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2650 INPUT/OUTPUT STRUCTURES AND INTERFACES MP54 

2650 MICROPROCESSOR APPLICATIONS MEMO 

INTRODUCTION 
Interfacing a microprocessor to peripheral 
devices is an important part of a total mi-
crocomputersystem 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/O 
ports. Interrupt and DMA-controlled I/O are 
not discussed. A number of application 

'~ examples for both serial and parallel I/O are 
given. Several types of input, output, and 
bidirectional interface devices are also ex-
amined. 

Basic I/O 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 I/O 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 I/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/O instructions are 2-byte 
instructions. When executing extended I/O 
instructions, the second byte of the instruc-
tion is output on the lower 8 bits of the 
address bus (ADRO-ADR7). 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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Parallel I/O operations may use any CPU 
register as the data source or destination. 
This offers significant flexibility in writing 
I/O 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 
I/O facilities. 

I/O 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 

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 I/O 
facilities. 

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

I/O Interface Signals 

Table I summarizes the state of the 26501/0 
interface signals for the various methods of 
I/O which are available. 
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SERIAL I/O USING THE 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 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 I/O 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, 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 
asynchronous serial I/O, with the appropri-
ate parameters and baud rate, can be done 
completely with software. The hardware 
involved is limited to a simple 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 I/O for afull-duplex line can be di-
vided into 3 parts: 

• 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. 

• 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. 

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

A timing diagram showing the start bit sam-
pling and the bit echo appears in Figure 4. 
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TYPE OF 
1/O OPERATION OPREO 

_ 
M/10 

_ 
R/W ADRO-ADR7 

ADR13 
(E/NE) 

ADR14 
(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 
of 

H X 

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/O Read H H L ADRO-ADR7 ADR13 ADR14 

Memory I/O Write H H H ADRO-ADR7 ADR13 ADR14 

X =Don't Care 
Table 1 I/O INTERFACE SIGNAL STATE 

BASIC CHARACTER FORMAT FOR ASYNCHRONOUS I/O 

START DATA 
BIT BIT 1 

r 

FLAG 

SENSE 

2650 

DATA DATA DATA DATA DATA DATA DATA PARITY STOP STOP 
BIT Z BIT 3 BIT d BIT 5 BIT 6 BIT 7 BIT B BIT BIT 1 BIT 2 

m ____ t ____~_  7 r  T ~  ~~ 

1 L L J  _1  J L  J 

Figure 2 
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2650 MICROPROCESSOR APPLICATIONS MEMO 

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 1 MHz. The hexa-
decimal delay numbers for a frequency of 
1.25MHz are given in Table I I. This table also 
lists the number of BDRR,RO instructions 
that are necessary in the "bit delay 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/O routine uses 4 CPU registers 
(1 bank and RO) 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. 

FLOWCHART OF THE SERIAL I/O ROUTINE 
START 

SAMP 

BDLY 

PART 

STOP 

INITIALIZE PSW: 
SET FLAG 

RESET OV F, C, AND IDC 

VES 

IS SENSE INPUT LOW? 

VES 

HAS SAMPLE LOOP BEEN 
DONE 3 TIMES? 

YES 

No 

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

SET R3 TO PARITY MODE 

ROTATE R1 RIGHT 
DELAY i BIT TIME 

SENSE AND ECHO DATA BIT 
LOAD DATA BIT INTO R1 
DO PARITY CHECK IN R3 

DECREMENT R2 

i 
TEST R2=0 

VES 

STORE IR11 INTO R2 

DELAY 1 BIT TIME 
SENSE AND ECHO PARITY BIT 

CHECK CHARACTER PARITY 
IF WRONG SET OVFBlT 

DELAY 1 BIT TIME 
SENSE AND ECHO S70P BIT 

TEST STOP BIT LEVEL 
IF WRONG, SET IDC BIT 

Figure 5 

ND 
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SERIAL I/O PARAMETER DEFINITIONS SERIAL I/O ASSEMBLY LISTING—EXAMPLE 1 

i41N AB6EIFLEP VEF' 1.6 F4f£ 6861 
TYIN f55E1[lFR VEk S.F FNEt 8683 

LIIE Af:Uk' uG1EC1 E 9Uliki;E 
LINE FDOR OBJECT E SOI.RCf 

6661 r FU76N651 
BB82 . r**«*..**.r«r+a«*****.***+r*rr««+* 
Cdb3 < s 
BBB1 rrrr PkGiidfff(0.E SEk1AL 1/U ROUTINE «r«r r 

Be6; 
8806 r NITN THIS PRUl7dM THE SENSE Ff0 FLAG I4P1/7/OUTFN (i 
6867 *TIE [656 FEiE U6EU TU INTERFACE NI1H TEfeIINA.S * 
6686 * SUL71 A6 iTV, t7(T TEAMINTlS, ETC. ViH TIE BIT SERIAL * 
BBB9 * 0.5VT1UI2T14OU6 LIIE DISCIPLINE 
8016 * 
6611 « TiL (HWACTEk AH7 LINE FApYETERS qMl 6E M(OIf TED 
6012 s SIMPLY IN THE SOFTNiIf~. TIESE FAkFIIETERS fif& BALD 
bbli *RATE, NUMEEk Cf OATp BITS, FPfrITY MODE FW STUP B[TS * 
6814 
8615 •TIE PkOCRFM HAS 6EE11 SE7 UP FOk F FU1 INRI.EX l[NE 
8616 « BIIT CAN FASTEN BE MODIFIED TO HFLF DUPLEX MODE. 
%17 * 
8618 s*rrr*r*r.*.u**wu**a*r«r*rr*a*•r**«r*r«**.rv**awu 
6615 
BYb • DEFINI7[UNS iF SVM8Q6. 
6921 
9822 BB66 kb EW a PRUCESSq± REGISTERS 
8823 Bufh, k1 EUU 1 
8624 986.1 R[ EU11 2 
8825 8063 k3 EW 3 
8&"6 8856 S E8U H'8B' FSU SENSE 
B~7 864N F EUU H'48' FLAG 
86'18 6828 IDC EUU H'26' INTERDIG[T CARRV' 
8625 6864 UVE E4N1 H'64' O'rIIffL011 
BB36 6BN1 C E6U H'61' CIRkY/C(fd2011 
8031 6862 N E6U BFSpCH CONDITION: IECATIVE 
BB32 6886 LW EOU 3 LNCDIOITIONTL 
6A33 
08 <` *#******«********-!*****tHrt««p**H#*ti#*#FFi*HH*pi***«**«rF* 

66;5 
8037 + SOFTNIkE DEFINITIONS fF BBIIU kATE, CHARACTER FORIWT, PHkiTV, 
8836 r PARITY' MOCF, ETC. 
BB39 
8690 r NMEi' iT DHTA 6I T5 
8041 
894"1 09& D89 EOU H'6E' CHARACTEF'. HAS 6 DATA 61 T5 
6043 6080 L4'6 EW H-BN' 
BB44 8087 q17 EUU H'6:' CNKiCTER HAS 7 DHTA BITS 
BB45 0846 647 EW N'46' 
be46 6006 UB6 EOU H'86' CHfkPo_TE~' HMS 6 CtiTA BITS 
BB47 BB2b EF'6 EOU H'26 
8CM8 B68`.~ ~5 EDIT H'65' iHf4ifw;iEk H(4 5 OflTfl 6IT6 
6049 6918 FX5 EOU H'16' 
8050 
8051 *BIT ({tAVS AT 1 MH2 CLL6k FFf61iENCV' 

8852 r 

BB53 6BEF Bk61 EOU NEB' BIT DElifi' NT 116 6FL0 
6954 6864 6kbs EOU N'65 6IT DELHY BT 388 6k0 
9855 8686 C4s06 ECI1 H'Bb BIT GELHr AT 6BB 6NL0 
0656 865:: 6ki2 E6U H'S3' 8IT UELFV flT 1288 BFU 
BB57 8625 FSt24 EGU H25 BIT DELFN FT [466 67110 
6856 
BB55 * STfRT 8IT :TYPLE UELNVS HT 1 M12 fiii:kFREOLENCV' 
8666 
8661 8685 S[4Y1 EUU H fly SifFLE DELAY flT 118 GYIID 
8062 0838 SD83 EGLi M3N- '3FK1.E DELFTi 6T 386 Hllf 
BB6"s BBIi SD65 E4Nl H1C~ 9AIPLE DELFM1' NT 68N 6610 
BBC,9 BBBL SD12 E6U H'6C :RIFLE UELHV AT 1~b6 KNO 
BB65 BBBS SU24 EUU H65 St1FLE UELAV HT 2488 BFNIU 
8066 
0867 « FFfiITV MCOE 
8066 
9869 BBB6 EF' ERU H68' EVEN PIIRITV 

8978 9856 OF EQU H'66- ODU FFkITV' 

0071 * 

ears .r*r.rrr. 
8674 .•EIWMFI.E 1. FUL*DUPLEXriBI7 BV 6Ii ECHO). 116 BBLO

rrr

6e75 • 766TH BITS. ENT! Hfi'ITY kta 1 STOP BIT 
8876 
een ease oRc x'es66' 
BW6 6586 7698 STRT PFSU F SET FLAB TO SRITLH OFF THE LIIE 
6879 868[ 7525 LbSL CNF+C+IDi: 
A68B 6564 12 TEST 5Y6U NFIT FCR STIkT BIT 
0%1 656`,r 1670 BCTk,N TEST 
6882 8567 8683 LOOT, F2 H`83' SET k2 1U NLlBER if SHPLES 
6e83 6589 65P5 5TlF Lu0l, R1 SWS SET R1 TO SHF1.E DELiH 
BBB4 BSBB F57E 8[1&, ki f 
BB85 BS6D 12 SP6U TEST FOk STHci BIT VYi1DITV 
BB% 850E 1A79 6CTR,N TEST IF NOi VALID, ~ 6ACR TU TEST 
BB87 6516 FAn ~, R2 SkF 
6ABB BSi2 6768 LuDl, k? EP SET k3 TO EVEN PFRITV MODE 
6685 8614 6687 LOU~,li 067 SET kL TO IAIBEk uF DATA BITS 
8090 6516 7446 E75U f fiE4EkI1TE STAkT BIT 
8051 B`.ri8 51 BITS FfR. RI 
6892 6515 3b11 BSik, UN BOLV' UO i0 4{LAY F4D EIANI kOUTINE 
8893 8516 FA7B BGRR, R2 Bli; TEST FLk HU16ER OF DATA BITS 
0894 BSSD BS LCOZ hY 
0895 851E C2 6Tk2 F'2 Li10 k[ NITN LH7.biTEk 
BB96 653E 38BC FAkI 65Tk, UN BDLV 
8897 65215F82 BCFR,N STfP 
8898 8523 '764 PPSL 7VF IF NRIYIG PPRI7V, SEi irvF 
6699 862; 6'80 STOP LOD1, R_3 8 CLEif f.3 
0108 tl527 3684 BSTR, LW EDL'i 
8181 6523 16 E%[3 GfTi„N TEST STi9' BI7 LEVEI 
BS&' 852A 772b F4'E1 IUi IF NRiwG. SET ILi 6Ii 
0183 8520 17 E:I3 kETt, UN 
6164 
6165 *ns*»*r**r*rsrrr.*rsrr«r*rrurrr.rr*r..srrr.r:r*rur*us 
6166 *. 6IT OELHY Fl4~ EClkr :ab'V.utiTINE 
6187 
BSBS 65G) 64E8 6ixV UAi.k6 64b1 SET RN Tip BIT [{ENV M16ER 
B1W 652E f9'E lAAIF.Fb ! 
6116 8531 F87E EOFk, k6 t 
8111 N533 F67E EOFf,cv t 
0112 8535 F8?E BOFk, PO ! 
8113 8537 11 SFSU TE:i (rfTEE:!; LE'+EL 
8114 X38 1N64 P{TF,N iwE 
0115 653E ?4!8 i4A~ IF LUN. ECHfi F_Ek'J 

811E 8530 SBB1 6-Tk. UH E^il 

011: 853E :646 111E F44ll F ff nU;H. 6: N.~ kk UFF 
6116 8518 6518 IURi. P1 BF" INEEii DflIFfflT INTii rl 

6119 8542 23 BIT1 EOFT F; 

6128 6543 C3 STF= - [u Fi#IT'; CHE:~ 

61216FA417 if A:. EH ,~ 
6113 + 
6123 FEN9 END F 

TOift A+SEIESY EF'kUF~E. = iff66 

Figure 6 Figure 7 
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EXAMPLE 2 

1NIX ASSEI~ER YEk 1. 8 

LINE ADDR OBJECT E SOIRCE 

8073 
8874 
BB75 
8876 
BBTr 8086 
8878 8588 76W 
6879 8582 7525 
BB86 8504 12 
8081 0505 SN7U 
BB82 0567 6685 
8883 BSBS BSSC 
6861 BSBB F97E 
eb~i ~ 12 
8086 650E Sfl74 
BB87 6510 Ffl77 
8888 6512 676E 
A869 8511 8687 
8696 8516 7448 
8891 8518 51 
8692 8514 3BiN 
8893 8516 FA76 
BB94 BS1D 81 
ee9s 851E a 
8896 BSiF 3814 
0097 6521 9flB2 
06% 8523 7764 
0099 8525 8788 
8188 8527 3BBC 
BSB1 8525 IAB2 
BSB2 0526 7728 
B1B3 852D b7BB 
8100 852E 3884 
8165 8531 16 
8186 8532 7728 
8107 6534 17 
B1B8 
8189 
6118 
6111 
8112 8535 896E 
6113 8537 F87E 
8114 6535 12 
8115 0`,3N SNb4 
8116 053(: 7440 
9117 853E SE474 
011R 6546 7640 
0119 8542 6548 
0128 8544 [5 
6121 9545 C3 
01"Ct 6546 17 
8123 
8124 BB06 

2650 MICROPROCESSOR APPLICATIONS MEMO 

SERIAL I/O ASSEMBLY LISTING 

FROE 8663 

rrrr#rrrrt4irirprrtNtrtrrtttrtrttpgiglirttrtHrRlrtrlp4 
r EXNfLE 2 -. FU1 DIf1.EX (BIT 87 6IT ECHOJ. 668 6FA.O, 
r 7 ONTA 61T5, COG FERITS' F1O Z STT BITS. 

URG H'BSBd' 
STRT FfSU F SET FLNO TO SNITCH OFF TIE LINE 

7A OYFrC«IDC 
TEST SFSO KNIT fOR STEFT BI7 

BCTR.N TEST 
LCOI, Rz M'b3' SEi R2 i0 NU16Ek 7 S(/PLES 

SFfF LWI, RS SD86 SET k1 TO SNPLE GELh+ 
FA1Rfc, RS f 
SFSU TEST Ff4( 6TRkT BIT YRLIDITS' 
eCTR,N TEST IF NOT VALIU, OO 6NCK TO TEST 
FARR, k[ SHE 
LORI, k3 ik SET k3 TO 000 WRITY MOUE 
L001, k2 D67 SET k2 iU EIALEA 7 LWTh BITS 
CPSU F GEIERATE STKCT BIT 

BITS Rkk, ki 
65TF'. LN bDLV GO TU OELAV FfD ECFO kOUTIEE 
BDRk, R2 BIT; TEST f7( EIIREEk OF U41Th BITS 
LODZ ki 
STk2 k2 LOFO k2 NITH C1fRFCTEk 

KkI BSTR, LN BDLV 
6tFR, N STU1 
FPSL OVF IF ERCNG FT"RITV, SET OYF 

STGS LODi. R3 6 CLEIk k3 
BSTR. LN BDLV 
EOTR,N 67CQ TEST STOP SlT LEVEL 
FPSL IDL IF NkONO, SET IDC 6IT 

STu2 LU11, k3 B CLEAR k3 
BSik, CN BULY 

EXIS RETL,N TEST STCP BIT 2 LEVEL 
Pf'EL IUC IF NR(NG, SEi IGC BIT 

EXI2 RETC, LN 

rrrrrrranrrrrrrnrmrrran»rrrrrrasraarruwrr 
* 6IT CfLNl !►D ECHO SWkfUTIEE 

BULY LCOI, kB BkB6 
E9f&. k8 f 
SPSU 
ECTR, H OEE 
CPSU F 
FA;TR, CN 6IT1 

CIE PPSIi F 
1711, k1 BF7 

6Ii1 Etk2 k3 
STkZ R=' 
RETC. LN 

EIO 6 

TOiPL F45EEBLY ERkERS =6080 

SET k8 TG 6IT 6ELNV Mlffk 

TEST URTA 6I1 LEVEL 

IF Li41, ECHO R ZERE 

iF HIG4 EGO F OEE 
IN6Eki GflTh BIi INTO kY 

Du F7tITV CHECK 

Figure 8 

iNIN H-`.EIIf:'. EF Rr i - 

LINE EO4F qc;E{i E _.Eu ip ._' 

0b` 
50'4 
hi75 
Cti?5 
6NT, 6Kfr 
6N7S 0`..66 'eA6 
8675 0`.i.+2 Z"`.. 
6P60 65M4 1 
605'1 6565 1R'1 
5N82 Cti.Er, 8L0- 
6FE=. 6`iti 656` 
bbS1 N`ibE F5'E 
6b"o5 esw 1t 
6bE6 BSBE IF:4 
5667 y5yii FR7' 
9beR 6`12 6668 
Bb85 6514 '446 
6658 d`i16 51 
8641 651. 3E6C 
6652 6;15 FR7e 
6691 6516 81 
8854 6510 C2 
b095 0530 8768 
6856 ffi1F 3Eb4 
be97 e521 is 
6896 651' ?726 
bB99 6x24 17 
BSBb 
BSBS 
BSB2 
BSB3 
8104 0525 b42✓ 
BSBS 0527 F6?E 
Bleb esn 12 
8107 0528 ShB9 
8186 852C 7440 
6189 852E 1864 
BlSB 8538 7640 
8111 8532 6588 
8112 8534 C3 
0113 6535 17 
8114 
8115 BbB6 

EXAMPLE 3 

F;rf EE6. 

r. ExidiF'LE 

err r, 
_4L LtiFLE,r,611rEVrEI 

irEGN]rrrt465r5'H.Grnrrrrr+rrs. 

'~~ [riiR E:Its, Fns Fi8'l l'1 iYG 1 ST7 Bii 

iri,; H 6511Fi" 
STET FF9i F SEi FLNS iO s411iGt 7F THE LINE 

CF7 ii'.f.i;rlUi 
tE.T SF91 NHIT F7 STEf+.i 61i 

Ei.TF',N TE=i 
LO[~i, F~ n d= SET k2 ti) WkOEk 7 SFIFLES 

=fiMP uIUI, F1 ;U24 SEi PS iii SRIF'LE UELHY 
FC4 k. F1 3 
SFAS iES7 F7 SiFf:T EIT 'JNLIUIiV 
EA.TR.N TEST IF NOT VRLIO, UJ 6ACK iu TEST 
B(>F'F'. Ct SFIHF 
LOUI . F~ Cf'i_, SEi k"c TO N1KEk 7 DHTH EIT~ 
CFSU F OENEkNTE ':TFfT eli 

EIiP. kkk, El 
6STF. 0.N EULV GO TO LfLhY HID EG#7 k'WiItE 
6'Dkk, k2' E115 TEST FOk 10IEEk 7 UhiR BIT; 
LOLZ k1 
STRZ k2 LCFG k2 NITH UlftkilC'TER 

'STT LWI, kI B CLEflk k3 
65Tk, UN BDL4' 

Exli kETC,N TEST STT BIT LEVEL 
FFSL IOI. IF EROIO. SET IUt B[T 

E;iI2 RETC. UN 

r 61irDELFN Nri 

EIHJrSI1fA+CUTIIE~rsrarasraaararrasrsr« 

BULY LCO1, k0 Bk24 
6iMiF'. RB f 
6P6u 
6CTk, N CIE 
Ep50 F 
BCTk, UH 6Ii1 

CIE fPSU F 
ICR1, k1 6FE 
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NUMBER AT 
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BIT DELAY 
NUMBER AT 
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NUMBER OF 
BDRR,RO 

INSTRUCTIONS AT 
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NUMBER OF 
BDRR,RO 

INSTRUCTIONS AT 
1MHz 

110 DO E5 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) 
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Data String Output 
A typical application for the flag output is a 
data string output. The advantage of 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 indica-
tors, or column drivers of a parallel numeric 
printer. An example of the hardware re-
quired to implement this type of output 
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 memo-
rysize would not be limited to 16K hytes 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-
significantbyte will be output first. The table 
length (TEEN) 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 dummy instruction STRA,RO to 
address H'4000'. 
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2650 MICROPROCESSOR APPLICATIONS MEMO 
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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 

s;~nnt~cs 

The control signals generated by each I/O 
instruction simplify the interface circuitry 
required to generate I/O selection and tim-
ing signals. Alow-cost control signal inter-
face with related timing is shown in Figures 
15 and 16. 

When using standard TTL and ST series I/O 
ports, the If0 operations can be done with-
out slowing down the system. In this case 
the OPACK input could be controlled di-
rectly for all I/O operations. 

s 
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Non-Extended I/O 
The single-byte I/O instructions of the 2650 
are referred to asnon-extended I/O. In small 
systems with only two 8-bit input ports and 
two 8-bit output ports, this I/O facility re-
quires aminimum of hardware interfacing 
between the CPU and I/O 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/O With 
Non-Extended I/O Instructions 
In systemswherea larger numberof 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/O 
instructions. However, since the device 
address is the second byte in this type of 
instruction, a series of data fetch and I/O 
instructions wouid 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 I/O addressing tech-
nique may also be used advantageously in 
systems where I/O operation requests are 
detected by software polling. A functional 
block diagram of this technique is shown in 
Figure 17. 

Extended I/O 
There are 2 extended I/O 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 8least-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 I/O, as shown in Figure 18. 
The timing diagram of Figure 16also applies 
to this decoding technique. 

Device Address 
Decoding Schemes 
For extended I/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 

2650 MICROPROCESSOR APPLICATIONS MEMO 

CONTROL SIGNAL INTERFACE USING THE 74(L) S138 DECODER 
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I/O INTERFACE TIMING DIAGRAMS (Figure 15) 
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I/O requirements, the type of I/O 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 an integral part 
of the device address decoding. An example 
is shown in Figure 21. 

o s;~nnt~cs 

I/O WRITE CYCLE 

SIGNAL 
VALID 

Memory Mapped I/O 
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 I/O data. Device address decoding is not 
necessarily more complex than for normal 
extended I/O, since all I/O 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 I/O control logic, using the ADR14 out-
put to discriminate between memory and 
I/O operations, is given in Figure 22. The 
device address decoding methods des-
cribedearlier can also be applied to memory 
mapped I/O. 
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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 I/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 

1 0 1 X X 

BYTE 1 

A6 A5 A4 A3 AZ AI Ao

Ao through A5 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 
ADR7. 

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 
bit is to be set, and a WRTC, Rx instruction is 
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 DB_USO-
DBUSS, and ADR7 is replaced by D/C. 
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I/O CONTROL SIGNAL GENERATION FOR MEMORY MAPPED I/O 
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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 anextended ornon-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. 

s;~nnt~cs 

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 
automatical ly tests the contents of a register 
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 BETE, 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, DBUS7. 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 or a zero. 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 momentari ly, beforetheactu-
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 

IPE0101 

IPE011) 

IPE0121 

IPE 013) 

IPE0141 

I PE015) 

IPE0161 

IPE 017) 
PORTSELO

REDE 

IPC10) 

IPCI1) 

IPC12) 

IPC13) 

IPC14) 

IPC15) 

IPC16) 

IPCI7) 

REDC 

2650 MICROPROCESSOR APPLICATIONS MEMO 

SIXTY-FOUR SINGLE BIT INPUTS USING THE 74LS251 

INO — 

IN7 — 

INa---. 

IN15~ 

p0 Y 
C 
e 
A 

D7 S 

74LS251 

74L5251 

IN16 

IN23 

74LS251

IN24—

IN31—

74LS251 

IN32—

I N39-

O 

74L5251 

IN40~ 

0-----

IN47— D 

74LS251 

iN48— — 

IN55-- _O 

74LS251 

I N56— 

IN63 

8T97 

—~ y0 C'1 
O 
0 

~O 

1 
y2 G2A 
y3 26 

y4 C' 
 O y5 

Oy6 
e 

—OV7 A. 

74L5138 

74L525 

~_8T97 ~ 

SIJn~tirs 

D 

Figure 24 

ti

0 

N 

0 

Figure 25 

Deus? 

— OPREO 

D R/W 
O M/10 

ADR5 

ADR4 

ADR3 

ADR2 
ADR1 
ADRO 

ars7 

~ BT97 ~ 

IPE110) 

IPE1(11 

IPE 112) 

IPE 1131 

IPE1141 

IPE 1151 

IPE 116) 

IPE 117) 
PORTSEL 1 
REDE 

IPD10) 

IPD(1) 

IPD12) 

IPDI3) 

IPD14) 

IPD15) 

IPDI61 

IPD17) 

REDD 

NOTE: IPC AND IPD ARE 
NON~EXTENDED PORTS. 
IPEO AND IPE1 
ARE EXTENDED PORTS. 



2 —3 IPE4 q — 

6 
=5 
—7 

0 =1 
2 —3 IP ES 4 — 

6 
= 5 

—7 

0 

2 —
IPE1 q — 3

6 
=5 
—~ 

2650 INPUT/OUTPUT STRUCTURES AND INTERFACES MP54 

2650 MICROPROCESSOR APPLICATIONS MEMO 

GATED INPUT PORTS WITH 74251 8-to-1 MULTIPLEXERS 
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LATCHING INPUT PORTS USING THE 8710 (74173) 

INPUT 

00 
CLOCK 

D0 

1CLK 

8T 10 
1741731 

CLEAR 

DISIN 

101 
111 D1~ 01 

121 
D2~ 
D3 

z 
131 

IPC 
(NON 
E XTENDEDI 

~CL.J D ISOUT 

CLK 

00 lal 
151 DL 

D2̂
1 

8T 10 161 
D3 741731 

(7) 03 
CLEAR 

D ISOUT DISIN 

REDC 
INPUT CLK 
CLOCK 

D0~ 00 
101 
111 

D1 O1 
Izl 

3„ 
8T 10 02 

174173) 131 03 

IP EO 
IE XTENDE D) 

CLEAR 
DISIN •CLJ ~b 

D ISO UT 

CLK 

DO 00 
141 
151 

D1 O1 

161 D~ 02 8710 
741731 171 03 

CLEAR 

~~ DISOUT 
DISIN 

R EDE 

PORTSEL 0 

Figure 27 
m 
O 

OPE 
e 

OPE 
2 

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 
7475 
74100 
74175 
8710 

Addressable 8-bit latch 
Quadruple latch 
8-bit latch 
Quadruple D-type flip-flop 
Quadruple D-type flip-flop 
with tri-state outputs 

The 7475 and 74175 both have true and 
complement outputs. One special feature of 
the 8710 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. 

I/O CONFIGURATIONS USING 
THE 8731 BIDIRECTIONAL PORT 

Functional Description 
The 8731 is an 8-bit bidirectional I/O port 
consisting of 8 clocked latches with 2 bidi-
rectional I/O buses, each of which has its 
own control logic. Each bu"s (A and B) has a 
read and a write control input, and there is a 
master enable input for bus B only. The 
outputs of the latches follow the inputs 
when the clock is higl-I, and latching will 
occur when the clock returns low. 

The 8731 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 8731 is cleared, bus A will 
have all logic "1" outputs and bus 8 all logic 
"0" outputs. 

The control functions of the 8731 are listed 
in Table III. A functional block diagram and 
a symbolic diagram of the 8731 are illustrat-
ed in Figures 29 and 30, respectively. 
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8731 FUNCTIONAL BLOCK DIAGRAM 
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Table 3 8731 CONTROL FUNCTIONS 

As shown in Table I I I, 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. 

8731 Applications 
The control functions of the 8731 allow it to 
be used in various microcomputer input/ 
output applications. In the I/O system dia-
gram of Figure 31, the 8731 is used to 
implement gated input ports, latching input 
ports, output ports, and a bidirectional data 
bus driver. All I/O ports can be controlled 
directly with the device select and REDE 
and WRTE lines coming from device decod-
ers and I/O 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 8731 can be used as a bidirection-
al I/O port. In this 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 I/O port concept is illustrated in 
Figure 32. 

Implementing an Eight-Bit Flag 
Register with the 8731 
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-
blesolution forsuch aflag registerwould 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 aflag 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 8731 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 thesaving in program mem-
ory bytes for flag operations is consider-
able. Alogic 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. 

SiJI IIL~tiCs 17 
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THE 8731 USED AS A GATED INPUT PORT, 
LATCHING INPUT PORT, OUTPUT PORT, AND DATA BUS DRIVER 
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A FLAG REGISTER IMPLEMENTED WITH THE 8731 

DBUS 

Figure 33 
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G REGISTER OPERATIONS 
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a181 95x1 F/B1 TN1, RB FLG2 TEST FLf4 2 
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