ek RTE-02A 8255 1/0 CARD  kxkx

1. INTRODUCTION

THE RTX-0ZA 8255 I/0 CARD IS A PROGRAMABLE INPUT/QUTPUT INTERFACE FOR IR
PC/XT/AT. 388. 486 OR COMPATIBLE COMPUTER. IT CONTAINS 72 I/0 LINE. 3
INDEPENDENT 16 BIT COUNTERS. EACH WITH A COUNT RATE OF UP TO 2MHz. ALL
MODES OF OPERATION ARE SOFTWARE PROGRAMABLE.

THE BOARD'5 BASE I/0 ADDRESS IS JUMPER SELECTABLE TO ONE OF SIXTEEN 1/0
LOCATION. ALL EXTERNAL I/0 WITH THE RTX-02A IS DONE THROUGH 40-PINS AND
Z6-FPINS -PIN HEADERS. THAT IS ACCESSIBLE THROUGH THE REAR PANEL OF THE
COMPUTER AFTER THE BOARD IS INSTALLED.

2. FEATURES

¥ % STANDARD PPI DIGITAL CONTROLLERS. (¢ ONE OPTIONAL )

¥ 3 INDEPENDENT 16 BIT COUNTER.

¥ INTERNAL/EXTERNAL CLOCK SELECT BY JUMPER.

* 2 INTERNAL CLOCK SELECT BY JUMPER,

¥ BASE ADDRESS UP TO SIXTEEN SETS,
&HZ00 - &HZ0F, &HZ210 - &HZLF, §HZ40 - BHZ4F, &HZ50 ~ &HZ5F
&HZ80 - &HZ8F. &HZ290 - &HZ9F. &HZ2CO - &HZCF. &H2D0 - &HZDF
&§H300 - &ZH30F. &H310 - &H31F. &H340 - &H34F. &H350 - &H3GF
&H380 - &H38F. &H390 - &H38F, &H3CO - &H3CF, &H3D0 -~ &H3DF

¥ CLEAR PIN'S SIGNAL ON BOARD.
Z4 LEDS DISPLAY FOR EACH PPI PORT A.
* ALL PORTS CAN BE ENABLE/DISABLE.

*

3. INSTALLATION

THE RTX-0ZA PLUGS INTO ANY EXPANSION SLOT. INCLUDING A SHORT SLOT. OF AN
IBM PC/XT/AT, 386. 486. 586 OR COMPATIBLE COMPUTER. IT MAY BE
ADVANTAGEOUS. THEREFORE, TO CHOOSE AN AVAILABLE SHORT SLOT INSIDE THE
COMPUTER. THE BOARD'S I1I/0 BASE IS JUMPER SELECTABLE: PREVENTING POSSIBLE
CONTENTION WITH OTHER DEVICES SIMPLY INVOLVES CHANGING THIS JUMPER. 1IF
THE BOARD ADDRESS IS UNJUMPERED QR INCORRECT. THE RTX-0ZA WILL NOT
OPERATE. THE PIN HEADERS PROVIDES FOR A VARIETY OF I/0 CONNECTIONS TO BE
MADE TO THE PROGRAMMABLE INTERVAL TIMER (PIT). EACH OF THE COUNTER INPUT
MAY BE JUMPERED TO EITHER INTERNAL CLOCK OR AN EXTERNAL CLOCK INPUT.

Jd.1 JUMFER SETTINGS
BASE ADDRESS SELECTION - JP1, JP2

TO SELECT THE BOARD S BASE I/0 ADDRESS. THE JUMPER ON THE CONNECTOR
LABELED JP1 MUST BE POSITIONED TC CORRESPOND TC THE ADDRESS DESIRED.
THE JUMPER SHOULD BE PLACED VERTICALLY ACROSS THE PAIR OF HEADER PINS
BELOW THE BASE ADDRESS SELECTED. THE BASE ADDRESSES LARELED ABOVE
CONNECTOR JP1 ARE HEXADECIMAL VALUES.



THE RTX-02A BASE ADDRESS IS PRESET TO X"200". IF THE BASE.ADDRESS IS
CHANGED FROM THE PRESET VALUE. THE EXAMPLE SOFTWARE FROVIDED WITH THE
RTX-02A WILL NEED TO BE MODIFIED TO REFLECT THE NEW VALUE.
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JPZ JP1 RASE ADDRESS
¥ X X X O 0 0 0O X O 0 00 0 0 0 200
X X X X 0 0 0 0 ¥ 0000 0C 00
O 0 00 X X X X ¥ 00 0 0 0 0 0 210
n o 0 0 X X ¥ X X 00 0 0 00D
¥ X X X 0 0 Q 0 O X 00 00 00 240
X X X X ¢ o 0o 0 0O X 0 0 0 0 00
O 0 0 0 X X X X 0O X 0 Q0 o0 00 250
0 ¢ 0 0 X X X X O X 0 O 0 0 00
X X X X 0 0 0 0 O 0 X 0O 000 0 280
X X X X 00 0 O 0O QX 0O o 0 oo
0O 0 O 0 X X X X 00D X O 0 0 0 0 240
O 0 0 0 X X X X o O X 0 0 0 0 0Q
X X X X 00 0 0 0O 0 0O X O 0 O O 200
¥ X X X 0 0 O 0 a0 o0 X 0 o0 0 0
N0 00 X X X X O 0 0 X ¢ 0 0 0 200
0O 0 0O 0 X X X X O 0 0 X 0 0 0 0
¥ X X X O 0 0 90 0O Q0 0 X 0 O 0 S04
¥ X X X 00 00 O 0 00 X 0 00
O 0 0 0 X X X X O O D 0 X 0 00 310
0O 0 0 Q0 X X X X O 0D 0 0 X 0 0 0
X X X X 00 00 0O 0 000 X 00 340
¥ X X X 0 0 0 0 000 Q0 0 X OO0
o0 0 0 0 X X ¥ X a0 0 00 X 00 350
0O 0 0 0 X X X X O Q0 g 0O 0 X O o0
X ¥ X X 00 OO0 0 00 Q0 0 X 0 380
X ¥ X X0 000 O 0 0 0 0 0 X O
0O 0 0 0 X X X X OO0 0 0 0 X 0 390
0O 6 0 0 X X X X O 0 0 0 0 0 X 0
¥ X X X 00 0 0 O 0 00 0 0 0 X 3C{
¥ X X X 00 00 O 00 00 0 C X
O 0 G 0 X X X X O 0 0 0 0 o 0 X SD0
n o o0 o0 X X ¥ X 0O 0 o 0 o a0 X
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3.2 RTX=D24 SYSTEM BOARD DEFAULT

&HZ00
&HZ201
&HZ02Z
cHZ(03
&HZ204
&HZ00
&HZ08
&HZ07
&HZ208
&HZ08
&HZOA
&HZ0B
&HZ0C
&HZ0D
&HZO0E
&HzZ0F

&Hz00 ~ &HZ0F

PORT1 A READ WRITE BUFFER
FGRT1 B READ WRITE BUFFER
FORT1 C READ WRITE BUFFER
8255 (Ul) CONTROL REGISTER
PORTZ A READ WRITE BUFFER
PORTZ B READ WRITE BUFFER
PURTZ C READ WRITE BUFFER
8255 (U2) CONTROL REGISTER
PORT3 A READ WRITE RUFFER
PORT3 B READ WRITE BUFFER
PORT3 © READ WRITE BUFFER
8402 (U3) CONTROL REGISTER
COUNTER O READ WRITE BUFFER
COUNTER 1 READ WRITE BUFFER
COUNTER 2 READ WRITE BUFFER
COUNTER CHIP 8253 CONTRDL RIGISTER

3.3 RTX-0ZA INTERNAL/EXTERNAL CLOCK --- JP3

3

4

JP3 CAN BE SELECTED INTERNAL OR EXTERNAL CLOCK TO 8253 COUNTER 0, 1, 2

WHEN JUMPER IS SHORT.
EXTERNAL CLOCK. NORMAL SETTING IS SHORTED

CLOCK 15 DESIRED BY THE MOTHER BQARD CLOCK (SLOT B2G

IT MEANS THE COUNTER USE ENTERNAL CLOCK. ELSE USE

FOR INTERNAL CLOCK INPUT. THE
-- CLK,

2 = 2,385MH=z
Z = 4 000MHz
2 = 5.000MH=
2 = 7.159MHZ

( SHORT FOR INTEENAL CLOCK)
( SHORT FOR INTERNAL CLOCK>
( SHORT FOR INTERNAL CLOCK)

INTERNAL
oLOT B30 -- 0OSC). FOR EXAMPLE AS FOLLOW:
PC/XT (B20) --- CLEK(4.77MHz> /
FC/AT (B283) --- CLK(8.00MHz; ;
PC/AT (B20D) —-—- CLE(1D.0MHz) /
PC (B30% --- CLK(14.318MNZ) /
JF3 X X X |
X ¥ X ———-—-——w- ~ 8253 CLOCEK 0§
NN el 8253 CLOCK 1
———————————— 8203 CLQCR 2
RTX-02A INTERNAL CLOCK SELECT --- JP4

JP4 CAN BE SELECTED USE

FOR EXAMPLE AS FQOLLOW:

JFP4

JP4

X

0

USE

—_—— o —

—_—— = mam

USE

SLOT B30 SIGNAL

SLOT BZO SIGNAL

THE MOTHER BOARD SIGNAL (B30-0S5SC.B20-CLK) INPUT.

(0OBCH

({CLX}. DEFAULT



DEMG PROGRAM LIST

100 REM *x THE RTX-0ZA 8255 1/0 CARD DEMO FPROGRAM *

110 SCREEN 0.0G.0 @ WIDTH 80.25 : KEY OFF : CLS

120 LOCATE 10.10 : PRINT " THE RTX-02A 8255 I/0 CARD DEMO PROGRAM
130 LOCATE 12.10 : PRINT " THE 8255 PORT A. B. C OUTPUT SQUARE WAVE
140 LOCATE 14.10 : PRINT " 8253 COUNTER O DIVIDE BY 2 ...°

150 LOCATE 16,10 : PRINT ° COUNTER 0 DIVIDE BY 50 ...

160 LOCATE 18,10 PRINT ° COUNTER @ DIVIDE BY 10C ..."

240 REM * 8233 TESTER X

250 PORT = &HZOC

260 GUT PORT + 3. &H36
270 OUT PORT 3. &H76
3. &HE®G

280 OUT PORT 0. &HZ2 : OUT PORT + 0. &HG
300 OUT PORT 1. &H32 : OUT PORT + 1. &HO
310 OUT PORT + 2. &HB4 : OUT PORT + Z. &HO
315 REM * 8255 MODE O OUTPUT TESTER X

3168 REM 8255-1 TEST

317 REM 8255-1 MODE 0 PORT A. B. C QUTFPUT
320 PORT = &HZ0G

325 QUT PORT + 3., &HBO

330 A=0 : GOBUB 300

335 FOR K=0 TO 1000 : NEXT K

340 A=&FF : GOSUB 500

341 REM B8255-2 TEST

342 REM 8255-2 MODE 0 PORT A. B. C OUTPUT
345 PORT = PORT + 4

350 OUT PORT + 3., &H8O

365 A=0 : GOSUB 500

360 FOR K=0 TO 1000 : REXT K

365 A=&FF : GOSUE 500

3866 REM B255-3 TEST

367 REM 8255-3 MODE 0 PORT A. B. C QUTPUT
370 PORT = PORT + 4

375 QUT PORT + 3, &H8O0

380 A=0 : GOSUB o500

385 FOR K=0 TO 1000 : NEXT K

380 A=&FF : GOSUB 200

400 GOTO 320

500 FOR I=0 TO 2

510 OUT PORT +I., A

520 NEXT 1

530 RETURN

+
280 OUT PORT +
+
+



H. I/0 CONRECTOR

T e e e WA A o mrwr ommn o = mma e wTT R LU o e e p mw — — 2t pam ama . o =

CNL PIN ASSIGNMENTS CNZ PIN ASSIGNMENTS
PIN 1 GND PIN 2 GND FPIN 1 GND PIN 2 . GND
3 1A3 4 GND 3 GND 4 GND
3 1AZ B 1Al 5 GND » GND
7 1AQ 8 CLKO 7 8
S QUTO 10 GATEOD s 10
11 CLK2Z - 12 OUTZ 131 12
13 GATEZ 14 CLK1 13 ZA1 14 ZA0
15 GATE] 16 QUT] 1 2A3 16 ZAZ
17 1A4 18 1A5 17 ZAD 18 ZA4
18 1AB6 AL 1A7 18 2A7 20 ZAB
a1 1C7 L2 1C6 41 AL 22 2C7
23 1C5 24 1C4 23 2G4 24 2C5H
25 1C0 28 1C1 293 2C1 FAS 2C0
27 1C2 28 1B7 27 2B 28 2C2
24 1C3 30 1B5E PAS 2B6 30 2C3
31 1BO 32 1BS J1 ZBa 32 ZB0
33 iB1 34 ib4 33 2B4 34 £B1
35 iB2 36 1B3 39 2B3 36 2B2Z
37 -aV 38 +8V 37 -5V 38 +39V
39 -12V 40 +12V 38 -12V 40 +12V
CN3 PIN ASSIGNMENTS
PIN 1 JAD FIN 14 3B5
i 3A1 1 3B6
3 SAZ 15 3B7
4 3A3 17 3C0
D JA4d 18 3C1
5 3A5 19 3C2
7 3AB 20 3C3
8 JA7 21 3C4
4 3B0 z 3Co
10 3B1 23 306
11 3BZ 24 3C7
12 353 29 GND
13 SB4 £ GND

T o o A e . oy o — S A o o E—— ET T e e e A e rEmn TEE ——— ——— 2 mm s wmm e,
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‘FUNCTIONAL DESCRIPTION

General

The B253 s e progremmable interval timdr/counter
specitically designed lor use with the Intsi™ Micro-
compuler systems. its ‘furiction” is thet of a general
purpose, multi-timing elemant that can be trested as an
array of /0O ports In the sysism software.

The 8253 solves one of the most common probdlems tn any
microcomputer system, the generstion ol accurate time
delsys under softwara control, Instead of setting up timing
loops in systems soliware, The programmer configuresthe
8253 to match his requiremanis, initislizes one ol the
counters of the 8253 with the desired qusanliity, then upor
command the 8252 wiit count out the delay and interrupt
the CPL) when il has compleied ts tasks. {l is easy o see
that the sofiware overhead. Is minimal and that mulliple
delays cen easliy be mainiained by assignment of prionty
lgveis.

Other counlertimer functions that are non-delay in
nature bul als» common to mos!| microcomputers can be
implemented with the 8253

¢ Progremmable Rate Gensrator

¢ Event Counter

s Binary Rete Mullipiier

» Real Time Clock

e Digital One-Shot

e Complex Motar Controlter

Dala Bus Bufler

This J-statle, bi-directional, 8-bit bufier is used to Intertace
the 8253 10 the system dsla bus. Data Is fransmilied or
received by the bufter upoh execulion of INput or OUTput
CPU instructions. Ths Dala Bus Bulfer his three basic
tunctions.

1. Programming the MODES of the 825).

2 Loading the counl regislers.
3. Reading the count values

Read/Write Loglc

The Read/Wrile nglc accepts Inpuls {rom the system bus
snd Ia turn generales controi signals for overall device
aperstion. It 15 enebled or disabled by CS s0 that no
operation can occur to chenge the funciion unless the
device has been selscled by the sysiem logic.

RD (Read)
A “tow” on this Input intorms (he 5253 that the CPL) Is
inputting data in the form of a counters value.

WA (write)

A "low™ on this inpul informs the 8253 that the CPU is
outpulting data in the form ol mode informalion or loading
counlers.

8253/8253-5

A0, At

These inguls are normaliy connecled to the address wus.
Thetr lunction Is 1o select one of the three counlers {0 be
operaled on and (o address the conlrol word register for
moda seiecllion.

C§ (Chip Seiecy

A "low” on this mpul enabies the 8253 MNo reading or
writing will occur uniess the device is selected The CS
Input has no eflec! upon the aciua! operatton o! the
countersy.

cLma
Dy - DATA
Dy 1 LA

: ~—— GATED
BUFFEN

e DUT B

L] ﬂ
. CLK )
ﬂ - '
- AEAaD/
COUMTER
wRITE | —- . QATE |
Ry e e WOONC
oY )

* CLK Y

CONTAOL ' A
WA L e aAte 3
RECIETEN N

ouUT X

f
L

| 1

i

iMTERMAL BUS /L‘
—

Figure 2. Block Disgram Showing Data Bus Buller and
Rend/Write Logic Funsfionse

(TS | AD | WA | Ay | Ag ]
1o | 1 0 0 ¢ | Load Counter No. 0
-r 0 i t 1 0 i 0 | ! | Load Counter No. 1

0 1 0 | 0 | Load Counter No. 2 J
| 1] J 1 1.0 1 1 ] 1 | Write Mode Word

0 0 | 0 G | Read Counter No. 0
‘-O 0. t J 0 | 1 | Read Counter No. |

0 0 { | 1 0 Read Counter No. 2 _
0 O | H 1 b 1 | No-Operation 3-State
1 X |1 X X X | Disable 3-State
[ 0 [ 1 1 1 X X | No-Operation 3-State




mtel 8253/8253-5

Control Word Register

Yhe Control Word Regisier is selecled when AD Atare ¥l
It then accepts inlormanon lrom Ihe data bus builer and
storgs it in a register. The information slorad in 1S
register controts the operational MODE ol sach counler,
selection of binary or BCD counting and thve foading of
sach couml regster

The Control Word Register can only be writien nto. no
raad operation of its contents s available

Counter #0, Counler #1, Counter #2

These three lunclionat blocks are identtcal in operaton 30
only a single Counter wilt be descrnbed, Each Counter
consists of a single. t6-bil, pre-setiabls. DOWN counter.
The counier can nperale in aither Dinavy Of BCD ang its
inpul, gate snd oulput are conligurcd by fhe selection of
MODES stored in the Control Word Register.

The counters are fully independent and eaCh can have
separala Mode conhigursiion snd counling oparalion,
pinsry or BCD. Also, Ihete e spacial feaiures in the
contiof word thati handle the loadging ol 1he counl value sa
ihal sofiwsre Overhesd can be mimized for these

Iunctions.

Thae resding of the contents of #ach counter is avadabieto
the programmaer with simpie READ operations ior svent
countng applications and special commands and 1egic
are included in the 8253 so Ihat the contents ol sach
counter can be read “on the fiy” withoid having 1o intwbil
the clock input,

8253 SYSTEM INTERFACE

The 8253 is a component of the inlel™ Microcompular
Systoms and Interfaces in the 3ame mannes 23 sM other
peripherais of the family. it Is lreaied by the systems
soltwers as an array O peripheral }/O ports; three 176
counters and tha lourth is a conlrol register for MODE

Programming.

Basically. ihe select Inputs AQ, A connect io the AO A1
address bus signals of the CPU. The C5 can be derived
direcily irom the sddress bus using & hnear SRt method.
O¢ i can be connecied (0 the culput of a decoder, such as
an Intal® 8205 lor larQer syslems.

GO T oL
wWOAD

TREANAL Pl

Figure 4. Block Disgram Showing Conlrol Word
Registes and Counter Functions
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OPERATIONAL DESCRIPTION

Qenersl

The compigte functiond! deliniion . of Ihe 82353 is
programmed by the systems soflware. A set of control
words myst be sent oul- by the CPU Lo Initialize eech
counter of the 8253 with the deslired MODE and quaniity

information. Prior 1o inltislization, the MODE, count, and

output of all counters s undelined. These conirol words
progrem the MODE, Loading sequence and sslection ol
binary or BCD counting.

Once programmed. the 8253 is ready to perform whalsver
!im-ng lasks il is assigned to accomplish,

The »sciual counting operalion of esach counter s
complelely independenl and additionai logic is provided
on-chip so thal the ususl problems associated wilh
gfficient monitoring and management of exiernal,
asynchronous eveiis or iates 10 the microcomputer

sysiem have.been sliminaled.

Programming the 8253

All of the MUOES for each counter are programmed by Ihe
systerns soltware by simple 1710 operations.

Each counter of the B253 is Individually prograinmed by
wriling & controf word into |he Controf Word Register.

(AD. A1 = 11)
wonirol Word Format
3 Dy Dy Dy

Dg Ds D¢ D
sc_u_l ALY ]m.quzfm]Moj 8Ch

Oelinition ot Control
S5C — Seleci Counier;

D,
[ sct

SC1 SCo
I v 0 __ Selecy.Countes 0|
[ 0 | ! Select Counter 1

i 0 Select Counter 2
|___ | K “ legal —

AL — Read/Losd:

RLI RLO

il il

Counter Latching operation {see
READ/WRITE Procedure Section!

—

Aead/Load most significant hyte only

i

Read/Load least signilicant byts only,

L T F O e TR T S TRp——————

Read/Loadt teast signilicant byte fiest,

then most significant byte.

Myl

BChr
0 Binary Counter 18-bits
1 Binsry Coded Decimal {BCD) Counter
{4 Decades}
Counter Loading

The count register I3 not ioaded untii the count vaiue Is
wititen {one or lwo bytes, depending on- the mode
selecled by the RL bits), lollowed by a rising edge and &
falllng edge of the clock. Any read ol Ihe counter prior 1o
thet {alling clock sdge may yisid Invalid dals.

MODE Definition

MODE 0: Inlerrupt on Terminal Count. The outpit will
be iniliafly iow alter the mode set operatlon. After the
count is loaded Into Lhe selected couni ragisier, the out-
pul will remain low and the counter will count. When ter-
minal count Is reached ihe output will go high and re-
maln high unlii the selecied rounl registar |y reicaded
wilth the mode or a new counl is toaded. The counter
continues to decrement aller terminal cound has been
reached.

Rewrlling & counler reqisier during counting resulls in
the following:

{1} Write 131 byte siops he currant counting.
(2) Wille 2nd byle starla the new count.

MODE 1: Progréammable One-Shol. The oulput will go
low on the count! lotlowing the rising edge of the gale in.

put,

The oulput wilt go high on the terminal count. I g new
courd value Is oaded while the outpul Is fow It will no!
aliecl iho duralion of the one-ahot puise until the suc-
ceeding trigger. The cutrenl count can be resd at any
time wilhoul aftecling the one-shot puise.

Tha ona-shot Is reiriggerable, hence lhe oulput i1 re-
matn low lor the full counl alter any rising ede ; of the

qgale input,






