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INTRODUCTION

lrteriacirg & microprotestir (o periphers
devices is an important part of a tolal mi-
crocomaiter system dasign. Thecharacter-
istice of the Intarface depend to a large
extent on totai. ayatern requirarments and
ather factors such as CPU wading and data
speed. Tha use of intarrupts and/or DMA
atructires Bigo have en Mpect ON e 3ys-
tern inputioutput structure. The design of
an /0 interfaca is not limited to bardwara,
ang hardware/gsoftware trade-offs must be
considered.

This applications memo axamings the Lee
of the 2650's vargatia set of 170 instructions
and the interface between the 2650 and D
perie, tnterrupt and DMA-contraled /0 are
not discussed A number of applisation
exampies tor bath eerial and pesatiai i/ ara
given. Saveral types of input, output, and
bidiréstional intarface devices are also ax-
amined,

Basic 1/0 Structure of the 2650
The 2650 is equipped with axtansive and
versatile input and output facilities. it can
pertorm both singla bit inout/output and 8-
bit paralle! input/output,

The sagle bit thput and oulput, cailed
Sense {pin 1).3nd Flag {pin 40), are associal-
ed with the Program Status Word Upper
(PSWUI ThaFisg guiput alwayarafiects the
vaile of bil 6 of the PSWU, whita bit 7 of the
PSW L always reflects the value of tha Sanse
ingut signal, The Senge and Fiag signals can
be monitored and contralted with tha PSW
nstroctions.

Parstter [0 can be accomplished using ths
gxtended 2r nopn-exiended raad ang write
imitructigns The  extended and non-
satended types are distinguished by tha
state of the E/NE putput of the 2850.

The nan-extgnged |/ instructichs are
singla-byte instructions which accompiish
a 1-hyte data rransfer into gt out of the 2630
They &iso control the stata ol the /T out-
pul. which can be usad as a 1-hil device
addrass in smail ystams.

The extended /O inatruciions are 2-byle
ingtructions. When executing extended /O
instruchons, the second hyte of the instruc-
tran is cuiout on the |ower 3 bits of the
stdress bus (ADRO-ADRT. This iMforma-
tion is Aormaity used as an /0 divige ad-
dress to sefect 1 of up Lo 258 input ar output
dewvioes. bt may &lso he used to oulput
comrol or s1atus signais
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Ppreliel 110 pparationis may use any CPU
register as the data source or destination.
This offars significant Bexibility In writing
IO software, because there is not 4 sinigle
BCCUMUIRtOr regieter te create a “bottle-
neck" in the dats fiow. The functional block
diagram in Figure 1 illugtretas the varlous
170 facilities.

1O As Part of the
Memery Address Space

The 2850 user may choose to transfer dak
inta or gut of e proceasor Laing the memo-
ry control signals. The edventage of this
technique is that the data cen ba mad or
writt&n by the program with memery ioad
and store instruchpns, ahd data may be
directly operated upon with logical and

2650 1/D FACILITIER-—GENERAL BLOCK DHAGRAM
F e
_ A Wy '
swat wr — (:1
SEMSE FLAG
F i Pl a1 o
Sl el
{conTAGL A &
WRTE >§
e = Nl | 5
50 »-—l I : 4 [+ §
A
4 oAt & mUN WATD
\ Bl Jomr
=
b3 PORT
3 b
o Jopvice I 1 ) ’ -
] Yooz | ! FORT SE
£ ¥ |oecoier] |
g Y- Y wuax.
] a0, C:] o
S Nazsr | foer PORTS
g
&
! &
z
£
POAT 5,
N E,!TEH-} wAR
[ o) £
e HLTPURT Ut
T T SORAT PORTE
& =
Figure 1

anthmstic instructions. Tha memary rafer-
enging instructions can take advantage of
1he flaxibla addressing modes providad by
ihe 2650, such as indexing snd ingirect
eddressing. A possibla disadvantage of this
method is that |t may be necessary 1o de-
code more agdrass {ines to determing tha
device address than with the other i/0-
faciiitios.

To make use of thia tachnique, ihe designer
musi &ssign memary addresaes o /0 ge-
vices and gesign the davice inlerfaces te
respond to the same siQnefs s Mmemory.

O interface Signels

Tobte | summarizes iha state of lhe 2650170
inferface signails for the various methods of
/0 which are availpble.
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SERIAL 170 USING THE SENSE
INPUT AND FLAG QUTPUT

COna of the (/O capabilitias of the 2650 is
provided hy tha sense inpyd and fiag output.
The sensa and fiag pins rmay be used tor
singl2-bit input ot outpul of status or controi
information They cen aiso be used to im-
pierment a earial data communications
chennal Two exemples of this apolicetion
are giver beiow

Asynchronous Serial
Communications Port

I aoplications wham a serinl type of termi-
nal [ikka a teletypawritar) mus! be connact.
&d to the microcompuiet system, the sense
pin snd flag pin can ba used to intertace with
the terminai. The basic character format for
asynchronous serial /0 15 shown mn
Figura 2

A& number of parameters of this Characler
format znd the transmission spesd, ara
ditferent for verious types of tefminals, The
variable pgramaters are.

Baud rats (bite por sacond) 110, 150,
300, 600. 1200, 2400, 4600, ang 9800 baud.

Mumber of bits per character: 5. 6. 7. ora
bils

Parity moda: aven, odd. and no parity
Number of stop hits: Y or 2

The control of the sense and ftag pins far
asynchronous serial I/0, with the appropt(-
ste parameterz and Heud rate. can be done
completefy with Softwaré. The hardwars
nvelved ig limstad to a simpla line drivar and
receiver Circuit which may be either an RS3-~
232 interface or a 20mA cyrrent ioop Inter-
faca The interface hargware is shown in
Figute 3

The software mecessary to accomplish the
sarpl 1'O for a fuil-duptex iine can bs di-
vitled i 3 parts

« The start bit detection and varificatton.
After each start bit detaction tha star-bit
tevetl is varified 1or s low levai al time
intervels af 175 D1 1 bit ime. This pravents
talse star-bit recognifion causad by ting
noise

* Tnesampling of the data bits at the mid-
bit time, ecnoing the data- bit to tha fiag
output, aro 10ading the data bit into a
CPL ragistar

s The mput geno and check of parity bit
candd Stop bits.

A tmirg diagrom showing the start Bt sam-
oling and the kit echo appears m Figure_.d_

4
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TYPE OF I

‘1O OPERATION | OPREC | MAG | A/W | ADRO-ADRT | (E/NE) | (D/5)
Sansa {tnput) X | X X X X X
Flag {Cutput) X | X X X X X
Extended Raad + : (S Second Byte H X
|. Extandeg Write H L H Pnstrzfction H X
: Non-Extended Read C H L L x L L
Non-Extended Regad B H i L X b H
Mon-Extended Write ¢ 2 L 4 X L L
Non-Extended Write D H L ! X L H

Memory /0 Reao H H L ADRD-ADRT | ADR13 | ADR14

Mumory 170 Write H 2 H ADHO-ADR? | ADR13 | ADR4

X = Don't Care
Table 1t  1/0 NTERFEALCE SIGNAL STATE
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Thres exprmpies of tha serlal O routine
“with different speeds and parameters are
presered in Figurea 5 through 9. The bit
and sample d¥lay rumbers [hexadecimsl}
in the definitign listing {Figure 8) are for &
GPU clock trequancy of 1MHz. The haxa-
decimal delay numbers for & frequency of
1.29MHMz are givonin Taia I\, Thistabin alse
liats the number of BDRRAD instruclions
thal ara necessary in the “bit detay and echo
subrputing” to count cycies for the approp-
rata bavd rate.

The pxamples of figurae 7, 8, ang 9 have the
following parametors:

Figure 7: 110 beud, 7 data bits, aven
parity and 1 atop bit.

Figure B 800 baud, 7 deta bits, odd parity
and 2 stop bits.

Figura 2: 2400 beud. 8 deta hita, no parity
and 1 step bit.

The sariai i/0 rputine uses 4 CPU registars
{1 bank and AO) and affects 7 of the Program
Sttus Word bits; namaly, Sanse, Fiag,
Overtiow, Carry. Intardigit Carry, and the 2
Condition Code bits. The program alao uses
1 level of the rgturn addrass stack,

A parity erroi will set the Overlfow bit, end a
framing error {wrong stop bit leval) witl aat
the inferdigit Carry bit. At tha and of tha
regting, the naut characier iz atpred in
reguter R2
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FLOWCHART OF THE SERIAL I/O ROUTINE
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2650 MICROPROCESSOR APPLICATIONS MEMOD

BERIAL 1/0 PARAMETER DEFINITIONS SERIAL I/0 ASSEMBLY LISTING—EXAMPLE 1
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2680 MICROPROCESSOR APPLICATIONS MEMO

SERIAL 11O ASSEMBLY LISTING

EXAMPLE 3 EXAMPLE 3
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Data String Output

A typical application for the flag output is a
data string output. The advsntage of this
output methpd 5 that it CAD provide & large
number of output bits with little address er
control ‘egic decoding. Fur example, this
method can be used to output data for an
array of numeric displays, singte bit :ndica-
tors, or colemn drivers of a parglial numaric
printer. &n exampl2 of tha hardwara re-
quired to implemant this type of output
chsnne! is gwen n Figure 10,

Hare, the Address 14 output is used as a
dels strobe signal. Howaver, the date strobe
signal coud dlsa be built up by decoding
mare addrass bils 5o thet the systerm memo-
ry size wauld not be limited 10 16K byten 58
n this example

A Lgting of the progrem regquired s giuen in
Fiqure 14 Thadala isassumed lobe located
in the system's AAM as illustrated in
Figure 11

The resst-significsnt bit at the feaat-
significant byte will be output tirst, The tsbie
length . TLEN} 8nd the number of bits per
byte {BPW] can be adapted as necessary by
software rodilications. The date strobe
pulse on gutput ADRI4 5 generated oy
daing the dummy mstruction STRARD {o
address H40M

2650 MICROPROCESSOR APPLICATIONS MEMO

SAMPLE NUMBER OF NUMBER OF
DELAY BIY DELAY HDRAR RO BDRA.RO
baup NUMBER AT | MUMBER AT |INSTRUCT!ONS AT | INSTRUGCTHOMS AT
RATE 1.25MHz 1.25MHx 1.25MHz 1MHz
10 a1} Ex 5 4
ang 45, cs 2 2
8OO 24 o] 1 1
1200 1 ah 1 t
2400 a7 30 1 1
Tobie 2 BIT DELAY PROGRAAM CONSTANTS
AT A CLOGK FREQUENCY OF 1.25MHz (HEXADECIMAL)
INTERFACE DIAGRAM FOR DATA STRING QUTPUT
ouTRYTS
) EMIFT REGIZTER
FLBG LERGTH ITLEN X BRI BITS
DPREG £Lw
Wio |
A0F 14 Y
2050
Figure 10
DATA ORGAMIZATION FOR DATA STRING DUTPUT
&M MEMDRY
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Figure 11
7 TIMING DIAGRAM GF DATA STRING OUTPUT RDUTINE
Fl_m_
Buipyt | ARs
2108, 1 BuSEC
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SR AMAAT

i TIMES GIVEN FOR & CLOTK FREQUENCY OF 1 WHr

Figure 12
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I FLOWCHART OF DATA STRING OUTPUT ROUTINE
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Figure 14

PARALLEL INPUT/QUTPUT

The 2650 instruclian set contans the [Allowing gix mpul/output instructions

[ NQ. BYTES
WRTC. RX Write Caontral 1
REDC. AX Read Controt 1
WHT RX Write Data 1
REDD. AX Rand Data 1
WRTE RX DEVA Write Extendged 2
REDE, RAX DEVA Read Extended 2

mAntics

The controt s1gnats ganeratad by pach 1/Q
inatruction simplity 1be 1ntarface cirguiiry
reguired 18 ganerale O salackan and tim-
ing signals. A low-casi control signal inter-
face with ralatad timing is shawn in Figuras
15 and 16.

When using standard TTL and BT saries 1'Q
parts, tha 1/C operations can be dons with-
out siowing dawn tne systam. b this casa
the DFACK input could ba contravad di-
racthy 18r alt 'O operaticns,
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Non-Extended /0

The singie-tyte /0 inatructiona of the 2650
are raterrad to as non-extended 1/0. In smaii
systama with vnly two 8-bit inpul ports and
twd 8-bit autput ports. this I/0 1acility re-
Qlires 3 minimum of hardward intarfacing
batween the CPU and I#0 ports. The gsignais
WRTC. WRTD. REDC, and REDD ganerstad
by the controt iogic decodar In Figurs 15
can be used directiy as output port clock
puises and nput port enabie aigndls, ra.
spectivaly.

Sequential /0 With
Non-Extended 1/0 Instruclions

{n syatems whare a fargar numbar of devicea
mist be serviced i sequenca. the use of a
aimple B-tit output port Gan ofter consider-
able savings in software. Normaily the de-
vices could be 3erviced with extended /O
instructions, Howaver. 3ince tha devige
agdress is the secund byte in this type pf
instruction. a serias of data fetch and O
inetructions wadld be reguired La service
the devicas in seguance.

With an 8-bi Autput port functioning as a
device address register, the device address
can ba modified under software control. In
thia way a simple prijgram loop can serve
up to B ('O pprts by rotating a single ¥
through a CPU register that is putput o5 a
device address This /O address.ng tech-
nique may also be usad advertagsously in
systamz wnare i:Q operaton rAguests are
datecied by software poiling. A fungtional
bloek diagram of this tachnique is shown in
Figure 17

Extended /0

There are 2 extended i/D instructions in the
2650 instructipn sat. In these 2-byte nstruc-
tiens the first byte spacifies the gperatian
code ard the data sburce or dastinatian
reqister 10 the CFU. The second byte pro-
vides an B-tnt devicr address code thai is
output an the 8 ieast-significant bita of the
address bus. ADRQ through AQRT.

The controt signal decoding diagram §Fig-
ure 15) rran be simpiified for systems using
omv Exterded 1’0 as shown in Figure 18
Tha timing diagram of Figure 16 aiso appiies
tn this decoding techrique

Device Address

Decafling Schemaes

For extended /D 11 i5 nacessary to decode
the address lines ADRO through ADRY in
nfdar to nenarate apprpriae port ssieChon
signais. *he choice of an address decoding
sCheme deoends on factors such as totel

10
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I/Q INTEAFACE TIMING
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DIAGRAMS (Figure 15)
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O requirements, the type of | 'O ports used,
and the total systam gonfiguration

In pnncipie. there are 2 baare rmethods pt
device address dacoding One methpd
the use of hardwired logic in which the
davice address 15 fixed: the other is a hard-
ware programmabie method in which the
device addreszes are ndividually aet with
jutmpers or switches Some eaamples pf
these tethtods are given 0 Figures 18
and 20.

in thany applications & combination of these
2 mathods s used in addition the cpntrpl
|agic can baeimpiementad az an integral fian
of the device address drcoding. AN oxample
15 shown in Figure 21

simetics

Flgure 1§

Memory Mapped I/0

im memary magped -Q_ the 170 devices ara
traated as memory ncations Anagvantage
pf this techmgue 15 that ol memory
tafareneing Insfruction types (store, Inad,
arithmatic_togical, etc.) Can be b3ed dirgctly
far I-O datx. Dewce address decoding ianat
racassehly more complex than for normal -
extended i‘D since ai /0 atfdresses couid
be located in a specific address hipek. Gf
colrse. this techmgue car only be used in
systems which dp npt wse the fun mamary
address space tor programs. A diagram of
the | 'O cortrai logic. using the ADR14 put-
put to discrimirate belweer memory and
1 O operations, is gwen in Figure 22, The
daviee addrass decoding methods des-
crihad earliar can alst be appited to rmemdary
mapped |'D
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SEQUENTIAL D TECHNIQUE
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SOME POSSIBLE TECHNIQUES FOR QEVICE ADDRESS OECOOQING
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HARDWARE PROGRAMMABLE DEVICE ADDRESS JECODERS
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SINGLE POINT CONTROL

i many applicalions, the cepability lo sat,
clear. ar test e singie cutput point selected
from a iarge number of outpu! points is
reqinred Designs of 1his type can he impla-
mented using the 2650 70 msiruclions.
Whan used as describad betow, the WRTE,
WRTC, and WRTD instructions bacome
"sel/clear single-bit" ingtructions. while the
REDE instruction becomes a “test singia-
bit' instriction

Single Bit Ouiput—Direct Address
The write extended instruction csn be used
to select and 52t or clear a singla output bit.
The 2 bytes of the mstruction can be intar-
pretad as foliows:

BYTE 11

Lol efe] ]x]5]

BYTE 1

AR

A through A, of the second byte specify the
autput selected Tha 5¢C hit specifies
whether the kit s set or Gleared, A typical
nardware corfiguratian  controling B4
points 15 shown in Figura 23, Hera, tha
contrad 1ine decading end partial address
decading s dene by the 7405138, which
selecls one of the 2ight 9334s. Ona of the 8
talches 1n the seiected 9334 15 enshiad by
ADARZ. ADR1. ang ADRZ and iz elther
clearad or set, as derermined by the vatuaof
ADRY

The XX field inihe first byte seiects 1 al the 4
dvafape registers and dotpuls s contents
on the data bus Since this infgrmation is not
used 10 this application, the vatue of XX is
not imaarstaet Hawever 1t couid be used to
outpul an E-bad comlred o status word In
Somunctian with the sat/ceet operstion.

Singie Bit Output—
indirect Address

If the address of the oulput to be set or
cteared must be determinad at program run
lime, the WRTD and WRTC instructiens can
oe used. The address of the output bitiafirst
loandad 0t one of the 2850 registers. A
WHTD. Rx instruction ie then ssuad f the
pitistobesel, and 2 WRTC, Bx instructiona
1ssued if the bit is t0 be clearad. Tha bit
setect 3 output on the dats bus, andthe 0/C
outpitt carries the set/clexr informetion
The hargware implermeniation can be the

sammg &5 shown ok Figure 23 except that

“ADRO-ADRS are repisced by DBUSO-

DBUSS, anp ADRT 15 repraced by [C

2650 MICROPROCESSOR APPLICATIONS MEMO

11D CONTROL SIGNAL GENERATION FOR MEMORY MAPPED I/Q

Ergure 22
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Singis Bil input

One way af downg singte bit input uses the
technigues dascribed enrlier The address
of the bit that is to be tested .5 iosded Into
ona gf the 2650 ragiatars end outputto an B
bit 1atch using sn axtended or nen-aatendad
wria inatruction The latch outpit is da-
coded {0 aalect tha dasired bit, whichis then
spotied to the Sense mput pin The 2650
Prograrm Status Word instrictions can then
be used to tes! the siate of the Segnse input
snd id take apprapriate program action,

SHROYES

The tachnique deacribed abova must be
used if "indirect” bit addressing 15 reguired.
I this is not & requirement, & mora efficient
implemantation can be accormplighad using
the extended read instruction. This tech-
fiigle makes use of the lact that the 2650
Butometicaiy tests the contarits of m register
avery time 1113 used as the destination of an
operation Thue. when the read extended
operation seads data from an inpl! part. tha
condiinn carde tis an the progeam atatus
word are sei to reflect whiiher the new

13
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tEgister conténts s poeitive, nagativa, or
Taro,

For the singte bit input application, the
second byte of the RETE, Rx instruttion
coffains the address af the inpid Bit to be
tested. This data i3 apphied to g bank of gata
selactors to salect the addresaed bit, which
is then apphed to the most-significant bit of
the data bus, DBIIST. Sinces thie s imarpret-
&d as the aign Git. the cendition coda bite in
PSt wiii be sei to réfisct whether the BH
haing tested iz a on# ora zero. A conditional
branch instruction can then be usad to
attect the desired program action. A Rard-
ware implamentation for 64 inputs is sheawn
in Figure 24, Note thal an address fateh is
rot requirad for this method.

INPUT PORT DEVICES

Gated input Ports

The simpiast form of an input port is the tri-
statc gute. Figure 25 iluatratas the use of the
8T97 high-epeed hex tri-state hufter tor
gated input porls. The 8T97 is non-
nveriing, and the tri-steta contrgl gignars
enatie the buffers ingroups of 4 and groups
of 2, 50 thst 8-hit ports can be implemantsd
afficientiy

An eftéctive circuit for systems using 8-
gatad inpu ports is the 74251 8-to-1 multi-
plexer. which has tri-siaté outputs thst can
Interface directiy with the data hus. The
sdvantage of thig circuit is that no sxternal
address decading logic is n#edar, A con-
figuration usyng getad inpul ports with tha
74251 muitipiexer s iilustrated in Figura 24,

In addition to these 2 configurations, many
otherinput port conflgurations are possible
using standard TTL or Signetics 87 gerias
iogic circuns,

Latching Input Porls

Latching input ports may be“requwed to
stora data from an external device, which is
aveilahle only mamantgrily, bafsre the setu-
al Input operation o the microprocessor
tskea place This type of input port can he
realized by connecting TTL-1atch or D-type
fiip-flop circuits, such as tha 7475, 74100, or
74175, to the inpuls ol 8 Jated input por. As
ifluatrated in Figura 27, by uaing the Signet.
ics 8710 Quad D-type tip-fop with Iri-staty
putplits, an A-bit ralching input port can be
imslamented with oniy 2 packagss. The
8T10 = funclionsily idaniicat ts the 74173,

14
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GATED HNPUT PORTS WITH 74251 B-1o-1 MULTIPLEXERS
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LATCHING INPUT PODRTS LUSING THE BT10 (T4173)
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OUTPUT PORT DEVICES

Qutpul ports can be contigurad with a varie-
ty of standard TTL and 8T sarias Hip-flops
and regssters. Typicai circuits inciude-

9334  Addrassahble 8-bit lalch

7475 Quadruple latch

74100 B-bit latch

74175 Cheadrupte D-type Hip-ttop

BT10  Cuadruple Q-type Hip-tiop
with tri-state outpuls

The 7475 and 74175 both nave true and
coriplement outpuls. Qne special faatura ot
the 8710 is thst the sutpuis may be disabled
iptaced i & high-impedance output mode)
by the device thet 15 connacted to this oul-
put port A logic diagrem using these gir-
cuits for gutput ports appears i Figura 28.

The 9334 s usetul in systems requiring a
farge nurnber of lalched cutpuis, since a
porton of the decoding can be done using
the on-chip 3-inpul decoder A typical appii-
cateon of thia wes shown in Figura 23. it 1
alse an eflicient Crreuit for implemanting
eghl 8-bil output ports.

1/0 CONFIGURATIONS USING
THE 8T31 BIDIRECTIONAL PORT

Functlional Description

The 8731 18 an 8-bt igrectional |/Q port
consisiing »f 8 clocked iatches with 2 bidi-
rectional 1'Q buses, each of which has s
own ernirod iogic Each bus (Aand B) has 4
read and a wrile cohtrol nput, and theraisa
master enabte inpul 'or bus B only. The
autpuls of the latches foitow the nputs
when Ihe ciock s figh, and latching wil
aceur when the elock returns iow

The 6T31 is also equipped with 8 "power-gn
ctear” circurt M the clock input 1% held low
1mti the nower supply reaches 3.5 voits, the
latehies win be cleared There 15 3 {ogie
inversion between hus & and bug B As a
result when the 8T31.s cleared, bus A will
have anlogic 1 outputs and bus B all legie
0 oulputs

The control funchions of the 8731 are nsled
n Takle 1M, A functional biock diagram snd
asymhoie diagram of the 8T3 1 are iustrat-
ed 'm Crgures 29 and 30 respaclively.
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BT31 FUNCTIONAL BLOCK DIAGRAM
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X | 1 a X a -2
il a X X a READ (latche8]
l X 1 1 1 a WRITE {B==lgicht

Table 3 3T31 CONTROL FUNCTIINS

As shownn Table il eagh bus can operate
indepsndanily except far the case of writing
from both bus A and B In thia case whnting
from bus & wil gvernde any attampt o write
from bus B

B8T31 Appilcetions

The contrpl functiuns pt the 8T31 allnw it tp
be used N yvanpus mMicrpeomputer Aot
outpul appiications. tn the 17D system dia-
gram of Figure 31. the BT3V s used ‘o
implament gatad (nput ports. iatching input
ports output ports. and s bidirectional dsis
Bus driver All + D poris can be contrplied
directly with the device setect and AEDE
ang WRTE lines coming fram dewviCe 2e¢Co-
ers and i-D contrel tpgc.

in apptications where nterfacing s neces-
sary with paripheral devices that need data
transfers in lwo dwectons, fike dignal
casseties and dalda [Nk Communicabon gr-
s the BT can be gsed asa biarsChon-
&l Qport intisappl:catan the 'O apera-’

ton sheuld e requested by intetrupt or
poiling 1& prevent simuitanacus wrile oper-
alions from peripherat gnd CPU. Tha bigdi-
rectinng! 1“0 pprt concept 15 iltusirated In
Figure 32

implsmenting an Eight-Bit Flag
Register with the 8T31

In many industrial applicabions, sucn s
process canlrdl, single it inputs end oul-
puts are used to manitor switchas and de-
leciprs Dr to dnve relays snd lamps. & possr-
bla solukon tor such a igg reqister wouid be
an eight-Dit Dt port and a meMory byte
reserved a5 a flag reguster 1t the systam
RAM The sethng, resetting. or teshing ot
individual BHs with this method of wmoie-
menting 8 Hag register requires many bytes
of arogfam mamory Tha output port and
lhe memaory iocation reserved Aas a fag
register 'mnge mus! be updated after each
hi nperalor

1

8731 SYMAOLIC DIAGRAM

L

Pgs_  Wan

Wgp P!
BUE BUS

cLK M

Figure 30

The 8T21 can be used tc rmplement a fiag
register without the use ot 2 memory bytein
the system's RAM. No additionai hardware
s reguired and theaaving in grogram mem-
ory byies 1or filag operatidns s consider-
abie A& lxgc diagrem ot this application is
givenan Fugure 33 Listings of basic safiware
1o 8el resat. and tes! indwvidual tiegs for
both positive ang negalive true putputs are
given :n Figures 34 and 35
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. Flgura 31

THE BT31 USED AS A GATED INPUT PORT,
LATCHING IKPUT PORT, OUTPUT PORT, AND DATA BUS DRIVE
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