251 to
the mode instruction format. Figure 10, from the 8251 applications manual, illustrates the command instruction format.

An example command instruction of 001 (octal), written into the 8251, sets the TXEN bit (DO0) “high” which enables the
transmitter. To change acommand, it is necessary to write another command word (C/D = 1) into the 8251. The mode will
remain unchanged (sync-async) until another reset and mode instruction sequence is initiated.

The TXD output remains "high” (marking) until the TXEN bit in the command register is enabled and the CTS line goes
“low”. Data is shifted out on the falling edge of TXC i in the synchronous mode and in the asynchronous mode on the
falling edge of TXC at TXC TXC/16 or TXC/64 as defmed by the mode instruction.

Setting bits D1 and D5 (DTR and RTS) “high” forces “low"” the DTR and RT§_&Jtput pins on the 8251. These lines are
generally used for modern “handshaking” lines. Two input pins on the 8251 DSR and CTS complement DTR and RTS.
I_h_:e_ﬁg_ﬁ input signal can be tested by the CPU using a status read to test modem conditions such as data set ready. The
CTS line enables the 8251 to transmit data (along with TXEN) and must be set accordingly. The 1489's (quad line
receivers) convert RS-232 inputs to TTL levels. The 1488’s (quad line drivers) convert TTL output levels to RS-232 level
signals.

A ecommand of 044 enables the receiver and _s_gt_sﬁﬁ low (request to send). The RTS line could be connected to a
transmitting device CTS line. The external pin CTS on the 8251 does not affect its operation as areceiver. A fallingedge
at RXD signals the possible beginning of a START bit and new character. Input bits are sampled at the RXD pin with the
edge of RXC. The 8251 begins assembling a data character, and after a valid stop bit is encountered, loads the input
character into the parallel data bus buffer. The RXRDY line is then set “high” to indicate to the processor a character is
ready to be fetched. Parity framing errors will be indicated in the status register and may be checked during a status read
operation. If the processor fails to fetch a character before a new one is assembled, an overrun flag is set and is indicated
in the status register.

FIG. 10- COMMAND INSTRUCTION FORMAT

1y by, i, gy 1 1y Dy

it 12} His EROPOERE D fiat DIR | IxtN

001 (OCTAL) -TRANSMIT

0 O O 0 O O O 1 - 1”“?:\‘1”:71"” ENABLE
DATA TERMINAL
HLADY

hugh™ wikl force OTR
DULPUL TG A0

RECEIVE ENABLE
I eoable
0 duisdable

SEND BREAK
044 (OCTAL) -RECEIVE CHARACTER
3 J nosmoal operation
0jo0|1{0|0|1}0}0
ERROW e oL T
- U Rt o Hags
PE’OE)FE

HEQUEST TO SEND

B vl toree BTS
oatput o zero

—
N ERNAL RESET
Wﬁq "d:wb,

Mode Instruction Format

f L S e e e ]
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Status Read Format

The 8251 allows the programmer to “read” the status of the USART at any time during its functional operation (chip
select enabled). A normal “read’command (input data from I/0 port) is issued by the CPU, with the port address (state of
C/D line) determining data or status information being read. Some of the bits in the status read format have identical
meaning to external I/0 pins so that the 8251 can be used in a completely polled environment or in an interrupt driven
environment. A figure taken from the applications manual illustrates the status word format that is used. Further
information on the usage of status register bits and on using external pins in an interrupt structure can be found in the

applications manual provided.

FIG. 11 - STATUS READ FORMAT

Ly Dy

)

g

by

Do 0y by

OSRK SYNDET

Ft

(833

PE

TxE RxRDY | TxRRDY

Lo

SAME DEFINITIONS AS 10O PINS

Pty 1 RO

The Pt thag s set wheo a panity
erron s detected Gy reset by
the EH it ot the Command
imtiuction PE does notinhatat

apvtation of the 851

OVERRUN LRROR

The OF Hang s wet when the CPU)
daes notread o Character betore
the next one becomes avarlable,
s gemet By the B R ot of the
Command Insiuction OL does
not mbeknt operataon of the 8261,
howvever, the pueviously oven cen
character s lowy

FRAMING | HROR (Asyne only)
The FE thag s set when o valic]
St tat s nar detected at the
end of every Chaiacter Tss reset
tiy the ER tat ot the Commuand
tnstiucnon FE doss notainhiiat
the opriation o1 the 8251

Note 1) TxROY shatus tut 18 not totally equivatent (o the TxRDY output pin, the relationship

s Tollows
FxBROY status tat

TxADY {pin 16)

DB Butter Empty
DH Bulte Empty @ CTH e TxEn
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Two sample programs have been wrillen and may be used as operating routines for the communications card. One is used for
transmitting data,the other for receiving data. The CTS line must be connected to a logic 0" source. The flowchart below
shows the sequence of programming steps carried out for either synchronous or asynchronous modes. Figure 12 shows
transmitting and receiver data formats for both operating modes. The choice of either mode depends directly on the
application; Asynchronous transmission is used generally with man-machine interfaces while synchronous transmission
offers higher speeds for machine-machine communication.

Both sample programs use the same reset operation sequence when initially addressing the USART. The user should consult
the applications manual for the 8251 USART particularly the section on initiating software reset.

POWER UP
INITIALIZATION

\ A

L]

LOAD j&
MODE
INSTRUCTION

/[.-_.‘__ e

/ YES
ASYNCHRONOUS™

LOAD —]
FIRST SYNC j
CHARACTER i

RO

~
SINGLE
SYNC

?

LOAD

SECOND
| SYNC
i CHAHACTER

'_lOAD
COMMAND
INSTRUCTION

o

Yes HESET \\‘\

\

.AJ__M,_
TRANSFER
DATA

SR

TYPICAL PROGRAMMING FLOWCHART AFTER POWER-UP RESET

-16-



IDLE STATE OPTIONAL PARITYBIT

STARTBIT
STOPBITS
t DATABITS I ’
MARK i —
SPACE l l ]
I'f FRAME I
-
ASYNCHRONOUS TIMING
fagumee  DATA BITS  womeeaipreg=s SYNC CHARACTER bbb DATA BITS ‘wesemeif
MARK
SPACE
| e FRAME e FRAME it FRAME ———»

SYNCHRONOUS TIMING

FIG. 12- TRANSMITTER/ RECEIVER FORMATS

USART Communications Card Transmitting Program

This is a sample routine for operating the USART communications card as an asynchronous transmitter.

This routine uses a Digital Group operating system with subroutines HOME ERASE at 800346 (octal), KEYBOARD ai
801258 (octal) and TV at 000372

PORT EQU 17 Decimal COMMAND DB 001
DPORT EQU 16 Decimal MODE DB 376
CALL HOME ERASE

LD C, PORT

CALL INITIALIZE

*INITIALIZE carries out a sequence of “out” instructions to the control port which resets the 8251. After resetting the 8251 #1,
it sends out a mode instruction which sets the format for transmitted data.

CALL COMMAND
The COMMAND subroutine outputs a command instruction word which enables the transmitter.

To change the mode operation or to send another command, a reset command must be given to the enabled 8251, Once the
mode instruction has been written to the 8251, and sync characters (sync mode only) are inserted, all “controt writes” to the
8251 (C/D = 1) will load the COMMAND instruction.

CALL KEYBOARD
The KEYBOARD routine waits for a character input from the keyboard or input device.
CALL DATA OUT

The DATA OUT routine saves the contents of the “A” register ( the input character) and saves all CPU flags. it does a status
read (C/D = 1) which checks to see that the transmitter is ready. This condition will only be true if the data bus buffer of the
8251 is empty, or if the last character transmitted had actually been transmitted.

if the transmitter is ready, the contents of the “C” register are decremented to effect a data port address. The data character is
writen out to the 8251 and the 8251 will transmit the character. -

Note: The 8251 will only transmit if the TXEN bit of a command word is enabled, and the CTS external pin of the 8251 is set
fow. In the event that neither is true, the status line TXRDY would not go high to request another character to be input from the

processor. -17-



TRANSMITTER ROUTINE
THIS ROUTINE EXECUTES AT (OCTAL) |

066341 0100 * THIS IS A SAMPLE -0022-
066341 315 346 000 0110 CALL 346 OUTPUT ROUTINE FOR DG-0022-A
066344 0120 * CALL HOME ERASE
066344 : 0130 PORT EQU 17D
066344 0140 * THIS ADDRESS IS THE CONTROL PORT ADDRESS
066344 016 021 0150 LD  C,PORT
066346 315 371 066 0160 CALL INIT
066351 0170 * THIS STATEMENT CALLS THE INITIALIZE ROUTINE
066351 o 0180 * INIT ALSO SENDS THE MODE WORD TO THE 8251
066351 315 015 067 0190 CALL COMAND
066354 0200 * THIS STATEMENT SENDS A COMAND WORD TO THE 8251
066354 315 250 001 0210 IN CALL 1250
066357 . 0220 * IN GETS A CHARACTER FROM THE KEYBOARD AND TRANSMITS
066357 0230 * IT TO THE 8251 DATA PORT
066357 016 021 0240 LD  C,PORT
066361 315 023 067 0250 CALL DATAO
066364 0260 * DATAO IS THE TRANSMIT ROUTINE
066364 315 372 000 0270 CALL 372
066367 0280 * PRINTS CHARACTER ON TV MONITOR
066367 030 363 0290 JR IN
066371 076 001 0300 INIT LD
066373 0310 * 001 OCTAL I§ AN INVALID MODE INSTRUCTION THIS CAUSES
066373 0320 * THE 8251 LOOK FOR ANOTHER MODE INSTRUCTION.
066373 355 171 0330 ouT (C),A
066375 355 171 0340 ouT (C),A
066377 355 171 0350 OuT (C),A
067001 355 171 0360 ouT (C),A
067003 076 100 0370 LD  A,100
067005 0380 * 100 OCTAL I8 A RESET COMAND
067005 355 171 0390 ouT (C),A
067007 072 040 067 0400 LD _ A,(MODE)
067012 0410 * MODE IS THE MODE INSTRUCTION WORD
067012 355 171 0420 ouT (C),A
067014 311 0430 RET
067015 072 037 067 0440 COMAND LD A,(COMND)
067020 0450 * COMAND IS THE COMAND WORD OUTPUT ROUTINE
067020 0460 * COMND IS THE COMAND INSTRUCTION WORD
067020 355 171 0470 ouT (C),A
067022 311 0480 RET
067023 365 0490 DATAO PUSH AF
067024 0500 * SAVE THE CONTENTS OF A REGISTER
067024 0510 * DATAO CHECKS THE STATUS OF THE 8251 FOR TXRDY THEN
067024 0520 * LOADS IN THE DATA CHARACTER
067024 355 170 0530 STATO IN (C),A
067026 0540 * READ STATUS WORD
067026 313 107 0550 BIT O,A
067030 050 372 0560 JR  Z,STATO
067032 0570 * CHECK FOR A 1 IN BIT O OF STATUS WORD
067032 361 0580 POP AF
067033 0590 * RECALL DATA CHARACTER IN A REGISTER
067033 015 0600 DEC C
067034 0610 * CHANGE FROM THE COMAND ADDRESS TO THE DATA ADDRESS
067034 355 171 0620 ouT (C),A
067036 0630 * OUTPUT THE DATA CHARACTER
067036 311 0640 RET
067037 0650 COMND DB 001
001
067040 0660 * COMAND WORD éENABLE TRANSMITTER)
06%920 0670 MODE DB
067041 U680 * MODE_INSTRUCTION ASYNC STOP BITS, PARITY EVEN,
067041 0690 * 8 BIT WORD, BAUD RATE GIVIDED BY 16

-18-



TRANSMITTER ROUTINE
THIS ROUTINE EXECUTES AT (OCTAL)

066341 0100 * THIS IS A SAMPLE OUTPUT R
066341 315 346 000 0110 CALL 346 OUTINE FOR DG-0022-A
066344 0120 * CALL HOME ERASE
066344 : 0130 PORT  EQU 17D
066344 0140 * THIS ADDRESS IS THE CONTROL PORT ADDRESS
066344 016 021 0150 LD  C,PORT
066346 315 371 066 0160 CALL INIT
066351 0170 * THIS STATEMENT CALLS THE INITIALIZE ROUTINE
066351 i 0180 * INIT ALSO SENDS THE MODE WORD TO THE 8251
066351 315 015 067 0190 CALL COMAND
066354 0200 * THIS STATEMENT SENDS A COMAND WORD TO THE 8251
066354 315 250 001 0210 IN CALL 1250
066357 . 0220 * IN GETS A CHARACTER FROM THE KEYBOARD AND TRANSMITS
066357 0230 * IT TO THE 8251 DATA PORT
066357 016 021 0240 LD  C,PORT
066361 315 023 067 0250 CALL DATAO
066364 0260 * DATAO IS THE TRANSMIT ROUTINE
066364 315 372 000 0270 CALL 372
066367 0280 * PRINTS CHARACTER ON TV MONITOR
066367 030 363 0290 JR IN
066371 076 001 0300 INIT LD
066373 0310 * 001 OCTAL I§ AN INVALID MODE INSTRUCTION THIS CAUSES
066373 0320 * THE 8251 LOOK FOR ANOTHER MODE INSTRUCTION.
066373 355 171 0330 ouT (C),A
066375 355 171 0340 ouT (C),A
066377 355 171 0350 out (C),A
067001 355 171 0360 ouT (C),A
067003 076 100 0370 LD  A,100
067005 0380 * 100 OCTAL I3 A RESET COMAND
067005 355 171 0390 ouT (C),A
067007 072 040 067 0400 LD A, (MODE)
067012 0410 * MODE IS THE MODE INSTRUCTION WORD
067012 355 171 0420 ouT (C),A
067014 311 0430 RET
067015 072 037 067 0440 COMAND LD A, (COMND)
067020 0450 * COMAND IS THE COMAND WORD OUTPUT ROUTINE
067020 0460 * COMND IS THE COMAND INSTRUCTION WORD
067020 355 171 0470 ouT (C),A
067022 311 0480 RET
067023 365 0490 DATAO PUSH AF
067024 0500 * SAVE THE CONTENTS OF A REGISTER
067024 0510 * DATAOQ CHECKS THE STATUS OF THE 8251 FOR TXRDY THEN
067024 0520 * LODADS IN THE DATA CHARACTER
067024 355 170 0530 STATO IN (C),A
067026 0540 * READ STATUS WORD
067026 313 107 0550 BIT O,A
067030 050 372 0560 JR  Z,STATO
067032 0570 * CHECK FOR A 1 IN BIT O OF STATUS WORD
067032 361 0580 POP AF
067033 0590 * RECALL DATA CHARACTER IN A REGISTER
067033 015 0600 DEC C
067034 0610 * CHANGE FROM THE COMAND ADDRESS TO THE DATA ADDRESS
067034 355 171 0620 ouT (C),A
067036 0630 * OUTPUT THE DATA CHARACTER
067036 311 0640 RET
067037 0650 COMND DB 001
001
067040 0660 * COMAND WORD éENABLE TRANSMITTER)
063920 0670 MODE DB
067041 0680 * MODE INSTRUCTION ASYNC STOP BITS, PARITY EVEN,
067041 0690 * 8 BIT WORD, BAUD RATE ﬁIVIDED BY 16~

-18-



USART Communications Card Recelving Program

This is a sample routine for operating the USART communication card as an asynchronous receiver. It uses USART #1 (8251)
and ports 16 and 17 for control and data, and reading and writing to the 8251. The “C” register is used for storing the port
address used to address the USART.

This routine uses a Digital Group operating system with subroutines HOME ERASE and TV.

The subroutine INITIALIZE carries out a sequence of “out” instructions to the control port address which resets the 8251.
After resetting 8251 #1, it sends out a mode instruction which sets the format for transmitted or received data. A mode
instruction for setting up the 8251 for transmitting may be the same as that for receiving.

CALL COMMAND

The COMMAND subroutine outputs a command instruction word which sets bit 5 and bit 2 high (octal 344).Bit5, RTS, is set
high (enabled) and sets the external pin RTS of the 8251 low. The receiver enable bit (D2) is also set high to allow the receiver
to collect serial data and assemble data words.

After enabling the receiver the program monitors transmissions by reading the status word of the enabled 8251. |f data has
been sent correctly according to the format set up, the RXRDY bit in the staus word will be set high indicating the 8251 has an
assembled character for the microprocessor. The port address is then changed to read data (C/[_) =0) and the processor
reads data from the 1/O port data lines.

RECEIVER ROUTINE

062242 0000 * THIS IS A SAMPLE INPUT ROUTINE
062242 315 346 000 0100 CALL 346
062245 0105 * CALL HOME ERASE
062245 0110 PORT EQU 17D
062245 0111 * THIS IS THE CONTROL PORT ADDRESS
062245 016 021 0120 LD C,PORT
062247 315 267 062 0130 START CALL INIT
062252 _ 0133 * CALL THE INITIALIZE ROUTINE
062252 315 313 062 0140 CALL COMAND
062255 0150 IN EQU $

062255 016 021 0160 LD C,PORT
062257 315 323 062 0170 CALL DATAI
062262 315 372 000 0180 CALL 372
062265 030 366 0190 JRIN

062267 076 001 0200 INIT LD A,Q01
062271 355 171 0210 ouT (¢),A
062273 355 171 0220 OUT (C),A
062275 355 171 0230 ouT éc;,A
062277 355 171 - 0240 OUT (C).A
062301 076 100 . 0250 LD A,100
062303 355 171 0260 oUT (C),A
062305 072 322 062 0270 LD A, (MODE)
062310 355 171 0280 ouT (C),A
062312 311 0290 RET

062313 072 321 062 0300 COMAND LD A, (COMND)
062316 355 171 0310 ouT (€),A
062320 311 0320 RET

06%321 0330 COMND DB 37D

04

g§2322 0340 MODE DB 376
062323 0350 DATAI ESU $

062323 355 170 0360 STATI IN A,(C)
062325 313 117 0370 BIT 1,A
062327 050 372 0380 JR Z.STATI
062331 015 0390 DEC C

062332 355 170 0400 IN A,(C)
062334 366 200 0410 OR 200
062336 311 0420 RET
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Cabling

Figure 8 shows the pinout of the 36 and 22 pin dual edge connector of the communications card. Pins A through S of the 36
pin connector are a block of pins designated for making connection to USART #1. Pins 1 through 15 are designated for
USART #2, pins T through J for USART #3, and pins 16 through 30 designated for USART #4. Connections are only made for
those pins necessary for interfacing and mav be soldered or made with "molex” type connectors.

RS-232 connections are usually made with 25 pin "D" connect\ors. The typical pinout of a "D" connector is shown
below.

Pin Function

1--------Protective ground

2----mem Transmitted data-output
3 Received data- Input

T Request to Send-output
5remmeme Clear To Send-input

Bmmmms Data Set Ready-input

Tmommmmmm Signal ground(common return)
20------- Data Terminal Ready-output

For applications where cable lengths needed is less than 50 feet,or more than 50 feet but at a baud rate of roughly 300 baud or
less, the cable used is not critical and need not be shielded. In most cases, it should be use stranded wire,but solid conductors
~ will probably work for short distances. Large diameter wire is not necessary since the devices are not carrying high currents.

Connecting the outputs and their corresponding inputs is accomplished by crossing pairs of wires in the cable itself. E.G.

Pin 1 Pin 1 BLACK .
Pin 2 (TXD) Pin 3 (RXD) wHITE !
Pin 3 (RXD) Pin 2 (TXD) GRpsy ?
Pin 4 (RTS) Pin 5 (CTS) Ugﬁm I
Pin 5 (CTS) Pin 4 (RTS)
Pin 6 (DSR) Pin 20 (DTR) QM,M N
Pin 7 Pin 7 (GND) ’QL%QV&j
Pin 20 (DTR) Pin 6 (DSR) YL oW

Diagnostic testing and operation of the communications card
The equipment used to test the communications card should use a voltmeter,an oscilloscope, and a frequency counter if

available.
Voltage checks can be made at the following pins:

Check for 5V: Check for GND at:
Pin 5I1C 5 Pins 2,3,10 0of IC 5

Pin 5,IC 6 Pins 2,3,10 of IC 6

Pin 141C 7 Pin7of IC7

Pins 2,9,15,and 16 of IC 8 Pins 8,10,and 14 of IC 8
Pins 5,9,10,15,and 16 of IC 9 Pins 1,8,14 of IC 9

Pins on the card’'s 22 pin connector can also be checked:
Pins 1,A at +5V

Pin 2 at Gnd

Pin 22 at +12V

Pin Z at -12V -20-



Clock circuitry testing can be done with an oscilioscope or frequency counter. Checking the frequencies at the following
pins will indicate if the frequency divider network is working properly. If one IC in the chain is defective and not outputtinga
frequency, it will affect all the resulting frequencies relying on that frequency for an input.

Pin 8,1C 7--4MHz square wave

”in 12.1C 6--2 MHz square wave

On the row of baud selector pads located on the top center portion of the card,frequencies may be checked as follows or
according to figure 4.

Row 1---153,600 Hz{ 5 3563
Row 2---76,800 Hz 75 %53
Row 3---38,400 Hz 235 « o>
Row 4---19,200 Hz 1922¢
‘Row 5---9,600 Hz  9¢,/2/
Row 6---4.800 Hz /gy
Row 7---1,760 Hz s 745

These frequencies are typically within .5% If they are not correct,check the circuitry of the frequency divider network.

Operating the USART communications card with USART *1,and the programs listed, the signals on the RXD and TXD pins
can be checked, with an oscilloscope or by reading data through the microprocessor. Connecting pin H of the 36 pin
connector to 12V, biases CTS on the 8251 and enables the transmitter. The inputs and outputs of the level shifting chips
(1488's and 1489's) may be checked with a voltmeter.

The communications card can be set up so that powering up the microcomputer sets up the mode and command words for
each 8251 on the card. Once set up, the microprocessor can return to normal operation, with the 8251's monitoring outside
communication. If an external device signals one of the 8251's,requesting a data transfer,the corresponding 8251 can signal
the microprocessor via either an interrupt request or by setting a bit in the status register when using polied 1/0 processing.

Reference Materlals
1. NEC uPD8251 Programmable Communication Interface, January, 1977.
2. 8080 intel Microcomputer Peripherals User’s Manual, 1976.
3. EDN, “Some Do's, Don't's, and How's of Serial Data Transmission”, April 20, 1976.
4. EDN, "USART, A uP Interface for Serial Data Communication”, September 5, 1976.
5. Computer Design, “Design Constraints for a USART-based Minicomputer Communications Interface”, June 1977.
6. Kilobaud, “Who's Afraid of RS-232 — Data Communications Explained!”, May, 1977.
7 Datamation, "Display Terminal Survey — Alphanumeric Display Terminals”, January, 1876.
8. Computer Data Handling Circuits, Alfred Corbin.
9. Minicomputers for Engineers and Scientists, Granino A. Korn.

10. TV Typewriter Cookbook, Don Lancaster.
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NOTE TFOR MORE RELIABLE OPERATION USE 8251a not 8251

USART Communications Card Parts List

Label

IC1 - 1C4

1IC12, i1C14,1C20,
1C22

IC11, 1C13,1C19,
IC21

1C26

1C18

IC7 -
1C25

IC10

IC17

IC15, 1C16
ICS, 1C6
IC8, iC9
1C23, 1IC24

a1
D1

S1-54

526

S8, S9, 525
S5-S57,510-S24

C5, C8, C9,
Ci11

C2

C1, C3, C4,
Cs6, C7, C10

B Yo X ERKEgpr XX MARKRNKRREY % WX

z
v s

R1, R2

)
Y

ERR
3

* |f you have ordered a COMM-1, quantities in parentheses are supplied.

Description

8251, 28-pin, USART interface chip
1489, 14-pin, quad line receiver

1488, 14-pin, quad line driver

74154, 44-pin, 1 of 16 decoder

7420, 14-pin, dual 4-input nand gate
74104, 14-pin, hex inverter

7442, 16-pin, 1 of 10 decoder

7402, 14-pin, quad 2-input NOR gate

7432, 14-pin, quad 2-input OR gate

7401, 14-pin, quad 2-input nand gate
7493, 14-pin, binary counter

74193, 16-pin, synchronous binary counter
74125, 14-pin, tri-state quad buffer

2N5129 npn transistor
1N60 germanium diode

28-pin socket

24-pin socket

16-pin socket

14-pin socket

PC board

22-pin dual edge connector
36-pin dual edge connector

1 mfd, 15V tantalum capacitor

50 pfd, silver mica capacitor -
.01 mfd capacitor, ceramic

4 MHz crystal
Crystal socket

1K ohm ' watt carbon film resistor
10K ohm Y watt carbon film resistor
100 ohm Y% watt carbon film resistor

LR

Qty.

4 ()"
42

4(2)*

AN R NN = cd ed ed et ea

-

Digital Group
Part #
073-015
078-007

078-008

075-053
075-011
075-049
075-016
075-002
075-013
075-001
075-023
075-041
075-031

020-004
040-001

060-005
060-004
060-002
060-001
090-047
080-000
080-001

010-001

018-002
014-002

030-007
060-007

001-025
001-037
001-010



NOTE: FOR MORE RELIABLE OPERATION, USE 8251A

© NEC microcomputers, inc. 4 PD8251

PROGRAMMABLE COMMUNICATION INTERFACE

DESCRIPTION The uPD8251 Universal Synchronous/Asynchronous Receiver/Transmitter (USART) is
designed for microcomputer systems data communications. The USART is used as a
petiphetal and is programmed by the uPD8080 or other processor to communicate in
commonly used serial data transmission techniques including IBM Bi-Sync. The USART
receives serial data streams and converts them into parallel data characters for the
processor. While receiving serial data, the USART will also accept data characters from
the processor in parallel format, convert them to serial format and transmit. The USART
will signal the processor when it has completely received or transmitted a character and
requires service. Complete USART STATUS including data format errors and control
signals such as TxE and SYNDET is available to the processor at any time.

FEATURES

Asynchronous or Synchronous Operation
— Asynchronous:
5-8 Bit Characters
Clock Rate - 1, 16 or 64 x Baud Rate
Break Character Generation
Sclect 1, 1-1/2, or 2 Stop Bits
False Start Bit Detector
— Synchronous:
5-8 Bit Characters
internal or External Character Synchronization
Automatic Syne Insertion
Single or Double Sync Characters
e Baud Rate — Synchronous — DC to 56K Baud
— Asynchronous — DC to 9.6K Baud

¢ Full Duplex, Double Buffered Transmitter and Receiver
® Parity, Overrun and Framing Flags
e Fully Compatible with 8080
e All Inputs and Outputs are TTL Compatible
¢ Single +5 Volt Supply
e  Separate Device, Receive and Transmit TTL Clocks
® 28 Pin Plastic DIP Package
® N-Channel MOS Technology
PIN CONFIGURATION '
0, O ~ 8P o
NAMES
03 2 273 0o PIN
07-Dg Data Bus (8 bits)
Rx [: 3 26 :] VCC Cc/D Contiol or Data 1s 1o he Written or Read
RD Read Data Command
GND [: 4 25 :] R xC . WR Wirite Data o1 Contiol Command
R Cs Chip Enable
Dy l: 5 24 :] DTR CLK__ [Ciock Pulse (TTL)
— RESET  [Heset
05 E 6 23 :] RTS T=C Transmitter Clock (TTL)
PD . s TxD Tiansmitter Data
DG E 7 8“251 22 :] DSR RAxC Recever Clock (TTL)
, RxD Recerver Data
D’ [: 8 ’ 21 :J RESET RxBROY {Receiver Ready (has character [or 8080)
““".‘ “C : 9 20 j CLK ;%120‘( ;r)n.msmu::l R‘Eady (ready for char tiom 8080)
5 ata Sot eady
V_Vﬁ C 10 10 : TxD OTR Data Terminal Ready
SYNDET|Sync Detect
&S [: 11 18 :] TxE RTS Request 1o Send Data
TS Ciear to Send Data
sy m P 1/ ] CTs TeE [rememiti Emay ]
Vee vS Volt Supply
A3 16 [] SYNDET GND [Ground
RxRDY [14 15 [] TxRDY

Five Militig Drive/Lexington, Massachusetts 02173 Telephone 617/862-6410 Telex 92-3434 TWX-710-326-6520
Rev/1



The uPD8251 Universal Synchronous/Asynchronous Receiver/Transmitter is designed
specifically tor 8080 microcomputer systems but works with most 8-bit processors.
Operation of the 8251, like other 1/0 devices in the 8080 family, is programmed by
system software for maximum flexibility.

In the receive mode, a communication interface device must convert incoming serial
format data into parallel data and make certain format checks on the data. And in the

transmit mode, the device must format data into serial data. The device must also supply

or remove characters or bits that are unigue to the communication format in use. By

performing conversion and formatting services automatically, the USART appears to the

processor as a simple or “transparent” input or output of byte-oriented parallel data.

L DATA _r\\i TRANSMI |
Ny by BUS BUFFER | TxD
- BiFFER M P -S)
RESET ——=]
TxRDY
CLK ~———pd .
READ/WRITE
= N TRANSMIT
D ] CONTROI ) L TxE
s LOGIC CONTROL -
(Y pp—— ° lw— TxC
W o]
T w0
VT o
=T monem Vemn TU;F,I‘V‘S e [kl
N 3 - x
o CONTHOL \r"‘ S )
BT - O \r‘
'
/ |~ RxRDY
RECEIVE -
INTERNAL ™ conTROL RixC
DATA BUS ftmn SYNDE T
.
c/D RD WR CcS
0 0 1 0 8251 — Data Bus
0 1 0 0 Data Bus - 8251
1 0 1 0 Status > Data Bus
1 1 0 0 Data Bus - Control
X X X ! D B 3-S
ata Bus -* 5-Otate
X 1 1 0

Operating Temperature -0°C t0‘+70°C
-65°C to +125°C
0.5 to +7 Volts

- 0.5 to +7 Volts

~0.5 to +7 Volts

Storage Temperature . . .. .. ... L.

COMMENT: Stress above those hsted under ""Absolute Maximum Ratings’* may cause permanent
damage to the device. This is a stress rating only and functional operation of the device at these or
any other conditions above those indicated in the operational sections of this specification is not
imphed. Exposuie to absolute maximum rating conditions for extended periods may affect device
reliability.

*T,=25C

FUNCTIONAL
DESCRIPTION

BLOCK DIAGRAM

BASIC OPERATION

ABSOLUTE MAXIMUM
RATINGS*



DC CHARACTERISTICS

CAPACITANCE

PACKAGE OUTLINE
4PD8251C

T,=0°Cto 70°C; Vge = 5.0V 1 5%; GND =0V

LIMITS
PARAMETER SYMBOL MIN TYP | MAX UNIT | TEST CONDITIONS
Input Low Voltage ViL GND -.5 0.8 \Y
Input High Voltage ViH 20 Vee \%
Output Low Voltage VoL 0.45 \Y loL = 1.7mA
Output High Voltage VOH - 2.4 v oy = -100 uA
Data Bus Leakage IpL -50 VouT = 0.45V
A
10 VYouT = Vee
Input Load Current he 10 nA @5.5V
Power Supply Current lce 45 | 80 mA
T, - 25"C; Ve = GND = 0V
LIMITS
PARAMETER SYMBOL [ min [TYP [ MAX | UNIT TEST CONDITIONS
Input Capacitance CiN 10 pF fc =1 MHz
110 Capacitance Cy/0 20 pF Unmeasured pins 1eturned
to GND

ITEM | MILLIMETERS ]| INCHES
A 38.0 MAX. 1.496 MAX.
B 2.49 0.008
2.54 0.10
) K 051 0.1 0.02 ' 0.004
£ 33,02 13

F 15 0.059

G 264 MIN. | 0.10 MIN.

H 0.5 MIN 0.02 MIN.

1 522 MAX | 0.205MAX.
Ty 572 MAX. | 0.225 MAX.
K 15.24 06

I TS 0.52
: + 0 004
Cw | eas 'R ] 00 o




8US PARAMETERS (1)

To 0 Cw 0 C Veg - 5OV - 8% GND - 0V
LIMITS
PARAMETER SYMBOL uNIT TEST CONDITIONS
MIN l TYP MAX
READ
At Stabde betore READ, 105, ¢ D) ‘AR 50 ns
St ol Lune toe T AD, (07, TS A o ns
HEAD Pulse Wadth W 430 ns
1 Delay hom READ RO 350 ns C 100 pF
HEAD 10 Dt Flogting tf 200 ns Cy - 100 pf
25 C < 15pF
Hutovety Time Berwesn WRITES (2) 1Ry 6 cy
WRITE
Adletress Stabile Letore WRITE ‘AW 20 s
Avtitrose Hold Tune tor WHITE WA 20 ns
WIITE Pulse Watih W 400 ns
Dt Se1 Up Time tor WRITE THOwW 200 ns
Uit Hold Tame for WRITE Wwo 40 ns
OTHER TIMING
Clock Perod (3) ey 420 135 us
lack Putse Width LW 220 0.71cy ns
000 1 eVl Tame T ) 50 s

TxD Detay rom Fatling Edge of TxC 10T x 1 us Cy = 100 pF
Hx Duta Ser Up Time 10 Sampling Pulse tSHx ? us Ci 100 pF
R Dura Kot Tame 1o Sampling Pulse THRx ? us Ci = 100 pF
Tomsantter Input Clock Frequency [N

1X Baud Rate oc 56 KHz

16X and 64X Baug Rate ne 520 KH7
Tranamatter tnpot Clock Pulse Widih ew

1X Baud Rate 12 oy

16X and BAX Boud Rate ' cy
Voansmatter Input Clock Pulse Delay e

X Bt Hote 14 ey

16X it (¥ i e a ey
Hocerver Input Clork Fequency 1Ry

1X Haudd Rate 0c 56 KHz

THX . nd 6AX Haud Hate 0ne H20 KHz
Recewver Input Clock Pulse Width 1RPW

VX Bl Rate 12 ey

16X . nd 64X Baudd Hate 1 ey
Recovn (npu Clock Palae Delay e

IX Had Wate " IRY%

F6X gt 64 Baudd Rate 4 ey
TARDY Detay from Center of Data Bt (N 16 a2 Cy S0pF
RxRDY Delay tom Center of Data Bit T 20 icy
Enteenal Syngdet Delyy foom Center of
Dy Bt ts 25 10y
Extern ol Synuet Set Up Time hefore
Foiirg Batge ot Hag . "y 16 16 0y
VTP TY Oty Toom Conter of Dt Bt TI<E 16 1cy CL S0pF

Tl Ty T Fovia £ e of

AWHETE (1ab TR TS Wi Cy
Contnl 1o READ Set Up Tane 1DSR, CT5) R 16 oy
Notes (1Y AC nmings measured ot Vo 20, Vo 08, and with 1oad arcurt of Figute 1

S

Me USART Subseguent woting of hoth COMMAND and DATA e unly aBowed when TwRDY 1

3) The TxC and RxC lrequencies have the tollowing hmitations with respect to CLK

For 1X Raud Rate, £, o1ty

11430 1y h

For 16X and BAX B Bate, Ty oty T Gy

[CH Heset Pulse Width - 6 1oy mimimum

D.ULT.

a—i—3
(@]
s

Figure 1.

2V

24K

A OUTPUT DELAY (ns)

{» Thesrecovery time s for imtalization only, when MODE, SYNC1, SYNC?, COMMAND and first DATA BYTES are written into

+20

+10

SPEC

-10

-20

4

-100

~50

0

+50  +100

A CAPACITANCE {pF)
Typical A Output
Delay Versus A Capacitance {pF)

TEST LOAD CIRCUIT

AC CHARACTERISTICS



TIMING WAVEFORMS

b e == - -
LT T W e RAa—a] e
. _ H - - e “'WW._':V ‘WD RA H
Ownire ” wa [ ST PR )
AW —] AR
@ﬁmo R
1RR
WRITE -\ E‘
MW —-
TxE, OTR, RIS
DSR, CTs
J— ~4—lcn'>i
REA 1 ’
READ AND WRITE TIMING
e [ p———— tTeD
TxC 11x BAUD) b S
16 1xC PERIODS
TxC (16x BAUD) L SR AR A \k /
e fe—tpTx
PP AR X - --
TRASNMITTER CLOCK AND DATA
o ) S
- 1SR X THR X
Wl (1 BAUD) - -
o mmme e—— - 1 ———eve -__~_.J
INTERNAL il RPW n PO
SAMPLING
PULSL b START BIT 14 DATA BT~ et
AxD 3 SIS =S
tSRX } tHRX

FxC (16% BAUD)

! i

» 16 AxC PERIODS —————]
INTERNAL I BRxCPERIOD?n n
SAMPLING

PULSL

RECEIVER CLOCK AND DATA

O
RxD IstarT 81 [ DATABITS o Frriiy 8r1]s10p

BIT IST/\RT B!TI

TH X ———y J—
Rx RDY
1 ‘
READ Ll
Tx EMPTY 1
‘TX———{ R—
Tx RDY
‘ 1]

|

WRITE I
WRITE 1st BYTE WRITE 204 BYTE WRITE 3rd BYTE
TxD MARKING LSIART 81T DATABAS 0 JpariTY BitfsTortBiT |sTAaRT BIT]
AL
fee 1M OATA BYTE } 204 DATA BY TE

kYW
e

TxRDY AND RxRDY TIMING (ASYNC MODE)

SYNC CHARACTER (01101001)——————-—————‘—‘

o s | 1 f LAST BIT] ]
s F“C RESET BY -
SOF TWARE
SYNDET
OUTPUT) A COMMAND
INTERNAL SYNC DETECT
AxC ' 1
}4—— tgs =
SYNDET w
UNPUTI |
T R | Iy I -]
oo Tt DATA BYTE ]|

EXTERNAL SYNC DETECT

Note: @ Write and Read pulses have no timing limitation with respect to CLK.
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PIN

NO.

SYMBOL NAME

FUNCTION

1,2,
27,28
5~-8

D7 - Do Data Bus Buffer

An 8-bit, 3-state bi-directional buffer used to
interface the 8251 to the processor data bus.
Data 1s transmitted or received by the buffer in
response 1o input/output or Read/Write instruc-
tions from the processor. The Data Bus Buffer
also transfers Control words, Command words,
and Status.

26

Vee Ve Supply Voltage

+5 volt supply

GND Ground

Ground

Read/Write Contiol Logic

This logic block accepts inputs from the pro-
cessor Control Bus and generates control signals
for overall USART operation. The Mode
Instruction and Command Instruction registers
that store the control formats for device func-
tional definition are located in the Read/

Write Control Logic.

21

RESET Reset

A ““one’’ on this input forces the USART into the
“Idle"’ mode where it will remain until reinitial-
ized with a new set of control words, Minimum
RESET pulse width is tcy,

20

CLK Clock Pulse

The CLK input provides for internal device tim-
ing and is usually connected to the Phase 2 (TTL)
output of the uPB8224 Clock Generator.
External inputs and outputs are not referenced
to CLK, but the CLK frequency must be 30
times the Receiwver or Transmitter clocks in the
synchronous mode and 4.5 times for the
asynchronous mode.

WR Write Data

A ""zero’ on this input instructs the uPD8251
to accept the data or control word which the
processor is writing out to the USART via the
data bus.

RD Read Data

A “zero’" on this input instructs the uPD8251
to place the data or status information onto the
Data Bus for the processor to read.

12

c/D Control/Data

The Control/Data input, in conjunction with the
WR and RD inputs, informs USART to accept or
provide either a data-character, control word or
status information via the Data Bus.

0 = Data; 1 = Control.

Cs Chip Select

A “zero” on this input enables the USART for
reading and writing to the processor.

Modem Control

The uPD8251 has a set of control inputs and
outputs which may be used to simplify the
interface to a Modem.

22

DSR Data Set Ready

The Data Set Ready input can be tested by the
processor via Status information. The DSR input
is normally used to test Modem Data Set Ready
cond:tion,

24

DTR Data Terminal Ready

The Data Terminal Ready output can be con-
trolled via the Command word. The DTR output
is normally used to drive Modem Data Terminal
Ready or Rate Select lines.

23

RTS Request to Send

The Request to Send output can be controiled
via the Command word. The RTS output is
normally used to drive the Modem Request to
Send line.

17

CTs Clear to Send

A ““zero’ on the Clear to Send input enables the
USART to transmit serial data if the TxEN bitin
the Command Instruction register is enabled
{one).

PIN IDENTIFICATION



TRANSMIT BUFFER/
CONVERTER

PIN IDENTIFICATION
(CONT.)

8251 INTERFACE TO 8080
STANDARD SYSTEM BUS

The Transmit Buffer/Converter receives paraliel data from the Data Bus Buffer via the
internal data bus, converts parallel to serial data, inserts the necessary characters or
bits needed for the programmed communication format and outputs composite serial
data on the TxD output.

PIN FUNCTION
no.| svmeod | NAME
: The Transmit Control Logic accepts and outputs
Transmit Control Logic all external and internal signals necessary for
serial data transmission.
15 TxRDY Transmitter Ready Transmitter Ready signals the processor that the

transmitter is ready to accept a data character.
TxRDY can be used as an interrupt or may be
tested through the Status information for Polied
operation, Loading a character from the pro-
cessor automatically resets TxRDY.

18 TxE Transmitter Empty The Transmitter Empty output signals the
processor that the USART has no further char-
acters to transmit. TxE is automatically reset
upon receiving a data character from the pro-
cessor. In half-duplex, TxE can be used to signal
end of a transmission and request the processor
to “‘turn the line around.”” The TxEn bit in the
command instruction does not effect TxE.

In the Synchronous mode, a "‘one” on this out-
put indicates that a Sync character or charac-
ters are about to be automatically transmitted
as "“fillers” because the next data character has
not been loaded.

|

9 TxC Transmitter Clock The Transmitter Clock controls the serial charac-
ter transmission rate. In the Asynchronous
mode, the TxC frequency is a multiple of the
actual Baud Rate. Two hits of the Mode Instruc-
tion select the multiple to be 1x, 16x, or 64x
the Baud Rate. In the Synchronous mode, the
TxC frequency is automatically selected to
equal the actual Baud Rate.

Note that for both Synchronous and Asynchro-
nous modes, serial data is shifted out of the
USART by the falling edge of TxC.

19 TxD Transmitter Data The Transmit Control Logic outputs the
composite serial data stream on this pin.

Y ADDRESS BUS S

Ao

Y CONTROL BUS j

— _— @2
I/OR 1/OW | RESET (TTL)

\ DATA BUS \

I 2 R

c/D cs D7 — Do RD WR  RESET CLK




The Receiver Bulfer accepts senal data input at the RxD pin and converts the data
from serial to parallel format. Bits or characters required for the specific communica-
tion technique i use are checked and then an eight-hit “‘assembled’’ character is
readied for the processor. For communication techniques which require less than
eight bits, the uPD8251 sets the extra bits to "zero.”

PIN
no. | symeoL | NAME

FUNCTION

This block manages all activities related to

Receiver Control Logic incoming data.

11 RxRDY Recewer Ready The Receiver Ready output indicates that the
Receiver Buffer 1s ready with an “assembled’’
character for input to the processor. For Polled
operation, the processor can check RxRDY
using a Status Read or RxRDY can be con-
nected to the processor interrupt structure.
Note that reading the character to the pro-
cessor aulomatically resets RxRDY.

75 RxC Recewer Clock The Recewver Clock is the rate at which the
incoming character is received. In the Asynchro-
nous mode, the RxC frgquency may be 1,16

or 64 times the actual Baud Rate but in the
Synchronous mode the RxC {requency must
equal the Baud Rate. Two bits in the mode
nstruction select Asynchronous at 1x, 16x or
64x o1 Synchronous operation at 1x the Baud
Rate.

Unlike -TT(E data 1s sampled hy the uPD8251
on the nising edge of RxC.

3 RxD Receiver Data A composite serial data stream is received by
the Receiver Control Logic on this pin.
16 SYNDET Sync Detect The SYNC Detect pin is only used in the

Synchronous mode. The uPD8251 may be pro-
grammed through the Mode Instruction to
operate in either the internal or external Sync
mode and SYNDET then functions as an output
or input respectively. In the internal Sync mode,
the SYNDET output will go to a “one’” when
the uPD8251 has located the SYNC character

in the Recewve mode. !f double SYNC

character (bi-sync) operation has been pro-
grammed, SYNDET will go to "‘one’ in the
middle of the last bit of the second SYNC
character. SYNDET 15 automatically reset to
‘‘zero’ upon a Status Read or RESET. In the
external SYNC mode, a “zero” to "‘one’’ transi-
tion on the SYNDET input will cause the
uPDB251 to start assembling data character

on the next falling edge of RxC. The length of
the SYNDET input should be at least one RxGC
period, but may be removed once the

uPD8251 is in SYNC.

Note: @ Since the uPDB251 will frequently be handling both the reception and transmission
tor a given hink, the Recewve and Transmit Baud Rates will be same. RxC and TxC
then require the same frequency and may be tied together and connected to a single
clock source or Baud Rate Generator.

Examples:  |If the Baud Rate equals 110 {(Async): if the Baud Rate equals 300:
BXC or TxC equals 110 Hz (1x} RxC or TxC equals 300 Hz (1x) Aor S
RxC or TxC equals 1.76 KHz (16x) RxC or TxC equals 4800 Hz {16x) A only
RXC or TXC equals 7.04 KHz (64x) RxC or TxC equals 19.2 KHz (64x) A only

RECEIVER BUFFER

PIN IDENTIFICATION
" {CONT.)



OPERATIONAL A set of control words must be sent to the uPD8251 to define the desired mode and
DESCRIPTION communications format. The control words will specify the BAUD RATE FACTOR
) {1x, 16x, 64x), CHARACTER LENGTH (5 to 8), NUMBER OF STOP BITS
(1, 1-1/2, 2}, ASYNCHRONOQOUS or SYNCHRONOUS MODE, SYNDET (IN or OUT),
PARITY, etc.

After receiving the controt words, the uPD8251 is ready to communicate. TxRDY is
raised to signal the processor that the USART is ready to receive a character for trans-
mission. When the processor writes a character to the USART, TxRDY is auto-
matically reset.

Concurrently, the uPD8251 may receive serial data; and after receiving an entire
character, the RxRDY output is raised to indicate a completed character is ready for
the processor. The processor fetch will automatically reset RxRDY.

Note: The uPD8251 may provide faulty RxRDY for the first read after power-on or
for the first read after receive is re-enabled by a command instruction (RxE).
A dummy read is recommended to clear faulty RxRDY. But this 15 not the
case for the first read after hardware or software reset after the device
operation has once been established.

The uPD8251 cannot transmit until the TXxEN (Transmitter Enable) bit has
been set by a Command Instruction and until the CTS (Clear to Send) input is a
“zero”. TxD is held in the “marking’ state after Reset awaiting new Command
Words.

uPD8251 PROGRAMMING The USART must be loaded with a group of two to four control words provided by
the processor before data reception and transmission can begin. A Reset (internal or
external) must immediately proceed the control words which are used to program the
complete operational description of the communications interface. If an external
RESET is not available, three successive 00 Hex or two successive 80 Hex command
instructions (C/D = 1) followed by a software reset command instruction {40 Hex)
can be used to initialize the 8251,

There are two control word formats:

1. Mode Instruction
2. Command instruction

MODE INSTRUCTION This control word specifies the general characteristics of the interface regarding the
SYNCHRONOQUS or ASYNCHRONOUS MODE, BAUD RATE FACTOR, CHARACTER
LENGTH, PARITY, and NUMBER OF STOP BITS. Once the Mode Instruction
has been received, SYNC characters or Command Instructions may be inserted depend-
ing on the Mode Instruction content.

COMMAND INSTRUCTION  This contiol word will be interpreted as a SYNC character definition if immediately
preceded by a Mode Instruction which specified a Synchronous format. After the
SYNC character(s) are specified or after an Asynchronous Mode Instruction, all sub-
sequent control words will be interpreted as an update to the Command Instruction.
Command Instruction updates may occur at any time during the data block. To
modify the Mode Instruction, a bit may be set in the Command Instruction which
causes an internal Reset which allows a new Mode Instruction to be accepted.



N TYPICAL DATA BLOCK
C/B=1| MODE INSTRUCTION

c/D 1 SYNC CHARACTER 1 SYNC MODE

C/D = SYNC CHARACTER 2 ONLY

¢/D =1 |COMMAND INSTRUCTION

c/b 07 DATA :’

c/D=1 |[COMMAND INSTRUCTION

cb 02 DATA v

C/D =1 |COMMAND INSTRUCTION

NOTE @ The second SYNC character s skipped if MODE instruction
has programmed the 8251 to single character Internal SYNC
Mode. Both SYNC characters are skipped +f MODE instruction
has programmed the 8251 to ASYNC mode.

The uPD8251 can operate in either Asynchronous or Synchronous communication MODE INSTRUCTION
modes. Understanding how the Mode Instruction controls the functional operation DEFINITION

of the USART is easiest when the device is considered to be two separate components,

one asynchronous and the other synchronous, which share the same support circuits

and package. Although the format definition can be changed at will or ““on the fly"”, the

two modes will be explained separately for clarity.

When a data character'is wiitten into the uPD8251, the USART automatically adds ASYNCHRONOUS
a START bit {low level or "“space’’) and the number of STOP bits (high level or TRANSMISSION
“mark”’) specified by the Mode Instruction. If Parity has been enabled, an odd or

even Parity bit is inserted just before the STOP bits(s), as specified by the Mode

Instruction. Then, depending on CTS and TxEN, the character may be transmitted

as a seriab data stream at the TxD output. Data is shifted out by the falling edge of

TxC at TxC, TxC/16 or TxC/64, as defined by the Mode Instruction.

H no data characters have been loaded into the uPD8251, or if all available characters
have been transmitted, the TxD output remains “high’’ {(marking) in preparation

for sending the START bit of the next character provided by the processor. TxD may be
forced to send a BREAK (continuously low) by setting the correct bit in the

Command Instruction.

n
The RxD input line is normally held “high’’ {marking) by the transmitting device. ASYNCHRONOUS
A fallimg edge at RxD signals the possible beginning of a START bit and a new RECEIVE

character. The START bit is checked by testing for a “low’” at its nominal center

as specified by the BAUD RATE. If a low’’ is detected again, it is considered valid,
and the bit assembling counter starts counting. The bit counter locates the approxi-
mate center of the data, parity (if specified), and STOP bits. The parity error flag (PE)
is set, if a parity error occurs. Input bits are sampled at the RxD pin with the rising
edge of RxC. If a high is not detected for the STOP bit, which normally signals the end
of an input character, a framing error (FE) will be set. After a valid STOP bit, the input
character is loaded into the parallel Data Bus Buffer of the uPD8251 and the RxRDY
signal is raised to indicate to the processor that a character is ready to be fetched. If the
processor has failed to fetch the previous character, the new character replaces the old
and the overrun flag (OE) is set. All the error flags can be reset by setting a bit in the
Command Instruction. Error flag conditions will not stop subsequent USART operation,

10



CPUBYTE (5-8 BITS/CHAR) @
— 3
DATA CHARACTER

{ ¢
Lar

NOTE@: IF CHARACTER LENGTH IS DEFINED AS 5,6, OR 7

1"

BITS; THE UNUSED BITS ARE SET TO “ZERO.”

RECEIVE FORMAT

MODE Dy Dg Dy Dg D3z Dy Dy Dg
INSTRUCTION FORMAT
ASYNCHRONOUS MODE S2 | S | EP |PEN} L2 | Ly | Bp} By
BAUD RATE FACTOR
- 0 1 0 7
. 0 0 1 1
SYN
vobe | x| ex | eax)
CHARACTER LENGTH
- 0 1 0 1
- 0 0 1 1
5 6 7 8
BITS | BITS | 81TS { BITS
PARITY ENABLE
T 1 FNABLE 0 DISABLE
__ EVENPARITY GENERATION/CHECK
" 1 :EVEN 0 ODD
NUMBER OF STOP BITS
>~ 0 1 0 1
— 0 0 1 1
1 17 2
INVALIDE gi7 | BiTS | BITS
{ ¢ A
TRANSMIT/RECEIVE START il PARITY S%i)P
FORMAT TxD MARKING BIT DAT? :BIIS BIT BITS
ASYNCHRONOQUS MODE 27
TRANSMITTER OUTPUT
L\ ve
’ 7 PARITY STOP
START
RxD eIt DATA BITS BIT BITS
{ Y
RECEIVER INPUT
CPUBYTE (5-8 BITS/CHAR)
45
DATA CHARACTER
~ §
ASSEMBI ED SERIAL DATA QUTPUT (TxD)
{3 % ”_—1
START PARITY sTOP
BT DATA CHARACTER BIT BITS
~ ¢ 4 f
TRANSMISSION FORMAT
SERIAL DATA INPUT {(RxD)
START N PARITY S'T’(I)P
BIT DATA CHARACTER BIT BITS
{ L L
LR q




As in Asynchronous transmission, the TxD output remains “‘high”’ {marking) SYNCHRONOUS
until the uPD8251 receives the first character from the processor which is usually TRANSMISSION
a SYNC character. After a Command Instruction has set TXxEN and after Clear

to Send (CTS) goes low, the first character is serially transmitted. Data is

shifted out on the falling edge of TxC and the same rate as TxC.

Once transmission has started, Synchronous Mode format requires that the serial

data stream at TxD continue at the TxC rate or SYNC will be lost. If a data character

is not provided by the processor before the uPD8251 Transmitter Buffer becomes
empty, the SYNC character(s) loaded directly following the Mode Instruction will

be automatically inserted in the TxD data stream. The SYNC character(s) are inserted

to fill the line and maintain synchronization until new data characters are available

for transmission. If the uPD8251 becomes empty, and must send the SYNC character(s),
the TxEMPTY output is raised to signal the processor that the Transmitter Buffer

is empty and SYNC characters are being transmitted. TXxEMPTY is automatically

reset by the next character from the processor.

TxEMPTY go high at the middle of the last data bit when the Transmit Register is
EMPTY. TxEMPTY goes low again as sync characters are transmitted. See figure below.

FOR SINGLE SYNC CHARACTER OPERATION

TxD ix DATAX pata X sync X sync X DATA X DATA X:
1 1 [

DATA WRITE

TxEMPTY m ‘
CENTER OF LAST BIT
FOR DOUBLE SYNC CHARACTER OPERATION (BISYNC)

TxD :>< DATAX SYNCIXSYNC?X DATA X DATA )C
DATA WRITE 1 1 [
[

CENTER OF LAST BIT B

TxD ___X pata Y synct X svyncz X pata X DATAX:
DATA WRITE 1 [ [
i

TxEMPTY

TXxEMPTY
CENTER OF LAST BIT
In Synchionous Receive, character synchronization can be either external or internal. SYNCHRONOUS
If the internal SYNC mode has been selected, and the Enter HUNT (EH) bit RECEIVE

has been set by a Command Instruction, the receiver goes into the HUNT mode.

Incoming data on the RxD input is sampled on the rising edge of RxC, and the
Receiver Buffer is compared with the first SYNC character after each bit has been
loaded until a match is found. If two SYNC characters have been programmed, the
next received character is also compared. When the SYNC character(s) programmed
have been detected, the uPD8251 leaves the HUNT mode and is in character synchro-
nization. At this time, the SYNDET {output) is set high. SYNDET is automatically
reset by a STATUS READ.

1t external SYNC has been specified in the Mode Instruction, a ‘one” applied
to the SYNDET (input) for at least one RxC cycle will synchronize the USART.

Parity and Overrun Errors are treated the same in the Synchronous as in the
Asynchronous Mode. Framing errors do not apply in the Synchronous format.

The processor may command the receiver to enter the HUNT mode with a Command
Instruction which sets Enter HUNT (EH) if synchronization is lost.
12



MODE INSTRUCTION

FORMAT

SYNCHRONOUS MODE

TRANSMIT/RECEIVE
FORMAT
SYNCHRONOUS MODE

Dy Dg DO Dy Dz Dy Dy Do
SCS JESD ] EP | PEN]| L2 Lq [e] 0
CHARACTER LENGTH
- 0 1 0 1
- 0 0 1 1
5 6 7 8
BITS BITS BITS BITS
= PARITY ENABLE
(1 = ENABLE)
(0 = DISABLE)
#~ EVENPARITY GENERATION/CHECK
1=EVEN
0= 0DD
= EXTERNAL SYNC DETECT
1= SYNDET IS AN INPUT
0=SYNDET IS AN QUTPUT
-~ SINGLE CHARACTER SYNC
1 =SINGLE SYNC CHARACTER
0=DOUBLE SYNC CHARACTER
CPUBYTES (5-8 BITS/CHAR)
L4
7
DATA CHARACTERS
4 &
r 7
ASSEMBLED SERIAL DATA OUTPUT (TxD)
d e
T r
SYNC SYNC
CHAR 1 CHAR 2 DATA CHARACTERS
§ 5
TRANSMIT FORMAT
SERIAL DATA INPUT (RxD)
5 f
SYNC SYNC
CHAR 1 CHAR 2 DATA CHA‘R'ACTERS

CPU BYTES (56-8 BITS/CHAR)

rv

rys
7 s
DATA CHARACTERS

4 £

T

RECEIVE FORMAT

13



After the functional definition of the uPD8251 has been specified by the Mode COMMAND INSTRUCTION
Instruction and the SYNC character(s) have been entered, if in SYNC mode, the FORMAT

USART is ready to receive Command Instructions and begin communication. A

Command Instruction is used to control the specific operation of the format selected

by the Mode Instruction. Enable Transmit, Enable Receive, Error Reset and Modem

Controls are controlled by the Command Instruction. )

After the Mode Instruction and the SYNC character(s), as needed, are loaded, all
subsequent “control writes”’ (C/D = 1) will load or overwrite the Command Instruction
register. A Reset operation (internal via CMD IR or external via the RESET input)

will cause the uPD8251 to interpret the next “control write”, which must immediately
tollow the reset, as a Mode Instruction,

Itis frequently necessary for the processor 1o examine the “‘status” of an active STATUS READ FORMAT
interface device to determine if errors have occurred or to notice other conditions

which require a response from the processor. The uPD8251 has features which

allow the processor to “read’” the device status at any time. A data fetch is issued

by the processor while holding the C/D input “high’’ to obtain device Status Infor-

mation. Many of the bits in the status register are copies of external pins. This dual

status arrangement allows the uPD8251 to be used in both Polled and interrupt

driven environments. Status update can have a maximum delay of a 16 clock period.

When a parity error is detected, the PE flag is set, and is cleared by setting the PARITY ERROR
ER bit in a subsequent Command Instruction. PE being set does not inhibit USART
operation.

_ It the processor fails to read a data character before the one following is available, OVERRUN ERROR
the OE flag is set, and is cleared by setting the ER bit in a subsequent Command
Instruction. Although OE being set does not inhibit USART operation, the
previously received chatacter is overwritten and lost.

If a valid STOP bit is not detected at the end of a character, the FE flag is set, and FRAMING ERROR @
is cleared by setting the ER bit in a subsequent Command Instruction. FE being set
does not inhibit USART operation.

Note: (1) ASYNC mode only.

14



COMMAND INSTRUCTION by bg  br Dg D3 Dy Dy Dg
FORMAT

L " Yy FRCpsiuc] Bxe { D1 | IxeN

TRANSMIT ENABL E
1 enable
0 disable

DATA TERMINAL
READLY —
“high” will farce DTR
output to zero

RECEIVE ENABLE
= enable
Q = disable

SEND BREAK
CHARACTER
1 forces TxD "low”
0 = normal operation

ERROR RESET
‘ - T oreser all error flags

PE, OE, FE

REQUEST TO SEND
g~ “high” will force RTS
output to zero

INTERNAL RESET
“high’’ returns 8251 to
Mode Instructon Format

ENTER HUNT MODE
1 - enable search for Syne
Churactars

STATUS READ FORMAT %/ % b b b3 v o %

DSK SYNDET FE OE PE TxE RxRDY | TxRDY

Lo

SAME DEFINITIONS AS /O PINS

PARITY ERROR

The PE flag s set when o parity
cerror 1s detected. 1t s 1eset by
the ER b of the Command
Instruction PE does not inhibat
opet ation of the 8251

OVERRUN ERROR

The OE flaqg 1s set when the CPU
does not read a character before
the next one becomes availabte.
Ttas reset by the ER it of the
Command Instruction, O does
not inhibnt operation of the 8251,
however, the previousity overrun
character is lost

FRAMING FRROR {Async only)
The FE tlag 1s set when o valid
Stop it is not detected at the
end of every character. Ht s reset
by the ER bit of the Command
Instruction FE does not inhibit
the operation of the 8251

Note. @ TxROY status bit 1s not totally equivalent to the TxRDY output pin, the relationship
1s as follows*
1xRDY status bit < OB Bufter Empty
TxROY (pin 15) = DB Buffer Empty ® CTS ® TxEn

15



ASYNCHRONOUS SERIAL INTERFACE TO CRT TERMINAL,

! ADDRESS BUS ]
11
‘_l CONTROL BUS {
[ 11 }
! DATA IUS 1

UL

Fm———

8261

RxD fet————of EIA TO TTL A
CONVERT
TxD "—'—"—"{ {OPT) 3
= 1 ————d A ;
— BAUD HATE
R
TxC GENERATOR TEFSMITNAL

DC to 9600 BAUD

ASYNCHRONOUS INTERFACE TO TELEPHONE LINES

SYNCHRONOUS INTERFACE TO TERMINAL OR PERIPHERAL DEVICE

SYNCHRONOUS INTERFACE TO TELEPHONE LINES

{ ADDRISS BUS !
L' CONTROL BUS S
{ DATA BUS B
)
Taly
PHONE
5 re—ip ASYNC LINE
i MODEM e
FACE
841 [N p*._J
Wit -

!

o RAUD
M RATE
¢ GENERATOR TELEPHONE

LINE

ADORESS BUS )
) CONTROU BUS )
C DATA BUS

UL

ial)
Tt SYNCHRONOUS
801 Hal TERMINAL
g ] OR PERIPHERAL
TxC DEVICE
SYNDLT

‘ ADDRESS BUS 3
5-1 - CONTHOT BUS 1)
f B DATA BUS )
Rl
™
oy PHONE
oo | LINE
L INTEUR
SYNC Fact
AN MODEM
18 jo-——
T Jommmtr]
170T% fo—a—rd
01—t
THLEPHONE
LINE

APPLICATION OF THE uPD8251

The information presented in this document is believed to be accurate and reliable. The information is subject to change without notice.

PRINTED IN US.A.
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- susTEM. peV 1o (com1)
}
e \/\
nzes
~ @259= 47FRIFEF @SCOGREE QGREREGE GEGEBSET ‘G.T. ... ... ......
273 Q1AGOGO0 OOGEDAF? OOOQOGAR GAGREEAA .. ... ... ...
e Q3: GEAEGEEE COROEERE AAGOQEEE 0OAGEERE ° .. . . ... ... ......
~ 299 00PAGEQD BOPGCOOC QOOCO0RD 00O@EREE ... . ... .. ... ..
@2A9: ATFISE2C GOGAEEEE 0EAE3ISIE BEEGEFEGZ ¢ . PR, .. . .. &3
@789 QEEOOOGH QGEOEOGGED GGEOOGGOE QGEBAGERA . . ... ... . ... ...
_ @2C9 G6GE0000 GAERGOEE GOOGGEEE BOGEEBED ... . ............
@209 GOAEGRE0 QEEGGOGE CGGEEGERE GEREEEEE ¢ .. . ... .. ... .. ...
@ZE9: @OAEOROGR OAGRO0GE CGGEGOGER GEEAGEA6 © ... . ... ... .. ...
@2F9: GEEEAORE GOGAGEAR OGGDGEGE GERGSAEG ¢ ... ... ... . ... ..
@309 ASF2SO3IC QAEETEO0E 0RBEISQE ISGEFFEG © . .FS.. . . .. &.8. .
83219 GEEEGOEE AEOGREEE CEREEBGE OREBEEEL ‘.. .. ... ... ... ...
@329 RREEGO0E GOGEE0NGEE GEGOGEEGE GEEEGEET ‘. .. . ... ... ... ...
- @339: OROAG0EE POGERAND DEDERGEE GAEBEEEAE ... . ... ... ... ...
8343 GOBEGEA0 GRAREERE GEEAGQER GEEGEEED . ... ............
-LI F2A2 L167
Fene CIB?F2  JP  aFzgy ST ATHS
_ F2ABR C343FZ  JP  GF343 N
" FZAE C351F3  JP  aFisy el
FZREL C3I7BF2  JPp  @F3ve VT
=~ SE2 R AFIn s NI T —_
F2B7 DBLL N A, Lil) STHTHS
YB3 CE4F BIT 1.A
+2BE  CROEFZ JP  Z.@GFZ0E
FZRE €5 PUSH EBC
FZBF 4F LG C.8
Fzce DBLG IN  A.c18)
. F2C2 E6&7F AaND  7F
F2C4 CBS9 BIT 3.C |
F2CE 2869 JR Z.@F201
FzCR CO74F3  CALL @F274
20  ZE37 Lo a,37
F CO O3tL autT  ©112.8
ZCF  3E3F LD A.3F
anx cL FOP  BC
Fz02 CF&E 5C 66
FzD4  3ZBEL JR_ C.OFZB?
FZOE CBFF SET 7.4
FaoR FO7PFLE LD IY+1E2.0
Fz0B [BLL IH ﬁ (1L
Fa2O0  CR47 81T @.n
F2OF 285E JR  Z.@F33C
FZEt FOCELC4E BIT 8. (IY+1C)
FPES 2@6E JR NZ.GF2FS
~ FPE? FDCBLC4E BIT L1.(IY+1C)
FZEE 2@00 JR NZ.@FZFa
FPEQ FOCBLCSE BIT 2. (I¥+10)
F2F1  2@2E JR MZ,8FILE
FEF3 1844 JR @F339
2F5 DBt I ALt
. ZF? er RLCA
FrFe 1843 IR @F320
FZFa FOPELE LD A.CIV+LiED
_ F2F0 CB7F EIT 7.R
"F2FF 286D Jr Z.GFIGE
FIR1 E&TF aAMD 7
F2@2 FOP7LE LD CIY+1EY.A
- F2B& FE13 CP 13
L F2@8 2800 - —JR— 2, B8F3LS
F2aa FELL P 1t
_ F2@C 2860 JR Z.eFILE
FIBE FOPELD LD A.CIy+im
F31L E7 Or A
F212 2825 JR Z.8F323%5
F314 1826 JR BF33C
FR16 FOPPL0D LD CIY+L0D.A
219 18F3 JR OF36E
“L.31B  AF HOR A
FRIC 18F& JR  @FZLE
FRLE FOPELE LD A, CIY+1ED
~ F321 CB7?F BIT 7.8
F322 2860 R Z.@F33z
Fzzs EE7F AND  FF
. F327 FOPFLE  LO  CIY+1Er.d
F3: FEBE CF &
FI2C 2604 JR NZ.@F33Z
_ F32E FO36106G8 LD cIY+10).0
F232 FO7ELD LD A.£IY+iDD
F235 FESE CP 2@
F237 32083 JR NC.@F33C
F33m 7 SCF
F238 1361 JR @F23I0
FIZC E7 ar A
~ F330 FOPELE L0 8. (IY+L1ED
F24@ CB7?F BIT 7.8
F247 (9 RET
_ "F=43 COBFFZ2  CALL @FzE7 NPT
FI46 2QFB JR Z.0F343
F348 FO7PELE LD A.<IY+1ED
_ FZ4B EG&PF aNp FF
F340 FOPPLE LD CIY+iE).R
2 RET \ —
F25t COBPFZ  CALL OFZE7 onTmT
754 3IGFE JR NG, @F35t :
. 256 73 LoD Aa.c
TEE57 b3La ouT  (1@v.a
-~ FR253 FOCELCSE BIT 2. (IY+1C)
F2s0 C8 RET 2
EZEE ERZ4100 IHC  cIv+4i0)



Raalhedihacd

F3ea FEL1 cP 11
« F3@C 2860 JR  Z,OF3LE
F2@E FOPELD LD A.CIYv+iD)
F3tt E7 oF A
. F31z 2825 JrR Z.8F233
F314 1826 JR  BF3ZC
F3i6 FO?PPL0 L0 CIY+i0D).8
219 18F2 JR GF36E
31B AF HOR A
FRIC 18FS JR BF216
FRLE FOPELE LD . CIV+LED
~ F321 CB?F BIT 7.8
F323 2860 JR 2.8F332
F325 E67F AND  FF
« F327 FO?PPLE LD CIY+1E>.a
F22A FEBE cP 6
FR2C 2004 JR NZ.@F332
_ F32E FO36i0@e L0  CIY+LD).@
F232 FO7ELD LD A.CIYelD
F235 FESe CF 20
F237 320832 JR  HC.BF33C
~ F339 37 SCF
F238 1s8ei JR @F230
FIRC E7 gr A
— F330 FOPELE LD A.CIY+1ED
F34@ CBR?F BIT 7.A
E ) RET
- F343 CDBFFZ  CALL @FZ2B7 INPaT
FR45 28FB JR Z.0F343
F242 FOPELE LD A.CIY+LED
_ F24B E&7F AND  TF
F340 FO?77LE LD (IY+iED.A
E258 €3 RET —
~ F251 CODBPFZ  CALL BFZBY onT ]
T C254 30FE JE NC,@F351
256 79 Lo Aa.c
“F357 03Le auT (187, 8
~ F259 FOCELICSE EBIT 2.¢IY+1C)
FASD C8 RET 2
FZSE FO34i0 INC  CIY+iD)
— FZ&1 FO?PELD LD a;fxv+1av
FR&4 FE?F CP ?F
F266 D8 RET C
. F367 CDEFPF2  CALL BF2B7
F26a 30FE JR NC.@F3E7
F36C 32EeZ LD A.3
_ F36E 031e QuUT  <1@>.A
276 FDI410 INC  (IY+LiDo
F373 C9 RET
11 IN B, tily
~{F27¢ cB47 BEIT @.8
F278 28Fn JR  Z,@F374
F37a  C9 RET —
— Py JESE |4 A, ok mwer
F270 D3t QUT  <11).A
F27F 3E4@ LD  RA.4a
_ F38t D31t QUT  <itd.A
F383 FOCEA87E BIT 7.0IY+8)
F387 280C JR 2.48F25%5
_ F283% FOCBE276 BIT 6. (IY+8)
~ F280 2E7A L0 A.7A8
F23F 2806 JR HZ.8F357
~3291 3ESA LD A.5A
—\_393 1s8ez JR @F297
F235 3E4E LD  A.4E
F297 D3tt QuUT  {113.A
. F3%% 3E3? Lo Aa.37
F398 D311 auT 11,8
F290 FO0361088 LD CIY+1iDD.@
\j anx C3 RET '
TO R.40 DEINIT
anq 021t QuT  (Lix.n
F306 9 RET
-B1 F2A8
Sl @' 1LeT
. iB@’ C3BPF2  JP  @F’
pRaz’ C343F3  JP ap’
gEas’ C3ISLF2 JP 8as’
geag’ C3IPRFI P @03
8EAC’ C2EPEZ . Jp  Gra’
par’ OBLL IN n,<113 STATUS
(4] Y CADBFZ2 J Vv -
aa16’ C5 PUSH BC LS
fe17" 4F Lo C.n \
. @ana1e’ pRLE IH A1) ;
ga1a’ EGPF aHD  FF
aLC’ CRSS BEIT Z.C ;
@aLE’ 28@89 JR 2.29°
@@2e’ CDP4F3  CALL acc’
@@23’ 3EIT LD A#.37
@@es’ D3ty QUT  £L1y.8
@E27¢ 3EIF LD  B.3F
gaz9’ 1 POP EC
gaza’ CF6E sC 66
- @@2C’ 3\EL JR CLEF°
@a2E’ CEBFF SET 7.9
@@36° FO?PPLE LD (IT+1ED,R é,_J
aa33’ 0OBLL IH  A.LLL1)
B35S’ CEA4T BIT @.8
@E37’ 285K JR Z.94° ——
@029 FOCELC4S BIT B (IVHLT) T=Avy 1
a@E3p’ Z6eE JR - HZ.4D° '
G3F’ FOCBLCAE BIT L. (1Y+1C) |
w143 2ael JR HNZ.52¢
. @@45’ FOCBLCSE EBIT  2,CI¥+1C) /
aG43° 2626 JR MZ.78° ‘
BA4B" 1544 JRo9L




-B1 F2A8
Ll et L1ET
188’ C3IBPF2  JP  GF°
T whe3 C342F2T  OF 9B’
@E8E’ C351F2 JP  8A3
_ @@@9’ CIPEFI JP @03’
AGEC’ CIACEZ  Jp  QFQ’
TWOOr’ OBL1 IN  A.(1D) STATUS
« Bols: ChbeFz b 2033
@ale’ C5 PUSH BC (ST
ae817" 4F Lo C.n \
.. @018’ DBL@ N A (1@ |
@a1n* E6PF aMD  TF ’
8A1C° CRS9 . BIT 2.C w
_ ealE’ 2803 JR  Z2.29°
@@28° CDP4F2  CALL @ccC’ (
@@23’ 3E37 LD A.37 $
. @@2s5' D3ty QUT  (117.8
- @@27 2EIF LD  A.3F
a@29’ Ci POP BC ]
@aza’ CFE6 sC &6
— @E@E2C’ I8EL JrR C.@F*
ea2E’ CBFF SET 7.8 | f
@@A36° FO?PPLE LD C(IY+1ED.H
- 86323 DBit IHN ALl &
ga35’ CE47 BIT @8
@@37° 29858 JR 2.94°  _ _ - .
@039° FDCRLC4E BIT "B, (I1Y+1C) TAYY 1
v @@3D’ 286E JR NZ.4D° )
G3F’ FDCELC4E BIT L. {IV+1C) !
\6M43* 2660 JR NZ,S52°
— @@45° FOCBLCSE BIT 2.(IY+1C) /
ga49° 2028 JR NZ.78° |
848’ 1844 JrR 91’
. €©04D° DBLL IN A, (LD {
@a4F’ @7 RLCA
865a° 1843 I 95 ‘
_ @e@S2’ FOPELE LD A.(IY+LED
@@55° CB?F EIT 7.a !
gas?’ 2800 JR 2.66° ‘
@@a59’ EGPF AND  7F
— @OB5B' FOPPLE LD  CIY+1E).A [
@BSE’ FELZ CF 13 (
gEEe’ 288C JR  Z.6E°
- 08862’ FEi1 CPF 11 I
aaG4’ 2860 JrRZ,73¢
@A66° FOPELD LD A.CIY+iD) '
_ eass’ gy orR A
gaGA’ 2825 JR z.91" !
8086C° 1326 JR 94’
_ B@EE’ FD?PID LD (IY+1i0).A |
8a71° L8F3 JR &6’
8a73’ AF WOR A |
8a74’ 13F8 JR  &E’
— @@76° FOPELE LD ACIY+LE) l
0873’ CE7F BIT 7.4
@78’ 2860 JrR 2Z,8A° !
\V\éa?n* EG7F AND  PF
@7F’ FO?P7LE LD <IY+iE).A \
a8@82’ FE@S P 6 |
_ 08034’ 2664 JR NZ.2a°
@rgSe’ FD3610€@ LD <IY+iD).@ (
@688A° FO?PELD LD A.<IY+1D)
@G80’ FESH CP Se \
— @@asF’ 38a3 JR NC.94° \
WAAEE oY ST h
a9z’ 1201 Jr as¢ ‘
aa94’ BY orR A
@@95’ FO?PELE LD A.CIY+1ED
8@38° CB7F BIT 7.
8888 C9 RET
Ba9g* COBrFZ  CALL @F° 1N PuT
QESE’ ZOFE JR Z.sE’
@A’ FOPELE LD A, CIY+LED
—_an3’ E&7F AND  7F
BGAS° FO?P7LE LD (IY+1Ev.A
@@’ o T
~ veAad’ COR?PFZ  CALL aF’ oarrag
aenc’ 36FE JR HC,@a3
@ONE’ 79 Lo A.C
. @BaF’ 0318 ouUT  187.8
@AEL’ FOCELCSE BIT 2.CIY+L0C)
gaRS’ g RET 2
_ @@B6’ FD34i0  IHC <IY+iD)
@ARY' FOPELD LD A (IV+L00
Q@BC’ FE?F CP 7F
AaRE’ 02 RET C
- @a@BF’ CODBFPFZ  CALL aF’
aacz’ 3eFE JR NC.BEF’
9aC4’ ZEQZ Lo #.3
~ BOCE' D3LE GUT  £16).R
@acs’ FD3410 INC  CIY+1D)
@ace’ C9 PET
- - A.L1L)
8GBCE’ CR47 BIT @.8
agga* 28Ff JR Z.‘Ce’
_|=sp2’_C9 RET
TGL3 T 3EGC Lo A.8E v T
@eps’ D3t QUT  <1iy.A
aea0?’ 3E4G LoD Aa.4@
~ aapy’ 02tt ouT  (11d.A
. @0B* FDCERGSPE BIT 7.(IY+8)>
S@apF’  28ac JE Z.eED”
~ @@ELl’ FDCEGS?E BIT 6.1 I1Y+2)
@e®ES® 2E7R L0 a.78
GOE?* 2066 JR N2, BEF*

g e T

oy g P




a9z’ 1201 Jr g5
« 0894’ B7 orR A ,
8@95° FD7PELE LD n,f17+;;:?§}“¢~‘—J
8058 CB7F EIT 7.4
@84’ (4 RET
B@SE° COETFZ  CALL BF° 1IN PWT
QEIE’ 2OFE IR Z.5B°
“@AB' FOPELE LO A, CIY+1ED
—_ @33’ EG7F AND  7F
g@nsj FO77 LE LBT CIY+LEY . B
— BBRI’ COE?FE  CALL aF’ onrral
@anc’ 3I6FE JR HC. @A
@ORE’ 79 Lo A.C
_ @OAF' D3LE 0UT (18,8
@AEL’ FOCELCSE BIT 2. (1Y+10)
gaRS’ €8 RET 2
_ BERE’ FD3410  IHC (IY+iD)
@AES’ FOPELD LD A.(IY+10)
@aBc’ FETF CP 7F
Q@BE’ [ RET C
~ @@EBF’ COBFFZ  CALL @F’
@acz’ 36FE JR  NC.@EF*
@EC4° ZE@Z Lo A3
— BECE’ D3ILE OUT {1878
@ACS' FDI4LD  INC  (IY+Li0D
@acE’ €9 RET
- M T
BOB’ FOCEGE7E BIT 7. (IY+8)
~@@0F’ 28aC JR zZ.eEQ’
— @@EL’ FOCE@S7E BIT 6. I1Y+8)
@BES’ 3E7A LD A.7a
GAE?" 2006 JR NZ.@EF’
~ @@E9’ 3ESA LD A.5A
GOER’ 1387 IR @EF’
@EED 3E4E LD A, 4E
@@EF’ [3t1 OUT  (Lid.@
@@Ft’ 3637 LD A, 27
@aF3’ D3tt QUT  (11).A
. Q@Fs’ Fn1utnaa L0 (IY+i00.8
© @eFs” RET
1ﬂﬂ$?‘?€4u o h.40 1wt
@AFC’ DItl OUT  <11).4
~ @@FE’ C9 RET

!




