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INTRODUCTION

Interfacing a microprocessor to peripheral
devices is an important part of a total mi-
crocomputer system design. The character-
istics of the interface depend to a large
extent on total system requirements and
other factors such as CPU loading and data
speed. The use of interrupts and/or DMA
structures also have an impact on the sys-
tem input/output structure. The design of
an I/O interface is not limited to hardware,
and hardware/software trade-offs must be
considered.

This applications memo examines the use
of the 2650’s versatile set of I/O instructions
and the interface between the 2650 and I/0
ports. Interrupt and DMA-controlled |/O are
not discussed. A number of application
examples for both serial and parallel I/0 are
given. Several types of input, output, and
bidirectional interface devices are also ex-
amined.

Basic 1/0 Structure of the 2650
The 2650 is equipped with extensive and
versatile input and output facilities. It 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 associat-
ed 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 extended and non-
extended types are distinguished by the
state of the E/NE output of the 2650.

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

The extended I/0O instructions are 2-byte
instructions. When executing extended |/O
instructions, the second byte of the instruc-
tion is output on the lower 8 bits of the
address bus (ADRO-ADR?7). This informa-
tion is normally used as an I/O device ad-
dress to select 1 of up to 256 input or output
devices, but may also be used to output
control or status signals.
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2650 1/0 FACILITIES—GENERAL BLOCK DIAGRAM
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Figure 1

Parallel I/0O 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
1/0 facilities.

1/0 As Part of the
Memory Address Space

The 2650 user may choose to transfer data
into or out of the processor using the memo-
ry control signals. The advantage of this
technique is that the data can be read or
written by the program with memory load
and store instructions, and data may be
directly operated upon with logical and

siljnotics

arithmetic instructions. The memory refer-
encing instructions can take advantage of
the flexible addressing modes provided by
the 2650, such as indexing and indirect
addressing. A possible disadvantage of this
method is that it may be necessary to de-
code more address lines to determine the
device address than with the other 1/0O
facilities.

To make use of this technique, the designer
must assign memory addresses to 1/0 de-
vices and design the device interfaces to
respond to the same signals as memory.

I/0 Interface Signals

Table | summarizes the state of the 2650 I/0
interface signals for the various methods of
1/0 which are available.
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SERIAL 1/0 USING THE SENSE
INPUT AND FLAG OUTPUT

One of the I/0 capabilities of the 2650 is
provided by the sense input and flag output.
The sense and flag pins may be used for
single-bitinput or output of status or control
information. They can also be used to im-
plement a serial data communications
channel. Two examples of this application
are given below.

Asynchronous Serial
Communications Port

In applications where a serial type of termi-
nal (like a teletypewriter) must be connect-
ed to the microcomputer system, the sense
pin and flag pin can be used to interface with
the terminal. The basic character format for
asynchronous serial 1/0O is shown in
Figure 2.

A number of parameters of this character
format, and the transmission speed, are
different for various types of terminals. The
variable parameters are:

Baud rate (bits per second): 110, 150,
300, 600, 1200, 2400, 4800, and 9600 baud.

Number of bits per character: 5,6,7,0r8
bits.

Parity mode: even, odd, and no parity
Number of stop bits: 1 or 2

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

The software necessary to accomplish the
serial 1/0 for a full-duplex line can be di-
vided into 3 parts:

e 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 bittime. This prevents
false start-bit recognition caused by line
noise.

e The sampling 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.

e The input, echo and check of parity bit
and stop bits.

Atiming diagram showing the start bit sam-
pling and the bit echo appears in Figure 4.

4
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TYPE OF . _ ADR13 | ADR14
1/0 OPERATION OPREQ | M/IO R/W ADRO-ADR? | (E/NE) | (D/C)
Sense (Input) X X X X X
Flag (Output) X X X X X
Extended Read H L L Second Byte H X
of
Extended Write H L H Instruction H X
Non-Extended Read C H 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
Memory I/0 Read H H L ADRO-ADR7 | ADR13 | ADR14
Memory 1/0O Write H H H ADRO-ADR7 | ADR13 | ADR14
X = Don’t Care
Table 1 1/0 INTERFACE SIGNAL STATE
BASIC CHARACTER FORMAT FOR ASYNCHRONOUS I/0
START DATA DATA DATA DATA DATA DATA DATA DATA PARITY STOP STOP
BIT BIT 1 BIT 2 BIT 3 BIT 4 BIT 5 BIT6 BIT7 BIT 8 BIT BIT1 BIT 2
N T TTTYTTTTTYTTTTTTTTT
1 ] ] 1 1 1 1 ] I '
1 ! 1 [ 1 ] 1 ] | ]
! ] 1 ) 1 1 ] ' 1 1
] 1 ] 1 1 1 1 1 1 1
1 1 1 1 1 1 1 1 1 )
_____ Lisssrlsewssl sessrbusssadswssslsssewdes swe bisaemsd
Figure 2
SERIAL I/0 HARDWARE INTERFACES
+5V 1/28T15 +12Vv \ / TO TERMINAL
RECEIVER
FLAG = vV
+5v —12V
i \ / .
2650 1728716 FIL] V
RS—232 INTERFACE
200 =
BV VW \ / TOTTY
ELAG RECEIVER
1/6 7406 V
B R \ / e
2650 V
Ve e = 20 mA CURRENT LOOP
*5V  Figure 3
ELART SERIAL I/0 TIMING DIAGRAM
START BIT DATA DATA DATA DATA DATA DATA DATA PARITY STOP STOP
SAMPLING BIT 1 BIT 2 BIT3 BIT 4 BIT S BIT6 BIT7 BIT BIT 1 BIT 2
(I} | [} ' | 1 | 1 ! i A
1 5 T T 1 P —
HN A N B N DA ISR B
oo B : | : : : ! ! : ! |
() [ [} I ' i ' I ! 1 !
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thy ' : ' l | | ' : ' :
T i ‘ 1
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ouTPUT ! ! !
i : :
Figure 4
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Three examples of the serial I/O routine
with different speeds and parameters are
presented in Figures 5 through 9. The bit
and sample delay numbers (hexadecimal)
in the definition listing (Figure 6) are for a
CPU clock frequency of 1MHz. The hexa-
decimal delay numbers for a frequency of
1.25MHz are givenin Table Il. This table also
lists the number of BDRR,RO instructions
that are necessary in the “bitdelay and echo
subroutine” to count cycles for the approp-
riate baud rate.

The examples of figures 7, 8, and 9 have the
following parameters:

Figure 7: 110 baud, 7 data bits, even
parity and 1 stop bit.

Figure 8: 600 baud, 7 data bits, odd parity
and 2 stop bits.

Figure 9: 2400 baud, 8 data bits, no parity
and 1 stop bit.

The serial I/0 routine uses 4 CPU registers
(1 bank and R0) and affects 7 of the Program
Status Word bits; namely, Sense, Flag,
Overflow, Carry, Interdigit Carry, and the 2
Condition Code bits. The program also uses
1 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.
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FLOWCHART OF THE SERIAL I/0 ROUTINE

START

INITIALIZE PSW:
SET FLAG
RESET OVF, C, AND IDC

vV

< NO
IS THERE A START BIT? >—

YES
v

SAMP DELAY 1/6 OF A BIT TIME

'

IS SENSE INPUT LOW?

YES+

HAS SAMPLE LOOP BEEN 0
DONE 3 TIMES?
YES *

RESET FLAG TO GENERATE START BIT
SET R2 TO NBR OF DATA BITS
SET R3 TO PARITY MODE

vy

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

Y

NO
TEST R2=0

YES ;

STORE (R1) INTO R2

!

DELAY 1BIT TIME
SENSE AND ECHO PARITY BIT

Y

CHECK CHARACTER PARITY
IF WRONG SET OVF BIT

'

DELAY 1BIT TIME
210 SENSE AND ECHO STOP BIT

!

TEST STOP BIT LEVEL
|F WRONG, SET IDC BIT

]

RETURN

Figure 5

N

"\

Y ¥

PARI
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SERIAL 1/0 PARAMETER DEFINITIONS SERIAL 1/0 ASSEMBLY LISTING—EXAMPLE 1

THIN FESEMELER VER 1 @ FAGE 6861
THIN ASSEMBLER VER 1 @ PRGE 8663

LINE FODR  OBJECT E SOURCE
LINE ADDR OBJECT E SOURCE

+ PGB
o073
. 2 w74 « EXHELE 1. FULL DUPLEX (BIT BY BIT ECH), 116 B,
v e PRGBSI T0 RAITIIE v s fg * 7 DATR BITS, EVEN FARITY 0 1 STEP 61T
p .
oo , w77 0066 K Hes
« UITH THIS PROGRF THE SENSE FD FLAG INEUT/QUTRUT (F # . _ " )
7 + THE 2658 HE USED T0 INTERFACE WITH TERMINALS . i gﬁ re o ;vwew( ET ELA0TTO SHLTCH OFFFTHE LINE
s + SUCH FS TTY, CRT TERMINLS, ETC VIR THE BIT SERIRL s e 2 _— R —
o069 * RSYNCHKINIUS LINE DISCIPLINE . % i - T <
@014 + * £ 2 ¥ M
et « AL CHRFCTER 0 LINE PRWETERS AW B HOIFIED  + 0 OnSE R S R
w01z « SINLY IN THE SOFTMFRE. THESE PRRWIETERS FKE BHUD o '
13 « RATE, NUMBER OF DATH B1TS, FARITY WODE A0 STOF BITS x o T —
[238) * * < 3 LR !
w15 « THE FROGKFM HES BEEN SET UP FOR R FULL DUPLEX LINE  * % gg ::Z; IFHOT ¥ALID, G0 BACK. 70 TEST
w15 « BUT CA ERSILY BE MODIFIED TO HALF DUPLEX MIOE o SET B2 10 EVEN PREITY ME
g:i; ! * 069 6514 6587 SET RZ T0 NUMBER OF DATA 6ITS
et 5 890 516 7446 GENERFTE START 61T
12 ) B 991 6616 51 BITS KRR R
;?;‘:‘ ¥ DEFINITIONS (¢ Syméus 092 6519 3617 BSTR N BOLY 60 TO DELAY AHD ECHD KOUTINE
9620 0068 ROEW 8 PROCESSOR REGISTERS :gj gig ;:’E E‘C':'f‘g" Ef 1ESTFIR MRGER R ATH LTS
props i b 095 B51E 0 SRz B2 LORD RZ KITH CHRRRCTER
s e el P09 651 EaL FFRT ESTR, UN EDLY
o826 6D S OEW WBE PSU SENSE il ECERIN. 210
S5 pim v e 6% 65 L O IF WEONG PRRITY, SET OVF
o8 6926 0 R W2 INTERDIGIT CFRRY e SPLILES L, HRE
;’i;z m ‘E’w Eﬂ :,g:, momvtgc‘mm eet 525 16 EXIL FETC N TEST 510 EiT LEVEL
NOE 2 BRANCH CORDITION: NEGATIVE 313 o e e L
WoEW 3 UNCONDI TIONRL SRS AR
! e .
aes R— - (RO
. e + BT ELAY AN ECHD SUEFOUTINE
+ SUFTHE DEFINITIONS OF G600 RATE, CHRRACTER FORMAT, PRRITY, 187 .
« PARITY MODE, ETC P65 W0 BAES  EOLY LOOLRG BROL  SET F T3 61T LELAY NOWEEF
. P69 652F FETE BLFF R 1
« MIMEEF OF DRTR BITS 716 6571 F BLFR, Fi 1
' e EORF Fil §
DB Dl W@E  CHARACTER WS 8 DATR BITS Py EORF, 6 §
BFE EQ H @ @11z @ TEST DHTRE!T LEVEL
BT B HET  CHARACTER WS 7 OATR BITS T
BT BN 4 o115 {F Lk, ECHD A ZERS
DBS W K6 CHARRLTER WS 6 DFTA BITS B i
BE ML Het o 8117 853E 7646 N FFSU F IF HIGH. ECHD A DNE
BLS EE&U H L CHARACTER HRS S DATH EBITS B115 0546 6545 10F1.F BFT INZEFT UATHEIT INTO FL
BES B HOARC B119 B2 25 EITLEOFD B
: e A 28 654 (5 R G0 FRELTY CHES
& 1T CELAYS AT 1 HHZ CLOCK FREGUENCY ot SETE
5 e v
BRBL N HES BT GELAY AT 110 BRI B
BRES EU Koy BIT DELAY AT 366 BHD
BREC EW WER  EIT DELRY AT 660 BAD TOTRL RESEMELY ERFUFS = i
BRIZEOl WSY BIT DELRV AT 1208 BAD
JOEW W25 BIT DELAY AT 2406 GRD
*
+ STRRT BIT SAMPLE ELAYS AT 1 MAZ CLOCKFREGUENCY
.
S EW K AS  SHELE DELAY AT 146 BAUD
SOBT EW  HIR SHWLE DELAY AT 366 6D
SO6E EQU K0 SAMPLE DELAY AT 666 B
SO1Z ER WEC  SAMPLE DELAY AT 108 BAUD
S EWU WS SHYPLE DELRY T 246 BAUD
%
+ FRRITY MODE
+
BB HB®  EVEN PRRITY
0RO HEE 00D FRRITY
*
Figure 6 Figure 7

SilILES
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SERIAL 1/0 ASSEMBLY LISTING

EXAMPLE 2

THIN RSSEMBLER VER 1.6

LINE ADDR OBJECT E SOURCE

873

8874

875

0876

8877 8008
8878 8508 7646
8979 8582 7525
8830 8584 12
8881 @565 1H7D
8882 @567 8683
8883 8589 851C
6884 8568 F97E
8885 8%el 12
8886 856E 1A74
8887 8518 FR77
8868 6512 6768
8689 8514 8687
8898 @516 7449
8891 8518 51
892 8519 3B1R
8893 8518 FATE
8894 851D 81
8895 651 (2
88% 851F 3814
8897 @521 9AB2
8898 8523 7764
8899 8525 6788
6188 8527 peC
8161 8529 182
6182 8528 7728
8183 @520 @709
8184 BS2F 3884
8165 8531 16
61086 8532 7728
8167 8534 17
a8

8189

8118

8111

8112 8515 4Bo
8113 @537 F87E
8114 8529 12
8115 8536 1AB4
6116 853C 7448
8117 @53 1864
8118 8548 7648
8119 8542 6548
8128 6544 22
8121 8545 (2
8122 8546 17
3

8124 0008

PRGE Be3

* EXAMPLE 2° FULL DUPLEX (BIT BY BIT ECHO), 668 BAUD,
* 7 DATA BITS, (DD PARITY AMD 2 STOF BITS.
*

ORG H @588

STRT FPU F

BITS RRR, ki
ESTR, UN BOLY
BORK, RZ BITS
Loz Rt
STRZ k2

PFART BSTR, N BDLY
BLFR, N STOL
PPl OV

STO4 LODI,R3 &
BSTR, UN BOLY
BLTR, N STOZ
FPSL I

ST02 LODLR3 8
BSTR, UN BOLY

EXIL RETC.N

S 100

EX12 RETC, UN

*

SET FLAG TO SWITCH OFF THE LINE
WAIT FOR START BIT

SET RZ TO NUMBER OF SHMPLES
SET Ri TO SAMPLE DELFY

TEST FOR START BIT VALIDITY
IF NOT VALID, GO BACK TO TEST

SET R3 TO 00D PARITY MODE
SET Rz TO NUMBER OF DATR BITS
GENERATE START BIT

GO TO DELRY AND ECH) ROUTINE
TEST FOR NUMBER OF DATA BITS

LOFD k2 WITH CHRRACTER
IF WRONG PRRITY, SET (WF
CLEFR K3

TEST STOP BIT LEVEL

IF WRONG, SET IDC BIT
CLEARR R3

TEST STOP BIT 2 LEVEL
IF WRONG, SET 1DC BIT

* BIT DELRY AND ECHO SUBROUTINE
*

BOLY LODI, k@ BROE
BORR, k8 &
SPSU
BLTR N ONE
Py F
BLTR, UN BITL

ONE PPSU F
ORI, RY BP7

BITL EORZ K2

TOTAL ASSEMBLY ERRORS = 606@

SET K8 T0 BIT DELRY NUMBEK
TEST DATA BIT LEVEL
IF LOW, ECHO R ZERD

IF HIGH, ECHO A ONE
INSERT UATR BIT INTO i

EXAMPLE 3
TWIN AZSEMELEF &7 L @ PRGE 866
LINE AP DBJECT € ZOURCE
ol BASET ORI IR SRR R LR RS AR A EERR R KRR RO A R AR
e + EARMFLE  FuLL DUFLE: BIT EBY BIT ELHD), 2488 BALD.
oS + % DATR EITS. k0 PRFITY AND 1 STOF BIT
w375 ‘
BT T H 3583
75 G50 Todd F SET FLAL TO SWITCH OFF THE LINE
0879 @on: 7S5 eF+L+ 100
% WHIT FR STRRT BIT
BCTE. N TEST
LOD, Fe b a2 SET R2 T NUMBER OF SAMPLES

w98 uale BITS

ZAMF LODLFL SDed

SET FL TO SAMFLE UELAY

TEST FOR STRET BIT YALIDITY
IF NOT YALID, o0 BACK TO TEST
SET RE TO NUMBER OF DATR BITS
GENERATE START EIT

#0991 4517 3660 BSTF, UN EDLY 50 T DELAY AND ECHO ROUTINE
0692 @519 FATE BORK, e BITS TEST FOR NUMBER OF DATA BITS
6693 9516 81 oz K

B394 @510 2 STRZ  R2Z LOAD RZ WITH CHARFCTER
@895 8510 o7e8 STOF LODL RS @ CLEAR RZ

% 651F 864 BSTR, UN BOLY

8897 8521 18 EXI1 RETC N TEST STOF BIT LEVEL

6698 @522 772 PRSL ji. IF WRONG, SET IDC BIT
8899 8524 17 EXI2Z RETC. UN

6166 *

etet

6182 * BIT DELAY FND ECHD SUBROUTINE

6162 *

6184 6525 8425 BOLY LODL, k& BRZ4 SET K8 TO BIT DELAY NUMBER
6165 @527 F87E BORK, k8 §

8106 8529 12 SPSU TEST UATA BIT LEVEL

6107 BS2A 14 BLTR. N ONE

8168 8520 7448 Py F IF LOW. ECHO A ZERU

6169 BS2€ 1834 BCTR, N BITL

8110 9538 7648 O PPSU F IF HIGH, ECHO A DNE

8111 8532 6588 T0RT, k1 BPS INSERT DATA BIT INTO R4
6112 8534 (3 BITL STRZ K3

0443 @535 17 KETC, N

8114 *

8115 8606 END 8

TOTAL RSSEMBLY ERRURS = 0808

STRZ 3 DO PARITY CHECK
FETC N
N8
Figure 8 Figure 9
SAMPLE NUMBER OF NUMBER OF
DELAY BIT DELAY BDRR,R0 BDRR,R0O
BAUD NUMBER AT | NUMBERAT |INSTRUCTIONS AT | INSTRUCTIONS AT
RATE 1.25MHz 1.25MHz 1.25MHz 1MHz
110 Do ES 5 4
300 4A C5 2 2
600 24 DE 1 1
1200 11 6A 1 1
2400 07 30 1 1

Table 2 BIT DELAY PROGRAM CONSTANTS
AT A CLOCK FREQUENCY OF 1.25MHz (HEXADECIMAL)

Sifnnetics
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Data String Output INTERFACE DIAGRAM FOR DATA STRING OUTPUT
A typical application for the flag outputis a
data string output. The advantage of this OUTPUTS
output method is that it can provide a large M3 LS8
number of output bits with little address or I T T I T I ____________________ I T T
control logic decoding. For example, this

method can be used to output data for an FLAG D SHIFT REGISTER
array of numeric displays, single bit indica- HENGTH (TLEN X BPW) BITS
tors, or column drivers of a parallel numeric
printer. An example of the hardware re- OP';‘% CLK
quired to implement this type of output ADR14
channel is given in Figure 10. 2650

) 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 memo-
ry size would not be limited to 16K bytes as

RAM MEMORY
; : TABLE
in this example. ADDRESS—™ MOST — SIGNIFICANT BYTE

DATA ORGANIZATION FOR DATA STRING OUTPUT

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.

s Sy a TABLE MSB LSB | LEAST — SIGNIFICANT BYTE
The least-significant bit of the least- LENGTH

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 Figure 11
doing the dummy instruction STRA,RO to
address H'4000'.

TIMING DIAGRAM OF DATA STRING OUTPUT ROUTINE

S——
FLAG
OUTPUT | 63uS.

21uS. 1.5uSEC

OPREQe __
ADR14eM/i0

TIMES GIVEN FOR A CLOCK FREQUENCY OF 1 MHz

Figure 12

8 Sifnotics
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START

INITIALIZE:
SET R3TO TABLE LENGTH
RESET WC BIT (PSW)

/ f

STR1

LOAD ROWITH TABLE DATA
SET R1TO NUMBER OF
BITSPERBYTE

2

ROTA

ROTATE RORIGHT
TRANSFER BIT 7 OF RO
TO FLAG OUTPUT

!

STRB

GENERATE DATA STROBE
SIGNAL ON ADR14 OUTPUT
DECREMENT R1

!

TEST R1=0 FOR NUMBER
OF BITS/BYTE

‘YES

=~

DECREMENT R3

EXIT

v

TEST R3 =0 FOR NUMBER
OF BYTES

YES

Figure 13

>£

FLOWCHART OF DATA STRING OUTPUT ROUTINE

NO

2208
B
Cocn

Baz7 687

8626 0068

629

8628 BB60

831 aa8

832

XS

8934

8035 Bea7

8336 @588 @767
8837 8582 7588
8938 6584 BFcceR
8839 8587 8588
8846 #4509 50
8041 @58 1R6E
8842 @560 7448
8943 856E 1E84

8844
8845 8510 4008
8046

847 6512 7648
8048 8514 (L8516
849 8517 F978
858 8519 FBE9
8851 8518 17
8852 008

ASSEMBLY LISTING OF DATA STRING OUTPUT ROUTINE

IHIN FEZEMBLEF VEF L v
LINE FODF  DBJECT € SOUFCE

+ PO R
PRI R R e aan ia bay

.
.

.

+ THIS FROGRFM TRRNSFERS THE CONTENTS (F A MEMORY THELE IN BIT &Y
* EIT ERIAL FORM TU THE FLAG OUTPUT OF THE 2658

.
+ THE TRELE LENGTH AND THE NUMBER OF BITS ARE SOFTWARE PROGKAMMED

* fi DATA STROBE OUTPUT IS GENERRTED ON THE RODKRESS 14 QUTFUT

4

FROE @eal

e++% DRTH STRING OUTPUT ROUTINE *»+2

T

+

* DEFINITIONS OF SYMBOLS
+

ke EW ] PROCESSOR REGISTERS
RLEQU 1
Kz EW é
PR K
S EwW H eé FSU  SENSE
F EQ H 48 FLAG
oW Ha’ FSL 1=WITH @=WITHOUT CHRRY
N EW 2 ERFANCH COND NEGRTIVE
N e 3 UNCORDITIORAL
*
TLEN EQU H87 TRELE LENGTH
BPH EQU Heg NUMBER OF BITS PER BYTE
*
ORG H 608
TRBL RES TLEN LOCRTION OF THBLE
*
*
0K H 858

STRT LOOL,R3 TLEN

STRL LODA, ko TREL, RZ

LODI, Ry BAW SET R1 TO NUMBER OF BITS PER BYTE
KOTR RRR, ke

BUTR, N NE TEST BIT
2ERO CPSU F IF ZER0, RESET FLAG

BLTR, N STRE

*

HOR  DATR H'4@, 88
*

O PPSU F IF ONE, SET FLAG
STRB STRA, k8 *ADK GENERWTE STROBE SIGNAL ON Ffit4
BORR, k1 ROTA TEST FOR NUMBER OF BITS
BORR, R STRL TEST FORNUMBER OF BYTES
EXIT RETC, N
EN 8

TOTAL RSSEMBLY ERRORS = 0068

CPL W
LORD R8 WITH TRBLE DRTR

Figure 14

PARALLEL INPUT/OUTPUT

The 2650 instruction set contains the following six input/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

sifnotics

The control signals generated by each I/O
instruction simplify the interface circuitry
required to generate 1/O selection and tim-
ing 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/0
ports, the 1/O operations can be done with-
out slowing down the system. In this case
the OPACK input could be controlled di-
rectly for all 1/0 operations.
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Non-Extended 1/0

The single-byte I/O instructions of the 2650
arereferred to as non-extended /0. In small
systems with only two 8-bit input ports and
two 8-bit output ports, this 1/0 facility re-
quires a minimum of hardware interfacing
between the CPU and I/0 ports. The signals
WRTC, WRTD, REDC, and REDD generated
by the control logic decoder in Figure 15
can be used directly as output port clock
pulses and input port enable signals, re-
spectively.

Sequential I/0 With
Non-Extended I/0 Instructions

In systems where a larger number of devices
must be serviced in sequence, the use of a
simple 8-bit output port can offer consider-
able savings in software. Normally the de-
vices could be serviced with extended I/0O
instructions. 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 address register, the device address
can be modified under software control. In
this way, a simple program loop can serve
up to 8 I/O ports by rotating a single ‘1’
through a CPU register that is output as a
device address. This 1/0O addressing tech-
nique may also be used advantageously in
systems where /O operation requests are
detected by software polling. A functional
block diagram of this technique is shown in
Figure 17.

Extended 1/0

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

The control signal decoding diagram (Fig-
ure 15) can be simplified for systems using
only extended 1/0O, as shown in Figure 18.
Thetiming diagram of Figure 16 also applies
to this decoding technique.

Device Address

Decoding Schemes

For extended 1/0O 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

10
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CONTROL SIGNAL INTERFACE USING THE 74(L) S138 DECODER
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1/0 requirements, the type of I/0 ports used,
and the total system configuration.

In principle, there are 2 basic methods of
device address decoding. One method is
the use of hardwired logic in which the
device address is fixed; the other is a hard-
ware 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
2 methods is used. In addition, the control
logic can be implemented as anintegral part
of the device address decoding. An example
is shown in Figure 21.

Sifnnetics

Memory Mapped 1/0

In memory mapped I/O, the I/O devices are
treated as memory locations. An advantage
of this technique is that all memory
referencing instruction types (store, load,
arithmetic, logical, etc.) can be used directly
for 1/0 data. Device address decodingis not
necessarily more complex than for normal
extended 1/0, 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 1/0 control logic, using the ADR14 out-
put to discriminate between memory and
I/0O operations, is given in Figure 22. The
device address decoding methods des-
cribed earlier can also be applied to memory
mapped I/0.
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SEQUENTIAL I/0 TECHNIQUE
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HARDWARE PROGRAMMABLE DEVICE ADDRESS DECODERS
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COMBINED CONTROL LOGIC AND ADDRESS DECODING
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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 imple-
mented using the 2650 1/O instructions.
When used as described below, the WRTE,
WRTC, and WRTD instructions 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 2 bytes of the instruction can be inter-
preted as follows:

BYTE 0

110110 1] X] X

S/C

A, through Ag 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 74LS138, which
selects one of the eight 9334s. One of the 8
latches in the selected 9334 is enabled by
ADRO, ADR1, and ADR2 and is either
cleared or set, as determined by the value of
ADR?7.

BYTE 1

Ae’As Al Ao

A4JA3 ] A

The XX field in the first byte selects 1 of the 4
available registers and outputs its contents
on the data bus. Since this information is not
used in this application, 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

If 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 then issued if the
bitisto beset,anda WRTC, Rx instructionis
issued if the bit is to be cleared. The bit
select is output on the data bus, and the D/C
output carries the set/clear information.
The hardware implementation can be the
same as shown in Figure 23, except that
ADRO-ADR5 are replaced by DBUSO-
DBUSS, and ADR?7 is replaced by D/C.

2650 MICROPROCESSOR APPLICATIONS MEMO

1/0 CONTROL SIGNAL GENERATION FOR MEMORY MAPPED I/0
ADR14
OPREQ INPUT
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Riw REDE)
OUTPUT
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WRP WRTE)
2650
Figure 22
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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-
bitlatch using an extended or non-extended
write instruction. The latch output is de-
coded 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.

Silnotics

The technique described above must be
used if “indirect” bit addressing is required.
If this is not a requirement, a more efficient
implementation can be accomplished using
the extended read instruction. This tech-
nique makes use of the fact that the 2650
automatically tests the contents of aregister
every time it is used as the destination of an
operation. Thus, when the read extended
operation reads data from an input port, the
condition code bits in the program status
word are set to reflect whether the new

13
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register contents is positive, negative, or
zero.

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?7. Since this is interpret-
ed as the sign bit, the condition code bits in
PSL will be set to reflect whether the bit
being tested is a one orazero. A conditional
branch instruction can then be used to
affect the desired program action. A hard-
ware implementation for 64 inputs is shown
in Figure 24. Note that an address latch is
not required 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 4 and groups
of 2, 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 multi-
plexer, 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 con-
figuration using gated input ports with the
74251 multiplexer is illustrated in Figure 26.

In addition to these 2 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 required to
store data from an external device, which is
available only momentarily, before the actu-
al 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 Signet-
ics 8T10 Quad D-type flip-flop with tri-state
outputs, an 8-bit latching input port can be
implemented with only 2 packages. The
8T10 is functionally identical to the 74173.

14
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SIXTY-FOUR SINGLE BIT INPUTS USING THE 74LS251
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GATED INPUT PORTS WITH 74251 8-to-1 MULTIPLEXERS
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LATCHING INPUT PORTS USING THE 8T10 (74173)
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OUTPUT PORTS BUILT WITH STANDARD TTL AND 8T SERIES
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OUTPUT PORT DEVICES

Output ports can be configured with a varie-
ty of standard 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 outputs

The 7475 and 74175 both have true and
complement outputs. 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 out-
put port. A logic diagram using these cir-
cuits for output ports appears in Figure 28.

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

1/0 CONFIGURATIONS USING
THE 8T31 BIDIRECTIONAL PORT

Functional Description

The 8T31 is an 8-bit bidirectional 1/O port
consisting of 8 clocked latches with 2 bidi-
rectional 1/0 buses, each of which has its
own control logic. Each bus (A and B) has a
read and a write control input, and thereisa
master enable input for bus B only. The
outputs of the latches follow the inputs
when the clock is high, and latching will
occur when the clock returns low.

The 8T31 is also equipped with a “power-on
clear” circuit. If the clock input is held low
until the power supply reaches 3.5 volts, the
latches will be cleared. There is a logic
inversion between bus A and bus B. As a
result, when the 8T31 is cleared, bus A will
have all logic “1" outputs and bus B all logic
“0" outputs.

The control functions of the 8T31 are listed
in Table Ill. A functional block diagram and
asymbolic diagram of the 8T31 are illustrat-
ed in Figures 29 and 30, respectively.



2650 INPUT/OUTPUT STRUCTURES AND INTERFACES

MP54

2650 MICROPROCESSOR APPLICATIONS MEMO

8T31 FUNCTIONAL BLOCK DIAGRAM

8T31 SYMBOLIC DIAGRAM
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BUS A
Rpa Wga CLK BUS A
X 0 1 WRITE (A->latch)
0 1 X READ (latch=A)
1 1 X HI-Z (Tri-state)
BUS B
ReB Wgg Wga CLK ME BUS B
X X X X 1 HI-Z
1 0 X X 0 HI-Z
X 1 0 X 0 HI-Z
0 0 X X 0 READ (latch=B)
X 1 1 1 0 WRITE (B*atch)
Table 3 8T31 CONTROL FUNCTIONS

As shown in Table Ill, each bus can operate
independently except for the case of writing
from both bus A and B. In this case writing
from bus A will override any attempt to write
from bus B.

8T31 Applications

The control functions of the 8T31 allow it to
be used in various microcomputer input/
output applications. In the I/O system dia-
gram of Figure 31, the 8T31 is used to
implement gated input ports, latching input
ports, output ports, and a bidirectional data
bus driver. All I/0 ports can be controlled
directly with the device select and REDE
and WRTE lines coming from device decod-
ers and I/0 control logic.

In applications where interfacing is neces-
sary with peripheral devices that need data
transfers in two directions, like digital
cassettes and data link communication cir-
cuits, the 8T31 can be used as a bidirection-
alI/O port. Inthis application, the I/O opera-

tion should be requested by interrupt or
polling to prevent simultaneous write oper-
ations from peripheral and CPU. The bidi-
rectional 1/0O port concept is illustrated in
Figure 32.

Implementing an Eight-Bit Flag
Register with the 8T31

In many industrial applications, such as
process control, single bit inputs and out-
puts are used to monitor switches and de-
tectors or todrive relays and lamps. A possi-
ble solution for such a flag register would be
an eight-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.

Silntics

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 mem-
ory 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.

17



2650 INPUT/OUTPUT STRUCTURES AND INTERFACES

MP54

2650 MICROPROCESSOR APPLICATIONS MEMO

THE 8T31 USED AS A GATED INPUT PORT,
LATCHING INPUT PORT, OUTPUT PORT, AND DATA BUS DRIVER
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2650 MICROPROCESSOR APPLICATIONS MEMO

THE 8T31 USED AS A BIDIRECTIONAL I/0 PORT

TO INTERRUPT

—

A FLAG REGISTER IMPLEMENTED WITH THE 8T31

INPUT OPERATION OR POLLING TG
REQUEST NETWORK A
WRITE PORT WRTE REDC _l
READ PORT REDE -
< |< @ oo—— FLGO
Im ’m o Im ——
T om c |2 2 o p—— FLGI
®
lc:“ L2 ‘n: o—— FLG2
BUS BUSjo—— FLG3
A flGa
BUS BUS jo—» FLG4
1/0.p\BUS B 8731 b FiGH
8T31 __ pp——>» FLG6
- CLK ME LGy
CLK ME ' i FLGY
| o =
+5V DBUS
DBUS
PORTSEL 0
Figure 32 Figure 33
BASIC SOFTWARE FOR FLAG REGISTER OPERATIONS
TWIN RSSEMBLER VER 1 @ PRGE G681 THIN RSSEMBLEK VER 1 8 PAGE 0062
LINE ADDR OBJECT E SOLRCE LINE AOOR  OBJECT E SOURCE
@861 + FD768698 8658 6560 38 RNFS REDC, R8
5087 959 8580 445 D1, K8 HFF/-FLGS-FLGE RESET FLAGS 5 AND 6
w083 N . 8068 656F B9 WRIC, RO RESTORE
8684 * *xxx FLAG MANIPULATION EXAMPLES #3++ * @851 *
8ee5 * * 8862 * TEST FLAG(S)
e * THIS LISTING GIVES SOME EXAWPLES HOM TO SET, RESET = 8863 *
087 * A0 TEST INDIVIDURL BITS OF AN EXTERNAL FLAG REGISTER * 8864 516 38 TNFG REDC, R8
s * BUILT NITH THE &T31 BIDIRECTIONAL 1/0 PORT * 6965 8511 F4e4 THLRB FLG2  TEST FLAG 2
989 * INSTRUCTIONS FRE GIVEN FOR BOTH RCTIVE ‘HIGH’ D ¢ 8066 6513 100608 BCTR AL ONE BRANCH IF ONE
@10 * ACTIVE ‘LOW OUTPUTS * 067 *
o811 * . 0668 8516 30 NS REDC, R®
pose 8963 8547 F460 THLRE FLGSHLG6 TEST FLAGS 5 AND 6
w012 " 678 519 108650 BUTR AL ONES  BRANCH IF BOTH ARE (NE
6614 * DEFINITIONS OF SYMBOLS 8671 ¥
815 * pos
0616 6000 R OEU 8 PROCESSOR REGISTERS e H
8917 061 ROEW 1 74 * +INSTRUCTIONS FOR ACTIVE “HIGH' OUTPUTG#+
9918 0962 R OEW 2 s *
8619 0083 ROEW 3 876 6510 RG  HESSH
0620 0090 7 8 BRANCH COND. ZERO 877 ¥
8021 0863 WOEW 3 UNCONDI TIONAL. eers * ST FLAGES)
0822 6606 A OEw 8 ALL BITS ARE 1 079 ¥
@3 . 9688 556 38 SPFG REDC, RB
0824 001 FLGBEQU  Wet'  FLAG 8 8981 @531 44FE FHDI, kB HYFF/~FLG2 SET FLAG 2
8625 6062 FLGL EQ W82 FLAG L 8882 553 B9 WRIC, R RESTORE
8626 0904 FLG2 EW W84 FLAG 2 add *
8627 6063 FLG3 EQU W88  FLAG3 8884. 8554 36 SPFS REDC, k8
9828 410 FLGA EQU W18 FLAG 4 885 8555 44ED ANDL, RB H'FF~FLGA-FLGA SET FLAGS 1 AND 4
829 0620 FLGS EQU W& FLAGS 0886 8557 B9 IRTC,R8 RESTORE
938 0848 LR EQU W48 FLAG 6 6857 ¥
8831 6689 FLG7 EQ W8 FLAG 7 698 * RESET FLAG(S)
832 * 8889 *
22 0660 O EQU  HB6BE’  DUMMY RDDRESS OF ROUTINE “ONE’ 859 8556 38 RPFG REDC, k8
8934 8658 ONES EQU  H/B650°  DUMMY ADDRESS OF ROUTINE ONES’ 0851 6559 €44 101, R® FLGZ RESET FLAG 2
35 * 892 6558 B9 WRIC,R8 RESTORE
8636 8893 *
37 * 8394 6550 36 RPFS REDC K8
838 * #INSTRUCTIONS FOR ACTIVE “LOW’ OUTPUTS#* 8995 6550 6412 10R1, RS FLGL+FLGA SET FLAGS 1 AND 4
839 . % 855 B WRIC, k9
6346 G060 KRG Hesee’ 8897 *
841 * %6 *  TEST FLAG(S)
842 *  SET FLAG(S) 99 *
0843 * 166 6568 10 TPFG REDC, RO
8944 0560 10 SNFG REDC, Ko LORD FLAG REGISTER IN RS 161 8561 F4B4 THLRE FLGZ  TEST FLAG 2
845 8581 6484 I0RIRG FLGZ  SET FLAG 2 #1627 8563 H08600 BOFR, AL ONE BRANCH IF ONE
8846 €501 B0 WRIC, ke RESTORE FLAG REGISTER 163 *
847 * 164 8566 10 TPFS REDC, R8
048 6564 10 SNFS REDC, Ké 6165 6567 F412 THI, RO FLGL+FLGA TEST FLAGS 1 AND 4
8649 B565 6460 10K1, k9 FLGSHFLG6 SET FLAGS 5 A 6 186 8569 58658 BCFA, AL DNES  BRANCH IF BOTH ARE ONE
8656 6567 B4 WRIC, K8 RESTORE 8167 *
@51 * @168 266 [
52 « RESET FLAG(S)
8853 * TOTAL RSSEMELY ERRURS = 0608
854 6568 10 RFG REDC, RE
55 8589 44FE ANDL, RB HFF'~FLG2 RESET FLAG 2
856 656 B0 WRIC, RS RESTORE
Figure 34 Figure 35
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