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I NTERFACING a digital computer with 
the " real " world requires some means 

of converting analog (slowly varying) 
signals into a digital form that can be 
used by a computer. The low-cost ($30) 
analog-to-digital (AID) converter de­
scribed here can accept up to four chan­
nels of analog data, spanning from O to 
+ 2 volts de , and change this information 
into 3!/i digits of BCD data. 

With such a converter, a computer 
need not be limited to keyboard entry for 
many game programs. Now, joysticks or 
potentiometers can be used . And such 
real-world sensing of variables like volt­
age , current, temperature , frequency, 
and various levels of acidity, salinity , 
and chemical concentrations can make 
your computer a powerful and versatile 
controller . As a bonus, the AI D convert­
er , becomes a powerful test instrument 
for circuit design and troubleshooting . In 
this application , up to four channels of 
voltage , current , and resistance can be 
monitored with proper input adapters. 

Technical Details. The converter 
produces five conversions per second. It 
has four input channels and 31/2 digits of 
BCD data output. Ii is also TTL compat­
ible in input and output and will wotk with 

any 8-bit computer that has a latched 
output port and a three-state input port . 
Digit and channel selection is under soft­
ware control. Since the circuit is all 
CMOS, very little power is required. 

As shown in Fig. 1, the A/D converter 
employs two IC's and a handful of pas­
sive components. One of the four input 
switch IC2 to form the input for A/D con­
verter /C1. The analog switches are set 
by data written out by the latched output 
port of the computer. Resistors R6 
through R9 provide pullup for the analog 
switch select lines. 

AID converter /C1 is a pulse-modula­
tion type. Its chip contains the conver­
sion circuitry , an addressable digit latch, 
multiplexer, BCD encoder, and system 
clock. 

Conversion control, output digit se­
lect , and the output latch are connected 
to the computer's output port. Data writ­
ten to this port controls the data placed 
on the four output lines of /C1 . The four 
data output lines from IC1 are connect­
ed to the computer's three-state input 
port's lower four bits (D9'> through D3) . 
The upper four bits (D4 through D7) are 
grounded. 

Trimmer potentiometer R1 deter­
(Continued on page 47) 

Two-chip, four-channel 

converter works with 
any 8-bit computer. 
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ANALOG);INPUTS 
3----t 

4----t 

GND---"-4 

+ 5V_._,.,,.,,.,_.. 

R6-R9 I 

PARTS LIST 

il C 1-100-pF disc 
C2 . C3-0.22-µF. JO-volt Mylar 

IQQpFI -= 	 C4-IO-µF , 10-volt electrolytic 
ICl-3511 AID converter (National) 
IC2-4066 quad analog switch 

OTO +2V R 1-5000-ohm. IO-turn trimmer pot. R2 
6.BK R2----0800-ohm . \4-watt resistor 

R3-470-ohm . \4-watt resistor 
R4 , R5-IOO .OOO ohm. \4-watt resistor 
R6 through R9-IOOO-ohm. \4-watt resistor 
Misc.-Printed circuit board; edge connector; 

R4 
470fl IOOK 

R3 
multilead ribbon connector; IC sockets (op­
tional): hookup wire: solder: etc. 

Note-The following is available from Alpha 
Electronics. Box 1005. Merritt Island. FL 
32952 (tel. 305-453-3534): complete kit of 
parts. excluding wire and sockets. No. 

x x 

~ 
I K 00 DI D2 D3 D4 D5 06 07 EN D0 DI D2 D3 D4 05 D6 D7 A/D4 . for $29.95 plus 3.50 postage and _...._......_ 

TO THREE STATE handling. Also available separately: pc
FROM LATCHED ----------­ COMPUTER INPUT COMPUTER OUTPUT 	

PORT board No. PCl78 for $9.00 + 1.00 p&h; 
PORT 

and JCI. No. 3511. for $15.00 + 1.00 
p&h . Fig. 1. Analog switch IC2 selects the input drive 

for AID converter ICl. Up to four inputs can be used. 
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Fig. 3. Actual-size foil pattern (below) and component layout (above). 

Fig. 2. Channel-digit select is shown at (A); a 10:1 voltage divider 
is at (B); a frequency-to-voltage scheme at (C); temperature 

(Fl 	 converter (D); current measurement (E); and joystick input (F). 
I 
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TABLE 1-8080 ASSEMBLY LISTING 
Assemb ly l isting for 8080 (IM SA I) _ Inputs three most sig n if icant d igi l s and w r ites to front 
pa ne l. 

4000 
400 2 
4005 
4008 
400A 
4000 
40 10 
40 12 
40 15 
40 18 
401A 
4010 
40 1 E 
4020 
4023 
4026 
4028 
402B 
4020 
402E 
402F 
403 1 
4034 
40 35 
4036 
4037 
4038 
403A 
4030 
403F 
4040 
404 3 
4044 
404 5 
40 46 
4049 
404A 
404C 
4040 
4050 
505 1 
4052 
4053 

3E 11 BGN M V I A, 11H Load A w ith D ig2, Chl 
CD 38 40 CALL INPUT 
32 35 40 STA D IG2 
3E 21 M V I A,2 1H D ig3 , Ch 1 
CD 38 40 CALL INPUT 
32 36 40 STA DI G3 
3E 3 1 M V I A, 3 1H D ig4, Ch 1 
CD 38 40 CALL INPUT 
32 37 40 STA D IG4 
3 E 00 M V I A,OOH 
2A 35 40 LHLD DIG2 Di~2 L, Dig3 H 
BC CMP H Compare H for 0 
06 ()() MV I B , OOH Clear B 
C4 4A 40 CNZ SUB Gosub if H* O 
3A 3 7 40 LDA DIG4 
FE 00 CP I OOH 
CA 20 40 JZ WR T If A ioO, fa ll th ru 
3E 64 M V I A, 64H 
80 WRT ADD B A =A +B 
2F CMA Inve rt da ta 
03 FF OUT OFFH Wri te it 
C3 00 40 JMP BGN Do again 

ST R DS 0 1 
D IG2 DS 01 
D IG3 DS 01 
D IG4 DS 01 

0310 INPUT OUT 10H Se tup port 10H 
CD 40 40 CAL L DL Y A / D se ttling t ime 
DB 10 IN 10H I nput A /D data 
C9 R ET 
11 00 30 DLY L XI D, 3000H 200-ms d elay 
lB UP D CX D 
7A MOV A,D 
B3 ORA E 
C2 43 40 JNZ UP If D > O d o again 
C9 R ET 
C6 QA SUB AD I OAH A+A +Q A H 
25 OCR H H= H- 1 
C2 4A 40 JN Z SUB If H> O. do again 
85 A DD L A =A +L 
47 MOV B, A B=A 
C9 R ET 
76 HLT 

TABLE Ill-ASSEMBLY LISTING FOR 2650 
Assembly listing fo r 2650 (Central Data}. Inputs three m os t sign ifi ca n t digit s and writes to 

d ata bu s on WRTD instruc ti o n. Conver t s to hex bef ore outputting data. 

1600 75 FF CPSL FF 

1602 05 11 BG N L OD I , 1 1 1 
1604 38 20 BSTR, 3 INPUT 
1606 CA 1B STRR, 2 O IG2 
1608 05 21 L OD I, 1 2 1 
160A 3 8 1A BSTR, 3 INPUT 
160C CA 16 STRR, 2 D IG3 
160E 05 3 1 L OD I, 1 3 1 
1610 3 8 14 BSTR, 3 INPUT 
16 12 CA 11 STRR, 2 DI G4 
16 14 08 OD L ODR, 0 DI G2 
1616 OB QC LODR, 3 D IG3 
16 18 88 24 BSFR, 0 SUB 
161 A OB 09 LOD A, 3 D IG4 
16 1C 18 02 BCTR, 0 WRT 
161E 84 64 ADDI, 0 64 
1620 FO WRT WRTD, 0 
162 1 18 SF BCTR , 3 BGN 
1623 00 D IG2 RES 0 1 
1624 00 D IG3 RES 01 
1625 00 D IG4 RES 0 1 
1626 05 00 INPUT WRTE, 1 00 
1628 38 03 BSTR, 3 D LY 
162A 56 00 REDE, 2 00 
162C 17 RETC, 3 
1620 77 10 DLY PPSL 10 
162F 05 FF L OD I , 1 FF 
163 1 A5 0 1 UP SUS I , 1 0 1 
1633 06 40 L OD I, 2 40 
1635 AG 01 UPI SUB I, 2 0 1 
1637 5A 7C BRNR, 2 UP1 
1639 59 76 BRNR, 1 UP 
1638 75 10 CPSL 10 
163 0 17 RETC, 3 
163E A7 0 1 SUB SUBJ, 3 01 
164 0 84 DA ADD l,0 QA 
1642 58 7A BRNR , 3 SUB 
1644 17 RETC, 3 
164 5 40 H A LT 
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Clear PSL and se tup reg ister 
b ank 0 

Setup for channe l 1, d ig it 2 

B R if D IG3eQ 

BR if DI G4" 0 

Wr i te it 
do again 
RES 01 reserve one byt e 

Setup port 00 
A / D sett li ng t ime delay 
read port 00 into R2 

se lec t register ba n k 01 
gives 200 m s delay wit h 1633 

d o again un til R2 =0 
d o until Rl =O 
se lec t reg ister bank 00 

R3 =-R 3- 1; conver ts BCD to hex 
RO=RO+OA 
d o u n t i l R3=0 

TABLE ll_._6800 OP CODE LISTING 

Op code list ing fo r 6800 . 
BCD format. 

01 BD N 
02 
03 
04 
05 
0 6 
07 
0 8 
09 
10 
11 
12 
13 
14 DIG1 
15 DIG2 
16 DIG3 
17 D IG4 
18 INPU T 
19 
20 
2 1 
22 DL Y 
23 UP 
24 UP1 
25 
26 
27 
28 

Input s fou r d igits fro m ch annel 1 and stores d ata i n m emory in 

L DAA 0 1H L oad digit 1 , channel 1 into A 
BSR INPUT 
STAA D IG 1 Store A in m em ory 
LDAA 11H 
BSR INPUT 
ST A A D IG 2 
LD AA 21H 
BSR INPUT 
ST A A DI G3 
LD AA 3 1H 
BSR INPUT 
ST AA DIG4 
JMP BGN Do aga in 
RE S 01 Res - reseives one byte of memory 
RE S 01 
RES 01 
RES 01 
ST AA insert output p ort .::: 
BSR DLY 200 - ms delay for A / D se ttling 
L DAA insert input port # 
RTS 
L DAA ent er val ues here and 23 to create 
LDAB a 200 - m s d elay 
SUBS 01 
SGT UP1 do until B=O 
SUSA 01 
BGT UP d o u n t il A =O 
RTS 

(Continued f rom page 45) 

mines the reference voltage used by 
/C1 . The other passive components de­
termine clock frequency , provide signal 
filteri ng , and interconnect /C1 _ 

Software. The digit and channel se­
lect codes are shown in Fig. 2A. The val­
ues shown are in hexadecimal code. To 
use the table, move down the rows unti l 
the proper digit is located . Then move 
over until the proper channel is located. 
The hex number at this point is the data 
to be written to the output port to set up 
the converter. The strobe that enables 
the output port (EN) must be active low 
when connected to the converter. If nec­
essary , an inverter can be wired into the 
circuit to perform the inversion. 

When reading data from the convert­
er. it is necessary to access only the cor­
rect input port. Examples of programs 
written for an 8080, 6800, and 2650 are 
shown in Tables I through Ill. The pro­
gram flow is essentially the same for any 
8-bit computer. The digit/channel infor­
mation is loaded into a register and then 
the program is stepped to a subroutine 
(INPUT) and outputs that register to the 
output port. A 200-ms delay (DlY) sub­
routine is used to allow the AI D convert­
er to settle . Then the data is read from 
the input port into a register . 

Upon returning from the INPUT sub­
routine, the BCD digit is stored in memo­
ry (DIGX) and is repeated for each digit 
required before branching back to the 
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TABLE IV-BASIC SAM GAME 

SAM (surface-to-air missile) GAME 
Central Data Basic (2650) 

0000 RESTORE 
0010 READ, R, W, M, P, Z 
0020 DATA 0 , -1, 0 , 11 , 0 REM sets up port 0, chan # 1, digi t #3 
0100 EXTOUT 0 , 33 
0105 X=SIN(1) REM delay for A/D settling 
0110 EXTIN 0, B REM reads port 0, chan#1, digit #3 into B 
0120 EXTOUT 0, 49 
0125 EXTIN 0, A 
0130 EXTOUT 0, 34 
0135 X=S IN(1 ) 
0140 EXTIN 0 , D 
0150 EXTOUT 0, 50 
0155 EXTIN 0, C 
0160 A =INT (A*10+B)*.8)+1 
0165 C= (C*10+D)*4 
0170 ERASE REM clears screen 
0175 IF R> 17 GOTO 1010 
0200 W=W+1 
0210 P=P-1 
0220 IF W> 10W=10 
0230 IF P< O P=O 
0240 PRINT@14, 15' MISSILES FIRED'#W 
0250 PRINT@15, 15' MISSILES LEFT' #P 
0300 PRINT@13, 9'1' 
0310 PRINT@14, 8'1' 
0320 PRINT@15, 5'11111' 
0330 PRINT@10, 50 '1 I I ' 
0340 PRINT@1 1, 50' 1111111 ' 
0400 Z=Z+4 
0410 Y=1+ 1NT(RND(7)) 
0500 PRINT@Y, Z'++++++' 
0510 PRINT@Y-1, Z' +' 
0520 PRINT@Y+1, Z' +' 
0530 IF Z> 50 GOTO 0900 
0600 RE AD 0, V, L 
0610 DATA 12, 9, 1 
0620 R.ESTORE 0610 
0630 IF W=O GOTO 0800 
0640 PRINT@Q, v·t 
0650 IF C+ 1> 19 L=3 
0660 IFC+1 > 31 L=6 
0670 IF V> C+ 1 V=V-1 
0680 IF V < C+l V=V+L 
0700 Q=Q- 1 
0710 IF O=A IF V=C+1 GOTO 0740 
0720 IF O< A GOTO 0740 
0730 GOTO 0640 
0740 PRINT@A, C+l'X' 
0800 PRINT@14, 40'TARGET : RANGE'#Y' BEA RING ' # Z 
0810 PRINT@1 5, 40'MISSILE : RANG E' #A' RE ARING '#C+1 
0820 IF C> Z IF C<Z+6 GOTO 0880 
0825 IF P=O M=l 
0830 IF M=1GOTO0170 
0835 IF R> O GOTO 0850 
0840 INPUT' FIRE'R 
0845 IF R=22 GOTO 0100 
0850 R=R- 1 
0860 IF R< O GOTO 0800 
0870 GOTO 0100 
0880 PRINT@A.C+1'X DESTROYED' 
0890 PRINT@15, 5 
0895 GOTO 1000 
0900 PRINT@11, 50'DESTROYED' 
0910 PRINT@1 5, 5 
1000 STOP 
1010 PRINT@A, C+l'X' 
1020 PRINT@15, 40'MISSILE : RANGE'#A ' BEARING ' #C+1 
1030 R=R- 1 
1040 I F R> 17 GOTO 0100 
1050 R=O 
1060 GOTO 0840 
1070 END 

This program prints a missi le launching site , a factory, an airplane (bomber), and a printout 
of . the airplane's and m issi le's range and bearing . When FIRE appears at the bottom of the 
screen, type a number (1 throug h 10) for the number of m issi les you wish to fire. T he 
mi ssiles wi ll fire in sequence. T ype 22 to clear the screen and display the missile range and 
bearing adjustments. You may then ad just the controls to alter these values. After 5 shots, 
the program will return to FIRE . If you input 1 (CALF), then carriage-return / line-feed, an 
ar row wi ll print the track of the missi le until it reaches its range, and an X will appear to 
simulate an explosion. The object is to hit the pla ne on its fuse lage, in which case, X 
DESTROYED will be pr inted. You have 10 m issi les. If you do not destroy the plane in 10 
shots, or if th e plane reaches space 50 o n the screen before you destroy it , the plane wi ll 
destroy the factory. Th e aircraft wi ll progress across the screen a t t he rate of 4 spaces for 
each missi le fired. However, the plane will move up and down by a random amount (line 
041 0 controls th is). 

Note that t he FIRE 22 routine does not subtract from the missiles remaining, but you 
cannot destroy the plane in this routine either. All entries must be followed by CALF. After 
each m iss ile is fired, and FIRE is displayed, you can adjust the range and bearing controls to 
alter the missiles course and range . 

beginning (~GN). The 8080 listing also 
includes a routine to convert the three 
most significant digits into hex code and 
place the result in storage (STR) . When 
programming, allow for the fact that this 
data has no decimal point. 

Some typical input adapters are 
shown in Fig . 2B through 2F; B, C, and E 
are conventional , while D illustrates a 
temperature converter. If you use this or 
a similar circuit, allow for any voltage off­
set in this type of converter. Also, keep 
in mind that only the two least significant 
digits are required for a temperature 
reading. This data should be viewed as 
relative and not absolute. Decisions 
should be based on exceeding a relative 
number, rather than a specific number of 
degrees. For example , if the tempera­
ture converter is adjusted for an output 
of 1 .050 volts at 25° C and the voltage 
decreases by 2.3 mV l°C , the program 
can be written to do something when the 
temperature is 20° C, or 1.039 volts . The 
1 .039 volts is related to the temperature 
but is not actually in degrees. 

Figure 2F illustrates a joystick (or two 
independent potentiometers) for use in 
game programs . 

A BASIC program to play the game 
SAM is shown in Table IV. Note that the 
data written to the output port (EXTOUT) 
is in decimal , rather than in hex. The 
REM statements should help explain the 
program. Table V illustrates a 4-channel 
DVM program, which is also written in 
BASIC. 

Construction. An actual-s ize etching 
and drilling guide and a component­
installation diagram for the A/ D convert­
er are shown in Fig. 3. During assembly, 
note the polarity of C4 and , if you wish , 
use sockets for the IC's. Note also that 
there are provisions on-board for option­
al inverters (IC's or discrete transistors) ; 
these can be Wire Wrapped . 

When installing the IC's, observe the 
usual precautions for handling MOS de­
vices. Since the 5-volt power supply is 
also used as the reference, make sure it 
is well regulated and stable. After as­
sembly, adjust R1 for as near to an ex­
act 2.000 volts at pin 16 as possible. 

If your system employs an active high 
strobe, use an inverter. Flat ribbon cable 
can be used to interconnect the convert­
er to the host computer. If desired, a 16­
pin socket can be mounted at one of the 
extra positions on the board, and , with 
Wire Wrap, it can be used to make the 
external connections instead of the edge 
connector shown. 

Testing. After assembling the board 
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TABLE V-4-CHANNEL DVM PROGRAM 

4-Channel DV M Program 
Central Data Basic (2650) , Version 1.2 

000 R ESTORE 
010 DATA 1, 17, 33, 49 , 1, 2, 18, 34, 50, 2, 4, 20, 36, 52, 3, 8, 24, 40, 56, 4 
020 READ A, B. C, D, E REM A=Ch ,;Digit 1 :B =Ch=Digit 2:C=Ch = 

Digit 3:D =Ch= Digit 4 :E=Ch = 
030 GOS UB 100 
040 IF E=4 GOTO 000 
050 GOT0010 
100 EX TOUT 0 , A REM sets up 1/0 port Ch&dig it 
110 S=SIN (l) REM delay for A/ D settling time 
120 EX T IN 0, Z REM reads port 0 into Z 
130 EXTOUT 0, B 
140 EX TI N 0, Y 
150 EXTOU T 0 , C 
160 EX TI N 0, X 
170 EXTOUTO , D 
180 EXT IN 0, W 
190 PR INT@E, 5'CHANNE L ;fi"E'=' =(W ·1ooo+x • 1oo+Y • 10+Z) ' Ml LLIVOLTS' 

R EM prints at tine E, character position 5, 
channel =E=lvoltage) MILLIVOLTS 

200 RE TUR N 
300 STOP 
310 END 

and adjusting R1 for the 2-volt refer­ delay between the output port strobe 
ence, load a driver program and check and the input port strobe. You may have 
the system for accuracy. If the data ap­ to vary the values loaded into the DL Y 
pears to be unstable, check the 200-ms rout ine unti l the correct delay is ob­

tained. This delay is required only when 
the channel information is first changed . 
If only one channel is used, the delay 
need be used only the first time the 
channel is selected. 

The 6800 program shown is not exact ; 
it is given here as an example of a driver 
routine for the 6800 CPU. The 8080 pro­
gram, tested in an 8080-based comput­
er. uses 1/ 0 port 1 OH and a delay (DL Y) 
routine for a 2-MHz system. The CMA 
and OUT-OFFH instruction invert the 
data and write it into the front panel. Lo­
cation 4034 reserves one byte of memo­
ry that can be used to store the hex data, 
if desired. The 2650 program was writ­
ten for and tested on a Central Data 
computer. The port used here was 
OOH, and the DL Y routine is for a 1.25­
MHz clock. 

The AI D converter offers the comput­
er user an inexpensive way for his com­
puter to "communicate" with the analog 
happenings that dominate our lives . It 
offers a multitude of ways of sensing 
and measuring analog data not possible 
in a simple keyboard-entry system. O 

May The SOURCE Be With You . • 
THE SOURCE of your semicon­
ductor information for the future 
has now been published by HEP in 
two new, expanded books. Not 
since long ago in a galaxy far away, 
has so much valuable enlighten­
ment been so easily available for 
your specific needs: 

MOTOROLA HEP DATA BOOK AND 
SELECTOR GUIDE 
Find your device fast in the Selector Guide­
from Small-Signal Transistors to RF Power, 
including all popular Digital Logic families. 
A Source that also brings you detailed 
specifications of all HEP parts ... with 
applications information on many devices. 

MOTOROLA HEP SEMICONDUCTOR 
CROSS-REFERENCE GUIDE 
More parts are cross-referenced than ever 
before! This Source includes well over 
100,000 devices, from the most popular 
to the most obscure. 

Both books coming soon to an 
authorized HEP distributor near 
you!!! Or to order by mail , send 
$2.00 for each title desired to: 

Motorola Mail Order Sales 
P.O. Box 27605 
Tempe, Arizona 85282. 

@ MOTOROLA Semiconductor Products Inc. 

CIRCLE NO . 36 ON FRE E INFORMATION CARO 
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