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APPLICATIONS

INTRODUCTION

The Intel 8251 is a Universal Synchronous/Asyn-
chronous Receiver/Transmitter (USART) which is
capable of operating with a wide variety of serial
communicafion formats. Since many peripheral
devices are available with serial interfaces, the 8251
can be used to interface a microcomputer to a
broad spectrum of peripherals, as well as to a serial
communications channel, The 8251 is part of the
MCS-80T™ Microprocessor Family, and as such it is
capable of interfacing to the 8080 system with a
minimum of external hardware.

This application note describes the 8251 as a com-
ponent and then explains its use in sample applica-
tions via several examples. A specific use of the
8251 to facilitate communication between two
MCS-80 systems is discussed in detail from both
the hardware and software viewpoints. The first
two sections of this application note describe the
8251 first from a functional standpoint and then
on a detailed level. The function of each input and
output pin is fully defined. The next section de-
scribes the various operating modes and how they
can be selected, and finally, a sample design is dis-~
cussed using the 8251 as a data link between the
MCS-80 systems.

- COMMUNICATION FORMATS

Serial communications, either on a data link or
with a local peripheral, occurs in one of two basic
formats; asynchronous or synchronous. These for-
mats are similar in that they both require framing
information to be added to the data to enable
proper detection of the character at the receiving
end. The major difference between the two for-
mats is that the asynchronous format requires
framing information to be added to each character,
while the synchronous format adds framing infor-
mation to blocks of data, or messages. Since the
synchronous format is more efficient than the
asynchronous format but requires more complex
decoding, it is typically found on high-speed data
links, while the asynchronous format is used on
lower speed lines.

The asynchronous format starts with the basic data
bits to be transmitted and adds a “START™ bit to
the front of them and one or more “STOP” bits
behind them as they are transmitted. The START
bit is a logical zero, or SPACE, and is defined as
the positive voltage level by RS-232-C. The STOP
bit is a logical one, or MARK, and is defined as the
negative voltage level by RS-232-C. In current loop
applications current flow normally indicates a
MARK and lack of current a SPACE. The START
bit tells the receiver to start assemnbling a character
and allows the receiver fo synchronize itself with
the transmitter. Since this synchronization only

has fo last for the duration of the character (the
next character will contain a new START hit), this
method works quite well assuming a properly
designed receiver. One or more STOP bits are
added to the end of the character to ensure that
the START bit of the next character will cause a
transition on the communication line and fo give
the receiver time to “catch up" with the transmit-
ter if its basic clock happens to be running slightly
slower than that of the transmitter, If, on the other
hand, the réceiver clock happens to be running
slightly faster than the transmitter clock, the re-
ceiver will perceive gaps between characters but
will still correctly decode the data. Because of this
tolerance to minor frequency deviations, it is not
necessary that the transmitter and receiver clocks

~ be locked to the identical frequency for successful

asynchronous communication.

The synchronous format, instead of adding bits to
each character, groups characters into records and
adds framing characters to the record. The framing
characters are generally known as SYN characters
and are used by the receiver to determine where
the character boundaries are in a string of bits.
Since synchronization must be held over a fairly
long stream of data, bit synchronization is nor-
mally either extracted from the communication
channel by the modem or supplied from an ex-
ternal source.

An example of the synchronous and asynchronous
formats is shown in Figure 1. The synchronous
format shown is fairly typical in that it requires
two SYN characters at the start of the message.
The asynchronous format, also typical, requires a
START bit preceding eacH character and a single
STOP bit following it. In both cases, two ¥-bit
characters are to be fransmitted. In the asynchro-
nous mode 10%n bits are used to transmit n charac-
ters and in the synchronous mode BN + 16 bits are
used. For the example shown the asynchronous
mode is actually more efficient, using 20 bits
versus 32, To transmit a thousand characters in the
asynchronous mode, however, takes 10,000 bits
versus 8,016 for the synchronous format mode.
For long messages the synchronous format be-
comes much more efficient than the asvnchronous

format; the crossover point for the examples
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shown in Figure 1 is eight characters, for which
both formats require 80 bits.

In addition to the differences in format between
synchronous and asynchronous communication,
there are differences with regards to the type of
modems that can be used. Asynchronous modems
typically employ FSK (Frequency Shift Keying)
technigues which simply generate one audio tone
for a MARK and another for a SPACE. The receiv-
ing modem detects these tones on the telephone
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Figure 1. Transmission Formats

line, converts them to logical signals, and presents
them to the receiving terminal. Since the modem
itself is not concerned with the transmission speed,
it can handle baud rates from zero to its maximum
speed. Synchronous modems, in contrast to asvn-
chronous modems, supply timing information to
the terminal and require data to be presented to
them in synchronism with this timing information.
Synchronous modems, because of this extra clock-
ing, are only capable of operating at certain preset
baud rates. The receiving modem, which has an
oscillator running at the same frequency as the
transmitting modem, phase locks its clock to that
of the transmitter and interprets changes of phase
as data,

In some cases it is desirable to operate in a hybrid
mode which involves transmitting data with the
asynchronous format using a synchronous modem.

This occurs when an increase in operating speed is

required without a change in the basic protocol of
the system. This hybrid technique is known as
isosynchronous and involves the generation of the
start and stop bits associated with the asynchro-

nous format, while still using the modem clock for

bit synchronization.

The 8251 USART has been designed to meet a
broad spectrum of requirements in the synchro-
nous, asynchronous, and isosynchronous modes. In
the synchronous mode the 8251 operates with 5,
6, 7, or 8-bit characters. Even or odd parity can be
optionally appended and checked. Synchronization
can be achieved either externally via added hard-
ware or internally via SYN character detection.
SYN detection can be based on one or two charac-
ters which may or may not be the same. The single
or double SYN characters are inserted into the
data stream automafically if the software fails to
supply data in time. The automatic generation of
SYN characters is required to prevent the loss of
synchronization. In the asynchronous mode the
8251 operates with the same data and parity struc-
tures as it does in the synchronous mode. In addi-
tion to appending a START bit to this data, the
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8251 appends 1, 1%, or 2 STOP bits. Proper fram-
ing is checked by the receiver and a siatus flag set
if an error occurs. In the asynchronous mode the
USART can be programmed to accept clock rates
of 16 or 64 times the required baud rate. Isosyn-
chronous operation is a special case of asynchro-
nous with the multiplier rate programmed as one
instead of 16 or 64. Note that X[ operation is only
valid if the clocks of the receiver and transmitter
are synchronized.

The 8251 USART can transmit the three formats
in half or full duplex mode and is double-buffered
internally (i.e., the software has a complete charac-
ter time to respond to a service request). Although
the 8251 supports basic data set control signals
{(e.g., DTR and RTS), it does not fully support the
signaling described in EIA-RS-232-C. Examples of
unsupported signals are Carrier Detect (CF), Ring
Indicator (CE), and the secondary channel signals.
In some cases an additional port will be required to
implement these signals. The 8251 also does not
interface to the voltage levels required by EIA-
RS8-232-C; drivers and receivers must be added to
accomplish this interface.

BLOCK DIAGRAM

A block diagram of the 8251 is shown in Figure 2.
As can be seen in the figure, the 8251 consists of
five major sections which communicate with each
other on an internal data bus. The five sections are
the receiver, transmitter, modem control, read/
write control, and [/O Buffer. In order to facilitate
discussion, the I/O Buffer has been shown broken
down into its three major subsections: the status
buffer, the transmit data/command buffer, and the
receive data buffer.

Receiver

The receiver accepts serial data on the RxD pin and
converts it to paraliel data according to the appro-
priate format. When the 8251 is in the asynchro-
nous mode and it is ready to accept a character
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Figure 2. 8261 Block Diagram

(i.e., it is not in the process of receiving a charac-
ter), it looks for a low level on the ExD line. When
it sees the low level, it assumes that it is a START
bit and enables an internal counter. At a count
eguivalent to one-half of a bit time, the RxD line is
sampled again. If the line is still low, a wvalid
START bit has probably been received and the
8251 proceeds to assemble the character. If the
RxD line is high when it is sampled, then either a
noise pulse has occurred on the line or the receiver
has become enabled in the middle of the transmis-
gsion of a character. In either case the receiver
aborts its operation and prepares itself to accept a
new character, After the successful reception of a
START bit the B251 clocks in the data, parity, and
STOP bits, and then transfers the data on the
internal data bus to the receive data register. When
operating with less than & bits, the characters are
right-justified. The RxRDY signal is asserted to
indicate that a character is available.

In the synchronous mode the receiver simply
clocks in the specified number of data bits and
iransfers them to the receiver buffer register,
setting RxRDY. Since the receiver blindly groups
data bits into characters, there must be a means of
synchronizing the receiver to the transmitter so
that the proper character boundaries are main-
tained in the serial data stream. This synchroniza-
tion is achieved in the HUNT mode.

In the HUNT mode the 8251 shifts in data on the
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RxD line one bit at a time. After each bit is re-
ceived, the receiver register is compared to a regis-
ter holding the SYN character (program loaded}.
If the two registers are not equal, the 8251 shifts in
another bit and repeats the comparison. When the
registers compare as equal, the 8251 ends the
HUNT mode and raises the SYNDET line to indi-
cate that it has achieved synchronization. If the
USAET has been programmed to operate with two
SYN characters the process is as described above,

‘except that two contiguous characters from the

line must compare to the two stored SYN charac-
ters before synchronization is declared. Parity is
not checked. If the USART has been programmed
to accept external synchronization, the SYNDET
pin is used as an input to synchronize the receiver,
The timing necessary to do this is discussed in the
SIGNALS section of this note. The USART enters
the HUNT mode when it is initialized into the
synchronous mode or when it is commanded to do
50 by the command instruction. Before the receiver
is operated, it must be enabled by the RxE bit (D3)
of the command instructions. If this bit is not set
the raceiver will not assert the RxRDY bit.

Transmitter

The transmitter accepts parallel data from the
processor, adds the appropriate framing informa-
tion, serializes it, and transmits it on the TxD pin.
In the asynchronous mode the transmitter always
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adds a START bit; depending on how the unit i3
programmed, it also adds an optional even or odd
parity bit, and either 1, 1%, or 2 STOP bits. In the
synchronous mode no extra bits (other than parity,
if enable) are generated by the transmitter unless
the computer fails to send a character to the
USART. If the USART is ready to transmit a char-
acter and a new character has not been supplied by
the computer, the USART will transmit a SYN
character. This is necessary since synchronous
communications, unlike asynchronous communica-
tions, does not allow gaps between characters. If
the USART is operating in the dual SYN mode,
both 8YN characters will be transmitted before the
message can be resumed. The USART will not
generate SYN characters until the software has sup-
plied at least one character; i.e., the USART will
fill ‘holes’ in the transmission but will not initiate
transmission itself. The SYN characters which are
to be transmitted by the USART are specified by

the software during the initialization procedure. In

gither the synchronous or asynchronous maodes,
transmission 15 inhibited until TxEnable and the
CTS input are asserted.

An additional feature of the transmitter is the abil-
ity to transmit a BREAK. A BREAK is a period of
continuous SPACE on the communication line and
is used in full duplex communication to interrupt
the transmitting terminal. The 8251 USART will
transmit a BREAK condition as long as bit 3
(SBRK) of the command register is set.

Modem Control

The modem control section provides for the gener-
ation of RTS and the reception of CTS. In addi-
tion, a general purpose output and a general pur-
pose input are provided. The output is labeled
DTR and the input is labeled DSE. DTR can be
asserted by setting bit 2 of the command instruc-
tion; DSE can be sensed as bit 7 of the status
register. Although the USART itself attaches no
special significance to these signals, DTR (Data
Terminal Ready) is normally assigned to the
- modem, indicating that the terminal is ready to
communicate and DSR (Data Set Ready) is a signal
from the modem indicating that it is ready for
communications.

[/O Control

The Read/Write Control Logic decodes control
signals on the 8080 control bus into signals which
gate data on and off the USART's internal bus and
controls the external I/O bus (DBg—DB+). The
truth table for these operations is as follows:

If neither READ or WRITE is 2 zero, then the

USART will not perform an 1/O function. READ-
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CE | c/D | READ | WRITE Function
0 0 0. 1 CPU Reads Data from
LUSART
0 1 0 1 CPU Reads Status from
: USART
] 0 1 0 CPU Writes Data to
USART
o011 1 .0 CPL Writes Command to
USART
1 . x X USART Bus Floating
{NO-OP}

and WRITE being a zero at the same time is an
illegal state with undefined results. The Read/
Write Control Logic contains synchronization cir-
cuits so that the READ and WRITE pulses can
occur at any time with respect to the clock inputs
to the USART.

The I/O buffer contains the STATUS buffer, the
RECEIVE DATA buffer and .the XMIT DATA/
CMD buffer as shown in Figure 2. Note that al-
though there are two registers which store data for
transfer fo the CPU (STATUS and RECEIVE
DATA), there is only one register which stores data
being transferred to the USART. The sharing of
the input register for both transmit data and com-
mands makes it important to ensure that the
USART does not have data stored in this register
before sending a command to the device. The
TxRDY signal can be monitored to accomplish
this, MNeither data nor commands should be trans-
ferred to the USART if TxRDY is low. Failure to
perform this check can result in erroncous data

‘being transmitted.

INTERFACE SIGNALS

The interface signals of the 8251 USART can be
broken down into two groups — a CPU-related
group and a device-related group. The CPU-related
signals have been designed to optimize the attach-
ment of the 8251 to a MCS-80™ gsystem. The
device-related sipnals‘are intended to interface a
modem or like device. Since many perpherals
(TTY, CRT, etc.) can be obtained with a modem-
like interface, the USART has a hroad range of
applications which do not include a modem. Note
that although the USART provides a logical inter-
face to an EIA-RS-232 device, it does not provide
EIA compatible drive, and this must be added via
circuitry external to the 8251. As an example of a
peripheral interface application and to aid in
understanding-the signal descriptions which follow,
Figure 3 shows a system configured to interface
with a TTY or CRT. :
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CPU-Related Signals
Ve (26) I
GND (4) I

- CLE (200 1
RESET (21} 1
DB+—DBg 1/0
(8,7,6,5,2,1,
28.27)
CS(11) I
c/Da) I
RD(13) 1

+5 Volt Supply
+5 Yolt Common

The CLK input generates in- -

ternal device timing. No ex-
ternal inputs or outputs are
referenced to CLK, but the
frequency of CLK must be
greater than 30 times the
Receiver or  Transmitter
clock inputs for synchronous
mode or 4.5 times the clock
inputs for an asynchronous
mode. An additional con-
straint is imposed by the
electrical specifications (ref.
Appendix B) which require
the period of CLK be be-
tween 0.42 usec and 1.35
usec, The CLK input can
generally be connected to the
Phase 2 (TTL) output of the
8224 clock generator.

A high on this input per-
forms a master reset on the
8251. The device returns to
the idle mode and will re-
main there until reinitialized
with the appropriate control
words.

The DB signals form a three-
state bus which can be con-
nected to the CPU data-bus.
Control, status, and data are
transferred on this bus, Note
that the CPU always remains
in control of the bus and all
transfers are initiated by it.

Chip Select. A low on this
input enables communica-
tion between the USART
and the CPU. Chip BSelect
should go low when the
USART is being addressed by
the CPU. '

Control/Data, During a read
operation this pin selects
either status or data to be in-
put to the CPU (high=status,

low=data). During & wrife -

operation this pin causes the -

USART to interpret the data
on the bus as a command if it
is high or as data if it is low.

A low on this input causes
the USART to gate either
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WE (10

T«RDY (15)

TxE (18)

ExRDY (14)

I

]

O

O

status or data onto the data
bus.

A low on this input causes .
the USART to accept data
on the data bus as either a
command or as a data char-
acter.

Transmitter Ready. This out-
put signals the CPU that the
USART 15 ready to accept a-
data character or command.,
It can be used as an interrupt
to the system or, for polled
operation, the CPU can
check TxRDY using the
status read operation. Note,
however, that while the
TxRDY status bit will be as-
serted whenever the XMIT
DATA/CMD buffer is empty,
the TxRDY output will be
asserted only if the buffer is
empty and the USART is en-
abled to transmit (i.e., CTS is
Iow and TxEN is high).
TxRDY will be reset when
the USART receives a charac-
ter from the program.

Transmitter Emply. A high
output on this line indicates
that the parallel to serial
converter in the transmitter -
is empty. Inthe synchronous
mode, if the CPU has failed

to load a new character in

Ctime, TxE will go high mo-

mentarily as SYN characters
are loaded into the trans-
mitter to fill the gap in trans-
mission.

Transmitter Ready. This out-
put goes high to indicate that
the 8251 has received a char-
acter on its serial input and is
ready to transfer it to the
CPU. Although the receiver
runs continuously, RxRDY
will only be asserted if the
RxE {Receive Enable) bit in
the command register has
been set. RxRDY can be con-
nected to the interrupt struc-
ture or, for polled operation,
the CPU can check the condi-
tion of RxRDY using a status
read operation. RxRDY will
be reset when the character is
read by the CPU.

231309-001
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SYNDET {16) [/O Synch Detect. This line is used
in the synchronous mode only.
It can be either an input or
output, depending on whether
the initialization program sets
the USART for external or in-
ternal synchronization. SYN-
DET is reset to a zero by RE-
SET. When in the internal
synchronization mode, the
USART uses SYNDET as an
output to indicate that the
device has detected the re-
quired SYN character(s). A
high output indicates syn-
chronization has been achiev-
ed. If the USART is pro-
grammed to operate with
double SYN characters, SYN-
DET will go high in the mid-
dle of the last bit of the
second SYN character. SYN-
DET will be reset by a status
read operation. When in the
external synchronization mode
a positive-going input on the
SYNDET line will cause the
8251 to start assembling
~characters on the next falling
edge of RxC. The high input
should be maintained at least
for one RxC cycle following
this edge.

-

Device-Related Signals

DTR (24) O Data Terminal Ready. This is a
general purpose output signal
which can be set low by pro-
gramming a ‘1’ in command
‘instruction bit 1. This signal
allows additional device con-
trol.

Data Set Ready, This 15 a gen-
eral purpose input signal. The
status of this signal can be
tested by the CPU through a
status read. This pin can be
used to test device status and
is read as bit 7 of the status
register,

DSR {22) I

|

=

O Request to Send. This is a gen-
eral purpose output signal
equivalent to DTE. RTS is
‘normally used to request that
the modem prepare itself to
transmit (i.e., establish car-

rier). RTS can be asserted

TS (23)

6-121

(brought low) by setting bit 5
in the command instruction.

Clear to Send., A low on this
input enables the USART to
transmit data, CTS is normally
generated by the modem in re-
sponse to a RTS.

Receiver Clock. This clock
controls the data rate of char-
acters to be received by the
USART. In the synchronous
mode RxC is equivalent to the
baud rate, and is supplied by
the modem. In asynchronous
mode RxC is 1, 16, or 64
times the baud rate. The clock
division is preselected by the
mode  control  instruction.
Data is' sampled by the USART
on the rising edge of RxC.

RxD (3) I Receiver Data. Characters are

' received serally on this pin
and assembled into parallel
characters. RxD is high true
(1.e., High = MARK or ONE).

Transmitter Clock. This clock
controls the rate at which
characters are transmitted by
the USART. The relationship
between clock rate and baud
rate is the same as for RxC.
Data is shifted out of the
USART on the falling edge of
TxC.

Transmit Data Parallel charac-
ters sent by the CPU are trans-
mitted serially by the USART
on this line. TxD is high true
(i.e., High = MARK or ONE).

CTS(17) I

RxC (25) I

TxC (9} I

TxD(i9) O

MODE SELECTION

The 8251 USART is capable of operating in a num-
ber of modes (e.g., synchronous or asynchronous),
[n order to keep the hardware as flexible as possi-
ble (both at the chip and end product level), these
operating modes are selected via a series of control
outputs to the USART. These mode control out-
puts must occur between the time the USART is
reset and the time it is utilized for data transfer.
since the USART needs this information to struc-
ture its internal logic it is essential to complete the
initialization before any attempts are made at data
transfer (including reading status).

A flowchart of the initialization process appears in
Figure 4. The first operation which must occur
following a reset is the loading of the mode control

231309-001



APPLICATIONS

SYSTEM RESET
INITIALIZATION

=

LOAD MODE
INGTRUGTION

LoD FIRET
E¥HN CHAR

SINGLE
BT
!
M
LOAD

SECOND
YN CHAR

LOAD
COMMAND
* | WETRUCTION

¥ REEET
7
N

TRANSFER
DATA

Figure 4, Initialization Flowchart

register. The mode control register is loaded by the
first control output (C/D=1, RD=1, WR=0, T5=0)
following a reset. The format of the mode control
instruction is shown in Figure 5. The instruction
can be considered as four 2-hit fields, The first
2-bit field (D| Dp) determines whether the USART
is to operate in the synchronous (00) or asynchro-
nous mode, In the asynchronous mode this field
also controls the clock scaling factor. As an exam-
ple, if Dy and Dg are both ones, the RxC and TxC
will be divided by 64 to establish the baud rate.
The second field, D3—D9, determines the number
of data bits in the character and the third, Ds—Dy,
controls parity generation. Note that the parity bit
" (if enabled) is added to the data bits and is not
considered as part of them when setting up the
character length. As an example, standard ASCII
transmission, which is seven data bits plus even
parity, would be specified as: .

X X1 110XX
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D|iﬂ_ﬂl

BALUD RATE FACTOR

00 = 5yd MODE
01 = AEYN X1

14 = A5YHN K14
11 = 3N XG4

CHARACTER LENGTH

00 =58ITS
01 =gEIms
i =7 8ITS
{%-=ERBITS

EaRITY CONTROL

K0 =MD PARITY
01 =000 FARITY
11 = EVEN FARITY

FRA&MING CONTROL

5;:\\ D — ASVH Dy Dy = 00 00 = NOT VALID

: 01=15ToR QIT
10 = 1% ETOP BITS
TV =25T0FQITS

{04 Oy =0 BYN CONTROL

X0 INTERNAL SYN

=l &1 EXTERMAL 5¥N
01X DOUBLE 5YN CHAR
1% SINGLE VM CHAR

Figure 6. Mode Instruction Format

The last field, D7—Dg, has two meanings, depend-
ing on whether operation is to be in the synchro-
nous or asynchronous mode. For the asynchronous
mode (i.e., Dy Dy # 00), it controls the number of
STOP bits to be transmittied with the character.

Since the receiver will always operate with only

ong STOP bit, D7 and Dg only control the trans-
mitter. In the synchronous mode (D] Dg= 00),
this field controls the synchronizing process. Note
that the choice of single or double SYN characters
is independent of the choice of internal or external
synchronization. This is because even though the
receiver may operate with external synchronization
logic, the transmitter must still know whether to
send one or two SYN characters should the CPU
fail to supply a character in time.

Following the loading of the mode instruction the
appropriate SYN character (or characters) must be
loaded if synchronous mode has been specified.
The SYN character(s) are loaded by the same con-
trol output instruction used to load the mode in-
struction. The USART determines from the mode
instruction whether no, one, or two SYN charac-
ters are required and uses the control output to
load SYN characters until the required number are
loaded.

At completion of the load of SYN characters (or
after the mode instruction in the asynchronous
mode), a command character is issued to the
USART. The command instruction controls the
operation of the USART within the basic frame-
work established by the mode instruction. The
format of the command instruction is shown in
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Figure 6. Note that if, as an example, the USART D7D

D

0y Dy B Oy

by

is waiting for a SYN character load and instead is e | R

ER |SERE; RxE | DTR

TEEM

issued an internal reset command, it will accept the
command as a SYN character instead of resetting,
This situation, which should only occur if two
independent programs control the USART, can be
avoided by outputting three all zero characters as
commands before issuing the internal reset com-
mand. The USART indicates its state in a status
register which can be read under program control,
The format of the status register read is shown in
Figure 7.

When operating the receiver it is important to real-
ize that RxE (bit 2 of the command instruction)
only inhibits the assertion of RxRDY; it does not
inhibit the actual reception of characters. Because
the receiver is constantly running, it is possible for
it to contain extraneous data when it is enabled,
To avoid problems this data should be read from
the USART and discarded. The read should be
done immediately following the setting of Receive
Enable in the asynchronous mode, and following

i

TRANSM | T ENABLE
1= ENABLE
0= DISABLE

DATA TERMIMAL
REBDY
“"HREH" WILL FORCE

CTRDUTPUT TO ZERD

RECEIVE EMAHLE
1= ENABLE RxADY
0= CISABLE RxRDY

SENMO BREAK
CHARACTER
1= FORCES Telx “LOW™
o= NORMAL OPERATION

ERROR RESET
1= RESET &LL ERROMH
FLAGH IPE. OF, FE)

HAEQUEST TO BEND
JHIGH" WILL FORCE
RTE QUTPUT TO ZERD

the setting of Enter Hunt in the synchronous
mode. It is not necessary to wait for R.'-:RD"E' be-
fore executing the dummy read.

INTERMAL RESET
THHEH" RETURRNE EZST
T MODE METAUCTION
FORMAT

ENTER HUNT MODE
1= ENABLE SEARCH FOR
5YHN CHARALUFTERSE

Figure 6. Command |nstruction Format

0 Dy s, ] D3 Dy el Op
DR BYMDET FE il PE Txf | MamOY | TwROY
1
PARITY ERROA

THE FE FLAT IS SET WHEN
& PAR|ITY ERACH 15 DE-
TECTED. IT IS RESET By
THE ER BIT QF THE GOf-
BAND BSTAUCTION. PE
DOES MOT IMHIBIT GPER:
ATICN OF THE 82531,

OVEARUN ERACR
THE OF FLAG IS 5ET WHEN
THE CPU DOES NOT READ &
CHAMACTER BEFORE THE
MEXT ONE BECOMES AVAIL-
ABLE, T 15 RESET BY THE
ER BIT OF THE COMMUEN N
INGTRUCTION, OF DOES
NOT |MHIBIT OPERATION OF
THE A281; MOWEVER, THE -
PREWVIOUSL Y OWERRLIN
CHARACTER I5 LOST"

FRAMING ERROR {ASYRT
ONLY|
THE FE FLAG 15 SET WHERN
A NWALIDSTOF BIT 15 NOT
DETECTED AT THE END OF
EVERY CHARACTER. IT IS
RESET BY THE ER BIT OF
THE COMMAND INSTRUC.
TIO8. FE DOES mwOT suHIBIT
THE OPERATION OF THE B2ET.

Figure 7. Status Register Format

SAME DEF INITIQNS
AS |0 FINS EXTEFT
THAT TxRIOY 15 ROT
CONDITIONED BY
T=ER R TTE.
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PROCESSOR DATA LINK

The ability to change the operating mode of the
USART by software makes the 8251 an ideal
device to use to implement a serial communication
link. A terminal initially configured with a simple
asynchronous protocol can be upgraded to a syn-
chronous protocol such as IBM Binary Synchro-
nous Communication by a software only upgrade.
In order to demonstrate the use of the 8251
USART, the remainder of this document will
describe the implementation of an interrupt-driven,
full duplex communication link on the Intel

MDSTM  system. With minor modifications, the

program developed could be used on the Intel
SBC-80/10™ QEM card, thus implementing a data
link between the two systems. Such a facility can
be used to down-load programs, run diagnostics,
.and maintain common data bases in multiprocessor
systems. ,

The factors which must be considered in the design
of such a link include the desired transmission rate
and format, the error checking requirements, the
desirability of full duplex operation, and the phys-
ical implementation of the link. The basic require-
ment of the system described here is that it allow
an Intel SBC-80/10 OEM card to be loaded from
an MDS development system, either locally or on
the switched telephone network. An additional
constraint is that the modem used on the switched
network be readily available and inexpensive,
These requirements led to the choice of a modem
such as the Bell 103A to implement the link. These
modems, which support full duplex comimunica-
tion at up to 300 baud, are readily availabie from a
number of sources at reasonable cost. These
maodems are also available in acoustically coupled
versions which do not require permanent installa-
tion on the telephone network. Interface to the
103A modem .is accomplished with nine wires:

Protective Ground, Signal Ground, Transmitted

Data, Received Data, Clear to Send, Data Set
Ready, Data Terminal Ready, Carrier Detecior,
and Ringing Indicator. f

The utilization of the interface signals to the
modem is as follows: '

Protective Protective Ground is used to bond |
Ground the chassis ground of the modem to
that of the terminal.

Signal Signal Ground provides a common
Ground ground reference between the mo-

dem and the terminal. .
Transmitted Transmitted Data is used to transfer
‘Data serial data from the terminal to the

modem,
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Received Received Data is used to transfer
Data serial data -from the modem to the
terminal.
Clear to Clear to Send indicates that the
Send modem has established a connec-
tion with a remote modem and is
ready to transmit data. '
Data Set Data Set Ready indicates that the
Ready modem 15 connected to the tele-
phone line and is in the data mode.
Data Data Terminal Ready is a signal
Terminal from the terminal which permits
Ready the modem to enter the data mode.
Carrier Carrier Detector is identical to
Detector Clear to Send in the 103 modem
- and will not be used in this inter-
face.
Ringing Ringing Indicator indicates that the
Indicator modem is receiving a ringing signal

from the telephone system. This
signal will not be used in the inter-
face, since it is possible for the
terminal to assert Data Terminal
Ready whenever it is ready for the
modem to “answer the telephone™.
The modem uses Data Set Ready to
indicate that it has answered the
call. '

A block diagram showing the connections between
the MDS and the SBC-80/10 through the modems
is shown in Figure 8. Figure 9 shows the portion of
the MDS monitor board devoted to the USARTs
and Figure 10 shows the equivalent section of the
SBC-80/10 board. Note that several signals on the
MDS to not have the proper EIA defined voltage
levels, and for this reason the adapter shown in
Figure 11 was added to the MDS. The 390 pF
capacitor was added to the 1488 driver to bring the
rise time within EIA imposed limits of 30 volts/
psec. In Figure 7 the signal labels within the MDS
and SBC-80/10 blocks correspond to the labels on
the schematics, the signal labels within the modem
blocks correspond to EIA conventions, and the .
signal labels on the wires between the blocks are
abbreviations for the English language names of the
signals.

As an example of how the USART clocks can be
generated, circuits A27, Al6, and AlS of Figure 9
form a divider of the OSC signal. The OSC signal
has a frequency of 18.432 MHz and is generated by

the 8224 which generates system timing for the
8080A. The 18.432 MHz signal results in a state

time of 488 ns versus the normal 500 ns for the
8080A. (This does not violate B080A specifica-
tions.) The 18.432 MHz signal can be divided by
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CRTUSART ATS f—o faol® | cp
CRT Tz DATA — [——= L L
CHT Ax DATAS RB B8

OTH
CHT OTR{ = | CID!
eeroens — -2 e
eATEGEND — oot g
‘CATT INTERFACE MACDEST
FAIDS 1

CTE

CE REQ TR EEND

D

RECEIVE CuATA

RO}

E2 THANSH ITTED DATA

OTR

Lo |- DATASET ADY

O'5H
oe

DATA TERML RDY

O
AR

G

MODEM ‘CRT” INTERFACE

Figure B. System Block Diagram

1480 < GTE
1488 == DZR
e ECL L] OTR

I T pF

Figure_ _B. EiA Adapter

30 and then 64 to give a 9600 baud communica-
tion standard. The 9600 baud signal can be further
divided to give 4800, 2400, 1200, 600, and 300
baud signals. The 1200 baud signal can be divided
by 11 to give a 109.1 baud signal which is within
1% of the 110 baud standard signal rate. Note that
because of constraints on the CLK input 9600
baud operation is not possible in the X64 mode,
The divide by 64 can be accomplished by dividing
by 4 with a counter and then 16 within the
USART. ¢

In order to keep the system as general purpose as
possible, it was decided to transmit 8-bit data char-
acters with an appended odd panty bit. Having a
full 8-bit byte available for data enables the trans-
- mission of codes such as ASCIT (which is 7-level
with an additional parity bit) to be transmitted
and received transparently in the system. Also, of
course, it allows B-bit bytes from the 8080A mem-
ory to be transferred in one transmission character.
If error checking beyond the parity check is re-
quired, it could be added to the data record to be
transmitted in the form of redundant check charac-
ters, ‘
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Before the software design of the system could be
undertaken, it was necessary to decide whether
service requests from the USART would be han-
dled on a polled or interrupt driven mode. Polled
operation normally results in more compact code
but it requires that whatever programs are running
concurrently with a transmission or reception must

periodically either check the status of the USART

or call a routine that does. Since it was not possible
to determine what program might be running dur-
ing a receive or transmit operation, it was decided
to operate in an interrupt driven mode.

The program which operates the 8251 must be
instructad as to what data it should transmit or
receive from some other program resident in the
8080 system. To facilitate the discussion of the
operation of the software, the following definitions
will be made:

USRUN is the program which controls the
operation of the 8251. |

USER is a program which utilizes USRUN in
order to effect a data transmission.

USER passes commands and parameters to
USEUN by means of the control block shown in
Figure 12. The first byte of the block contains the
command which USER wants USRUN to execute.
Valid contents of this byte are “C” which causes
USRUN to initialize itself and the 8251, “R"
which causes the execution of the data input (or
READ) operation, and “W" which causes a data
output (WRITE) operation. The second byte of the
control block is used by USRUN to inform USER
of the status of the requested operation. The third
and fourth bytes specify the starting address of a
buffer set up by USER which contains the data for
a transmit operation or which will be used by
USRUN to store received data. The fifth and sixth
bytes are concatenated to form a positive binary
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number which specifies how many bytes of data
USER wants transferred. The seventh and eighth
bytes are concatenated and used by USRUN to
count the number of bytes that have been trans-
ferred. When the required number of characters
have been transferred, or if USRUN terminates a
READ or WRITE due to an abnormal condition,
then USRUN calls & subroutine at an address de-
fined by the ninth and tenth bytes of the com-
mand block. This subroutine, which is provided by
USER, must determine the state of the process and
then take appropriate action.

Since USRUN must be capable of operation in a
full duplex mode (i.e., be able to receive and trans-
mit simultaneously), it keeps the address of two
control blocks; one for a READ operation and one
for a WRITE, The address of the controlling com-
mand block is kept in RAM locations labeled
RCBA for the READ operation and TCBA for the

WRITE operation. If RCBA (Receive Control-

Block Address) or TCBA (Transmit Control Block
Address) is zero, it indicates that the corresponding
operation is in an idle status.

Flowcharts of USRUN appear in Figure 13 and the
listings appear in Figure 14, The first section of the
flowcharts (Figures 13.1 and [3.2) consists of two
subroutines which are used as convenient tools for
operating on the control blocks These routines are
labeled LOADA and CLEAN. LOADA is entered
with the address of a control block in registers H
and L. Upon return registers D and E have been set
equal to the address in the buffer which is the
target of the next data transfer (i.e., D,E = BAD+
CCT); and CCT (transferred byte count) has then
been incremented. In addition, the B register is set
to zero if the number of bytes that have been
transferred is equal to the number requested (i.e.,
CCT = RCT). CLEAN, the second routihe, is also
entered with the address of a command block in
the H and L registers. In addition, the Accumulator
holds the status which will be placed in the
STATUS byte of the command block. On exit the
STATUS byte has been updated and the address of
the completion routine has been placed in H and L.

Upen interrupt, control of the MCS-80 system is
transferred to VECTOR (Figure 13.3). Vectoris a
program which saves the state of the system, gets
the status of the USART and jumps to the RISR
(Receive Interrupt Service Routine) or the TISR
(Transmit Interrupt Service Routine), depending
on which of the two ready flags is active. If neither
ready flag is active, VECTOR restores the status of
the running program, enables interrupts,-and re-
turns, (Interrupts are automatically disabled by the
hardware upon an interrupt.) This exit from VEC-
TOR, which is labeled VOUT, is used from other
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COMBEIAND

ETATLS

BAD LOW

B[y HIGH

THE BUFFER aDDRESE

RCT Lo

ACT HIgH

BE TRARGFERRED

COT LOW

GCET HIGH

CR&LDW

THESE TWO BYTES FOHRDA

CRA HIGH

THE ADDRESS OF & SUE-
ROUTIME T BE CALLED

WHEN THE QPERATION
5 TERMIMATED

Figure 12. Control Block

THESE TWO By TES FORM

THESE TWOBYTES INDICATE
THE NUMEER OF BYTES TO

THESE Tl BYTES INDICATE
THE HUSIEER OF BYTES THAT |
HAVE BEEM TRANSFERRED

DO T-+AL

COMT: =
CCNT+1

[ryE: =
COMT+DAD

O

B =
MOT ZERD

Figure 13.1. LOADA Subroutine

CLEAN

bE:=HL

HL:=HL+

Hh: = HL4BL

l

H,L: = CHM

=l

Figure 13.2. CLEAN Subroutine
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IVECTOR)

PLUSH STATWS

INFUT LUSART

ENAELE
INTERALPTS

Figure 13.3. lntarruqt Entry

| (TUTE 1}
LCHD =
LCMID
AND. BFBH
| ITUTE 2)
LEME =
LW A = LEMD
.OR, M :
TUTE 3
HAp=
LC
AOR, 18
TUTE4 -
OUT LRSCHaD
CLEAR TCMD

V

Figure 13.4. Transmit Interrupt Service Routine

portions of USRUN if return from the interrupt
mode is required. '

In addition to handling normal data transfers,
TISR (Figure 13.4) checks a location in memory .
named TCMD in order to determine if the receive
program wishes to send a command to the USART,
Since the transmit data and command must share a
buffer within the USART, any command output
must occur when TxRDY is asserted. If TOMD is
zero, TISR proceeds with the data transfer. If
TCMD is 'non-zero, TISR calls TUTE (Transmit
Utility, Figure 13.5) which, depending on the value

£z = TEWD

M,L: = TCBA

A= BUFFER

OUTPUT DATA,

HL: = TCEA

Figure 13.5. Transmit Utility Routine '
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in TCMD, turns off the receiver, turns on the re-
ceiver, or clears error conditions. Note that the
error flags (parity, framing, and overrun) are al-

ways cleared by the software when the receiver is

first enabled.

The flowchart of the RISR is shown in Figure
13.6. Note that in addition to terminating when-
ever the required number of characters have been
received, the RISR also terminates if one of the
error flags becomes set or if the received character
matches a character found in a table peinted to by
the label ETAB. This table, which starts at ETAB
and continues until an all “ones” entry is found,
can be used by USER. to define special characters,
such as EOT (End Of Transmission), which will ter-
minate a READ operation. The remainder of Fig-
ure 13 (13.7) shows the decoding of the commands
to USRUN. The listings also include a test USER
which exercises USRUMN. This program sets up a
256-byte transmit buffer and transfers it to a simi-
lar input buffer by means of a local loop. When
both the READ and WRITE operations are com-
plete, the test USER checks to insure that the two
buffers are identical. If the buffers differ, the MDS
monitor is called; if the data is correct, the iest is
repeated.

CONCLUSION
The 8251 USART has been described both as a

device and as. a component in a system. Since not
only modems but also many peripheral devices
have a serial interface, the B251 is an extremely
useful component in a microcomputer system. A
particular advantage of the device is that it is capa-
ble of operating in various modes without requir-
ing hardware modifications to the system of which
it is a part. As with any complex subsystem, how-
ever, the 8251 USART must be carefully apphed
s0 that it can be utilized to full advantage in the
overall system. It is hoped that this application
note will aid in the designer in the application of
the 8251 USART. As a further aid to the applica-
tion of the 8251, the appendix of this document
includes a list of design hints based on past experi-
~ence with the 8251,

:

i [RESRE}

BEIFFER: =
AT A

INPUT STATUS

CLEARN

HL:= ETAB

HL: = H.L#1

HL: = ACBA A = CEND &= QETAT | B = BSTAT
| tRagmAY
H.L: = VOUT
PUSH H
IN DAT,
FUT DATA HL:= REBA

"Figure 13.6. Receive Interrupt Service Routine
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Hoi: =D E

A1 = FEH

TEEA: = H.L

H.L:=D.E

|

ZET ATE, DTR,
ET«EM IN
LCso

]

G

QUT LEMD N
WECHAD

W/

)

HL: =DE

—

FLRA = H L

SET DA AND
HEE In
Lkt

a B
- ¥
80 =
T,'EE,E;. * QUT USCRD

vV v

Figure 13.7. URUN Command Decode

DISABLE
INTEARUFTS

)

RESET UBART

SET USART
MODE

|

TCRA =0

ACEA =0

ERABLE
INTER RULPTE

V4
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4000

4000
4100
4200
hzoz
4204
4206
K208
4204
4z20cC
420E
4210
4212
b2y
4216

4217
4218
421B
421E
B221
4223

~-3226
b2z
b228
422B
422E
4231
4233
4236

5200
Qo040
FFOOQ
0000
17482
5700
Q0&1
FFQO
oooo
2742
4300
00

AF
323B42
323C42
341642
E6OF
321642
C9

AF
323942
323442
JAT6Yh2
E6FO
321642
o

ERENN

L2 R E K]

- HE WE EE,

R

EE W mE W

R iR Y]

EUFIN:

BUFDUT:
. RBLOCK :

RBAD:
RRCT:
RCCT:
RCRA:

TBLOCK:

TBAD:
TRCT:
TCCT:
TCRA:

GBLOCK:

FLAG:

LE 8 8 &3

kEEEE

RCR:

TCHR:

Figure 14. Program Listing

SYSTEM ORIGIN STATEMENT

CRG

YOOO0H

ﬁATH STORAGE FOR TE3T HU3ER

|

DS
Ds
DE
DW
DW
DW
DW
LB
DW
PW
DW
DW
DE
DE

100H
100H

“R°,00H

BUFIN
OFFH
00H
RCR

"W ,00H

BUFOQUT
OFFH
00OH
TCR

C*,00H

00H

sINPUT BRUFFER
;OUTPUT EBUFFER
;RECEIVE CONTROL BLOCK

S TRANSMIT CONTROL BLOCK

COMPLETION ROUTINES

ERA
S3TA
STA
LDA
ANT
STA
RET
XRA
STA
STA
LDA
ANI
5TA
RET

A
RCBA
RCBA+1
FLAG
OF H
FLAG

A

TCBA
TCBA+1
FLAG
OFOH
FLAG

iCLEAR A :
i TURN OFF RECEILIV

:GET FLAG .
;CLEAR UFFER FOUR BITS
s RESTORE FLAG

;CLEAR A
;TURN OFF TRANSMIT

sGET FLAG

;CLEAR LOWER FOUR BITS
i RESTORE FLAG

yTHEN RETURN
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QOF%S
OO0F%
00FY
DOFH
pooo
QO0FF
goQ1

4237
4238
§z23q
423B
4230

0o
00
Qoo
a0
FF

BEEH

e wma e R SF

L2 R LN

USTAT
USCHMD
USDAI
USDAD
G3STAT
BSTAT
CEND

- B EEE N

EE EEE W AEE W

EE%HER

LCMD:
TCMD:
TCBA:
RCBA:
MTAE :

SYSTEM

EQU
EQU
EGU
EQU
EQU
EQU
EQU

EQUATES

OFGH
OF5H
OF4H
OF4H
00H

GFFH
01TH

s USART STATUS ADDRESS

s USART CMD ADDRESS

:USART DATA INPUT ADDRESS
+USART DATA QUTPUT ADDRESS
500D STATUS

sBAD STATUS

SYSTEM DATA TABLE

DB
DB
DW
DW
[}B

00H
OOH
OOH
DOH
OFFH

cCURRENT OPERATING COMMAND

+IF NON ZERO A COMMAND TO BE SENT
+ADDRESS OF XMIT CELOCK

;ADDRESS OF RECEIVE CBLOCK

tEND CHARACTER TABLE
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42 3E
2 3F
4240
b2y
424z
h2h3
B2yl
hzys
hayg
4z 47
B2U48
hahg
h2ua
§24B
b24C
h2up
YZUE
Y2 UF
4250
4251
hz52
4253
uzsy
4255
4256
4257
hz58
4p5g
4254

23
=3
5E
23
56
23
23
23
LE
23
he
EB
09
EB
03
(L
2B
T
0B
28
TE
g0
47

co

2B
TE
91
4
cg

TN OEME wEE WE Mg N A R AR -

- & E & ¥

LOADA:

LOAD ADDRESS ROUTINE
LOADA IS5 ENTERED WITH THE ADDRESS OF A CONTROL

BLOCK TIH

H,L.

UN EXIT D,E CONTAINZE THE ADDRESS

WHICH IS5 THE TAHAGET OF THE NEXT DATA TRANSFER (BAD+CCHNT)
AND B HAS BEEN SET TO ZERO IF THE REQUESTED WNUMBER OF

TRANSFERS HAS BEEN ACCOMPLISHED.

AFTER THE TARGET ADDRESS HAS BEEN CALCULATED.

INX
TNX
MOV
INX
MOV
IHX
INX
INX
HOV
INX
Mov
ICHG
DAD
ACHG
INX
MOV
DCX
Mov
pCX
DCX
MoV
SUE
MOV
RNZ
DCX
MOV
sUB
MoV
AET

-
=

=

DR MIoD EICL I MmMII
=

=

v e

Loee Y o T = mWmeom= o X
- - - - - -
= = = = 1 m

iDyE GETS BUFFER ADDRESS

=

s DONE
:B,C GETS COMPLETED COUNWT {(CCHNT}

' DONE
:D,E GETS BAD+CCNT

; DONE
; CCNT GETS INCREMENTED

DONE .
*DOE3 OLD CCHNT=RCHT?

;HO=-RETURN WITH-B NOT ZEROQ

s RETURN WITH B=0 IF RCNT=CCNT

6134

CCNT IS INCREMENTED
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25K
yzsc
425D
425E
h2sF
uzp2
4263
4264
4265
L2266
Y267

4268
hzpg
bzoa
Y268
Y26cC
HZGE
Lz270
L2711
b2tz
4275
bzT76
Y277
4274
427cC
42TE
427F
4280
L2281
4283
Y286
bzaT

RN EE

TR LEE CEHE WE WE S MW W e

RiEXE:

S0 -CLEAN:
54

23 "
T

010700

09

TE

23

66

6F

€9

N EE MR M RS RS REE ME ebE M N el

* & X

F& VECTOR:
cs . =
D5

ES

DEBFS

DEFA

OF

0F

DABALZ

07

a7

DADUMUZ

JEFC

DiF3

E1 VOurT:
B

c1

JEZ0

D3FD

FB

Cg

CLEAN-UPF ROUTINE

CLEAN TI5 ENTERED WITH THE ADDRESS OF A& CONTROL
BLOCK IN E,L AND A WNEW STATUS TO BE

ENTERED INTO IT IN A. ON EXIT THE ADDRESS OF THE
CONTROL BLOCK IS5 IN D,E; THE STATUS OF THE BLOCK

HAS BEEN UPDATED; AND THE ADDRESS OF THE COMPLETION

ROUTINE I3 IN H,L.

MOV

E,L iSAVE THE ADRESS OF THE COMMAND BLOCK
MOV I, H )
INX H iPOINT AT STATUS
MOV M, A - iSET STATUS EQUAL TO A
LXI B,T ; SET INDEX TO SEVEN
DAD B tPOINT AT COMPLETION ADDRESS
MOV AL, M i GET LOWER ADDRESS '
INX H i POINT AT UPFER ADDRESZ
MOV H,HM ;H GETS HIGH ADDRESS BYTE
MOV L,A& ;L GETS LOW ADDRESS BYTE

RET

INTERUPT VECTOR ROUTINE

VECTOR SAVES THE STATUS OF THE RUNNING FROGRAM
THEN READS THE STATUS OF THE USART TO DETERMINE

IF A RECEIVE OR TRANSMIT INTERUPT OCCURHED.

VECTOR THEN CALL3S THE AFPROPRIATE SERVICE ROUTIHNE.
IF WNEITHER INTERUPTS OCCURRED THEN VECTOR RESTORES
THE STATUS OF THE RUNNING PROGAM. THE SERVICE
ROUTINES USE THE EXIT CODE, LABLED YOUT, TO EFFECT
THEIR EXIT FROM INTERUPT MODE.

PUSH PSH :PUSH STATUS INTO THE STACK

FUSH B

PUSHE =~ D

PUSH H . - .

IN USTAT +GET USART ADDRESS

I'N OF AH :MD3-GET MONITOR CARD INT. STATUS
REC :ROTATE TWO PLACES

RRC +S0 THAT CARRY=RXRDY

Jc RISH +IF -RXRDY GO TO, SERVICE ROUTINE
RLC +IF NOT ROTATE BACK

RLC LEAVING TXRDY IN CARRY

Jc TISR :IF TXRDY THEN GO TO SERVICE ROUTINE
MVI 4 ,0FCH ;MDS-CLEAR OTHER LEVEL THREE INTERUPTS
ouT OF 3H ‘MDS ,

POP H . +ELSE EXIT FROM INTERUPT MODE

POP )]

PGP B .

MVI A,20H *MDS-RESTORE CURRENT LEVEL

QUT 0FDH sMDS

EI tENABLE INTERUPTS

RET
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L2288
42BR
428D
Lz8F
4290
291
Lzgy
L2495
L2996k
k299
haac
429E
429F
42A0
hanz
BEAN
b2nT
4248
420
YzZAC
U24E
2R
§zB2
B2RB5

h2BE

§2R9
YZBEB
42BE
42C1
Lz2ca
42C4
yz2CcT
4acs
42CE
42CC
4a2CF
h2D1

2A3BL2
IEBZ
D3F3
2C

2D
C29942
24

25
CATELZ
CD3EL4Z
DBFY
12

hF
DEF5
E636

oy

05
CZ2BELZ

“3E0Q0

21TE42
E5
2A3BAZ
CD5BY2
Eg

JEFF
CIAE42
213D42
TE
FEFF
CA7ELZ
BS
CACFU4z2
23
c3ciaz
JEOQT
C3AEY4Z

C2B942

e

* % EN

S WA W WE WE WE WA W =

RISE:

RISREB:

RISRA:

RISKE:

EXCHAR:
EXA:

PEND:

RECEIVE INTERUPT SERVICE ROUTLNE;

RISE PROCESSES A RECEIVE INTERUPT

AT THE END OF RECEIVE THE USER SUPPFLIED
COMPLETION ROUTIWE IS5 CALLED AND THEN AN
EXIT IS5 TAKEN THROUGH VOUT OF THE

LHLD
MVI
ouT
INR
DCR
JNZ
INR
DGR
JZ
CALL
IN
aTAX
MOV
IN
ANI
JNZ
INR
DCR
JNZ
MVI
LXI
FUSH
LHLD

"CALL
PCHL

MVI
JME
LXI
MOV
CPI
JZ

CMF
J 4

IKX
JMF
MVI
JMF

VECTOR

RCBA
A,B82H
0F3IH
L

L
RISRE
H

H
VOouT
LOADA
UsDal
D

C,A
USTAT

38H

RISEE
B
B

EXCHAR

A,GSTAT
"H, VOUT

H.
RCBA
CLEAN

A,BSTAT

RISREA
H,MTAB
&, M
OFFH
YOUT

C

PEND

B

EXA

A,CEND -

RIZRA

+MDS-CLEAR RECEIVE INTERUPT
s MDS

:READY-SET UF ADDRESS
;GET INPUT DATA

" sAND PUT IN THE BUFFER

:SAVE INFUT DATA IN C
;GET STATUS AGAIN

;MASKE FOR ERROR FIELD
;NOT ZERO-TARKE ERROR EXIT
;B WAS 00 IF DONE

:NOT DONE-EXIT

+4 GETS GOOD STATUS

+GET RETURMN ADDRESS -

+AND PUSH IT INTO THE STACK
:POINT H,L AT THE CMD BLOCK
:CALL CLEANUP ROUTINE

:EFFECTIVELY CALL3 COMPLETIORN HDUTIHE
*HETUHﬂ I5 TO VOUT BECAUSE OF PUSH H

A GETS BAD STATUS
;OTHERWISE EXIT IS NORMAL

:TEST CHARACTER AGAINST EXIT TABLE

+END OF TABLE

tMATCH-TERMINATE READ
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G204
4207
B208
4208
420D
42DF
42E2
42E3
42EY4
42ET
42EB
42E9
§2EC
§2EF
42F0
§zF2
42F3
42FY
42F7
B2FA
U2FE
42FD
4300
4303

4304
1306
4309
430B
430E
4310
4313
4314
4317
43149
431C
U31F

. H32n

4323
43214
4327
329
432C

343842
BT
Cuoby3
3EB1
D3F3
2A3942
2C

20
C2ECLZ2
2l

25
CATEHZ
CDIENZ
14
D3FL
oY

05
C2TEUZ
217EL42
ES
FEQD
2839472
chsBuz2
ES

FEQT
CAZLU3
FEO2
CAT4Y3
FEQ3
CAICH3
C9
383782
F60Y
323742
3A3TH2
F610
D3FS
c9
343742
EGFE
323742
£32143

LER LR

LERE R

S R ME EE M WE MEE A EE W

TISR:

TISRA:

TUTE:

TUTEZ:

TUTE3:
TUTEH:

TUTE:

TRANSMIT INTERUPT SERVICE ROUTINE
TISR FPROCCESSES TRANSMITTER INTERUPTS
WHEN THE ERND OF A& TRANSMISSION I3

DETECTED THE

USER SUPPLIED COMPLETION

FOUTINE L5 CALLED ANDP THEN AN EXIT I3
TAKEN THROUGH VOUT OF VECTOR

LDA
ORA
CNZ
MVI
ouT

LELD

INE
DCR
JIHZ
INR
DCR
JZ
CALL
LDAX
ouT
INR
DCR
JHZ
LXI
PUSH
MVI
LHLD
CALL
PCHL

CPI
JZ
CPI1
JZ
CPI
JZ
RET
LA

- ORI

STh
LDA
ORI
ouT
RET
LDA
ANI
STA
JHMP

VOOT
LOADA
D
USDAD
B

B

YOuT
H,VoUT
H :

L,GSTAT

TCBA
CLEAN

01
TUTE1
o2
TUTEZ
03
TUTE3

LCMD
04
LCHD
LCMD
10H
UsCMD

LCHMD
OF BH
LCMD
TUTEN

:GET POTENTIAL COMMAND
:DESIGNATE ON IT
;D0 UTILITY COMMAND

'MDE-CLEAR XMIT INTERUPTS -

: MD3

tMAKE SURE HAVE VALID CONTROL BLOCK

. GOOD

:NON VALID BLOCK (H,L=0)
:3ET UP ADDRESS

:GET DATA FROM BUFFER
:AND OUTPUT IT

:B WAS 00 IF DONE

sNOT DONE-EXIT FROM SERVICE ROUTINE

:SET UP RETURN ADDRESS
AND PUSH IT INTO THE STACK
A GETS GOOD STATUS

:POINT H,L AT COMMAND BLOCK
;CALL CLEANUP ROUTINE

:CALL COMPLETION ROUTINE
:RETURN WILL BE TO VOUT

: RECEIVER OFF

 RECEIVER OHN

iCLEAR ERRORS3
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432F
4330
y332
4335
W3ET
4334
4330
433F
4340
43481
4342
L3gy
4346
4348
4344
434cC

§IUE

4350
4351
535k
4355
1356
4357
B35H
4359
4354
4I5E
435¢C

435D
4160
5361
Yige
4365
4366
36T
4358
436E
L36D
4370
4371
4372
4375
k376

4377
4378
§37B
437E
4380
4383

14
FE43
CALOYZ
FE&Z
CA5DU3
FE&T
CAQDUR
cg

F3

AF
D3Fs
D3rs
D3Fs
3E 40
D3Fs
FERE

D3IF5 -
& F
213942
77
23
T
23
77
23
T7
FB
ca

213842
TE

BT
C26B43
23

TE

B7
CATTY3
3EFE
217643
ES

EB
CDSBUZ
E9

9

EB-
223B42
JA3ThRZ
FE16
323742
oF

L ZE XX

A mbr mE W ML WE WE

« % N W

USRUN:

UCLEAR:

UHEAD:

" UROUT:

UREDB:

UEDA:

USART COMMAND BLOCK INTERPRETER
USRUN I5 CALLED BY USER WITH THE ADDRESS

OF THE COMMANWD BLOCK IN H,L.

USRUN EXAMINES

THE BLOCK AND INWNTIALIZES THE REQUESTED OFERATION

LDAX
CPI
JZ
CPI
JZ
CPI
JZ
RET
DI
XRA
ouT
ouT
ouT
MVL
ouT
MVI

ouT
XRA
LXI
MOV
INX
MoV
INR
MOV
INX
MOV
EI

RET

Ll
MoV
ORA
JHNZ
INX
MOV
ORA
JZ
MVI
LXI
PUSH
ECHG
CALL
FCHL
RET

XCHG
SHLD
LDA
ORL
STA
RRC

b
‘n
UCLEAR
“n*
UREAD
v
UWRITE

USCMD
USCMD
USCHD
A,LOH
USCMD
A,OSEH

USCMD

H,TCBA
M, A

=M E L E I
-
=

-
=

H,RCBA
A, M

UROUT
By M
URDA

4 ,0FEH
H,URDE

CLEAN

RCBA
LCMD
16H

LCHD

+GET THE CMD FROM THE BLOCK
I3 IT A CLEAR COMMAND?
+¥E3 GO TO CLEAR ROUTINE
;IS5 IT A READ COMMAND?
:YE3-GO TO READ ROUTINE

+I5 IT A WRITE COMMAND?

GO TO WEITE ROUTINE

+NOT A GOOD COMMAND-RETURN
sDISABLE INTERUPTS

:CLEAR A

;OUTFUT THREE TIMES TO ENSURE

;THAT THE USART IS IN A ENOWN STATE

JCODE TO RESET USART -

sOUTPUT ON CHMD CHANNEL

:CE IMPLIES ASYN MODE (X16)
: B DATA BITS

. ODD PARITY @ -

; 1 STOP BIT
:OUTPUT ON CMD CHANNEL
:CLEAR A, SET ZEROQ

;CLEAR TCBA AND RCEBA

;ENABLE INTERUFTS
;4ND RETURN TO USER

;CHECK READ IDLE

;READ I3 IDLE-PROCEDE

;ALREADY RUNNING-ERROR STATUS
;SET OP RETURN ADDRESS

;PUSH IT INTO STACK

;0 GETS COMMAND BLOCK ADDREES
;CALL CLEANUF ROUTINE
;EFFECTIVELY CALLS END ROUTINE
;RETURN TO USER '

:H GETS COMMAND BLOCE ADDRESS3
:RCBA GETS COMMAND BLOCKE ADDRESS
;GET LAST COMMAND

:SET RXE AND DTR AND RESET ERRORS
:AND RETURN TO MEMORY

sSET CARRY EQUAL TO TXE
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4384
4387
4389
438C
438D
438F
4391
4393
4395
H397
4399
439E
43ac

4390
4340
4341
. B3RZ

H34%5
346
b3AT
H3AA
434B
HIAE
4381
43B3
4386
4L3IBA
L3IBA
U3IBC
4Y3BD

Dz8Cch3
JEDZ
323E52
07
D3IFS
DBEFY
DBEH
JEH2
D3IF3
IEFG
D3FC
FB

ca

213942
TE

B7
C26B43
23

TE
C2hBLT
ER
223942
JA3TLZ2
F623
323742
D3FS
JEFE
DIFC
FB

9

URDC:

UWRITE:

JNC
MVI
STA
RLC
ouT
1IN

IHN

MVI
ouT
MVI
ouT
EI

HET

LXI
MOV
ORA
JNZ
INX
MoV
JHZ
XCHG
SHLD
LDA
ORI
STA
ouT
MVI
ouT
EI
RET

URDC
4,2
TCMD

UICHMD
USDAT
USDAT
A,82H
OF 3H

A,O0FGBH
OFCH

H,TCBA
L, M

OROOT

A, M
URQUT

TCEA
LCMD
02 3H
LCHMD
USCMD
A,0F6H
OFCH

;OUTPUT CMD

;CLEAR USART OF LEFT OVER CHARACTERS

iMDS-CLEAR RECEIVE INTERUPT
s MDS

;MDS-ENABLE LEVEL THREE

s MDS -

;ENABLE INTERUPTS

;RETURN TO USER

CHECK WRITE IDLE
:BUSY-EXIT

‘BUSY-EXIT
'0K-% GETS COMMAHD BLOCK ADDRESS
:TCBA GETS COMMAND BLOCK ADDRESS
+GET LAST COMMAND

:SET RTS,DTR, AND TXEN

:MDS-EHAELE LEVEL THHEE INTERUPTS

iMDS
;ENABLE SYSTEM INTERUPTS
iAND RETURN
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L3IBE
43Co
B3csy
43CH
43Cq
43CB
H3CE
43ICF
43pe
43ns
43D6
43DT
43048
43DEB
L3DE
43DF
B3EDQ
43IE3
43EH

H3EG.

- 43E9
43EB
43EE
43EF
43F2
43F5
43Fd
43FB
43IFE
4401
hyg3
L4006
4400
BhOA
40D
4510
411
byz2
ki3
U116
yH1T
4418
IR
LUTE

o000

3EC3
321800
216842
221500
JEL]
111442
12
CD2Fu43
210040
AF

TT

e
C2p6ys
2100481
75

2C
C2DE43
65
2EH2
220042
2EST
220A/42
&C
220642
221042
110042
CD2F473
110A42
CD2F43
3EFF
321642
3A1642
BT
C20644
2100480
TE

2l

BE
C21E44
25

2C
C2104Y
C3IEE43
CT

N

 ERZ N

USER:

COMLP:

COMER:

USER I5 A TEST PROGRAM WHICH EXERCISES USERUN

MVI
STA
LXI
SHLD
MV I
LXI
STAX
CALL
LXI
XRA-
MOV
INR
JNZ
LXI
MOV
INR
JINZ
MOV
MVI
SHLD
MV I
SHLD
MOV
SHLD
SHLD

LX1L

CALL
LXI
CALL
MVI
ZTA
LDA
ORA
JINZ
LXI
MOV
INR
CMEP
INZ
DCR
INFR
INZ
JHE
RST

END

I O E @

&,0C3H
018H
H,VECTOR
019H ,
A,°C°  ;SET GENERAL BLOCK TO A& C
D,GBLOCK

D

USRUN

H,BUFIN ;CLEAR INPUT BUFFER

iMD5-5ET INTERUPT VECTOR

L

...
R

i

[ ollw-= R

UFOUT ;INITIALIZE OUTPUT BUFFER

m= = |
= W [ T
e -
(o ]
-

:REINTIALIZE CONTROL BLOCES

Al

3

(= N i e ' e = ) - S

)W
TBLOCK

L,H

RCCT

TCCT

D,RBLOCK ;START READ
USRUN

D,TBLOCK :START WRITE
USRUN
A, OFFH
FLAG
FLAG

:LOOP WAITING COMPLETION

-

A
$-1

H,BUFIN :;TEST INFUT BUFFER=0UTFUT BUFFER

Ay M

CMER

=

COMLF
USER +G00D COMPARE-REFEAT TEST

0 {ERROR-RETURN TO MONITOR
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BSTAT
CLEAN
EXCHA
LCMD
RBAD
RCR
RISRB
TBLOC
TCR
TRCT
TUTE3
URDB
USCHD
USRUN
VOUT

GOFF
425H
42RE
237
hzg2
4217
4299
h204
baat
U2DE
Y31¢
4376
Q0F5
32
Y27E

BUFIN
COMER
FLAG
LOADA
RBLOC
RCRaA
RISRE
TCBA
TCRA
TUTE
TUTE4
URDC
USDAI
USTAT

Looo
447E
4216
42 3E
L20oo
4208
4289
42139
4212
4304
bh321
438C
QOF4

OOFS

BUFOU
COMLF
GELOC
MTAB
RCEA
RISR
RRCT
TCCT
TISR
TUTE 1
UCLEA
UREAD
USDAD
OWRIT

4100
k410
4214
323D
4238
4288
420y
4210
b2ph
4324
4340
435D
00FY
L39D

6-141

CEND
EXA
GSTAT
FEND
RCCT
RISHA

- TBAD

TCMD
TISRA
TUTE2
URDA
UROUT
USER
VECTO

0o
4a2c
0ooo
42CF
b206
L2 AE
Lzoc
4238
Y2EC
4314
4377
Y368
H3EE
4268
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APPENDIX A
8251 DESIGN HINTS

1. Output of a command to the USART destroys

the integrity of a transmission in progress if

timed incorrectly.

Sending a command into the USART will over-
write any character which is stored in the buffer
waifing for transfer to the parallel-to-serial con-
verter in the device. This can be avoided by
waiting for TxRDY to be asserted before send-
ing a command if transmission is taking place.
Due to the internal structure of the USART, it is
also possible to disturb the transmission if a
command is sent while a SYN character is being
generated by the device. (The USART generates
a SYN if the software fails to respond to
TxRDY.) If this occurrence is possible in a sys-
tem, commands should be transferred only when
a positive-going edge is detected on the TxRDY
line.

‘2. RxE only acts as a mask to RxRDY; it does not
‘control the operation of the receiver.

When the receiver is enabled, it is possible for it

to already contain one or two characters. These

characters should be read and discarded when
the RxE bit is first set. Because of these exirane-
ous characters the proper sequence for gaining
synchronization is as follows:

1. Disable interrupts

2. Issue a command to enter hunt mode, clear

errors, and enable the receiver (EH,ER RxE=

1)

3. Read USART data (it is not necessary to

check status)
4. Enable interrupts

The first RxRDY that occurs after the above
sequence will indicate that the SYN character or

6-142

characters have been detected and the next char-

- acter has been assembled and is ready to be read.

. Loss of CTS or dropping TxEnable will immedi-

ately clamp the serial output line.

TxEnable and RTS should remain asserted until
the transmission is complete. Note that this im-
plies that not only has the USART completed
the transfer of all bits of the last character, but
also that they have cleared the modem. A delay
of 1 msec following a proper occurrence of
TxEmpty is usually sufficient (see item 4). An
additional problem can occur in the synchro-
nous mode because the loss of TxEnable clamps
the data in at a SPACE instead of the normal
MARK. This problem, which does not occur in
the asynchronous mode, can be corrected by an
external gate combining RTS and the serial out-
put data,

. Extraneous transitions can occur on TXxEmpty

while data (including USART generated SYNs)

is transferred to the parallel-to-serial converter..

This situation can be avoided by ensuring that
TxEmpty occurs during several consecutive
status reads before assuming that the transmitter
is truly in the empty state.

A BREAK (ie., long space) detected by the
receiver results in a string of characters which
have framing errors.

If reception is to be continued after a BREAK,
care must be taken to ensure that valid data is
being received; special care must be taken with
the last character perceived during a BREAK,
since its value, including any framing error asso-
ciated with it, is indeterminate.
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