MICROCOMPUTING FOR SMALL BUSINESS AND HOME VOLUME 2, ISSUE 12, NOVEMBER 1977 $1.75
CANADAIMEXICO $2.00
INTERNATIONAL $3.00

How People and P ——
Computers Map |
Space

Also: Computerized
Fingerprint Search

General Ledger-lll

A Byte of Music

Blockade Game

SPECIAL
HARDWARE/SOFTWARE
ISSUE




INTERFACE DESIGN WITH

Signetics, Sunnyvale, California

Interfacing a microprocessor to peripheral devices is
an important part of a total microcomputer system
design. The characteristics of the interface depend to a
large extent on total system requirements and other fac-
tors such as CPU loading and data speed. The use of in-
terrupts and/or DMA structures also have an impact on
the system input/output structure. The design of an I/0
interface is not limited to hardware, and hardware/soft-
ware trade-offs must be considered.

This article examines the use of the 2650's set of 1/0
instructions and the interface between the 2650 and 1/O
ports. Interrupt and DMA-controlled I/O are not discuss-
ed. A number of application examples for both serial
and parallel /O are given. Several types of input, output,
and bidirectional interface devices are also examined.

BASIC I/O STRUCTURE

The 2650 is equipped with input and output facilities
which can perform both single bit input/output and 8-bit
parallel input/output. ,

The single bit input and output, called Sense (pin 1)
and Flag (pin 40), are associated with the Program
Status Word Upper (PSWU). The Flag output always
reflects the value of bit 6 of the PSWU, while bit 7 of the
PSWU always reflects the value of the Sense input
signal. The Sense and Flag signals can be monitored
and controlled with the PSW instructions.

Parallel 1/0 can be accomplished using the extended
or non-extended read and write instructions. The ex-
tended and non-extended types are distinguished by the
state of the E/NE output of the microprocessor.

The non-extended 1/O instructions are single-byte in-
structions which accomplish a 1-byte data transfer into
or out of the 2650. They also control the state of the D/C
output, which can be used as a 1-bit device address in
small systems. :

The extended l/O instructions are 2-byte instructions.
When executing extended I/O instructions, the second
byte of the instruction is output on the lower 8 bits of
the address bus (ADRO-ADRY7). This information is nor-
mally used as an |/O device address to select 1 of up to
256 input or output devices, but may also be used to out-
put control or status signals.
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Parallel I/O operations may use any CPU register as
the data source or destination. This offers significant
flexibility in writing 1/0 software, because there is not a
single accumulator register to create a “bottle-neck” in
the data flow. The functional block diagram in Figure 1
illustrates the various l/O facilities.
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110 AS PART OF THE MEMORY ADDRESS SPACE

The 2650 user may choose to transfer data into or out
of the processor using the memory control signals. The
advantage of this technique is that the data can be read
or written by the program with memory load and store in-
structions, and data may be directly operated upon with
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logical and arithmetic instructions. The memory refer-
encing instructions can take advantage of the flexible ad-
dressing modes provided by the system, such as index-
ing and indirect addressing. A possible disadvantage of
this method is that it may be necessary to decode more

address lines to determine the device address than with
the other 11O facilities.

To make use of this technigue, the designer must
assign memory addresses to |/O devices and design the
device interfaces to respond to the same signals as
memory.

110 INTERFACE SIGNALS
Table 1 summarizes the state of the 2650 I/O interface
signals for the various methods of I/0 which are available.

SENSE INPUT AND FLAG OUTPUT

One of the I/O capabilities of the 2650 is provided by
the sense input and flag output. The sense and flag pins
may be used for single-bit input or output of status or
control information. They can also be used to imple-
ment a serial data communications channel. Two ex-
amples of this application are give below.

ASYNCHRONOUS SERIAL COMMUNICATIONS PORT: In applica-
tions where a serial type of terminal (like a teletype-
writer) must be connected to the microcomputer sys-
tems, the sense pin and flag pin can be used to interface
with the terminal. The basic character format for asyn-
chronous serial /O is shown in Figure 2.

BASIC CHARACTER FORMAT FOR ASYNCHRONOUS 1/0

TART DATA DATA DATA DATA DATA DATA DATA DATA PARITY STOP = STOP
R S TLSCNCT) i 1 r| BITH BIT6E BIT7 BITH BIT BIT1  BIT2
- - e g e mp m——n ——

________________________________________________

Figure 2

A number of parameters of this character format, and
the transmission speed, is different for various types of
terminals. The variable parameters are:
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Baud rate (bits per second): 110, 150, 300, 600,
1200, 1300, 4800, and 9600 baud.

Number of bits per character: 5, 6, 7, or 8 bits.

Parity mode: even, odd, and no parity.

Number of stop bits: 1 or 2.

The control of the sense and flag pins for asyn-
chronous serial /O, with the appropriate parameters and
baud rate, can be done completely with software. The
hardware involved is limited to a simple line driver and
receiver circuit which may be either and RS-232 inter-
face or a 20mA current loop interface. The interface
hardware is shown in Figure 3.

SERIAL 1/O HARDWARE INTERFACES
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The software necessary to accomplish the serial /O
for a full-duplex line can be divided into 3 parts: 1) The
start bit detection and verification. After each start bit
detection, the start-bit level is verified for a low level at
time intervals of 1/6 of 1-bit time. This prevents false
start-bit recognition caused by line noise. 2) The sampl-
ing of the data bits at the mid-bit time, echoing the data
bit to the flag output, and loading the data bit into a CPU
register. 3) The input, echo and check of parity bit and
stop bits.

A timing diagram showing the start bit sampling and
the bit echo appears in Figure 4.
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TYPE OF W IE ADR13 | ADR14
1/0 OPERATION OPREQ | M/IO R/W ADRO-ADR7 | (E/NE) | (D/C)
Sense (Input) X X X X X X
Flag (Output) X X X X X X
Extended Read H L L Second Byte H X
Extended Write H L H Jnslr?l::hom H X
Non-Extended Read C H L L l X L L
Non-Extended Read D H L L X L H
Non-Extended Write C H L H X L L
Non-Extended Write D H L H X L H
Memaory 1/0 Read H H L ADRO-ADR7 | ADR13 | ADR14
Memary 1/0 Write H H H ADRO-ADR7 | ADR13 | ADR14
X = Don't Care
Table 1. 1/0 Interface Signal State
fir T SAMPLE NUMBER OF | NUMBER OF w
DELAY BIT DELAY BDRR.RO BDRR.ROD
BAUD NUMBER AT | NUMBER AT |INSTRUCTIONS AT | INSTRUCTIONS AT
IﬂT—E_ | 1.2_5MHZ Jli lZSMHz 1.25MHz 1MHz
110 Do | E5 5 4 ‘
300 4A {941 2
60 4 | DE 1 1
1200 11 hA % 1
400 ( ‘ 30 1 1 I
Table Il
| i BUS A |
. Raa Wga [ CLK BUS A
X 0 | 1 WRITE {(A-latch) Y Ty
0 1 | X READ (latch=A)
1 1 J X HI-Z (Tri-state)
== BUS B .
ReB | Wgg  Wgy cLk ME 1 BUS B
X X X X 1] HI-Z
1 0 X X C HI-Z
| X 1 0 X 0 Hi-Z
0 0 X X 0 | READ (lalch=B)
o & | 3s 1 | t | 0 | WRITE(B=latch) |
Table Ill. 8T31 Control Functions
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Three examples of the serial 1/0 routine with different
speed and parameters are presented in Figures 5
through 9. The bit and sample delay number (hexa-
decimal) in the definition listing (Figure 6) are for a CPU
clock frequency of 1MHz. The hexadecimal delay num-
bers for a frequency of 1.25MHz are given in Table 11.
This table also lists the number of BDRR,RO instruc-
tions that are necessary in the “bit delay and echo
subroutine” to count cycles for the appropriate baud
rate.

The serial I/O routine uses four CPU registers (1 band
and RO) and affects seven of the Program Status Word
bits; namely, Sense, Flag, Overflow, Carry Interdigit
Carry, and the two Condition Code Bits. The program
also uses one level of the return address stack.

A parity error will set the Overflow bit, and a framing
error (wrong stop bit level) will set the Interdigit Carry
bit. At the end of the routine, the input character is
stored in register R2.

DATA SPRING OUTPUT: A typical application for the flag
output is a data string output. The advantage for this
output method is that it can provide a large number of
output bits with little address or control logic decoding.
For example, this method can be used to output data for
an array of numeric displays, single bit indicators, or
column drivers of a parallel numeric printer. An example
of the hardware required to implement this type of out-
put channel is given in Figure 10.

Here, the Address 14 output is used as a data strobe
signal. However, the data strobe signal could also be
built up by decoding more address bits so that the
system memory size would not be limited to 16K bytes
as in this example.

A listing of the program required is given in Figure 14.
The data is assumed to be located in the system's RAM
as illustrated in Figure 11.

The least-significant bit of the least-significant byte
will be output first. The table length (TLEN) and the
number of bits per byte (BPW) can be adapted as
necessary by software modifications. The data strobe
pulse on output ADR14 is generated by doing the dum-
my instruction STRA, RO to address H'4000'.

PARALLEL INPUT/OUTPUT
The 2650 instruction set contains the following six in-
put/output instructions:

NO. BYTES
WRTC, RX Write Control 1
REDC, RX Read Control 1
WRTD, RX Write Data 1
REDD, RX Read Data 1
WRTE, RX DEVA | Write Extended 2
REDE, RX DEVA | Read Extended 2

The control signals generated by each I/O instruction sim-
plify the interface circuitry required to generate 1/O selec-
tion and timing signals. A low-cost control signal inter-
face with related timing is shown in Figures 15 and 16.

When using standard TTL and 8T series I/O ports, the
I/O operations can be done without slowing down the sys-
tem. In this case the OPACK input could be controlled
directly for all I/O operations.

NON-EXTENDED 1/0: The single-byte I/O instructions of
the 2650 are referred to as non-extended I/O. In small
systems with only two 8-bit input ports and two 8-bit
output ports, this /O facility requires a minimum of
hardware interfacing between the CPU and /O ports.
The signals WRTC, WRTD, REDC, and REDD generated
by the control logic decoder in Figure 15 can be used
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INITIALIZE PSW
SET FLAG

RESET OVF, C, AND IDC

IS THERE A START BIT?

;ﬁfg

B

DELAY 1/6 OF A BIT TIME

IS SENSE INPUT LOW?

HAS SAMPLE LOOP BEEN
DONE 3 TIMES?

RESET FLAG TO GENERATE START BIT
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SET R2 TO NBR OF DATA BITS
SET A3 TO PARITY MODE

ROTATE R1 RIGHT
DELAY 1 BIT TIME
SENSE AND ECHO DATA BIT
LOAD DATA BIT INTO R1
DO PARITY CHECK IN R3
DECREMENT R2

TEST R2=0
STORE (R1) INTO R2

DELAY 18IT TIME
SENSE AND ECHO PARITY BIT

CHECK CHARACTER PARITY
IF WRONG SET OVF BIT

DELAY 1BIT TIME
SENSE AND ECHO STOP BIT

TEST STOP BIT LEVEL
IF WRONG HET IDC BIT

RETURN

semm. mﬁ PARAME?EK

L amms m’ ﬁ#ﬁ;ﬁ
o THE 265 e e 15 m_mﬁé

= i
S
e

INTERFACE AGE 87

e




directly as output port clock pulses and input port
enable signals, respectively.

SEQUENTIAL /O WITH NON-EXTENDED I/0 INSTRUCTIONS: In
systems where a larger number of devices must be ser-
viced in sequence, the use of a simple 8-bit output port
can offer considerable savings in software. Normally
the devices could be serviced with extended I/O instruc-
tions. However, since the device address is the second
byte in this type of instruction, a series of data fetch and
1/0 instructions would be required to service the devices
in sequence.

With an 8-bit output port functioning as a device ad-
dress register, the device address can be maodified
under software control. In this way, a simple program
loop can serve up to eight I/O ports by rotating a single
‘1’ through a CPU register that is output as a device ad-
dress. This /O addressing technique may also be used
advantageously in systems where |/O operation re-
quests are detected by software polling. A functional
block diagram of this technique is shown in Figure 17.

EXTENDED I/0: There are two extended /O instructions
in the 2650 instruction set. In these 2-byte instructions,
the first byte specifies the operation code and the data
source or destination register in the CPU. The second
byte provides an 8-bit device address code that is output
on the eight least-significant bits of the address bus,
ADRO through ADR7.

SERIAL 110 ASSEMBLY LISTING—EXAMPLE 1
110 Baud, 7 Data Bits, Even Parity and 1 Stop Bit

LINE FODR (OBJECT E SOURCE

n
w74 + EXWPLE 1 FULL DUPLEX (BIT BY BIT ECHO), 118 BALD.
o875 + 7 DATA BITS, EVEN PRRITY W0 4 STCP EIT
9876 .
77 o0 RGeS
0676 8506 7648 STRT PPSU F SET FLAG 10 SUITCH OFF THE LINE
0979 B582 7525 Sl DV
9000 6504 12 TEST PSU WAl FOR STRRT BIT
o861 6585 1ATD BCTRN TEST
60 6507 6607 LWL F2 HBT  SET K2 TO MIEER OF SHPLES
0803 8509 56 SHP L0 FL SU6L  SET RL TO SHPLE DELAY
9964 8566 FITE BUA KL §
W 0 12 Py TEST FOR STHRT B1T WLIDITY
66 BSOE 1A74 BCTR N TEST  IF NOT WALID, GO BACK 10 TEST
067 6510 FA77 BORK. K2 SHHF
60 512 6768 LODL K3 EP SET K3 10 EVEN FRRITY MOOE
B89 @514 D67 LOO1. R2 D7 SET Rz 10 NIEER OF DATR 6115
W90 516 748 o F GENERRTE STRET E11
8991 6518 5t B1TS KE, R
9092 6519 3612 BSTH,UN BOLY GO TO DELAY A0 ECHD KOUTINE
93 BS1E FATE BS%. R BITS  TEST FOR HUMBER OF DATR BITS
B34 E51D B Lz K
95 ES1E L2 SR B2 LORC R2 WITH CHARACTER
9% E51F 5 PRI ESTR. I BOLY
PB97 E50 BFRN STEP
P98 #5271 774 L O IF WRONG FRRITY, SET OWF
99 €525 6708 STOP LOGL RS 8 CLERR K3
p108 6627 1604 BSTR, N BULY
B1e1 8523 16 EXIL RETC. N TEST STOP BT LEVEL
BLB2 BSA 7720 LI IF WG, SET ILC EIT
9107 B 17 EXI2 RETC. N
e .
a1 o sese
106 o BIT DELIY FHD ECHD SUBKIUT TN
a7 .
BOS 50 BER 0LV LOOL.¥6 BRSO SET ¥ 10 GIT LELAY MEEX
P169 ES2F FOTE BV K §
P18 @531 FOTE BOA KB §
PiL1 853 FETE HORR, K9 §
B112 B8535 F57E BUAR KD §
o113 527 12 e TEST DATREIT LEVEL
14 8518 1R BTRN (8
BU1S @53 74db T [F LM ECHO R ZEKD
P16 I 1604 BLTR. N BITL
#1147 53E 7640 e HF IF HIGH ECHO i+ ONE
BL1E 8540 6548 1061, 4 BP7 INSEKT DRTHEIT INTO R
B119 B4z 21 BITLEGRE B3
128 6543 (3 SR W 00 FRITY CHED
B124 8544 17 KL N
) .
123 5900 BN §
TOTAL RSSEMBLY ERSORS = 6660 Figure 7

The control signal decoding diagram (Figure 15) can
be simplified for systems using only extended 1/O, as
shown in Figure 18. The timing diagram of Figure 16
also applies to this decoding technique.

DEVICE ADDRESS DECODING SCHEMES: For extended /O it
is necessary to decode the address lines ADRO through
ADR7 in order to generate appropriate port selection
signals. The choice of an address decoding scheme
depends on factors such as total I/0O requirements, the
type of /O ports used, and the total system configura-
tion.

In principle, there are two basic methods of device ad-
dress decoding. One method is the use of hardwired
logic in which the device address is fixed; the other is a
hardware programmable method in which the device
addresses are individually set with jumpers or switches.
Some examples of these methods are given in Figures
19 and 20.

In many applications a combination of these two
methods is used. In addition, the control logic can be
implemented as an integral part of the device address
decoding. An example is shown in Figure 21.

MEMORY MAPPED I/0: In memory mapped /O, the 1/O
devices are treated as memory locations. An advantage
of this technique is that all memory referencing instruc-
tion types (store, load, arithmetic, logical, etc.) can be
used directly for I/O data. Device address decoding is

EXAMPLE 2

600 Baud, 7 Data Bits, Odd Parity and 2 Stop Bits
LINE FDOR OEJECT E SOURCE
[ s BRANERARERAREE LTEYS
w4 v EXPLE 2 FULL DUPLEX (BIT BY BIT ECHD). 6689 BRI,
875 * 7 DATA BITS, 00D MRITY A 2 STOF B1TS
8876 .
8877 9688 G HE5e8 d
8978 @588 7648 SIRT HSU - F SET FLAG T0 SWITCH OFF THE LINE
@879 8562 7525 (L VRl
@808 9504 12 TEST S50 Wil FiR STRRT BIT
@881 8585 1A7D BLTR N TEST
8882 6567 868l LOOL, R2 H 83 SET K2 10 MMBER OF SHPLES
8883 @569 BS1C SHE LIOL R 5066 SET K1 10 SHLE CELFY
@884 9588 FITE BORR.RL §
8965 8580 12 SESl) TEST FOR STRRT BIT VRLIDITY
8085 B56E 1A74 BCTRN TEST 1F NOT W LL, G0 B0 TO TEST
8867 @518 FA7T ERR, 2 SHF
8665 G512 6768 LOG1, RS 0P SET K3 T0 000 PHRITY MIE
8889 8514 8687 LO01, k2 D7 SET Re T0 HMEER (F DRTR BLTS
B89 B516 7448 Py F GEHERHTE STFET BIT
8091 #5168 51 EITS KiF, F1
8692 8519 361A ESTR, AN BAY 50 10 DELHY FHD ECHD ROUTINE
8093 518 FATE EORK, k2 BITS TEST FiR HUMBER (F [HTA BITS
054 510 & Loz K
8095 B51E (2 sTRZ Rz LOFD RZ WITH CHARFCTER
WK 1 1814 PR BSTR. N BILY
8997 6521 w82 BLFR N STO1
BE9R 6521 7764 L R IF WM FYRITY, SET
8899 8525 0788 STO1 LOOLL RS & (LEMK kS
8160 BS27 18A BSTR. UN EBOLY
8181 BSZY 1AR0 BIRN STOZ TEST STOP BIT LEVEL
B162 8528 7726 LI IF WFOMG, SET 10C BIT
8183 5D 6708 102 L1 K3 & CLERK RS
B84 BSF 1884 BSTR, UN BOLY
85 8531 16 EXIL RETC.N TEST STOP BIT 2 LEVEL
#06 &3 7720 AL I IF WRiHG, SET 10C BIT
@187 8534 17 EX12 RETC. N
a8 .
pes LrTey
8118 * BIT UELAY AND ECHD SUBKIUTINE
Bl .
B4Z 8535 48 BOLY LODI K8 ERBE SET R T0 BIT DELFY NUMBER
P43 8537 FS7E BDRR. FE &
Bi14 8529 12 ] TEST DATA BIT LEVEL
8115 B5IA 1AB4 BLTR N - ONE
8146 53T 7440 U F IF L0, ECHO R ZERD
P17 @SIE B84 BLTR. N EITL
118 @548 7648 € FPSU F IF HIGH, ECHO A ONE
B119 8542 6548 10K, RL 897 INSERT UATR BLT INTO Rt
B128 8544 22 BT ERZ K]
121 8545 (3 SIRZ K3 DO PHRITY CHECK
22 0546 17 FETC, N
" .
8124 9068 B 8 Figure 8
TOTAL RSSEMBLY ERRORS = 6086
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not necessarily more complex than for normai extended
110, since all I/0 addresses could be located in a specific
address block. Of course, this technique can only be used
in systems which do not use the full memory address
space for programs. A diagram of the 1/0O control logic,
using the ADR14 output to discriminate between
memory and I/O operations, is given in Figure 22. The
device address decoding methods described earlier can
also be applied to memory mapped 1/0.

SINGLE POINT CONTROL

In many applications, the capability to set, clear, or
test a single output point selected from a large number
of output points is required. Designs of this type can be
implemented using the 2650 I/O instructions. When used
as described below, the WRTE, WRTC, and WRTD in-
structions become “set/clear single-bit” instructions,
while the REDE instruction becomes a “test single-bit"
instruction.

SINGLE BIT OUTPUT-DIRECT ADDRESS: The write extended
instruction can be used to select and set or clear a
single output bit. The two bytes of the instruction can
be interpreted as follows:

BYTEO

1 1 0 1 0 1 X X

HYTE S

SIC As As As As Az A Ao

INTERFACE DIAGRAM FOR DATA STRING QUTPUT

QUTPUTS

) SHIFT REGISTER

oic. LENGTH (TLEN X BPW) BITS

e 1 ik
MG
ADRY |
2650
Figure 10.
DATA ORGANIZATION FOR DATA STRING OUTPUT
RaM MEMORY
ng\;:sss A . MOST  SIGNIFICANT BYTE
TaBLE ¥ [Mse ToB |LEAST  SIGNIFICANT Byie
LENGTH
Figure 11.

EXAMPLE 3
2400 Baud, 8 Data Bits, No Parity and 1 Stop Bit

LINE FODE BJECT E SOURCE

0873 B T R T T

T o EXAFLE © FULL (UFLEX «BIT BY BIT ECHD., ceo BHUD,
w75 v & DATA BIT5 NO PRELTY D 1 STOF BIT

w76 .

877 OB Ok H e

76 8590 Tode STRT PPSU. F SET FLAG TU SWITCH OFF THE LINE
8879 @oRy 755 CFSL R+l

8RS8 6564 12 TEST SPSU WHIT FOR STHRT BIT

8881 6565 1ATD BLTR.N TEST

82 8587 Bcel LODT, k2 Hoas SET K2 TO NUMBER (F SHPLES
BegI @5e9 8%es A LODLRL SDed SET F1 TO SAMPLE LELAY

9664 B5BE FYTE BUkR. k1§

655 a5a0 12 S TEST FOR START BIT WALIDITY
o606 #56E 1A74 BLTRIN  TEST IF WOT ¥FALID: GO BACK TO TEST
w87 8510 FA7T BUFR, R SHe

8688 8517 Aeas LOOL, k2 DE2 SET RZ TO NUMBER OF DATH BITS
0685 8514 T4n CPsu F GENERATE STRRT EIT

% 16 51 BITS RER, FL .

8991 @517 J6eC BSTF. UN BILY OO TO DELAY AND ECHO ROUTINE
B892 #5419 FH7E BOFR, k2 BITS TEST FOR NUMEER OF DATR BITS
95 8516 &1 Lwz K

w9 @510 (2 STRZ. . R2 LORD 2 WITH CHARACTER

W95 #6510 07e8 ST0F LOOL RS @ CLEAR RI

BB% 651F 1B6d BSTR. UN BOLY

8857 8521 18 EX11 RETC. N TEST STOF BIT LEVEL

B9S @522 7728 Sl I IF WRONG, SET ILC BIT

B899 524 17 EA12 RETC. UN

6166 .

8161

8182 * EIT DELAY AND ECHO SUBRIUTINE

B1ez .

BiB4 B525 6425 BOLY LOOI, ko BR24 SET R TO BIT DELRY MUMEER
8185 8527 FO7E BURK, 7@ $

8106 @529 12 SPsu TEST DATR BIT LEVEL

BL87 BS2A 1hed BTR N (N

68 #6520 7440 Sl F IF LOW. ECHO A ZERD

BLE9 BOE 1B BCTR, LN BITY

8118 #5318 7640 (N FPS)  F 1F HIGH. ECHO A ONE

Bii1 8532 6560 ORI, RY BFS INSERT DATA BIT INTO K1

8112 8534 C3 BITL STRZ K3

8113 8535 17 RETC, LN

Blid *

8115 o600 END 8

Figure 9
TOTAL ASSEMELY ERRUES = 0068

TIMING DIAGRAM OF DATA STRING QUTPUT ROUTINE

—
FLAG
OUTPUT | 635

218 -H-mnssr.

OPREQ ®
ADR14eM/ 1O

TIMES GIVEN FOR A CLOCK FREQUENCY OF 1 WH,

Figure 12.

START

INITIALIZE
SET R3TO TABLE LENGTH
RESET WC BIT (PSW)

LOAD ROWITH TABLE DATA

STR1 SET R1 TO NUMBER OF
BITSPER BYTE

R

ROTATE RORIGHT
ROTA TRANSFER BIT 7 OF RO
TO FLAG OUTPUT

!

GENERATE DATA STROBE
STRB SIGNAL ON ADR14 OUTPUT
DECREMENT R1

!

TEST R1 = 0 FOR NUMBER NO
OF BITS/BYTE

yves

.l DECREMENT R2 I
TEST R3 - 0 FOR NUMBER NO
OF BYTES

YES

EXIT RETURN

Figure 13.

NOVEMBER 1977

INTERFACE AGE 89




THE ALPHA-1 SYSTEM
vRATED A BEST BUY
IN MASS STORAGE
SYSTEMS

¥ APPLICATIONS

BUSINESS applications include mailing lists, payroll,
billing, and inventory.

CASSETTE BACKUP for disk-based Systems not
only provides large amounts of storage at low cost,
but also provides for convenient storage of histori-
cal records.

DEVELOPMENT SYSTEM features include a power-
ful operating System with an Editor, Assembler, and
Debugger, plus a variety of System utilities which
speed development.

OEM applications include P.O.S. data capture, word
processing systems, audio-visual presentation sys-
tems, telephone call transfer systems.

¥ HARDWARE

Stores greater than 500K bytes per side of a C-60
tape. ’

Access a file in 17 seconds average on a C-60 tape.
Load 8K of data in less than 11 seconds (6250 baud).
100% interchangeability of cassettes with no adjust-
ments required or allowed.

Compatible with all popular S-100 Bus Microcom-
puters.

Audio track under computer control.

Eliminates the need for ROM/PROM monitors.

¥ SOFTWARE

MCOS, a powerful stand-alone cassette operating
system, is operationally much simpler than a D.O.S,,
handles variable length named files, will update a
file in place, packs or copies tapes with a single
command.

EXTENDED BASIC with MCOS permits array hand-
ling and concatenation of files, plus all capabilities
of MCOS.

V¥ PRICES START AT $240

¥ FREE BUYERS GUIDE

If you are shopping for a tape or disk system for your
S-100 Bus Computer System, you do not have all the
facts until you have the MECA “BUYERS GUIDE TO
MASS STORAGE.” This 10 page guide book provides a
framework for evaluating cassette, cartridge, and disk-
based systems. Write for your copy today.

For complete information including the Dealer nearest
you, write or phone:

meca

7026 O.W.S. Road, Yucca Valley, CA 92284

(714) 365-7686

Ao through As of the second byte specify the output
selected. The S/C bit specifies whether the bit is set or
cleared. A typical hardware configuration controlling 64
points is shown in Figure 23. Here, the control line
decoding and partial address decoding is done by the
74L.S138, which selects one of the eight 9334s. One of
the eight latches in the selected 9334 is enabled by
ADRO, ADR1, and ADR2 and is either cleared or set, as
determined by the value of ADR7.

The XX field in the first byte selects one of the four
available registers and outputs in its contents on the
data bus. Since this information is not used in this ap-
plication, the value of XX is not important. However, it
could be used to output an 8-bit control or status word
in conjunction with the set/clear operation.

SINGLE BIT OUTPUT-INDIRECT ADDRESS: |f the address of
the output to be set or cleared must be determined at
program run time, the WRTD and WRTC instructions
can be used. The address of the output bit is first loaded
into one of the 2650 registers. A WRTD, Rx instruction is
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ASSEMBLY LISTING OF DATA STRING OUTPUT ROUTINE

LINE ADDR OBJECT E SOURCE

9881 * POTolg

w T

8042 . .
8004 . seas DATA STRING OUTPUT ROUTINE wee .
% tu) . L]
8086 * THIS PROGRAM TRANSFERS THE CONTENTS OF A MEMORY THELE IN BIT BY »
a7 + BIT SERIAL FORM TO THE FLAG QUTPUT OF THE 2658 *
Ay . .
089 o THE TABLE LENGTH AND THE NUMBER OF BITS ARE SOF THARE PROGRAMED »
o108 . .
a1l * A DATA STROBE CUTPUT 1S GENERRTED ON THE RDDRESS 14 OUTPUT .
12 . .
B81L3

8014 .

815 * DEFINITIONS OF SYMBILS

(2 03 *

8917 oth W EQ [} PROCESSOR REGISTERS

8916 G091 Rt EQU 1

8015 Bo8z kK EW 2

0826 G061 k3 EU 3

BB Bacs S EW H B8 FSU  SENSE

BE22 BB4e FEQ H 4@ FLAG

8823 Ba8c W EW K88 FSL 1=WITH. B=WITHILT CRRRY

824 o N EW 2 BRANCH (OND  NEGATIVE

625 eeas N EW 3 UNCORD [ T10ML

Baze .

8827 87 TLEN EQU H'87 TRELE LENGTH

BE2E Baas BPM EQU HBg NUMBER OF BITS PER BYTE

a9 .

GO ORG H B6aa’

0831 6668 THEL RES TLER LOCATION OF THELE

e832 .

@33 e

8634 .

8835 BER7 OkG H 50

B836 @588 8767 STRT LODL. R3 TLEN

8837 #58: Toes L W

B0I8 H5B4 BF cobd SThi LODR. Fo TAEL.FZ  LOAD K8 WITH TRBLE DATA

BE3Y #5807 566 LOOL, kL BFW SET ki TO MUMBER (F B1TS PER BYTE

8846 6589 56 KOTR R, kB

6841 @560 1AGE BTN (ME TEST BIT

0842 8580 7440 ZERO CPSU F IF ZERD, KESET FLAG

8043 856 1EBd BUTR, UN STRE

0844 B

BB45 @510 4000 MR DATA H' 48, B8

17T L3

BB47 612 Tedl o PFSU F IF ONE, SET FLAG

B8B4G B514 (L8510 CTRE STRA K8 «ADK GEMERATE STRUBE SIGNAL (M R4

6849 8517 Fo70 BORK, K1 KOTR TEST FOR NUMBEK (F BITS

6858 8519 FBES BURK, K3 STRL TEST FOR HUMEER OF EYTES

8851 8518 17 EXIT RETC, LN

9052 60ee END B

TOTAL FSSEMELY ERR(&S = 0008

Figure 14
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Computer Mainframe System

First in the TEI family . . . The MCS-112 and 122 Mainframe Systems.
“The Base on Which to Build”
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CONTROL SIGNAL INTERFACE USING THE 74(L) S138 DECODER

OPACK (MEMORY|

v
- 0. ~g |
g !
OPACK OPREQ —‘-‘I >t>-'—<1I G2A  YOJp—— REDC
il Y1 NON
EXTENDED

+5V A -

0 REDC
) > REDY
ve g Y2p— wAtc
A13.EINE b B lk 2

= o
8 Y -
AW Ry ::D_nzue (EXTENDED)
~ Y5

A14-D/C

A
Y6 —
WRTE (EXTENDED)
2650 WRP a1 w:D_

Figure 15.

~4— |/0 READ CYCLE I'-—\-"U WRITE CYCLE —

OPREQ \ 4 A
e /

wo ) i)

SIGNAL SIGNAL

-
A13-E/NE VALID VALID
-D( -
R/W k

‘ SIGNAL SIGNAL
A14D/C VALID VALID
WRP DATA INMUST \

= BE STABLE
DATA e HSE(E( ) IR

BUS
ADR BUS DEVICE ADDRESS DEVICE ADDRES!
AQ A7 VALID VALID

nannanl ¢

then issued if the bit is to be set, and a WRTC, Rx in-
struction is issued if the bit is to be cleared. The bit
select is output on the data bus, and the D/C output car-
ries the set/clear information. The hardware implemen-
tation can be the same as shown in Figure 23, except
that ADRO-ADRS are replaced by DBUSO0-DBUSS5, and
ADRY7 is replaced by DI/C.

The 8T31 can be used to implement
a flag register without the use
of a memory byte in RAM. No

additional hardware required and
memory savings are considerable.

SINGLE BIT INPUT: One way of doing single bit input uses
the techniques described earlier. The address of the bit
that is to be tested is loaded into one of the 2650
registers and output to an 8-bit latch using an extended
or non-extended write instruction. The latch output is
decoded to select the desired bit, which is then applied
to the Sense input pin. The 2650 Program Status Word
instructions can then be used to test the state of the
Sense input and to take appropriate program action.

The technique described above must be used if “in-
direct” bit addressing is required. If this is not a require-
ment, a more efficient implementation can be accom-
plished using the extended read instruction. This tech-
nigue makes use of the fact that the 2650 automatically
tests the contents of a register every time it is used as

% \ [ the destination of an operation. Thus, when the read ex-
-y = tended operation reads data from an input port, the con-
s j~ { dition code bits in the program status word are set to
== reflect whether the new register contents is positive,
REDE \ 7 4 negative, or zero.
WRTE \ ‘!
- Figure 16
SEQUENTIAL I/0 TECHNIQUE
DBUS? DBUSP
WRTD WRTC sl
B8-BIT LATCH
DBUS
[
‘—4 PORT 7 = PORT & —1 PORT S —4 PORT 4 PORT 3 4 PORT 2 l— PORT 1 —4 PORT O
Figure 17
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New UVS-11E

EPROM Erasing System

Performance and Reliability

Now available . . . the newest
member of UVP's growing family of
quality EPROM Erasing Lamps.
The UVS-11E Short Wave UV
Lamp was designed specifically for
the small systems user and
computer hobbyist. It's compact,
easy-to-use, and will erase up to 4
chips at one time. It even features a
special safety interlock system for
camplete safety

WOVEMEER 1877

CIRCLE INQUIRY NO. 55

for $59.50

This is the first UV erasing system to
offer simple operation and
foolproof safety features at an
affordable price. Like all UVP
products, the UVS-11E is
quality-built and backed by 45
years of UV technology,

Order now from vour local
authorized UVP stocking dealer. Or
write today for more information
and name of nearest dealer.

ULTRA-VIOLET PRODUCTS, INC

TI00 Walnel Gerove Averga, San Cabidel C& RITTE U
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SIMPLIFIED CONTROL LOGIC WHEN USING EXTENDED 1/0 ONLY

2/6 74L504

M/i0 Mo

1/2 741520
OPREQ | e
E I 1 )5— REDE
=" RIW D)-I
REDE 741530

E/NE

R/W

74(L)5138

OPREQ —éjo_-
WRTE WRTE
WRP WRP
2 2650
(A) Using 1-of-8 Decoder (B) Using Logic Gates
Figure 18
SOME POSSIBLE TECHNIQUES FOR DEVICE ADDRESS DECODING
0Jp———— PORTSEL 00
e and 1 fp——— PORTSEL D1
20— POATSEL 02
ADR® bﬂ: PORTSEL 01 Ong - 3fo——————— PORTSEL 03
) 4fp———— PORTSEL 04
ADR1 =>cﬁ PORTSEL 02
ADR1 ———{8 & p———— PORTSEL 85
ADR2 ——Do—— PORTSEL 04 § o————— PORTSEL 06

AchE——— el e ROR L

ADR3 PORTSEL 08 8 o——————— PORTSEL 08

— L ADR3——————1D 9 p——————— PORTSEL 09
ADRS PORTSEL 10

10 o——————— PORTSEL DA

PORTSEL 20 GO ADR4 1G T 0—— PORTSEL @B

12 p=———— PORTSEL OC

= ADRB 2G
Anae_—Do—— PORTSEL 30 13— PORTSEL 0D

ADRS

ADR7 14— PORTSEL 0E
ADR7 Dc PORTSEL 40 15 Jpi———— PORTSEL OF
(A) Each address line selects one device (maximum of eight) (B) Using a 1-out-of-16 decoder
Figure 19
GND *5

|
0
;

w
=
I
1
'
'
'
i
'
I
I
o
o
=4
el
el
m
a
g
N
@

o
=

EE
i R
7

f

zl
1
Y

v 12X 8242
ADRO
\ o
i GNDF——
= &8 ) )
! -5V
] DABQ DAIQDAZODAZ DA4QDASQDABQ DA
1
1
ADR7 8K
5K] Jsk] skl sk skl Jsk] skl sk
(A) Using Exclusive-OR Gates A0 Al A2 A3 AD Al AZ A3
A-B g POATSEL ‘18"
A-B »{ A-B 16
IN 7485 ourt IN 7485 i -D:——
AB A B
A B AB
BO B1 B2 B3 BO 81 B2 B3
- = GND
GND JI. AD:HU
|
!
:
:
H
ADR7
Figure 20 (B) Using Comparators
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24 channel
Logic Analzer
plugs into
your S-100 Bus

The DATALYZER
24 Charnal LDGIC ANALY ZER, complate waith 3 cards and

1 semn ol probes (only one set shown| The Datebyie Logic Analyzer (DATALYZER] u a con-
venient, flexible, high guality device Elficient
Features enginaering has allowed 8 combination of features

M channels with 266 samples each, preseoushy available in only the most expersive wnits,
— Displey of disassembled program fiow.

Designed to plug easily inwo your 5-100 Bus, the
DATALY ZEH i5 a complete system for only
2405, Disploy of disassembled program flow s &
stanciard leature, not an extric And the low prics
— Selectabde trigger point anywhera in the 256 ncledes 30 logic probes, so you can hook up

Dual mode operation — external mode analyies
any extarnal logic system. Intermal mode monitors

wsers dates and address bus,

SAMpHns mimediately, without additional expanse,

0-18 bit trigoer word Tormat o extecnal gueailifier,
— 10MHz sample rate [50ns min. pulse width] The DATALYZER is .|'.'.'|:|.:|h|-:' in kit form (485},
and as a fully assambled device on two PCB's {5586)
Four-weck delivery, a substantial warranty, and the
Databyte, Inc. commitment to service make the
DATALY £ER a worthwhile investment. Begqn
Displays and system control throwgh keyboard debugging by sending the coupon now.
ENtry

aynchronous clock sample with coincident or
delayed clock mode.

— Lhser dafined relerence memory

TTL Logic level compatibie {15 pf and 15 ik}
typical input loading).

L]
E
[
"
o
F
L]
L]
"
L]
B
-]

e

Includes annotated source listing.

i
Fiin
==| Desifays an Mk Dhapleys im Bimary
Si: g e
-y FI'JH:' e me e 24 Channel LCIGH: ANALYZER
Ef:l-. 1 kit — [menual included] S405.00 (Wie res odd 4% 1
e | Assembled and Tested [manual included| $596.00 I
Disploy of disamembled ] Dperators’ manual only 57.50
program flow il.’:-el-.ur:-u-.- af all iems in four weesks to: !
Mama e
|Address |
Databyte,Inc. e
’ u 1 Telephona ___ =cen = i
FO. Bax 14 Payment Enclosed: _| Check __| Mapay Crdar
7433 Hubbard Avenus ] BankAmericard [ Mastor Charoe Exp, Date_ I
Middleton, Wisconsin 53562 l Mumbher [
Tel: (B08) B31-7666  Slgnature |
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p—— INPULSE 0
Jo——— INPULSE 1
Jo——— INPULSE 2

3 jo——— INPULSE 3

o——— INPULSE 7
jo———— QUTPULSE B

74154

0
1
2
3
4 jo—— INPULSE 4
5
6
7
8

o0 m® »

N o=
oo
2
(o
|
o
c
"
i
m

10 jo——— OUTPULSE 2

11 Jo=—— OUTPULSE 3
12 fp———— QUTPULSE 4

+8V

13 fo——— OUTPULSE 5
14 jo——— QUTPULSE 6

114 8242 15 jJo———— OUTPULSE 7

INPULSE AND QUTPULSE CAN BE USED
DIRECTLY TO ENABLE INPUT PORTS AND

TO CLOCK QUTPUT PORTS

o
)
)

i 5 JUMPERS FOR PROGRAMMING

GND

Figure 21.

1/0 CONTROL SIGNAL GENERATION FOR MEMORY MAPPED I/0

2650

ADR14
OPREQ

R'W

WRP

INPUT
[EQUIVALENT TO
REDE!

OUTPUT

(EQUIVALENT 1O
WHTE!

Figure 22.

SIXTY-FOUR SINGLE BIT OUTPUTS USING THE 9334

- [T ouTo
i

Vv,

cc

A
2
A 9338

—1Ao 0z

ouT?

ouTe

9334

ouT1S
ouT16

9334

ouT23
ouT2s

9334

11

ouT31
ouraz2

9334

1]

ouT39

ouT40

9334

ouTaz

ouTas

9334

0UT55
QuTS6

Q7 ouTe3

Figure 23.
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For the single bit input application, the second byte
of the RETE, Rx instruction contains the address of the
input bit to be tested. This data is applied to a bank of
data selectors to select the addressed bit, which is then
applied to the most-significant bit of the data bus,
DBUS?Y. Since this is interpreted as the sign bit, the con-
dition code bits in PSL will be set to reflect whether the
bit being tested is a one or zero. A conditional branch in-
struction can then be used to affect the desired program
action. A hardware implementation for 64 inputs is
shown in Figure 24. Note that an address latch is not re-
quired for this method.

INPUT PORT DEVICES

GATED INPUT PORTS: The simplest form of an input port
is the tri-state gate. Figure 25 illustrates the use of the
8T97 high-speed HEX tri-state buffer for gated input
ports. The 8T97 is non-inverting, and the tri-state control
signals enable the buffers in groups of four and groups of
two, so that 8-bit ports can be implemented efficiently.

An effective circuit for systems using 8-gated input
ports is the 74251 8-to-1 multiplexer, which has tri-state
outputs that can interface directly with the data bus.
The advantage of this circuit is that no external address
decoding logic is needed. A configuration using gated
input ports with the 74251 multiplexer is illustrated in
Figure 26.

In addition to these two configurations, many other
input port configurations are possible using standard
TTL or Signetics 8T series logic circuits.

LATCHING INPUT PORTS: Latching input ports may be re-
quired to store data from an external device, which is
available only momentarily, before the actual input
operation to the microprocessor takes place. This type
of input port can be realized by connecting TTL-latch or
D-type flip-flop circuits, such as the 7475, 74100, or
74175, to the inputs of a gated input port. As illustrated
in Figure 27, by using the Signetics 8710 Quad D-type
flip-flop with tri-state outputs, an 8-bit latching input
port can be implemented with only two packages. The
8T10 is functionally identical to the 74173.

OUTPUT PORT DEVICES

Qutput ports can be configured with a variety of stan-
dard TTL and 8T series flip-flops and registers. Typical
circuits include:

9334 Addressable 8-bit latch

7475 Quadruple latch

74100 8-bit latch

74175 Quadruple D-type flip-flop

8T10 Quadruple D-type flip-flop with tri-state

ouputs

The 7475 and 74175 both have true and complement out-
puts. One special feature of the 8T10 is that the outputs
may be disabled (placed in a high-impedance output
mode) by the device that is connected to this output
port. A logic diagram using these circuits for output
ports appears in Figure 28.

The 9334 is useful in systems requiring a large num-
ber of latched outputs, since a portion of the decoding
can be done using the on-chip 3-input decoder. A typical
application of this was shown in Figure 23. It is also an
efficient circuit for implementing eight 8-bit output ports.

/0 CONFIGURATIONS USING THE 8T31
BIDIRECTIONAL PORT

The 8T31 is an 8-bit bidirectional /O port consisting of
eight clocked latches with two bidirectional I/O buses,
each of which has its own control logic. Each bus (A and
B) has a read and a write control input, and there is a
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master enable input for bus B only. The outputs of the
latches follow the inputs when the clock is high, and o !
latching will occur when the clock returns low. i
The 8T31 is also equipped with a “power-on clear” cir- 2ol ;’:szs =
cuit. If the clock input is held low until the power supply A
reaches 3.5V, the latches will be cleared. There is a logic
inversion between bus A and bus B. As a result, when iN1s— o
the 8T31 is cleared, bus A will have all logic 1" outputs 7415251
and bus B all logic “0" outputs. |
The control functions of the 8T31 are listed in Table s =
111. A functional block diagram and a symbolic diagram e
of the 8T31 are illustrated in Figures 29 and 30, respec- Inza
tively. As shown in Table 111, each bus can operate in- =
dependently except for the care of writing from both bus IN31 o
A and B. In this case writing from bus A will override any P sl
attempt to write from bus B. '
The control functions of the 8T31 allow it to be used g s ] 1)
in various microcomputer input/output applications. In TAL5251
the 1/0O system diagram of Figure 31, the 8T31 is used to Nl
implement gated input ports, latching input ports, out- ] L o 0 T
put ports, and a bidirectional data bus driver. All 1/O R Y1 ., A
ports can be controlled directly with the device select P — 317 asp—mio
and REDE and WRTE lines coming from device W ¢ Ak
decoders and 1/0 control logic. mss—| o VR
In applications where interfacing is necessary with (I LA
peripheral devices that need data transfers in two direc- Sy ADR2
tions, like digital cassettes and data link communica- i Aok
tion circuits, the 8T31 can be used as a bidirectional /O 'w—mﬂm
port. In this application, the 1/O operation should be re-
quested by interrupt or polling to prevent simultaneous Figure 24
[ 8797 8T97
| N A
; IPED(0) ' : | : IPE1(0)
| i t%, % : |
IPEQ(1) ' ! : : IPE1(1)
| ! 1 [
IPED(2) : K : i >l‘ IPE1(2)
:H- DIsa DIS4 %}
IPED(3) : . - : IPE1(3)
| IPEO(4) : < : ‘ 1: IPE1(4)
i :%-msz DESZ'-:—E !
J; IPEQ(5) > T IPE1(5)
R - - P 1
1 IPEO(6) : » L1 : IPE1(6)
' : 1  Dis2 DIS2 { : :
IPEB(7) IPE1(7)
PORTSELD—) > L _ ket < PORTSEL 1
REDE— : rBT\W : : sﬂ ‘ — REDE
| | | |
‘ IPC(0) : | I i IPD(D)
IPC(1) ! } g : ; : IPD(1)
IPC(2) :K : : 21 : IPD(2)
IPC(3) : %'—1 o i ,'_ﬁ: IPD(3)
Tl e
| E=E= s
IPC(4) LN : lFA : IPD(4)
J : Dusa-'—%l : :
IPC(5) - - | ; 1PD(5)
IPC(6) FK : :u - IPD(6)
: :  DIS4 —% )
| el o e
REDC REDD
! 87197 | | 8797 !
= 5 NOTE: IPC AND IPD ARE
=) =} NON-EXTENDED PORTS.
! = o IPE@ AND IPE1
Figure 25 ARE EXTENDED PORTS.
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De 00 0 0
10} :
11} D 01 8 3
2) D2 8T10 02 TRANSMITTERS TRANSMITTERS
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EXTENDED!
) 0] 00 Figure 29
i5) 1 01
16! 2. 8710
i D3, (74173) 92
CLEAR 2
m pisy  KCBIpiSouT
BED 8T31 SYMBOLIC DIAGRAM
MNPUT el
cLoc
tot DO 00
Ikt D1 01
(2} 2 8710 fJo2
(3): 3
IPER
(EXTENDED) DiSour
S CLK
oo
(4) 2
15 01
6] D21 st [oz
(7} 174173)
cLear |22
o LI 8 EIEST
REDE
PORTSEL
. X X
> v
3 = :
2 2 Figure 30
Figure 27

98 INTERFACE AGE NOVEMBER 1977



] e na.i, RS
- s

=
h

o
=

e

e
%.t.;:zzgrv. e

-
mElean ey v g

2 . kF et
s e h DT L
s

e

e

e

e

e

-

i

o
i

e

e

.

s

..:sms

aan e
L s

P

S
L

e

o B R

B

i

e &M:a:u:m o
o s
el e O
T e

o

i
s L

P

e

Bl

L

o

o
0
i
.
i
i

B

e
P b

e

u;u@a
-
*Ez
!
e

i
.
.
i

£

L n:@;&%:
B

o
i
i
i

i

L
U]
N

.

RLEARS

e
=
e

e

L
s

i

:m =

. B

=

.. AR

== -,ﬁ = o T
.. = = m

K= Ee

o cmenr e Gl

S

G

s

g
=
e :Qw -

»?x- L

S b
i

;
L

L

-

e
o
e

i
L

s
e

iy
-

L

=
-
-

S i‘ﬂi§;=t
e
- EN
ik

S

e
§ng o
ot

L

e
e

o
e

-
P e

e

e

S

o
:
.

G

i
.
.
-

e

e
B
e
-

%a*t

£

e

N

=

S

o
ke

SieeReeee

e

-
L

L

e
-
5
i

P
-
#
-
P

e

e
s

e

B
e
.

L

o meww:n i
. il o =
&mm;?ww“wxn o
. m‘&f‘n& - aﬂm@l*%%m. Wa W» o wwaam
- E e
. ,Q:M» 3& o
e Bl - " ]
;t,%..www:. £y O A e

= %Cé S

AT S
s

e

=
.

o
o zg o

R

L

R R

S

ey

i
.

e
R
B

e
=

e

b g
° me e Rl

&

=)
o e

mEE
i
S

3

]
- mﬁwwk
i

L
.
e

. o
&;mw &w e
L e e

e
F
FREET

L
L

o—

o

a&:& :a:ne
ﬂxm w» Ew& -

e
o

=
&

=
.
o
i
o

o

S

.
e v 1 . e a. o
420 i

.

L

. m;m;n.n&u, =
i ss:tér&: Al i e b e
B w w,i e :
e - il |
s A S
e e »wwc»xﬁ s e i
i e ,mﬂ:@:t%}ws g g [ £
L - w:aw;w - G b
B i ] o
o o e e i B
' ] . Vot SR NE A
. mc@;? - o
M L e 0 )

SheE

f

L

I
i
-
faElt

o
Pt

S

S

RS m‘»

e

— e e ——

N T e i

i £ s
- e .::5 e

e w@:u g ; G «m..f,
:§ o=
;"m i P e

- s

L

e
- n:nffz
o %.

T

o L
| i Q%»uwfﬁ fu;
HEEIE -

i

S

aaZsm
- o e

e b - e | 1
- s e - i
o e T om - e

T
po O

| P
e i
. e § i
B e : i
i ey
Bl Ll Tl L

e e
. Dl
-

T
- e . e
.,c»xc.»a?« . —
G . : ey
- Gl L
il el - 3

o » A
. g o

k! T ke -
L
e S o
a c»wa:@;; S
e ﬁ
e e $a»n§,;%; -
e
B o
el il e
T ol e b
; ’ . e e ?tlwaw;s e
x;«fx“w%wi&:m.wu.wf:iw:»

o
e e e t s e
A e e e . b R i

e s B
e i



write operations from peripheral and CPU. The bidirec-
tional I/O port concept is illustrated in Figure 32.

In many industrial applications, such as process con-
trol, single bit inputs and outputs are used to monitor
switches and detectors or to drive relays and lamps. A
possible solution for such an 8-bit flag register would be
an 8-bit output port and a memory byte reserved as a
flag register in the system’s RAM. The setting, resetting,
or testing of individual bits with this method of imple-
menting a flag register requires many bytes of program
memory. The output port and the memory location
reserved as a flag register image must be updated after
each bit operation.

The 8T31 can be used to implement a flag register
without the use of a memory byte in the system’s RAM.
No additional hardware is required, and the saving in
program memory bytes for flag operations is consider-
able. A logic diagram of this application is given in
Figure 33. Listings of basic software to set, reset, and
test individual flags for both positive and negative true
outputs are given in Figures 34 and 35.

THE 8T31 USED AS A BIDIRECTIONAL 1/0 PORT

TO INTERRUPT

INPUT OPERATION » ORPOLLING
REQUEST NETWORK
WRITE PORT — WRTE
READ PORT ‘L ‘L REDE
d < @m
O o oo
T2 S
1/0 0 BUS AR
8T31
CLK  ME
+5V T DBUS
PORTSEL 0
Figure 32

A FLAG REGISTER IMPLEMENTED WITH THE 8T31

i REDC =k
_,Lle

< (< @ mjp—— FLGO
& £ 2 Ep— rla1
o——— FLG2

BUS BUS fo——— FLG3
A 8 pp—» FlGa
BT31 b——» FLGS

__ pp——» FLGs
CLK_ME__Jo— 3 FLG/

- )

DBUS
Figure 33

THIN HSSEMBLER VER £ 8 PAGE 0861
LINE FODK  CBJECT E SOURCE
5901 + POP6BE90
08z
a3 . .
) *  sssx FLAG MANIFULATION EXARPLES axss .
(. 5] . .
[ * THIS LISTING GIVES SOPE EXAPPLES HOW T0 SET, RESET  »
a7 * AD TEST TRDIVIDUAL BITS OF AN EXTERNAL FLAG REGISTER »
L * BUILT WITH THE BT34 BIDIRECTIONAL 1/0 PORT .
5989 + INSTRUCTIONS FRE GIVEN FOR BOTH ACTIVE “HIGH AD =
10 * ACTIVE “LOW OUTRUTS .
-3 8 * .
12
@017 .
100 INTERFACE AGE

said * DEFINITIONS OF SYMBOLS

@15 L
8816 0008 ke EW ] PROCESSOR REGISTERS
017 el Rl EQ 1
1A aaa k2 EW 2
4819 00 kK3 EQ 3
B2 6008 I EW [} BRFHCH (0D ZERO
8821 eeal N EW 3 UNCOND | T1ONAL
6622 0ans A EW (] ALL BITS ARE 1
e L
824 Bl FLGB EQU H'81’ FLHG 8
B82S e FLGL EQU H@2" FLAG 1
Ba26 60B4 FLGZ EQU HBd" FLAG 2
8027 Boas FLGS EQU H @8’ FLAG 3
@0y w18 FLGA EQU H18 FLAG 4
08929 G20 FLGS EQU H' & FLAG 5
8038 8848 FLGE EQU H 4@ FLAG 6
031 e FLG7 EW H 88 FLAG 7
. X¥) .
8823 60 N EQ H'B608"  DUMMY RDDRESS OF ROUTINE “OME”
8034 8650 OMES EW H'B658°  DUMMY RDDRESS OF ROUTINE “OMES’
w15 .
wBls
w37 .
a8 * oo [NSTRUCTIONS FOR ACTIVE “LON° OUTPUTS#e
(] .
0046 B0 G H8588"
a1 .
8842 *  SET FLAG(S)
8843 .
8044 8560 18 SNFG KEDC, k8 LORD FLAG REGISTER IN R8
BB45 8581 ode4 10R1. k8 FLG2 SET FLAG 2
BB46 8583 bR WRTC, k8 RESTORE FLAG REGISTER
8847 .
8848 504 18 SHNFS KEDC, k8
B49 9565 6468 10K1, k8 FLOSHFLGE SET FLAGS 5 AND 6
8858 @587 B WRTC. k8 RESTORE
8851 L
a5 *+  RESET FLAG(S)
853 .
B854 8568 18 RNFG REDC, RE
BES5 8589 44FE AND1. R8 H'FF“-FLG2 RESET FLAG 2
8856 8586 B WRTC. k8 RESTORE
Figure 34
THIN HSSEMBLER VER 1 6 PRGE BBe
LINE FODR OBJECT E SOURCE
o568 ESaC I8 RS REDC. kB
859 BSED 445 ANDL, K8 HFF-FLGS-FLGE RESET FLAGS 5 AND 6
B068 B5F B9 WKL, kB KESTORE
1 ]
BB62 . TEST FLAGCS)
8863 L
064 8510 28 THEG RELC, k8
6065 8511 F484 THI. k8 FLG2 TEST FLAG 2
G966 @515 106600 BLTR AL ONE BRANCH [F ONE
e .
0863 8516 18 THES REDC. kg
BB69 8517 F48 THI. K8 FLGS+FLGE TEST FLAGS 5 AND 6
@678 #9519 18658 BUTA AL OHES BRANCH IF BOTH ARE ONE
B871 .
w72 o8
0873 *
w874 * #[NSTRUCTIONS FOR ACTIVE ‘HIGH" OUTPUTSss
75 *
@7 @510 RG H 8556
ear? .
s *+  SET FLAG(S)
a9 .
63 @550 18 SFFG REDL, ke
A9 6551 44FF D1, K8 HFF-FLGZ SET FLAG 2
8882 #5531 B WRTC, k8 RESTORE
8e3 L]
0684 B554 5o SPFS KEDC. R®
BB8T 8555 44ED ANDL. K9 HFF -FLGI-FLGA SET FLAGS 1 AND &
8886 8557 B8 WRTC. RO RESTORE
w57 .
Lo *  RESET FLAG(S)
] »
B89 @558 16 FPFG REDC. k@
09 6559 EAb4 10R]. R8 FLGZ RESET FLAG 2
#0992 9558 BB WRIC. k8 RESTORE
a3 .
o @550 10 RPFS REDC, k0
6895 6550 6412 10R1. K8 FLGI+FLGA SET FLAGS 1 AND 4
B8% 855 B9 WRTC, R RESTORE
097 »
g% +  TEST FLAG(S)
w99 .
@186 @560 19 TPFG REDC, k8
BBt 8561 F4B4 MR8 FLGZ TEST FLAG 2
8182 8563 (0688 BOFA. AL ONE BRANCH [F ONE
Baz »
@184 8566 18 TPFS REDC, k8
8185 @567 F412 THI. RS FLGI+FLOA TEST FLAGS 1 AND 4
186 8569 (eS8 BCFA AL OMNES BRANCH IF BOTH RRE ONE
0187 .
0168 6088 END 8
TOTAL RSSEMBLY ERRUKS = 0888
Figure 35
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