ty




HAZITALL MANUAL

HAZITALL OWNER’S MANUAL

REV. 2

PROPRIETARY NOTICE

The information and design of the eguipment deacribed herein are
the &aole property of Lomaa Data Producta. Thia document ias
proprietary to Lomaa Data Producta and the information contained

herein 1ia for
representatives,
ia not to be
permission of an

uae by Lomaa Data Producte, ita authorized
and by usera of thia equipment. The information
reproduced in whole or in part without written
authorized official of Lomaa Data Products.

Lomas Data Products, Inc.
182 Cedar Ilill Street
Marlboro, MA 01752
(617) 460-0333

) ¢ Phobs Redbory)
Cere ""’"J5 Ducaedl Px2) 45/



TITLE

N =
C O

HAZITALL MANUAL

TABLE OF CONTENTS

INTRODUCTION
PREPARATION FOR USE
2.1 Introduction
2.2 Unpacking and Inapection
2.3 Inatallation Conaiderationa
2.4 Uaer Furniahed Componenta
2.5 Jumpering
2.5.2 Wait State Generation
2.5.3 Parallel Port Jumpers
2.5.4 2 MHz Clock
2.5.5 Serial Port Jumpering
2.5.6 Math Proceassor Clock Selection
PROGRAMMING
3.1 Programmable Timer
3.2 8251A USART Programming

= s = » Tis & = = 8
b WRNPIONOOS W

N N N AR AR AR TR

3.2.1 Mode Initialization
3.2.2 USART Reset
Parallel Ports

Calendar Programming

Math Proceasor

HAZITALL Statues Port
Interrupt Selectiona

ORY OF OPERATION

Addresas Decoding

Wait State Generator
Serial Porta and Counter
Clock/Calendar

Parallel Portse

PAGE

VOO OmREd ELDWLDENNRNRNODN-



HAZITALL MANUAL

1.0 INTRODUCTION

The HAZITALL ia a general ayatem aupport interface. It containa
all the I/0 functiona necessary for a general purpose micro-
computer ayatem. It containa the following functiona:

Serial Port 1 (aasynchrnous)

Serial Port 2 (aaynchronoua or aynchronousa)
Strobed Parallel Output Port

Strobed Parallel Input Port

Programmable Real Time Interrupt

Math Processor (option 9511/8231 or 9512/8232)
Battery Backed-up Clock/Calendar

Winchester Diak Controller Support Port

Thease functiona are sufficient in the majority of micro-computer
applicationa. The Wincheaster Disk Controller support port
interfacea to a Weatern Digital WD100O Wincheasater controller.
Thia provides an economical interface to a hard diak without
conauming an additional board alot.
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2.0 PREPARATION FOR USE

2.1 Introduction

Thia aection providea inatructiona for preparing the HAZITALL for
use 1n the particular user environment. Before the HAZITALL 1=
inatalled, the user should be familiar with thias entire manual.

2.2 Unpacking and Inspection

Inapect the ahipping carton immediately upon receipt for evidence
of damage during shipment. If the carton 18 damaged when
received, open the carton in the presence of the carrier’as agent.
If the carrier‘’s agent is not preasent, save the packing carton
for 1inspection of the carrier. The HAZITALL ia shipped insured
to prepaid cuatomera. Any damage incurred during ahipment ia
covered by this insurance. In addition, aassembled and tested
boarda are waranteed for 30 days. If repairs are required,
return the HAZITALL in a =suitable package to:

LOMAS DATA PRODUCTS, INC.
182 CEDAR HILL STREET
MARLBORO MA 01752

It 1ie auggeated that the original packaging carton and material
be saved in the event aservice should be required.

2.3 Inatallation Considerations

The HAZITALL 1is deasigned to be IEEE S100 bus compatible. Be
aware that Pins 20,53, and 70 are used for ground. If these

grounds conflict with other uses of these pins, they may be cut
at the edge connector without adversely affecting ita operation.

2.4 User Furnished Components

The HAZITALL uveea a 4.5 volt battery to provide power to
clock/calendar when 5 volta is not available from the mainframe.
The battery ia not included with the board. The battery holder
1s included along with a piece of double sided tape. The battery
may be installed anywhere inaide your mainframe that is
convenient.

In addition, three cablea; two serial porta and one parallel port
cable, are not provided. Thea= may be purchased separately {from
LOMAS DATA PRODUCTS or from a local computer atore. All three
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cables are the same. A list of the port pinouts is included 1in
the appendix.

2.5 Jumpering

The board addresa ia determined by the 10 position dip awitch.
The HAZITALL decodeas either an 8 or 16 bit addreasa depending on
Jumpera, A, B and C on the lower right of the board. With
Jumpera A and B connected, 16 bit addresgsing 1ia @aelected. With
Jumpera B and C connected, 8 bit addreaaing 1ia& aelected. Switch
O correaponda to address bit 7, awitch 1 correaponda to addreas
bit 6. Switchea 3 through 10 correapond to addreaas bita 8
through 15. When the awitch ia closed (on), the correaponding
addreaa aignal muat be O to mateh.

The HAZITALL occupiea 64 port addresses beginning at the base
addreaa aelected 1in the awitchea. If an 8 bit I/0 decode 1i=a
aelected, awitch poasitiona 3 through 10 have no effect.

2.35.2 Wait State Generation

The HAZITALL may be jumper selected to provide from O to 7 wait
atatea. The number of wait atatea ia jumper aelected. The wait
state jumpers are labeled with the number of wait states they
generate. Table 1 ia a list of acceasa timea for the peripheral
I.C.”s used on the HAZITALL. The number of wait states, if any,
neceasary for uae with your CPU may be determined from the table.
The WD1000O, clock and math proceassor generate their own READY
without regard to the wait atate generator. The uaual limiting
factor ia the width of the READ and WRITE aignala (PDBIN and
PWR=). The HAZITALL is shipped with one wailit atate gselected.
This should be sufficient in most cases. If you are using a CPU
with &a clock rate faster than S MHz, you may have to add more
wait states.

2.5.3 Parallel Port Jumpersa

A great deal of flexibility has been allowed for uae of the
parallel porta. The normal mode ia for Port A to be a atrobed
input and Port B to be a atrobed output. In this mode, Jumper R-
S5 ahould be out and jumper T-U ahould be inatalled.

Additional jumpering optione are allowed 1in the parallel port
jumper group. The pinea are numbered from 1 to 20. Pina 1, 2, 3
and 4 determine whether a low true atrobe or a high true satrobe
will 1latch data into Port A. With Pina 1 to 2 jumpered, a high
true atrobe will latech data and with Pina 3 to 4 jumpered, a low
true atrobe will latch data into Port A.

w
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If Port A is not used in MODE 1 (strobed input), the input signal
to PC4 ia inverted when Pina 1 and 2 are jumpered and not
inverted when Pina 3 and 4 are jumpered. If MODE O ia wused for
Port A, Pine 9 and 10 ahould be jumpered. If MODE 1 ia |uaed,
Pins 11 and 12 should be jumpered.

If MODE O ia used for Port B, Pina 19 and 20 ahould be jumpered,
otherwiae, pina 13 and 15 ahould be jumpered. In atrobed output
mode for Port B, either a poaitive going aignal or a negative
going signal may be provided for atrobing data. When Pine 14 and
16 are jumpered, a negative going aignal ie provided. When Pina
16 and 18 are jumpered, a poaitive going aignal ia provided.

TABLE 1

PERIPHERAL ACCESS TIMES
I.C. ADDRESS ACCESS ACCESS TIME MINIMUM CONTROL
TIME FROM PDBIN WIDTH
RD ¢ WR
8251A 300 250 250 250
8255A n/a 250 300 400
8253A 450 400 400 400
Statusa n/a S0na SOna n/a
Port

2.5.4 2 MHz Clock

Many CPU boardas do not generate a 2 MHz clock to drive Pin 49 of
the bus. If the 2 MHz clock is not provided elsewhere, it may be
provided by jumpering U to W on the HAZITALL.

2.5.5 Serial Port Jumpering

S=rial Port may be uaed in either synchronoua or asynchronousas
mode. When uaed in aynchronoue mode, the tranamit and receive
clocke are provided by the modem. Jumpera, D, E, F, G, H and J
allow the aelection of the aource of the receive and tranamit
clock. For aynchronoua mode, Pina D to E and J to H should be
jumpered. For uae in aaynchronousa mode, Pina E to F and G to H
ahould be jumpered.

2.5.6 Math Processor Clock Selection

The math procesasors are availlable in a high apeed version from
Intel which run at 4 Mhz. When using atandard apeed math
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processors, a 2 Mhz clock is used. The selection is made Dby
moving the jumper by the math proceasor to the appropriate end

labled either Z or 4.
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3.0 PROGRAMMING

See Table 2 for a liat of device addressea. The HAZITALL uasea a
total of 64 port addreasea. The HAZITALL will decode either an 8
bit or 16 bit port addresa. To aelect 8 bit decoding, Jumpers B
and C should be jumpered. For 16 bit addreaa, decode Jumpera A
and B ahould be jumpered.

3.1 Programmable Timer

The HAZITALL usea an 8253 programmable timer to generate the
receive and tranamit clocka of the USARTS and to generate a real
time interrupt. Counter O ia uaed as Serial Port 1’a baud rate
clock, Counter 1 as Serial Port 2°a baud rate clock, and Counter
2 is uaed aa a programmable real time interrupt. A apecification
sheet for the 8253 1ia included in the Appendix. All three
countera are normally programmed to MODE 3, aguare wave rate
generator. Table 3 ahows the necessary divisors for commonally
used baud rates. The formula for the calculation of any baud
rate ial ’

divisor = 2.5 * 10E6/baud rate = 16

This formula assumes asynchronous operation of the USARTS in X16
mode .

The counter ia programmed by outputting & command word for the
particular counter and then outputting the divisor to the
counter. The counter command word ataye in effect until a new
command ia sent to the counter command port. All three counter
command wordae may be output before outputting the diviascore and
the countera may be loaded in any order after the commanda are
isgued. See Figure 7 of the apec asheet for an example output
sequence. The Appendix contains a sample program that uses the
HAZITALL aa a aupport card in a CP/M-86 ayatem. Counter 2 may be
programmed to interrupt at a rate from 2 MHz to 30 HZ. The
raiaing edge of the output clock aeta the real time clock £1lip-
flop to requeast an interrupt. The interrupt aervice routine
ahould clear the flip-flop by writing any value to the HAZITALL
status port.

3.2 8251A USART Programming

The Appendix containa a complete 8251A apec sheet with
programming information. A brief deacription ia contained in the
following aectiona.
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i T TABLE 2
DEVICE ADDRESS

Addresa Device

00 %, \&a Serial Port 1 Data

01 Serial Port 1 Control

04 Serial Port 2 Data

05 Serial Port 2 Control

08 Parallel Port A

09s Parallel Port B

0A Parallel Port C

OB Parallel Port Control

ocC Timer O

oD Timer 1

OE Timer 2

OF Timer Control

10 4 Wincheater Port 0

11 Wincheater Port 1

12 Wincheater Port 2

13 Wincheater Port 3

14 Wincheater Port 4

i5 Winchester Port S

16 Wincheater Port 6

17 Wincheater Port 7

18 Math Proceasor Data Stack

19 Math Proceaaor Command
Statua

iC HAZITALL Statusa Port

20 = {3 Counter Thouaandtha of a
Second

21 Counter Hundredtha and
Tentha of a second

22 Counter aeconda

23 Counter minutea

24 Counter houra

25 Counter day of week

26 Counter day of month

27 Counter months

28 Latch thousandtha of a
aecond

29 Latch hundredthas and tenths
of a aecond

2A Latch aeconda

2B Latch minutes

2C Lateh hours

2D Latch day of week
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2E Latch day of month
2F Latch montha
30 / Interrupt Statua Regilater
31 Interrupt Control Regiater
32 Counter Reaet
33 Latch Reszaet
34 Statua Bit
35 Go Command
36 Stand by Interrupt
TABLE 3 Wz wHz
% i\'\ ;/} i
BAUD RATE DIVISORS . ' ’
Baud Rate Divisors
110 z 1420
300 521
600 260
1200 130
2400 65
4800 33 .
9600 16 \5
19200 8 ls

3.2.1 Mode Initialization

The USART provides for serial to parallel and parallel to serial
conversion of data for serial communications. After a reset,
hardware or software, both USARTS are ready to accept a mode
instruction word. The word defines the following:

1. character length

2a parity enable

3. even/odd parity generation and check
4. baud rate factor (X1, X116, X64)

5. number of atop bita

The HAZITALL has two USARTS, one for Serial Port 1, and one for
Serial Port 2. Serial Port 1 should be programmed for
aaynchronoua operation only, while Serial Port 2 may be
programmed for either saynchronoua or aaynchronous operation.
(See the aection on jumpering to determine the proper board
jumpering for each mode). The baud ratea for each aerial port
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are generated by the onboard timer. If synchronous mode is used,
the baud rate clock ia input through the RS5232 receivera from the

modem device.

The liating in the Appendix initializea each port in aaynchronoua
mode. Port 1 ia used as a conaole interface and Port 2 1ia uaed
aa a aerial interface to a printer device.

3.2.2 USART Reset

The USARTS may be reset in either of two waya, through a hardware
reset or a software reset. In order to accept a software reset,
command (40H), the USART must be in command mode. In order to
insure the USART is in command mode, three nulls (OOH) may be
aent to the USART. Thia insurea that no matter what atate the
USART waa in, it ia now in command mode waiting for a command.
The RESET may be now aent to the COMMAND/STATUS regiater followed
by a mode word. The USART ia now ready to accept commanda again.
S5ee the apec aheet in the Appendix for the format of the command
and mode worda. ‘

3.3 Parallel Ports

The HAZITALL uses an 8255A to provide two parallel ports. The
normal mode of operation 1a one atrobed ocutput port and one
atrobed input port. The u=se of these porta 1ias by no means
limited to these modea, but when ehipped, the porta are
configured for use in these modea. The following aections covera
programming of the 8255A as it is used on the HAZITALL. An 8255A
apec ia included in the Appendix for your reference.

3.3.1 8255A Initialization

After a reset, the 8255A must be 1initialized before it can be
uaed. Port A ia normally configured aas a atrobed input and Port
B aa a atrobed output with Port C providing the neceaaary
handahake linea to control the data tranafera. Portas A and B may
be configured aas either 1inputae or outputa in MODE ©. Jumper R-S
definea the direction of Port B‘a buffer. (Jumper IN = Port B
input, Jumper Out = Port B output). Jumper T-U defines the
direction of Port A’s buffer. (Jumper In = Port A input, Jumper
Out = Port B output). When Porta A and B are not being uaed in
atrobed mode, Port C may be uesd aa inputa and outputa. In thia
mode, PCO through PC3 are not connected to the parallel port
Connector J2. When the board ia uaed 1n atrobed input and output
mode, the mode word ia BCH. Thia definea Port A as a atrobed
input, Port B as a strobed output and PC& and PC7 aa inputs. PC6
and PC7 in thia mode may be uaed to senae external device atatusa
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such as a printer ready signal. Examine the 8255A spec in the
Appendix to determine other suiltable mode worda.

3.4 Calendar Programming

The calendar function on the board uaeas a National HMMS8167 CMOS
clock/calendar. A connection 1a provided for a battery to
provide battery backed-up operation. A apec and functional
deacription of MM58167 1a 1included in the Appendix. The
functional deacription provides the necesaary programming
information.

3.3 Math Processor

The math processor is an option. Either an 8231 (9511) or 8232
(9512) may be umsed in the eocket. When the math proceaasor ia
purchaaed, a apec sheet ia provided for programming information.

3.6 HAZITALL Status Port

There are 11 sources of interrupts on the HAZITALL. When more
than one interrupt sasource 1s combined on an interrupt regqueat
line, the atatua port may be read to determine the acurce of the

interrupt. Table 4 liata the interrupt asocurcea and their
correaponding poaition in the atatua regiater.

The 8231 real time interrupt atatua is not available and should
be connected to ita own interrupt request line.

TABLE 4
STATUS REGISTER BIT ASSIGNMENTS

SOURCE

w
H
-

Math proceasor 8232 l1=done 8231 0O=done
Serial Port 1

Serial Port 2

Calendar

Parallel Port A

Parallel Port B

Winchester Interrupt Reguest
Winchester Data Request

NOUbswheEO

3.7 Interrupt Selections

The HAZITALL ia ahipped with the following interrupt assignmentsa:

10
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INTR6& Serial Port O Receive Ready
INTRO Real Time Clock

INTR1 Serial Port O Tranamit Ready
INTR2 Serial Port 1 Tranamit Ready

These assignmenta may be changed +to suit individual needs.
Conasult the schematica in the Appendix for pin aasignmenta. LDP
aoftware asaumes the above aasignmenta in our diatributed

software.

11
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4.0 THEORY OF OPERATION

The design of the HAZITALL is straight forwad and will only be
deacribed briefly. Specificationa for the LSI devices are
included in the Appendix.

4.1 Address Decoding

Either an 8 or 16 bit I/0 addreasas may be decoded depending on the
poasition of the shorting plug on Jumpera A, B and C. When B to C
are jumpered, only 8 bit addresa i1a decoded. When Jumperas A and
B are connected, 16 bita of addreas are decoded by a combination
of Ul and U4. The buffering of the data bua and control aignalsa
ia alao shown on Page 1.

4.2 Wait State Generator

The wait astate generator consits of Ull and parts of US, Ul1l0 and
Ul4. PSYNC cauasea the outputa of the aerial to parallel to be
aet to 0. If the board i1a being aelected and a wait atate 1a
aelected by inatalling one of the wait atate jumpering, the READY
line ia pulled low cauasing wait atatea to be inaerted. O ia uaed
to &hift 1‘s into the serial input regiater. When the 1 reachesa
the output to the jumper aselected READY ia asaerted and no more
walt atatea are aasaerted. When the clock/calendar 1a aelected, 4
wailt atatea are automatically inaerted. Thia allowa time for the
READY output of the 58167 to become valid.

4.3 Serial Ports and Counter

The aerial portas are straight forward interfaces of buffered
signals and address decode to 8251A USART’s. They both use
clocks provided by the programmable counter, 8253, as receive and
tranamit clocka. Clock 2 of the 8253 ias used to generate a real
time interrupt. Each raiaing edge of the clock coming from
counter 2 ameta 1/2 of a D Blip Flop (U15). The real time
INTERRUPT ia cleared by writing to the HAZITALL atatua port.

4.4 Clock/Calendar

The clock/calendar uses a WRITE pulse delayed by one clock cycle.
This inaureas the 100 na. data setup time to falling edge of the
WRITE pulseas. The 58167 provides a READY output to insert wait
atatea when uased with faat proceasora.

4.5 Parallel Ports

12
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An 8255A is used to provide two parallel ports. The interface
aimply usea buffered a2ignale from Page 1 of the achematic. The
output drivera are 74L5245 bi-directional tranasceivera. The
direction of the buffers may be changed by removing or installing
jumpera. This allowe either port to be used as an inport or
output port. See the aection on jumpering for a full deacription
of jumper optiona.

13
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HAZITALL PARTS LIST

U1l AM25LS2521 or 74LSé88

uz2 7415244

U3 74L5244

U4 74L5266

us 74L574

U6 741514

u7z 10 poa dip aw

us 741508

us 74LS32

Uuio 7407

Uil 74L5164

uiz2 74L5244

uis 74L5244

ui4 74LS504

uis 74L574

ule 7406

Uiz 74LS14

uls 74L5244

uis 74LS5138

u20 MMS8167

uz1 74L504

uz22 74L5S32

uz23 AMD9511,9512,INTEL&231,8232 (OPTIONAL)
U24 82554

uzs 8251A

uze 8253=5

uz7 8251A

uz28 74L5245

uzs 7415244

Uu30 74L5245

Uu31 7415245

u3z 1488

u33 1489

usz4 7406

U35 1488

U336 1489

R1 1K R6E 1K
RZ2 1K R7 1K
R3 1K R& 1K
R4 1K R9 1K
RS 390 R10O 51K
C1 27 pf ce 6.8 uf 35V
02 27 pf Cc7 .luf 25V
c3 .luf 25V c8 6.8 uf 35V

14
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C4 6.8 uf 35V C9-C20 «luf 23V
cS .luf 25V C22-C31 .1luf 25V
c21 .luf 35V
VR1 LM323
VR2 7912
VR3 7812
MISCELLANEQUS
PART NUMBER
Heat Sink Thermaloy 6013B
Screwsa 6/32 x 3/8"
Nuta 6/32
Washer, lock #6

J1 connector
J2,J3,J4 con
Bergatick
Bergatick
Bergatick
Bergatick
Bergatick

Berg Mini Jump
Wire Wrap Pins

X1

X2

CR1-CR2

D1

14 Pin socket
24 Pin aocket
28 Pin socket
40 Pin socket

Ansley 609-4007
Analey 609-2607
10 65610-420

2 x
2 %
2 X
1 %
T =

8
3
3
2

65610-416
65610-406
65500-403
65500-402

65472-002

Robinson Nugent CP-105-1-T

5.00 Mhz
32.768 Khz

IN4148
IN4148

=N Wk

15
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APPENDIX

PIN ASSIGNMENTS FOR J2, J3, AND J4

The following pin asaignmenta are at a DB25
correaponding HAZITALL port with

be connected to t

terminated ribbon cable.

PRODUCTS.

he

a

connector aasumed to

massa

The cables are avallable from LOMAS DATA

SERIAL PORT PIN

SIGNAL

GND
TxDATA
RxDATA
RTS
LTS
DSR
GND
DTR
RXCLK
TXCLK

PIN NUMBER

QUTS(J3 AND J4)

DIRECTION

ouT

IN

ouT

IN

IN

ouT

IN (J4 ONLY)
IN (J4 ONLY)

PARALLEL PORT PINOUT (J2)
PRINTER REQUIRED SIGNALS ONLY

SIGNAL

GND

DATAO

DATA1

DATAZ

DATAS

DATA4

DATAS

DATAGE

DATA7

DATA STROBE
PRINTER BUSH

PIN NUMBER

1,
S
22
10
23
11
24
.
25
8
7

13,

14

DIRRECTION

ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
ouT
IN

If your application is not a printer reference the achematics and
8255 included in the apendix for the

the apecification
correct pinout.

of

the

16
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8253/8253-5
PROGRAMMABLE INTERVAL TIMER

a MCS—85™ Compatible 8253.5 s Count Blnary or BCD

= 3 Independent 16-Bit Counters
s Single + 5V Supply
= DC to 2 MHz

s Programmable Counter Modes ® 24-Pin Dual In-Line Package

Tha intef® 8253 Is a prog timer chip dealgned for use as anIntel microcomputer peripheral. It uses
nMOS technology with a single +5V supply and Is packaged in a 24-pin plastic DIP.

It is organized as 3 dent 16-bit s, each with a count rate of up lo 2 MHz, All modes of operation are soft-
ware programmabile.

PIN CONFIGURATION
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8253/8253-5

FUNCTIONAL DESCRIPTION

General

The 8253 in a programmable Interval timer/counter
specifically designed for use with the Intel™ Micro-
computer systems Its function is that of a genersl
purpose, multi-timing elemeni thal can be ireated as an
array of 1O ports in the system software

The 8253 solves one of the most common problems in any
microcompulter system, lhe generalion of accurate hme
delays under software control Instead of setting up iming
toops insystems sofiware. the programmer configures the
8253 to match his requirements. nitializas one of the
counters of the B253 with the desired quantily, then upon
command the 8253 will count oul the delay and interrupt
the CPU when it has compleled ils tasks 1115 easy 1o see
that the software overhead 18 minimal and that multiple
delays can easily be maintained by assignment of prionity
levels

Other counter/limer functions that are non-delay in
nature bul also ¢ on to most micr sters can be
implemented with the 8253
* Programmable Rate Generator
Event Counter
Binary Rate Mulliplisr
Real Time Clock
Digital One-Shot
Complex Motor Controlier

Data Bus Bufler

This 3-state, bi-directional, 8-bit buffer is used to interface
the 8253 to the system data bus Data is transmitied or
received by the butfer upon execution of INput or OUTput
CPU instructions The Dats Bus Buffer has three basic
functions

1 Programming the MODES of the 8253

2 Loading the count registers

3 RAeading the count values

Read/Write Logic

The Read/Write Logic accepts inputs from the system bus
and in turn genarates control signals for overall device
operation. It is enabled or disabled by CS so that no
operation can occur 1o change the function uniess the
device has been salected by the system logic

AD (Read)

A “low” on this inpul informs the 8253 that the CPU s
inputting data in the form of & counters value

WHR (Write)

A “low" on this input informs the B253 thal the CPU 18

oulpulting data inthe form of mode information or loading
counters

AD, A1

These inputs are normally connected 1o the address bus
Their function is to select one of the three counters to be
operated on and to address the control word register for
mode selaction

€8 (Chip Select)

A “low" on this inpul enables the 8253 No reading or
writing will pccur uniess the device is selected The C5
inpul has no ellect upon the actual operation ol the
counters

f—oanr

-y

A Ll -

Figure 1. Block Disgram Showing Data Bus Bufter and
Resd/Write Logic Funclions

C8 [AD [ WR [ &y [ A [
0 | v ] 0 | 0| 0 | LoadCounter No. 0
0 1 o | o 1 Load Counter No. 1
0 1 0 1 0 Load Counter No. 2
o | 1 L 1| Write Mode Word
_EP______L I ] I ) Read Counter No. 0
0 g4 0 1 Fead Counter No. |
0 0 1 1 0 Read Counter No. 2
0 0 1 1 1 No-Operation 3 State
1 X X X x Disable 3 State
o | 1 1 X X | NoOperation 3 State
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8253 READ/WRITE PROCEDURE
Wrile Operations

The systems software musl program aach counler of the
8253 wiih the mode and quantity desired The program-
mar must wrile oul 1o 1he B253 a MODE conltrol word and
ine programmed numbar of count regisier bytas (101 2}
prior 1o actually using the selacted counter

The actual orger of Ine programming is quite llesible
writing out of the MODE control word can be in any
saguence 0! counter selechion. e g . counter #0 does nol
have 1o De first of counler #2 last Each counters MODE
control word register has & &
loading 13 completaly sequence indepenaent (SCO.SC1)

The loading of ine Count Register wilh the actusl count
value hOowever musl be done in exaclly the sequence
programmeda in the MODE control word (ALD ALY} This
icading al the couniar & counl regisier s sull sequence
\naepengent ke the MODE control word 10ading bul
whEn & SeleciEd COuNt register s 1o be loaded |t Mus! De
loaged wiin the numbe: of byles programmed n ihe
MODE control word (RLO AL1) The one or two bytes 10
be Ioaded 0 INE COuN fegisier 4o NOt Nave 1o tollow the
ass0ciated MODE control word Theycan be programmed
al any tme foliowing the MODE control ward 10aging as
lang a3 the corracl numper of byles s loaded «n oraer

Al counters are down Couniers Thus the vaiue IDaged
\lo TRe counl register will &Clually be cecrementeo
LoADing &l Zerces IR0 & COunt register will tesull in The
masmum count (27 lot Binary or 10°1er BCE, InMODED
(he néa coun! will Aol restar unhl the 10ad has beer
compieted 11 will accepl ane of two bytes depending on
now the MODE contral woras [RLD ALY} are program:
mea Then procesd wilh Ihe restarl opeanon

MODE Control Word
Counter n

Count Register byle
Counter n

LSB

Count Reguter byle

M
se Counter n

Mote Formal shawn i s ssmals sxarmple of loading the 8753 ana
does nol whphy that only Tormat tha! can be umd.

Figurs 8. Programming Format

Al | AD
Ma 1 MOD;C:::Q;wo,d . 1
R i i
el Moof:nc:n".:,m;-wm 1
No 4 {_l_sg c“““'ﬁ::"r!:f‘avu N,
- Count Regiter Byte a1

Na 5 | MSB Counter 1
Na B ! Lsa Q:un!c::.::q!a‘m g 5
s [t
N o L
Mo 9 | MSB co"'mc:;:':;ﬂnayu Ry

Mote The saclusve sod suses of ssch counter's count regine make
1R task ol prog smeng the B253 8 very smple matier, and
masimuom aflectve uie of the device will resalt b tha feature
n tully utihired

Figurs 7. Allernals Programming Formals
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Read Operations

1n most counter apphicalions il becomes necessary 10 read
the wvalue ol the counl n progress and make 2
computational decision based on this guantity Event
counlers are probably the most commaon apphcation that
uses this funchion The B253 contains logic that will allow
the programmer 10 easily read the contents of any of the
three counters withou!l disturbing the aciual coun! in
progress

There ate two methods thal the programmer can use 1o
read the value of the counters The first method involves
the use ol simple 1/O read operahions of the selecled
counter By controlling the AD, A1inputs to 1he 8253 the
programmer can selecl ithe counter 1o be read (remember
that no read operation of the mode register 13 allowed A
A1-11) The only requirement wilh this metnod i3 that in
ofder o assure 8 $1able count reading the actual operation
of ine selecled counter mus!l be nhibiled eidher by
controlhng the Gate input or by externallogic thatinhibiis
the clock inpul The contents of the counler selecied will
be available as lollows

first 1/0 Aead containg the least signilican) byte (LSB)

second /O Aeag containg the most signilicant byfle
M5B}

Due 1o 1ne nternal logic of tne B253 i s absolutely
necessary locomplele Ine entire reading procedure 111wo
byles are programmed 10 be read INen Iwe Dyles Mujl D8
read before any loading WA command can be sent foIne
same counter

Read Operation Charl

Al AD RD

o 0 0 Aeaa Counter No O
0 ' 0 RAead Counter No 1
1 0 0 Read Counter No 2
1 1 o Iiegal

Reading Whils Counting

in order for the programmaer 10 read the contents ol any
counter witngul effecting or dulurbing the counhing
operation tne B25) nas special internal logic that can pe
accessed using wmple WR commangs 1o the MODE
regisier Basically when (he programmer wishes 1o read
the conlents of a selected counter onthe tly he ipagdsine
MODE register with & special code which lalches 1ne
preseni count value N0 & 3torage register 3o Thal s
contents CONlMN AN ACCurdle slable quantily The
programmet then 153ues 3 normal read command 10 the
selectied counler and the contenis of the lalched regisier s
avalaple

MODE Register for Laiching Counl
AD, A1 = 11

o7 D6 D5 | D4 | DI | D2 | DI Do
SCY | SCo 0 0 X X

o

SCY SCO— specily counter 1o De latched

D5 D4 — 00 designales counler lalching operaton

X — gdonlcare

The same hmitation apphas to this mode ol resding the
countar as tha previous method That 18, 11 1S mandalory

10 complate the antira read oparalion as programmed
Tris command has no effect on the counter's mode

* 1 SMH2

cLK

It an BOBS choch Sulpul 18 10 orrve B BRZADY Cloch ingul 1] MuB! Da reduced 10 1 MHI o el

Figurs . MC3-85™ Clock Interface*
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PROGRAMMABLE PERIPHERAL INTERFACE

= Direct Bt Set/Reset Capabllity Easing

a MCS-85™ Compatible 8255A-5 Dlroetol Application Interface

= 24 Programmable {0 Pins
= Completely TTL Compatible

s Fully Compatible with Intet® Micro-
processor Families

s Improved Timing Characteristics

2 40-Pin Dual In-Line Package
s Reduces System Package Count
s Improved DC Driving Capabliity

Ith Intel® microprocessors Il has
rammabia 110 device designed for use w . el

or modes of operation.
e MODE 1, the second
3 are used for hand-
ode which uses 8

inel® B255A s & general purpose prog
;Nrr:oﬁum s o indlv:d;?:g p‘roq:;:r; be p:r;:r‘::;’r:'::i(:n sets of 4 10 be Input Of output.in
1 ns
M{MODE > u:.gr::;?}n“m":d 1o have B lines of input or output O the ra:f:nlr:i:.ﬁlzz; 9
: mhdqi:\ul:fmpliumml signats. The third mode of operation (MODE 2} Is a' ;l hu:dshlklng
?ih.h::r.nn pidirectional bus and 5§ lines, borrowing one from the other group.
nes .

8255A BLOCK DIAGRAM

PIN CONFIGURATION

»

DATA "_plllcl"-‘ll
e A

T o et

* 7 mean et

Tanitl et

rORT ADDRTE

LBy
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8255A FUNCTIONAL DESCRIPTION

Thae B235A |a a programmable peripheral Intertace (PP1)
devica designed for use in Inte® microcompuler
systema. Ita function Is that of a general purpose O
component 1o interface peripheral equipmen! to the
microcomputer sysiem bus. The functional contigura:
tion of the B255A |s programmed by the systam soltware
80 tha! normally no external loglc is necessary to inter-
face peripheral devices or struclures.

Data Bus Buffer

This 3-state bidirectional 8-bit bulter is used to Interface
the B255A to the system data bus. Data |s transmitted or
recelved by the bufler upon axeculion of Input or outpul
Instructions by the CPU. Control words and status infor-
malion are also transfarred through the data bus bulfer.

Read/Write and Control Logic

The function of this block is to mansge all of the internal
and external transfers of both Data and Control or Status
words. It accepts inputs from the CPU Address and Con-
trol bumses and in turn, itsues commands to both of the
Control Groups.

(D]
Chip Select. A “low" on this Inpul pin snables tha com-
muniction betwean the B255A and the CPU.

(RD)
RMead. A “low" on this Iinput pin enables the B255A to
send the data or status information to the CPU on the

data bus. In essence, it allows the CPU 1o “raad from”
the B255A

(WR)
Write. A “low" on this input pin enables the CPU lo wrile
data or control words Into the B255A

(Ag and A,)

Port Salect 0 and Port Select 1. These Inpul signals, in
conjunclion with the RD and WR inputs, control the
selection of one of the three ports or the conlrol word
registers. They are normally connecled fo the leas!
significant bits of the address bus (A; and A,)

B255A BASIC OPERATION

Ay | Ag | AD | WA | CE | INPUT OPERATION READ)
o 0 (] 1 o POAT A = DATA BUS
TR [ 1 0_| PORTB=DATABUS
1] 0] o [ © | POATC = DATABUS

OUTPUT OPERATION
WRITE)
0] o] 1 0 | 0 | DATABUS=POATA
1 1 [] © | DATABUS=PORTR
0 [ D | 0 | DATABUS=PORTC
T 9 1 0 0 | DATABUS = CONTROL
| DISABLE FUNCTION
x | x 1 | DATABUS= 3-STATE
1 1 ] 1 ILLEGAL CONDITION
DATA BUS = 3-STATE

ki T o] ‘r-’ e ey -
" ey SooElr - i e 23 At U U
Figure 1. 8255A Block Diegram Showing Dale Bus Bufler and Read/'Write Control Logic Functions
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1111 L=

LELLL AL

When Port C is being used as status/contral lor Port A or B,
these bits can be set or reset by using the Bit Set/PReset op
eration just as il they were data output ports.

Interrupt Control Functions

When the B255A |s programmed o operale in mode 1 or
mode 2, conlrol signals are provided that can be used as
Intarrupt request inpuls to the CPU. The interrupl re-
ques! signals, generated from port C, can be inhibited or

T SELECT

T BT MERET FLAGD
8 ACTIVE

Figurs 5. Blt Set/Resat Format

g of reselting the aasociated INTE flip-

fiop, using the bit set/resel! function of port C

This function allows the Programmer to disallow or allow s

wpecific 1/0 device to interrupt the CPU without affecting

any other device in the interrupt structure.

INTE fip flap definition:
(BITSET) - INTE is SET -
(BIT-RESET) —

Interrupt enable

INTE is RESET - Interrupt disable

Note, All Mask flip flops are sutomatically reset during
mode selection and device Reset,

Opaerating Modes

MODE 0 (Baske Input/Output). This functional configura-
tion provides simpie input and oulpul operations for
each of the three ports No “handshaking™ is required,
datas is simply written to or read from a apecilied port,

Mode 0 Basic Functional Definitions:

® Two B-bit ports and two 4.bit ports,

® Any port can be input or output

® Outputs are latched

® Inputs are not latched.

® 16 different Input/Output configurations are possible
in this Mode,

- X

e

ey ey
gl A X
o — o s ——e
B A X
B A i

0,0, . X

——

anim X

ouTHUT

MODE 0 (Basic Output)

B255A/8255A-5

MODE 0 Port Definltion

n ] DU'I'PUT | outPuT
1| outeur 11| outeut =5
0 | OUTPUT "f 3..* INPUT | OUTPUT
| ouTPuT ouvru'r ._1_ . INPUT L_E‘_’E‘I’_
0 _l_)_g'[_"_u!_i ml'u‘r —L _LUUTPUT ouTPUT
1 Y | OUTPUT | INPUT | __i_u Tlu_'r__t_m-_u'r_
LY 4 LINPUT |6 + Ut | ouTPUT
1 ! _| outeut | 1 . 7 | INeUT | INPUT

1 0 | 0 , 0  INPUT | OuTPUT | l OUT'U‘I ouUTPUT
_tJo o [ v iUt ouveuT | 8 | OUTRUT | INRUT
v Te v o weur | oUTRPUT | 10 | INPUT _13‘{7"”

1 ] 1 1 1 ' INPUT ouTRPUT " INFUT | INPUT
T3 | 17|70 6 [ iweur | euT [ 12 | OUTPUT | GUTRUT
e e ikeuT % | DUXRUT. | AELT
N _|*-._|_ PUT [ INPUT |14 | INPUT J_:r-_u*r_
__|_ |_1 1 mvut n-ur My t5 l INPuT _._"_""”T

MODE 0 Configurations

CONTROL WORD 8
5 0 B O 8 0, O

[LTLITT T

[} S T

o

oA
)
0,0, == :{

b ey,

| I

CONTROL WORD 7

o 0o, o ©, o

CLLLLLLT

—t A, Piy

|t e, e,
| e,

-—J'—-—--m"l.

CONTAOL WORD »1
o 9 B 0,

oonononn

. > pay ray
(-]
4w,
B, 0, :[
AL ey,

)

CONTROL WOAD )

n‘n.n.n.n‘s.

[T

[r]efefefo]s]

0,0,

BRSNS

L

.,

e %, ",
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Input Control Signal Definition

STB (Strobe Inpuf). A "low™ on this inpul loads data inlo
LTS |
tha Input lalch ) CONTROL wORD %

IBF (Inpul Butfer Full FIF) Pty Do B0 T O Dicly

L] e 0]+ o]
A “high” on this output indicates that the dats has been e
loaded into the input latch; in sssence, an acknowledgament Vo woyT
18F is sat by STB input being low and is reset by the rising e ouTRY
wdge of the AD input,
o
INTR (Interrupt Request)

A "high” on thit cutput can be used to interrupt the CPU
when an input device is requesting service. INTR is set by
the 5TB is a “one”, IBF isa "one” and INTE ix a "ore”.
It i reset by the falling edge of AD. This procedure allows
an input device to request mrvice from the CPU by simply
strobing its data into the port.

CORT RO, WD
Dy B, 0y 0, 0, 0, 0, B,

[+ XD ] X
e o,
INTE A
Controlled by bit set/reset of PC [ T,
L
INTEB

Controlled by bit set/reset of PC4,

Figurs 8. MODE 1 Input

8255A/B255A-5

Output Control Signal Definition

OBF (Output Butfer Full FIF). The OBF oulpu! will go
"low" to Indicate thal the CPU has written data out to
the specified port. The OBF FIF will be sel by the rising
edge of the WR Inpul and reae! by ACK Inpul being low.

ACK (Acknowledge Input). A “low" on this input Informs
1ha B255A that tha data from port A or port B has baen ac-
cepled In essence, a response from the peripheral
device indicating thal It has received the data output by
the CPU

INTA (interrupt Request). A “high” on this output can be
used to interrupt the CPU when an outpu! device has ac-
cepted dala transmitied by the CPU. INTR is sel when
ACK iz a "one”, OBF isa"one” and INTE is a "one”. It is
resat by the falling sdge of WR.

INTE A
Controlied by bit set/reset of PCyq.
INTEB
Controlled by bit set/reset of PC 5.

=ODE | FORT A1

[N
EONTROL wonD
Oy Oy By B, By 0, B 0,

[ 1]o [+ ]ofrelxIX]X]

Figure 8. MODE 1 Output

b Tt ol

Figure 7. MODE 1 (Strobed Input)

Figure §. Moda 1 (Strobed Output)
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Mode Definition Summary
MODE 0 MODE 1 MODE 2
WMODE 2 AND MODE 0 (INPUT) MODE 2 AND MODE 0 [QUTPUT) m oUT T ouT GROUP A ONLY
Pag IN out ] ouT == |
" o Pay ] out N out - -
X Py ray N our "~ ourt -—
o, <:I> — Ay W | our N out -—
il &:> Pag N out N our -—
o, e, e Gar, PAg N our IN ouT - e
PAg N ouT N out -
COMTROY, ORT Py | i, CONTROL WORD rey = —— i
D, D, O 0, O, B, B, B " 0, 0, 0, 0,0, 0,0 - e e OuY i our - i3
%
[T I I s S— OSSO o — o | W | our W | ou —
% 4 Py N out N our —
:'r,. o, o f— - m, PBy N ouT IN our _——
': :;:lmm T P8y N ouT N our — MODE 0
7 1 L IN out IN our —_
i) e b s n:, N out N our M- g:::oo:!
" . [ S—
. E’] § RN PBy N out N our —
[ PEy N ouT N ourt —_—
-y e
1 PCy N out INTRg INTRg 1]
PCy IN out 18Fg [s] 1 1o
L) L] ouT iTEg ACKg "o
PCy N ouT INTR,, INTR,, INTR,
rCy N out ET8, "o §TBa
PCy, N ouT 1BF 1o 18F
PCg N out 1o ATK AT 5
PCy N our 1o OBF OBF s
MODE 2 AND MODE 1 {OUTPUT) "
RERZANAMORE L NeUT) Special Mode Combination Considerations sliows the programmer to test or verity the “statur” of esch
I i progrem flow sccord A
There are several combinations of modes when not all of the ~ Peripheral device and change the P ingly
B, e gL bits in Port C are used for control or status. The remaining  There is no specisl instruction to resd the status informa-
", :I> S e bits can be used as follows: tion from Port C. A normal resd operstion of Port C s
) b
I Programmed a8 Inputs — mxecuted to perform this function.
s f—— 007, s [ o7, All input lines can be accensed during a normal Port C
contmoL woaD e IS Y CONTAGL WORD =, aEx, read.
Dy By By O, O, O, O, O, o 0, 0, 0, 0, 0 0 0, 11 Programmed s Outputs — B
O0ooenne ™S CLREGT LR . - Bits in C upper (PC;-PC,] must be individually accemed [o] =]
', e haaiss
G * using the bit set/reset function, S
= s ™ el Bits in C lower (PC3-PCq) can be sccessed using the bit
freset functi wed a1 8 th by writi Ao st
I
"""_‘_‘B ”‘”'/:3 ::Dr:::';mronorm o a threesome by writing B, B, % 5 B, 0 By .l
reil— o, . i, : |cl'l_lum.l L] ] 1 e, |y, w.llmn,l
! Source Current Capablliity on Port B and Pori C e e
- "= s o anoue & GRS §
s ! o e e Any set of sight output buffers, selected randomly from
- Ports B and C can source 1mA st 1.5 volts. This feature Figure 15. MODE 1 Status Word Format
W i © p——m, [T e [ sllows the 8255 to directly drive Dardington type drivers
v e,
and high-voltage displeys that require such source currant, O 9% & © o b 9 b
| I [ I S )ﬂ
" 5T, e v LA |
Reading Port C Status I s e [y o ‘L N
v o :

In Mode O, Port C transfers data 10 or from the periphersl
device. When the 8255 is programmed to function in Modes
1 or 2, Port C generstes of scoepts “hand-shaking’' signals
with tha peciphersl device, Aaading the contents of Port C

Figurs 14. MDDE £ Ebombinations

RO & aRoLe B

FORFINED By MOOT 0 OR MODT | 38 LECTION)

Figure 18. MODE 2 Status Word Format
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Receiver Bulfer

The Receiver sccepti serial data, converts this seral input
to parallel format, checks for bits or characters that are
umque to the commumication techmique and sends an
“pssembled” charscter 1o the CPU. Serial data is input 1o
RAxD pin, and is clocked in on the rising edge of AxC,

Recelver Control

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

The AxD mitialization circuit prevents the B251A from
mistakng an unused input line for an active low data
hine in the “break condition”, Before starting to receive
senia! characters on the AxD line, a valid “1°" must first
be detected after & chip master Reset. Once this has been
determined, & search for a valid low (Start bit) is en-
abled. This feature 1 only sctive in the mynchronous
mode, and is only done once for each master Reset

The False Start bit detection circuil prevents false starts
due to a transient noise spike by first detecting the fall
ing edge and then strobing the nominal center of the
Start bit [AxD = low).

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

The Framing Error Flag F/F s set if the Stop bit is
sbient at the end of the data byte (ssynchronous mode),
and also sets the corresponding status bit,

RxRDY (Recelver Ready)
Thi output indicates that the B251A contains a character
that is ready to be input to the CPU Rx RDY can be con
nected 1o the interrupt structure of the CPU or, for Polled
operation, the CPU can check the condition of RxRDY
using a Statul Read operation.

RAx Enable off bath masks and holds RxRDY in the Resat
Condition. For Asynchronous mode, 1o sat RxADY, the
Ascaiver muit be Enabled to sense a Start Bit and a com-
piete charsctar must be assembled and transferred 1o the
Data Output Register. For Synchronous mode, 1o set
RxADY, the Receiver must be snabled and a character
must finish sssembly snd be transferred 1o the Data Output
Register.

Failure 1o tead the received character from the Rx Data
Cutput Register prior 1o the sssambly of the next Ax Data
character will set overrun condition error and the previous
charscter will be written over and lost. 11 the Rx Data s
being read by the CPU when the internal transter i oceur-
ring, overrun error will be set and the old character will be
lost,

RxC (Receliver Clock)

The Receiver Clock controls the rate at which the character
15 10 be received. In Synchronous Mode, the Baud Rate (1x)
1 equal to the actusl frequency of AxT. In Asynchronous
Mode, the Baud Rate is & fraction of the sctusl AxC tre-

P

ﬁﬁé’ﬁcu this

i
5
quency., A portion of the mulh:

foctor; 1, 1/16 or 1/84 the AXC. “c, - /7
3 i
For Example: f "n,"'mh‘_~q
L7
Baud Rate equals 300 Baud, if q"\;!; e,
AxC equals 300 Hz {1x) ‘4,,‘::1 .

AxC equals 4B00 Hz (18x)
Fix® equals 19.2 kHz (B4x).

Baud Rate equals 2400 Baud, if
AXC equals 2400 Hz {1x)

AxC equals 38 4 kHz (16x)
FxC equals 153.6 kHz (B4x).

Data is sampled into the B251A on the rising sdge of AxC,

NOTE: In most communications systems, the B251A will
be handiing both the transmission and reception operations
ol & single link, Consequently, the Recaive and Transmit
Baud Rates will be the same. Both TxC and FxC will re-
quire identical frequencier for this oparation and can be
tied together snd connected to & single frequency source
{Baud Rate Generator) to simplify the interface.

SYNDET (SYNC DetectVBRKDET (Break Detect) )

Thit pin i used in SYNChronous Made for SYNDET and
may be used as sither input or outpul, programmable
through the Control Word, It is reset to output mode low
upon RESET. When used as an output (internal Sync mode),
the SYNDET pin will go "high® to indicate that the B251A
has located the SYNC charscter in the Receive mode, If the
B251A is programmed to use double Sync charactars (bi
syncl, then SYNDET will go “high' in the middis of the
last bit of the second Sync character. SYNDET i auto
matically reset upon s Status Resd operation.

Figure 1. B251A Block Diag Showlng Recel
Butter and Control Functions

B251A

L

When used a5 an input (external SYNC detect mode), a
positive going signal will cause the B251A 1o start assem
bling data characters on the rising edge of the next RxC
Once in SYNC, the "high” input signal can be removed,
When External SYNC Detect 15 programmed, the Internal
SYNC Detect is disabled.

BREAK DETECT (Async Mode Only)

This output will go high whenever the raceiver remains low
hrough two cor stop bit | 1g the
start bits, data bits. and parity bits). Break Detect may also
be read as a Status bit. It is reset only upon a master chip
Reset or Ax Data returning 1o a "one" state.

- 168 A
e s |

[T *wp=y g

ff 3
The 8251A cannot begin mnmtim"n;n" the Tx Enable
(Transmitter Enable) bit is set in the Commang ,ln'qu:unn
and it has received a Clear To Send (CY3) input "BhgTaD
output will be held in the marking state upon Reet L.

4-'{
Programming the 8251A 5
Prior to starting data transmission or reception, the B2S1A
must be loaded with & set of control words generated by
the CPU. These control signals define the complete func
tional definition of the B251A and must immed:ately fol
low a Reset operation (internal or external).

The contral words are split into two formats:

1. Mode Instruction
2. Command Instruction

Mode Instruction

This format defines the general operational characteristics
of the B251A 1t must follow a Reset operation (internal or
external). Once the Mode Instruction has been written into
the B251A by the CPU, SYNC charascters or Command In
Structions may be inserted.

c a1 i

ct [- ] 0,y Li] R ow

Flgurs 4. 8251A Interface o 8080 Standard
. System Bus

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the B251A 15 pro-
grammed by the system’s sottware A set of control words
must be sent out by the CPU to initialize the 82514 10
support the desired communications format These control
words will program the BAUD RATE, CHARACTER
LENGTH, NUMBER OF STOP BITS, SYNCHRONOUS or
ASYNCHRONOUS OPERATION, EVEN/ODD/OFF PAR.
ITY, etc. In the Synchronous Mode, options are also pro-
vided 1o select sither internal or external character synchro-
nization

Once programmed, the B251A is ready to perform its com:
munication functions, The TxRDY output s ramed “high'
1o signal the CPU that the 8251A is ready to receive a data
character from the CPU. This output (TxRDY] is reset
automanically when the CPU writes a character into the
B251A On the other hand, the B251A receives serial data
fram the MODEM or 1/O device. Upan receiving an entire
character, the RuRADY output s rased “high™ 1o signat the
CPU that the B251A has a complete character ready lor the
CPU 1o fetch. RxRDY is reset automatically upon the CPU
data read operation.

This format defines a status word that is used to control the
actual operation of the B251A,

Both the Mode and Command Instructions must confarm
to a specified sequence for proper device operation The
Made Instiruction must be inserted immediately following a
Reset operation, prior 1o using the B251A for data com
munication.

All control words written into the B251A atter the Mode In
struction will load the Command Instruction. Command
Instructions can be written into the B251A a1 any time in
the data block during the operation of the B251A. To re.
turn to the Mode Instruction format, the master Reset bit
in the Command Instruction word can be set to initiate an
internal Reset operation which sutomatically places the
B251A back into the Mode Instruction format. Command
Instructions must follow the Mode Instructions or Sync
characters.

(LK WO NS T RGO
o BYNC CHARALTERN ¢

B R N
[T IR TYNE CRARACTER 3 Ly "

B0 = 1 | COMMAND (NETRUCT 0%
 thsarn

(L 201 Data

ot | E.Mll; uqnurr:o-u_
[L-E¥ ] oata

€81 [ Comanc mithcron

* The mcand $YMC shirarne = ®mmes 4 MODE mesrsiion
il e —————
Mot Bow §VNC oharasiery are b omad 1 MOOE
. pragrmms e KIS VA e ARG mty

Figure 5. Typical Data Block



8251A

COMMAND INSTRUCTION DEFINITION

Once the tunctional definition of the B251A nhas been pro-
grammed by the Mode Instruction and the Sync Characters
are loaded (if in Sync Mode] then the device is ready 1o be
used for data co icati The C d Instruction
controls the actual operation of the selected format. Func-
tiom such as  Enable Transmit/Receive, Error Reset and

STATUS READ DEFINITION

In data communication systems it & often necesssry to
examine the “status” of the active device 10 ascertain il
errors have occurred or other conditions that require the
processor’s attention. The B251A has facilies that allow
the programmer to “read” the status of the device at any
time during the functional operation. (The status update is
inhibited during status read).

Modem Controls ace provided by the C 1 Instruct

Once the Mode Instruction has been written into the B251 A
and Sync characters inserted, if necetsary, then all further
“control writes” (C/D = 1) will load a Command Instruc-
tion. A Reset Operation {internal or external) will return
the B251A to the Mode Instruction format

o,
in

BT l"}l g

NAMIT ERABLE
1. anse
D+ dasne

DATE TERmiNAL
ALADY

Pogh ol oo OTR
it 16 pwa

ALCEIWE FNABLE
[
0 dashiy

SEND BRELAR
[
U tpem Tall
0+ #ormal opuraiinn

ERADK AESET
e 1 et b

LT

REGUEST TO SEND
e e T i R TT 11Y
e

WNTERNAL RESET
Sy
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|

INTER HUNT WODE "
1+ wnande samm foe Sy
vy

UMAS WO R
AR MODE

Nots Error Amaet mull e performed wheneve: FxEnsbls snd
Entar Hunt ax progrémmaed

A normal “read”’ command is issued by the CPU with CD=1
to sccomplish this function,

Some ol the bits in the Status Read Furmat have identical
meamings 1o external output pins s that the B251A can be
used in 3 wpletely Polled af 0 an interrupt
driven environment, TxRDY 13 an exception,

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

o, o, o, o, o, o, b, 0y
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Figurs 10. Command Inatruction Format

Figure 11. Status Read Format
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APPLICATIONS OF THE 8251A
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Figure 12. Asynchronous Serial Interface 1o CRT

Terminal, DC—8600 Baud

Figurs 14. Asynchronous Interface 1o Telephone Lines
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Functional Description icontinueq)

“2se---0oOoOO0DO0OO0OOCDOOODODODOOCODEGS B
cCoocoo0O004+==s---.0oooooocoo [

TABLE 1l. ADDRESS CODES AND FUNCTIONS

>
=
»
o

FUNCTION
Counter — Thousandths of Seconds

Counter — Seconds

Counter — Minutes

Counter — Hourn

Counter — Day of the Week
Counter — Day of the Month
Counter — Months

Latches — Thousandths of Seconds

Lstches — Seconds
Latches — Minutes
Latches — Hours

Latches — Day of the Week
Latches = Day of the Month
Latches — Months
Interrupt Status Register
Interrupt Control Register
Counter Reset

Latch Reset

Status Bit

*GO" Command

Standby Interrupt

Test Mode

- - DO DO - e =D 000 - =000 0
-k D D e o D = e D0 = =00 =080 o= 00
O = O =0 O =0 w0 =0=0=0=6=0=0

1

Al others unused

Do D1
1 0
0 1
o 0
0o o0
0o 0
o o0
o 0
o o

TABLE 111, COUNTER AND LATCH RESET FORMAT

D2 D3

Seconds

Minutes

Hours

Days of the Week
Days of the Month
1 Months

cooo =00
coo-ocoo
coo-oocooco §
s -oococoo 3
e-~ocoococoo ¥
ocococoocoo

o 1]

FOR COUNTER RESET A4—AD MUST BE 10010
FOR LATCH RESET A4—-AQ0 MUST BE 10011

Counter — Hundredths and Tenths of Seconds

Latches — Hundredths and Tenths of Seconds

o7 COUNTER OR LATCH RESET

Thousandths of Seconds
Hundredths and Tenths of Seconds

Functional Description (continusa)

Following a resd of any resl time counter 8 status bit

read should be done. If during 8 counter resd cycle the

clock rolls over, the data resd out could be Invalid.

Thus, during a read if the clock rolls over the status bit
+ will be set, The status bit will sppear on DO when read,
| D1 through D7 will be Teros,

To synchronize tha clock with resl time & "GO com-
mand exists which can be used 1o reset the thousandths
of seconds, hundredths and tenths of seconds, and
weconds counters. After setting the lower frequency

minutes, hours, week, day of the maonth, and month
counters (Figure 1). The interrupt status register can
only be read. The interrupt control register is 8 mask
register that regulates which of the B bits in the status
register goet out s en interrupt, The control register
cannot be read from, A 1 is written into the control
register to select the Sppropriste interrupt output,
If more then # single 1 exists in the control register
each selected bit will come out s an interrupt. This
will appear & an interrupt occurring st the highest
4

counters (minutes through months), the
address and a write pulse can be sent 1o reset all counters
mentioned above. This aliows the clock to be started at
o exactly known time, ll:lnallobemtdlllnw—
watch function. The “GO" Wl 15 the start and a
Counter read is the stop point. The clock does not
stop during or following a reed, so esch resd would
be & solit time.

A second special command will enable the standby
mterrupt output. The standby interrupt output is the
only input or output emabled during the power down
or standby mode. Power down occurs when the power
down input goes 1o a logical zero level, In this mode
the outputs are TRI-STATED and the inputs ignored
repardiess of the state of the chip select. The standby
interrupt is enabled by writing a 1 on the DO line with
the standby intecrupt address selected On the next
counterlatch comparison the open drain output device
turns on, sinking current. The output will be turned
on immediately upon writing a 1 on DG if the compar-
ison occurred before the write, yet is still in effect.
To disable the output a zero on DO is written at the
standby interrupt address. The write cycles must occur
during normal operation, but the output can become
active during power down. This feature can be used to
turn the power back on during 8 power down mode
(see Figure 4 for a typical application). Refer to Tables |1
and 11 for the address input codes and functions and for
the counter and latch reset format.

The interrupt output is controlled by the interrupt status
register (B bits) and the interrupt control register (8 bits)
The status register contains the present state of the
comparator (compares the counters and latches| and the
outputs (1 bit each) of the tenths of seconds, seconds,

Y . The interrupt is acknowledged by
sddresting and resding the status register. Once ac-
knowledged the interrupt outpur and STATUS register are
reset. The only wey to disable the interrupt output is
to write all 0's into the control register or to enable
the power down input

The 1/0 bus is controlied by the read, write, ready and
chip select lines. During a read cycle [AD = 0, WR = 1,
CS = 0, RDY = 0) the dita on the I/ bus is the dats
contained in_the addressed counter or latch. During a
write cycle (RD = 1, WR » 0, C5 = 0, RDY = 0} the data
on the 1/0 bus is latched into the sddressed counter o
Iatch. A1 the start of sach read or write cycle the RODY
signal goes low and will remain low until the clock has
placed valid dats on the bus or until it has completed
latching data in on & write, The chip select line is used
to enable or disable the device putputs. When the chip
i selected the device will drive the 1/0 bus for & resd
or use the 1/O bus s an input for a write. The 1/O
bus will not be affected when the chip is deselected

The outputs driving the bus will 9o to the TRI-STATE

or high impedance state. The chip will not respond 1o
any inputs when deselected. Refer to Figures 2 and 3
for read and write cycle timing

The clock's time base 15 32,768 crystal controlled
oscillator, Externally, the crystal, the INPUT tuning
Capacitor, and the ocutput losd capacitor are required
Included internally are a high gain inverter, an RC delay,
#nd the bim resistor. To tune the oxcillator a constant
read can be done on one of the higher frequency count-
ers. For example, a constant read of the thousandths
of seconds counter will place a 500 Hz signal on the
D4 bus line

g —g
oL
o

g 91

J.
LT,

i
f

FIGURE 1. Imterrupt Register Format




CF/M ASMB4 1.1 SOURCE! HAZITALL.ABS

00BC
00C0
00C0
0oct
00C1

00C4
00CS
00CS

00CF
00CC
00CD
00CE

00CB
00C3
00C?
00CA
00nC
00nc

0000 BEAZ00
0003 B0400

00046 AC

0007 E&C1
0009 E4CS
000B E2F9

000D BESFOO0
0010 B90300
0013 BACC00

0016 AC
0017 ESCF
0019 AC
001A EE
001B AC
001C EE
001D 42
001E E2F6

0006

0016

MODEBYTE
BASE
SERLDATA
SER1CTL
SER1STATUS

SERZDATA
SER2CTL
SER25TATUS

TINERCTL
COUNTER1
COUNTER2
COUNTER3

PPCTL
FORTA
PORTB
PORTC

HAZITALL_STATUS EQU

HAZITALL.CTL

EGU OBCH  SFURTE STROPED

EQU OCOH

EQU BASE+0
EQU BASE+1
EQU BASE+1

Eau BASE+4
EGU BASE+D
EGU BASE+3

EQU BASE+UFH
EQU BASE+QCH
E0U BASE+QIH
EQU BASE+OEH

EQu BASE+0BH
EQU BASE+(0BH
EQU BASE+09H
EQU BASE+0AH
BASE+1CH
EGU BASE+1CH

HAZITALL DRIVERS FOR CFMB6

M ur ue N aw

-

HAZITALL.INITS

Gut,

FORTA 5TR

aner

uotil

BASE ALDRESS OF THE HAZITALL

SERIAL PORT 1= CONSOLE PORT

SERIAL FORT 2= PRINTER FORT
PARRALLEL CUTPUT=AUXILLIARY OUTPUT
PARRALLEL INPUT=AUXILLIARY INPUT

JINITIALIZE THE 2 USARTS - 2 STOP BITS.HCG FARITY,X16 MOLE
SI,0FF5SET SERIAL.TABLE
$4BYTES TO INIT EACH USART

HOV
Hov
INITLOOF:
LODS
out
ouT
Loor
TIMER_INIT:
Hov
Hov
HOv
TIHER_LOGP?
LOIS
out
LODS
ouT
L0DS
out
INC
Loor

PARRALLEL.INIT}

CXs6

AL
SER1CTL, AL
SER2CTL.AL
INITLGOP

SI.OFFSET TIMER-
CX,3
DX, COUNTERL

AL
TIMERCTL,AL
AL

DX.AL

AL

DX AL

DX
TIMER-LOOP

;GET BYTE FROM INIT TABLE

$SENDI 7O FIRST USART

}SEND SAME BYTE TO USART 2

TABLE

DO UNTILL 6 BYTES SENT

}FDINT TO COUNTER 1

+GET BYTE FROM TAELE

;GET MSE

NEXT COUNTER

JGEND TO HODE REGISTER
JGET LSB OF DIVISOR
;SEND IT 70 THE COUNTER
}SEND IT TO THE COUNTER

;D0 AGAIN IF CX NOT O

INPUT

sINIT 3 TIMERS SO THREE TIME THROUGH

FAGE

1



CF/M ASMB6 1.1 SOURCES

0020 BOBC
0022 E4CR
0024 C3

0025 E4C1
0027 A801
0029 74FA
0028 BAC1
0020 E4C0O
002F C3

0030 E4C1
0032 Ag02
0034 7403
0034 OCFF
0038 C3

0039 3200
003B C3

003C ESFIFF
003F 74FB
0041 E4CO
0043 247F
0045 €3

0046 E4CS
0048 A80L
004A 74FA
004C BACL
004E E4C4
0050 C3

(025

0037

0030
003C

0046

HAZITALL.ABs PAGE

OV AL, HCDEBYTE +GET MODE WORD FOR FARRALLEL PORT
out FFCTL,AL ;5827 MODE
RET +INITILIZATION OF HAZITALL COMFLETE

CONOUT:
7CONSOLE OUTFUT ROUTINE
sCHARACTER TO BE SENT IS IN REG CL
IN AL,SERISTATUS  3GET USART STATUS

TEST  AL.OL ;CHECK FOR TX READY

JZ CONOUT 7IF NOT READY WAIT UNTILL READY
MoV AL, CL GET DATA TO SEND

OuT SER1DATA-AL ;SEND THE DATA

RET

CONSOLE_STATUS!
;CHECKS THE CONSOLE STATUS AND RETURNS WITH AL=0FFH IF A CHARACTER
+I5 BAITING ELSE AL IS 0'ED INDICATING NO CHARACTER AVAILIABLE.

IN AL,SERISTATUS  ;GET USART STATUS

TEST AL, 0ZH +RX READY?
Jz FALSE_RETURN  7IF ZERD THEN NO CHARACTER
OR AL, OFFH 7SET TG 15 TO INDICATE CHARACTER
RET
FALSE_RETURN:
XOR AL, AL 7ZERD AL
RET

CONSOLE_INFUT:
CALL  CONSOLE.STATUS 7CHECK IF CHARACTER READY
Jz CONSOLE_INPUT  #IF ZERO WAIT TILL AVAILABLE
IN ALrSER1DATA +GET THE CHARACTER
AND AL, 7FH ;STRIF ANY HIGH-ORDER BIT
RET ; sRETURN WITH CHARACTER

PRINTER_QUTFUT!
N AL,SERZSTATUS  7GET USART 2 STATUS

TEST  AL,0OIH JTX READY?

JZ PRINTER_CUTFUT ;IF NOT WAIT

HOV AL, CL :GET CHARACTER TO 3END

ouT SER2DATA, AL sSEND THE CHARACTER TO THE PRINTER
RET 7BACK T0 CPH

sFARRALLEL INTERFACE ROUTINES

*FORT A IS USED AS A STROBED INPUT PORT

+PORT B I5 USED A5 A STROBED OUTFUT FORT

;THE TWD SPARE LINES ON PORT C ARE USED AS INFUTS

THE MODE WORD FOR THIS CONFIGURATION IS OBCH

R

:THE BITS OF THE 8233 STATUS FORT ARE INTERFRITED AS FOLLOWS
WHEN USED IN THIS HODE:

H BIT &  INTERRUPT B ASSERTED



CF/M A5MBS 1.1 SOURCE! HAZITALL.AB6

0031 E4CA
G053 AB20
0053 74FA
0057 E4C8
0057 C3

005A E4CA
003C 4860
00SE 74FA
0060 AB02
0062 74F 4
0084 BAC1
00484 E&CY
0048 C3

0047 000000
006C 40
0067 CE
Q06E 37

006F 34
0070 0100
0072 76

(073 A101
0075 B&
0076 DO

END OF ASSEMBLY.

0051

003A

0034

BIT 1
BIT 2
BIT 3
BIT 4
BIT 3
BIT &
BIT 7

N

T

FAGE

QUTRUT BUFFER EHPTY
FORT B INTERRUFT ENABLE
INTERRUFT A ASSERTEL
PORT A INTERRUPT ENABLE

170 BIT &
1/0 BIT 7

FORT A INPUT BUFFER FULL STATUS

*PORT B IS USED AS THE AUXILLIARY DUTFUT., AND PORT A IS USED AS
$THE AUXILLIARY INFUT. FORT C BIT 6 IS USED AS A STATUS INPUT
JFROM THE RECEIVING DEVICE. A 1 INDICATES WILLINGNESS TO RECEIVE.
JAND A O INDICATES THE DEVICE IS BUSY.

AUXING
IN
TEST
Ji
IN
RET

AUXOUT:

IN
TEST
JZ
TEST
JI
Hov
ouT
RET

AL,FORTC

AL, 20H

AUXIN

AL, FORTA

AL,FORTC

AL, B0H

AUXOUT

AL, 02

AUXOUT

AL, CL

PORTE, AL

+GET DEVICE STATUS

;TEST BUFFER FULL STATUS
;1F BUFFER NOT FULL WAIT
;GET THE INFUT DATA
7RETURN WITH IT

tGET THE STATUS

sCHECK 70 5EE IF PERIPHERAL READY
+IF NOT READY WAILT TILL IT IS

115 THE BUFFER EMFTY

JBUFFER IS NOT EMPTY WAIT SOME MORE
7GET THE DATA TO SEND

75END IT

'THE ABOVE ROUTINE COULD BE USED 7O OUTPUT TC A PRINTER. IF IT IS,
$INSURE THAT THE POLARITY OF THE PRINTER BUSY STATUS HATCHES THE
tABOVE ASSUMPTIGNS.

SERTAL_TABLE:
DB
B
DB
[B

TIMER_TABLE}

DB

it}
DB

LW
DB
DB

NUMBER OF ERRORS:

Q.

0:0,0

40H

OCEH

374

001101108
13
011101108

417

101101108
2000

USE FACTOR:

7THREE NULLS

YRESET COMMAND

MODE - 8 BIT DATA,NOPARITY,X16 MODE
sCOMMAND - RTS,DTR ASSERTED, RX AND
TX ENABLED, CLEAR ANY ERRORS

sCOUNTER 1 MODE WGRD

*DIVISOR FOR 9600 BAUL FOR CONSOLE
COUNTER 2 HOLE WORD

1300 BAUD FOR PRINTER

yCOUNTER J MODE WORD

+1 NS INTERRUFT RATE FOR RTC - NOT USED

1%
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