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Chapter 18 (From V3.0 User’s Manual) 

 

Adding Analog Interface Cards 

 
Up to now we've been working with digital devices using on-off binary codes: either +5Vdc or 0V, but 

nothing in between. In this chapter I'll explain how the C/MRI can monitor and control analog devices, 

those with a continuous range of input or output voltage. 

 

A dc permanent magnet motor is an example of an analog device; its speed range is continuous from stop 

to full speed. The motor speed is controlled with an analog signal, a continuously variable voltage. With 

the Digital-to-Analog-Converter output card, or DAC card, C/MRI software can generate analog voltages 

for such features as motor speed control and light dimming. 

 

I'll also cover Analog-to-Digital Converter input cards (ADC cards), to let the C/MRI receive analog 

voltage inputs. Using the ADC card, your computer can read such inputs as variable voltages and 

potentiometer settings. The DAC3 and the ADC3 cards are designed to work on a C/MRI parallel node 

with any card configuration and with C/MRI serial nodes configured for 24-bit I/O cards. 

 

 

DIGITAL-TO-ANALOG CONVERTER (DAC) CHIPS 
 

A DAC converts digital signals into analog voltage or current. The output of the DAC is a stairstep 

approximation of continuous voltage. An eight-bit DAC gives steps of 1/255 of the full analog output. 

For example, for an eight-bit DAC set for a range of 0 to +12Vdc, the smallest voltage step (the 

resolution), would be 12V divided by 255, or about 0.047V. 

 

A digital 0 command to the DAC would give an output of 0V, a digital 1 would give +.047Vdc, a 2 

would give +.094Vdc, and so on up to 255 for the full-scale +12Vdc. This would give you smooth speed 

control of a 12Vdc instrument motor; note however, that a DAC's resolution is a function of the number 

of bits that carry the digital information. There are 10-, 12-, and 16-bit converters, but I'll stick to 8-bit 

(one byte) converters which have ample resolution for most C/MRI applications. 

 

DAC ICs are flexible devices that, with different external circuit components, can give a variety of 

outputs.  To keep costs down I'll cover only two inexpensive chips: the DAC0808LCN, the lowest-priced 

DAC IC in the Jameco catalog; and the DAC0800LCN, a slightly higher-priced but more flexible chip. 

Both come in 16-pin DIPs, and I've designed the C/MRI DAC output card to work with either chip. 

 

Looking at the pinouts in Fig. 18-1, the 8-bit digital input to both DACs is via pins 5-12. The MSB (Most 

Significant Bit) is B1, pin 5, and the LSB (Least Significant Bit) is B8, pin 12. Both chips have 

multiplying (MDAC) capability, but for our use we'll keep the differential analog reference input on pins 

14 and 15 constant, so the analog output is simply proportional to the digital input. 

 

The 0800's output is a differential current between pins 4 and 2, while the 0808's output current is single-

ended on pin 4 with pin 2 as ground. Pin 1 of the 0800 sets the logic-switching levels of the digital input. 

For the C/MRI, pin 1 is grounded for logic levels compatible with standard TTL logic (+5Vdc and 0V). 
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Fig. 18-1. DAC pinouts 

 

Fig. 18-2 shows a typical application circuit for the more elegant of the two ICs. In each application 

circuit I've attached an off-loading OPerational AMPlifier (op amp) to the DAC outputs. The op amp 

buffers and amplifies the weak signal current coming from the DAC to help maintain conversion 

accuracy and to drive heavier loads than could the DAC alone. Varying the decimal value of the digital 

input from 0 to 255 will vary the analog output, VOUT, between -9.92 and +9.92Vdc as in Table 18-1. 

The full-scale value, here 9.92V, can be made adjustable by inserting the optional trim potentiometer in 

the input reference circuit. 

 

 
 

Fig. 18-2. DAC application circuit 
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Table 18-1. DAC Truth Table 

 
 

     

Fig. 18-3 is a simplification of Fig. 18-2, for positive analog output only. Either chip can be used but the 

0808 is usually less expensive.  

 

 

Fig. 18-3. Alternate DAC application circuit for positive-only output operation 

 

The equation defining the output voltage as a function of how the input bits stack up in a binary powers-

of-two fashion is defined as: 

 

 
 

Each B value is a 1 if the software has that bit position on and 0 if off. 

 

The full-scale voltage VFS is a function of the VREF and RREF values and the op amp feedback resistor 

RF. By using standard values of VREF = +10Vdc and RREF = 5KΩ, then selecting RF from a range of 1 

to 6KΩ, you can achieve full-scale outputs between 2 and 12V. The relationship of VOUT's full-scale 

value to RF is shown by the graph in Fig. 18-4; it is linear up to the point where the op amp saturates as 

VFS approaches the +15Vdc supply voltage. 
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Fig. 18-4. OP amp performance curve 

 

 

DAC OUTPUT CARD 
 

The DAC output card is designed to plug into the motherboard just like the general-purpose output cards. 

The DAC card uses three DAC ICs for three independent analog outputs. Your external hardware 

connects to the 10-pin right angle header at the top; its lines include ±15Vdc power for the DACs and 

their op amps, three analog outputs, and five ground connections. The DAC card uses the same DIP-

switch circuit for address decoding as the original-design output card (the COUT24 card discussed in 

Appendix F). Also, it uses the same 8255 chip for switching data bytes to the appropriate DAC IC. 

 

Three independent DAC circuits per card let you install different parts and jumpers in each to yield 

symmetrical operation about ground with the 0800 or positive-only output voltages with either the 0800 

or the 0808. Also, you can install fixed resistors for fixed full-scale settings or trim pots for adjustable 

full-scale values. 

 

For example, to illustrates the DAC card's flexibility one can configure the analog channel A circuit, 

corresponding to Port A of the 8255, to use the 0800 IC for symmetrical output about ground and an 

adjustable full-scale value. The channel B circuit could be set up to use the 0808 IC for positive-only 

output with a fixed full-scale value of +12Vdc. Channel C could be set up the same as B except that the 

full-scale value is adjustable. 

 

Fig.18-5 is the DAC card schematic. Its left side, including the 8255, is identical to that of the original-

design output card (COUT24), as discussed in Appendix F. 

 

The 8255's eight-bit ports A, B, and C connect directly to the digital inputs of the three DACs. One 

+10Vdc zener diode, Z1, is the +VREF source for all three DACs. 

 

The four resistors around each DAC/op amp combination vary in different configurations. For example, 

you'd use 5KΩ resistors as R12-R14 for symmetrical output with the 0800, but replace them with jumpers 

(0Ω) for positive-only output. Note that R12-R14 must always be jumpers when using the 0808. The op  

amp feedback resistors R15-R17 can be fixed resistors selected for one full-scale value, or they may be 

replaced by potentiometers for adjustable output. Likewise, reference input resistors R18-R20 can be 

fixed or adjustable resistors. 
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Fig. 18-5. DAC card schematic 

 

 

Feedback capacitors C14-C16 are in parallel with the op amp feedback resistors to reduce the amplifier's 

high-frequency gain, which improves circuit stability and reduces output noise. 

 

 

BUILDING THE DAC CARD 
 

Fig. 18-6 includes the parts layout and Table 18-2 the parts list for the DAC card. Ready-to-assemble 

circuit cards are available from JLC Enterprises and fully assembled-and-tested cards as well as complete 

kits are available from EASEE Interfaces (www.Easeeinterface.com) and SLIQ Electronics 

(www.Sliqelectronics.com). 
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Fig. 

18-6. DAC card parts layout 

 
 

In the parts list, the parts that vary depending on how you want to configure each DAC circuit are marked 

with asterisks; select those for your applications as described above. The specified right-angle adjustment 

potentiometers are more expensive than fixed resistors, but they provide easy adjustment. The right angle 

adjustment feature is critical so that the potentiometers can be adjusted while the cards are plugged into 

the motherboard. 

 

For R9-R20 I've called out the nearest standard ¼W, 5-percent resistor values, for example 5100Ω in 

place of 5000Ω for RREF as in Fig. 18-2. That's fine for most applications, but for greater accuracy and 

less shifting of output voltage with temperature variation (for example, during warm-up), substitute metal 

film resistors with a 1-percent tolerance. These are listed in the Digi-Key catalog, and their price is about 

double that of 5-percent resistors. They come in finer increments, so you can get for example a 4.99KΩ 

resistor for RREF. To assemble the DAC card, refer to Fig. 18-6 and Table 18-2 and follow these steps: 

 �  J1-J35. Jumpers J12-J15 will lie partially underneath S10. 

 �  R1-R20. Where parts are marked by asterisks be sure to install the right component for the type of 

DAC output you want, either fixed resistors, jumpers (R12-R14 positions), or potentiometers (R15-R20 

positions). There are five holes at each set of R15-R20 locations; use them as shown in Fig. 18-7. 



18-7 

 

Table 18-2. DAC card parts list (needs part number and source       updating) 

 
Qnty. Symbol Description 

35 J1-J35 Jumpers, make from excess resistor leads 
1 R1 1.0KΩ resistor [brown-black-red] 

6 R2-R7 2.2KΩ resistors [red-red-red] 

1 R8 150Ω ½W resistor [brown-black-brown] 

3* R9-R11 5.1KΩ resistors [green-brown-red] or substitute 4.7KΩ resistors [yellow-

violet-red] if using 50KΩ trim pot for R18-R20 

3* R12-R14 Use jumpers (R=0Ω) for use with DAC0808LCN and also with 

DAC0800LCN for single-ended output.  Use 5.1KΩ resistors [green-

brown-red] with DAC 0800LCN for ± symmetrical output 
3* R15-R17 Use 5.1KΩ resistors [green-brown-red] with DAC0800LCN if ± 

symmetrical output is desired, otherwise select fixed resistor values per 
graph or equation for desired full-scale output or install 10KΩ right-angle 

trim potentiometers (Digi-Key 3296X-103) for adjustable full-scale 
output voltage. 

3* R18-R20 Use 5.1KΩ resistors [green-brown-red] or with DAC0800LCN install 

50KΩ right-angle trim potentiometer (Digi-Key 3296X-503) for adjustable 

full-scale output voltage. 
1 Z1 10V, 500mW zener diode (Digi-Key 1N5240BDICT) 
3 S1-S3 14-pin DIP sockets (Jameco 112213) 
3 S4-S6 16-pin DIP sockets (Jameco 112221) 
3 S7-S9 8-pin DIP sockets (Jameco 112205) 
1 S10 40-pin DIP socket (Jameco 112310) 
2 S11, S12 12-pin Waldom side entry connectors (Mouser 538-09-52-3121) 
1 S13 10-pin Waldom right angle header (cut from Mouser 538-26-48-1242) 
1 SW1 6-segment DIP switch (Digi-Key CT2066) 
2 C1, C2 2.2µF, 35V tantalum capacitors (Jameco 33734) 

2 C3, C4 .1µF, 50V ceramic disk capacitors (JDR .1UF) 

3 C5-C7 .01µF, 50V ceramic disk capacitors (JDR .01UF) 

6 C8-C13 .1µF, 50V ceramic disk capacitors (JDR .1UF) 

3 C14-C16 .001µF, 50V ceramic disk capacitors (JDR .001UF) 

1 C17 10µF, 25V tantalum capacitor (Jameco 94078) 

2 U1,U2 74LS136 quad EXCLUSIVE-OR gates with open collector (Jameco 
46586)  

1 U3 74LS00 quad 2-input NAND gate (Jameco 46252) 
3 U4, U6 DAC0808LCN 8-bit D/A converters (Jameco 14947) or for special high-

accuracy applications (see text) use DAC0800LCN (Jameco 14904) 
3 U7-U9 LM741CN operational amplifiers (Jameco 24539) 
1 U10 8255 or 8255A-5 programmable peripheral interface (Jameco 52742 or 

52732) or (JDR 8255-5) 
 

           Author’s recommendations for suppliers given in parentheses above with part numbers 
           where applicable.   Equivalent parts may be substituted.  Resistors are ¼W, 5 percent  
           and color codes are given in brackets. 

 �  Z1[+]. 

 �  S1-S10[+]. Be sure S10 is tight against the card, not held away by J12-J15. 

 �  S11-S13. 

 �  SW1[+]. Install this component so that the DIP switch contacts are closed when thrown toward S13. 
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Fig. 18-7. Mounting resistors on the DAC card 

 

 �  C1, C2[+].  �  C3-C16.  �  C17[+]. 

 �  U1-U10[+]. 

 �  Cleanup and inspection. 

 �  IC power test. Set SW1 to the desired card slot address. Plug the DAC card into the motherboard, and 

connect pins 7-10 of S13 to a ±15Vdc supply. If you don't have such a supply handy, I show how to build 

one in Chapter 18. Turn on both the ±15Vdc and the +5Vdc motherboard supplies, then use your VOM 

and Table 18-3 to see that power and ground reach each IC. If not, look for a missing or shorted jumper, 

an IC reversed, or bad soldering. Keep checking until you pass all power tests. 

 

Table 18-3. DAC card IC power tests 

 

√ 
 

IC 
+ METER 
LEAD ON 
PIN No. 

– METER 
LEAD ON 
PIN No. 

VOLTAGE 
READING 

 U1 14 7 +5Vdc 
 U2 14 7 +5Vdc 
 U3 14 7 +5Vdc 
 U4 13 1 +15Vdc 
 U4 1 3 +15Vdc 
 U5 13 1 +15Vdc 
 U5 1 3 +15Vdc 
 U6 13 1 +15Vdc 
 U6 1 3 +15Vdc 
 U7 7 * +15Vdc 
 U8 7 * +15Vdc 
 U9 7 * +15Vdc 
 U7 * 4 +15Vdc 
 U8 * 4 +15Vdc 
 U9 * 4 +15Vdc 
 U10 26 7 +5Vdc 

    Note: * = U4 pin number 1 
 
 �  Reference voltage test. Touch your VOM's positive lead to the banded end of Z1 and the negative lead 

to U4 pin 1. You should read between +9.5 and +10.5Vdc. If not, then Z1 is backwards or defective, your 

soldering is faulty, or one or more of ICs U4-U6 is defective. Locate and correct the problem before 

proceeding. 
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 �  Channel A output voltage test. Attach the negative lead of your VOM to Channel A S13 pin 1 

(ground), and the positive lead to pin 2 (VOUTA). Plug the card into an IOMB or IOMBX and set SW1 

to all segments off. Then use QuickBASIC to open the VOUT Test Program listed in Fig. 18-8 and on 

disk as file FIG18-8. Change COMPORT to the appropriate value 1 through 4 for your PC setup and run 

the program. Executing the software should initialize the VOM to 0Vdc, assuming that’s the way you set 

up the DAC, then each program loop should increment the output voltage by one step, reaching full scale 

when N = 255. The voltage of each step should equal N x (full-scale value)/255. 

 

 
DEFINT A-Z 

DECLARE SUB INIT () 

DECLARE SUB INPUTS () 

DECLARE SUB OUTPUTS () 

DECLARE SUB RXBYTE () 

DECLARE SUB TXPACK () 

REM**VOUT TEST PROGRAM FOR DAC3 CARD  

REM**GLOBALIZE SERIAL PROTOCOL HANDLING VARIABLES 

   DIM SHARED OB(60), IB(60), CT(15), TB(80) 

   COMMON SHARED UA, COMPORT, BAUD100, NDP$, DL, NS, NI, NO, MAXTRIES 

   COMMON SHARED INBYTE, ABORTIN, INTRIES, INITERR, LM, MT 

       

REM**PRINTOUT TITLE AND VOUT TEST SETUP REQUIREMENTS 

STARTEST: 

 

   CLS    'Clear screen 

   PRINT "****VOUT TEST PROGRAM FOR DAC3 CARD PROGRAM****" 

   PRINT " " 

   PRINT "DAC3 CARD MUST BE IN ADDRESS SLOT 0" 

   PRINT "NOTE: DAC3 CARD IS TREATED AS AN OUTPUT CARD... " 

   PRINT "      ...WHEN DETERMINING CT( ) VALUES" 

   PRINT "USIC OR SUSIC NODE ADDRESS MUST BE 0" 

   PRINT "USIC BAUD RATE DIP SWITCH MUST BE SET AT 9600 BAUD" 

   PRINT "USER MUST SET PC COM PORT INTERNAL TO PROGRAM" 

   PRINT " " 

    

REM**INITIALIZE USIC/SUSIC** 

   UA = 0           'USIC NODE ADDRESS 

   COMPORT = 3      'PC COM PORT = 1, 2, 3 or 4 

   BAUD100 = 96     'BAUD RATE OF 9600 DIVIDED BY 100 

   DL = 0           'USIC TRANSMISSION DELAY 

   NDP$ = "N"       'NODE DEFINITION PARAMETER 

   NS = 1           'NUMBER OF CARD SETS OF 4 

   CT(1) = 2        'CARD SET IS OXXX 

   NI = 0           'NUMBER OF INPUT PORTS 

   NO = 3           'NUMBER OF OUTPUT PORTS 

   MAXTRIES = 30000 'MAXIMUM READ TRIES BEFORE ABORT INPUTS 

   CALL INIT        'INVOKE INITIALIZATION SUBROUTINE 

    

   PRINT "NODE INITIALIZATION IS COMPLETE - CHECK LED BLINK RATE" 

   PRINT "   AND PRESS ANY KEY TO CONTINUE (1 sec on and 1 sec off)" 

   SLEEP 

 

BRTL: '*******BEGIN REAL TIME LOOP******* 

REM**LOOP THROUGH FULL RANGE OF DIGITAL VALUES ON ALL 3 DAC CHANNELS 

   FOR N = 0 TO 255 

 

 

Fig. 18-8. VOUT test program for DAC3 card using serial interface (continues on next page) 
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REM**WRITE SAME VALUE OF OUTPUT BYTE TO ALL 3 DAC CHANNELS 

   OB(1) = N: OB(2) = N: OB(3) = N 

   CALL OUTPUTS 

 

REM**DISPLAY OUTPUT BYTE ON MONITOR SCREEN 

   PRINT "OUTPUT BYTE SENT TO ALL 3 DAC CHANNELS IS = "; N 

    

REM**WAIT TO CHECK METER READING VERSUS MONITOR DISPLAY 

   INPUT “CHECK METER VERSUS DISPLAY, PRESS ENTER TO CONTINUE”, CR 

 

REM**INCREMENT TO OUTPUT NEXT VOLTAGE STEP 

   NEXT N 

 

REM**FULL RANGE TESTED SO BRANCH BACK TO REPEAT TEST 

   GOTO BRTL 

 

Fig. 18-8. VOUT test program for DAC3 card using serial interface (continuation) 

 

 

If your card has potentiometers, you can stop the program at N = 255 and adjust the potentiometers to set 

the full-scale value. If you see no voltage when the program runs, you either have an error in the 

software, an address error in your SUSIC/USIC or DAC card DIP switches, incorrect meter connections 

or a fault in the DAC card itself. 

 �  Channel B and C tests. Use the same procedure to test the other two DAC channels, moving the VOM 

leads to appropriate S13 pins. No program changes are required because within each loop the software is 

simultaneously writing the same output byte to all 3 ports. This completes the DAC card. 

 

 

ANALOG-TO-DIGITAL CONVERTER (ADC) CHIPS 
 

An ADC converts analog voltage into digital data, like a DAC in reverse. Again the precision of 

conversion is a function of the number of data bits. ADCs are necessarily more expensive than DACs, 

and for the C/MRI I'll stick to one eight-bit chip, the ADC0804LCN. It comes in a 20-pin DIP, and is 

very flexible even though it's the lowest priced ADC in Jameco's catalog. 

 

Fig. 18-9 summarizes the features of the 0804. Let's look at the pinouts first in Fig. 18-9a. Pins 6 and 7 

can receive differential analog input, or, if the pin 7 VIN(-) input is grounded, pin 6 can receive single-

ended input. Differential input reduces common-mode noise, as in RS485/(RS422) I/O. Pin 7 can also be 

used to subtract a fixed voltage value from the input reading automatically. For maximum accuracy and 

noise immunity the AGND (Analog GrouND) on pin 8 is separate from the DGND (Digital GrouND) on 

pin 10. 

 

The 0804 ADC generates an eight-bit digital output on pins 11-18 in proportion to the analog input 

voltage measured across pins 6 and 7. The MSB is DB7, pin 11, and the LSB is DB0, pin 18. The eight 

output lines are all logic zero when the differential voltage across pins 6 and 7 is zero (off), and all ones 

(full scale) when the voltage across pins 6 and 7 equals reference voltage VREF. 

 

Unless the 0804 receives an input on pin 9, VREF equals supply voltage VCC from pin 20. With +5Vdc 

on pin 20, the digital output on pins 17-18 will be all ones when the differential analog input across pins 

6 and 7 reaches +5Vdc. 
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Fig. 18-9. Basic ADC features 
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For greater flexibility, pin 9's VREF/2 input can adjust the span or range of the analog input voltage. For 

example, suppose you want to handle a dynamic input range of +0.5 to +4Vdc, a span of 3.5V. Apply 

+0.5Vdc to the VIN( ) pin to absorb the +0.5Vdc zero offset, and make the VREF/2 input equal to 3.5/2, 

or +1.75Vdc. Now the ADC encodes the input on pin 6 so that +0.5Vdc gives a digital output byte of all 

zeros, and +4Vdc gives a full-scale output byte of all ones. That way you get full, eight-bit resolution 

even with a reduced input range. 

 

Fig. 18-9b shows an application circuit for the example above. Resistor R25 and pot R34 are selected and 

set so that VIN(-), pin 7, is held at the zero-offset value of +0.5Vdc. Likewise R28 and R31 hold 

VREF/2, pin 9, at +1.75Vdc. Capacitors C17, C20, and C23 suppress electrical noise into the 0804; such 

noise could reduce the conversion accuracy. The 10µF tantalum capacitor C14 minimizes transients on 

the supply/reference line. 

 

The conversion process is triggered by simultaneous lows on the Chip Select (CS*) and WRite (WR*) 

control lines; the 0804 is designed to follow changes on a computer bus and has its own CS*, RD*, and 

WR* inputs just like the 8255 used on the DAC card. The ADC makes its conversion in a sequential 

manner using successive approximation logic, a test to see which bits must be turned on to match the 

input voltage best. 

 

The 0804 tests the highest-order bit first, and after eight comparisons (64 clock cycles) the eight-bit code 

is set on the output pins. C11 and R16 together determine the chip's internal clock frequency, in this case 

606kHz. Total conversion time, from request until the digital byte can be read, is under 100µs. 

 

When the output byte is ready, the 0804 sets pin 5 low. A low pin 5 is an interrupt or INTR* signal to tell 

the outside world that the ADC data can be read. To read the data, lines RD* and CS* are both brought 

low, enabling the chip's tri-state output buffer. 

 

Fig. 18-9c shows the configuration to read an analog input range of ±5Vdc. Its operation is easy to 

understand if you start with the endpoints of the range. When VIN is -5Vdc, and with R22 equal to R37, 

pin 6 is midway between +5 and -5Vdc, 0V, giving a digital output of all zeros. At the other end of the 

range, with VIN equal to +5Vdc, pin 6 is +5Vdc (the full-scale VREF value) so the digital output is all 

ones. Any input between the end points yields a proportional in-between digital output. 

 

Change R22 to 5KΩ, and add an R19 of 10KΩ between pin 6 and AGND pin 8, and the effective input 

range changes to ±10Vdc. Keeping R19 at 10KΩ, changing R37 to 14KΩ, and deleting R22 shifts the 

input range to 0-12Vdc. 

 

 

ADC INPUT CARD 
 

The ADC input card is designed to plug into the motherboard just like a general-purpose input card. The 

ADC card uses three 0804 ICs for three independent analog inputs. Your external hardware connects to a 

14-pin right angle header at the top, and the address decoding/DIP switch circuit is the same as used with 

the original-design CIN24 card covered in Appendix F. 

 

Each of the three ADC circuits is designed so you can use different parts and jumpers to tailor it for 

reading inputs with different zero offsets and dynamic ranges. You can install fixed resistors for preset 

ranges or potentiometers for adjustment. 
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The example illustrates the ADC card's flexibility. I've configured the Analog A circuit with fixed 

resistors to handle an input range of 0 to +5Vdc. The Analog B circuit is set up for a range of 0 to some 

positive full-scale voltage set by a potentiometer. The Analog C circuit is adapted for a range of +0.5 to 

+4Vdc. 

 

Fig. 18-10 is the ADC card schematic. The bottom left side is identical to the DAC card. The U5 1-of-10 

decoder/driver decodes the A0 and A1 inputs, along with the card-selected signal from U3’s pin 8, to pull 

the proper CS* line low to activate the ADC being addressed. 

 

 
 

 

Fig. 18-10. ADC card schematic. 
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The U5 outputs have open collectors, so when W* goes low along with pin 8 of U3, U4’s pin 1 output 

goes low. Through diodes D1-D3, that pulls all ADC CS* inputs low to trigger data conversions 

simultaneously. When the R* line goes low to read the digital data, only the addressed CS* line goes 

low, enabling only one ADC output buffer at a time. 

 

In a serial, SUSIC/USIC-based interface, the ADC card is defined as an input card in the CT( ) array. 

You can't write to an input card through an SUSIC/USIC, so I've included an alternate conversion-start 

circuit on the ADC card, using leftover gates from U2 and U3. 

 

The conversion start circuit attached to pin 13 of S11 operates to generate a short, negative-going, 

narrow-pulse out of U2 pin 8, the 74LS136 exclusive-OR IC, every time the start conversion input on pin 

13 of S11 changes state. For explanation I've labeled the input to U3, pin 2 as X and its inverted output 

on U3, pin 3 as X*. The 74LS136 output goes low only when its two inputs are identical (00 or 11). 

Since X* and X can't be identical, by definition, it might seem that the 74LS136 would always be a logic 

high. 

 

R15 and C8 cause a small delay in the path to X* every time X changes state, so the X* signal arrives at 

the 74LS136 a bit later than the X. That gives a 1µs, logic-0, trigger pulse out of U2, pin 8, which in turn 

triggers the three ADCs via U3 and U4 to start converting their analog inputs to digital outputs. 

 

Each transition of the conversion-start line (high-to-low or low-to-high) triggers the ADCs to start their 

conversions. You can drive any number of ADC cards with a single line from an output card that changes 

state each time through the real-time loop. 

 

Each time your program writes to the output cards it toggles the conversion-start line and triggers the 

ADC conversions. Since the 100µs the ADCs take to make conversions is quick compared to most real-

time loop processing, by the time your program reads back the input cards, the ADCs are updated to 

reflect last-iteration data. 

 

For the greatest accuracy, use a separately regulated supply for ADC reference voltage and separate 

grounds AGND and DGND. Connect a +8 to 12Vdc supply through pin 14 of S11 to +5V regulator V1. 

This serves as a stable local reference-voltage supply for the ADCs. 

 

If accuracy isn't that important in your application, V1, C9, and C10 can be omitted, and jumper J1 used 

to connect the ADC reference line to the +5Vdc motherboard power. If you use V1, do not install J1. 

Noise-filter capacitors C17 through C25 are all tied to AGND. For applications where separate grounds 

aren't necessary, use jumper J2 to tie AGND into the common card digital ground on the motherboard. 

 

If you want VREF = VCC = +5Vdc, do not install resistors R28-R33. If you want lower VREF values for 

reduced input range, use 10KΩ fixed resistors for R28-R30 and select R31-R32 for the desired pin 9, 

VREF/2 voltage. If you want a zero-offset voltage, install R25-R27 as 10KΩ fixed resistors and select 

R34-R36 for the desired pin 7 offset voltage. 

 

When you want neither differential input nor an offset zero, replace resistors R34-R36 with jumpers for 

0Ω resistance. Also delete C20-C22, R25-R27 and R40-R42 if jumpers are substituted for R34-R36. If the 

range of VIN is to include negative values, install R22-R24. Similarly, if the range of VIN is to go above 

+5Vdc, install R19-R21. 

 

Resistors R37-R42 should never be less than 470Ω, to help protect the ADC if you accidentally connect 

the VIN pins of S11 to high voltages. If you want the effective input range to include voltages above 
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+5Vdc, use 10KΩ resistors for R19-R21, and select R37-R39 to provide a level of attenuation such that 

full-scale input corresponds to +5Vdc at pin 6. 

 

To minimize the chance of a noise spike input causing an output error, it’s good practice to make 

capacitors C17-C19 (as well as C20-C22 when they are used) as large as the board area and update rate 

permit. Larger values give more filtering, but values can be too large, causing sampling errors in which 

the ADC inputs lag behind input at S11 by a period longer than the time between conversion updates. For 

maximum accuracy, keep the capacitor values on the high side, but not greater than the time between 

conversions (in seconds) divided by the product of five times the value (in ohms) of R37-R42. 

 

For example, in Fig. 18-9 I've assumed a real-time-loop update period of 0.06s so the largest value 

recommended for C17 with R37 at 470Ω is 0.06/(5 x 470), or 26µF.  I picked the nearest standard value 

of 22µF. In Fig. 18-9c R37 is 10KΩ, so for the same update period C17 is decreased to 1µF. Table 18-4 

lists recommended standard capacitors to fit the card. 

 

Table 18-4. Capacitor size selection for C17-C22 (needs part number and source updating) 

 
Capacitor Source Lead Spacing 

1µF, 35V tantalum Jameco 33662 .098” 

2.2µF, 35V tantalum Jameco 33734 .098” 

4.7µF, 100V electrolytic Digi-Key P6292 .079” 

10µF, 100V electrolytic Digi-Key P6293 .098” 

22µF, 63V electrolytic Digi-Key P6280 .098” 

47µF, 50V electrolytic Digi-Key P6267 .098” 

100µF, 25V electrolytic Digi-Key P6239 .098” 

220µF, 10V electrolytic Digi-Key P6215 .098” 

 

 

BUILDING THE ADC CARD 
 

Fig. 18-11 is the parts layout and Table 18-5 the parts list for the ADC card. Ready-to-assemble circuit 

cards are available from JLC Enterprises and fully assembled-and-tested cards as well as complete kits 

are available from EASEE Interfaces and SLIQ ELECTRONICS.  

 

As with the DAC, asterisks in the parts list mark parts to be substituted for the particular ADC circuit 

configurations you want. For R16-R42 you may want to substitute one percent, precision resistors. To 

assemble the ADC card, refer to Fig. 18-11 and Table 18-5 and follow these steps: 

 ����  J1, J2. Omit J1 to use component V1, and omit J2 to separate AGND from DGND. 

 ����  R1-R42. For parts marked by asterisks, be sure to install components for the configuration(s) you want. 

Options are no part (open circuit), fixed resistor, trim pot, or jumper (0Ω). Where you use a 

potentiometer, its adjustment screw should face S11. 

 ����  D1-D3[+]. 

 ����  S1-S8[+]. 

 ����  S9-S11. 

 �  SW1[+]. Install this part so that the DIP switch contacts are closed when thrown toward S11. 
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Fig. 18-11. ADC card parts layout. 

 

 �  C1, C2[+].  �  C3-C6.  �  C7[+]. 

 �  C8, C11-C13.  �  C14-C16[+]. 

 �  C17-C19[+]. Check Table 18-5 for values 

 �  C20-C22[+]. Omit these if you are substituting jumpers for resistors R34-R36. 

 �  C23-C25.  �  U1-U8[+]. 

 

Skip to cleanup and inspection unless you're using alternate supply V1. 

 �  V1[+].  �  C9[+].  �  C10. 
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Table 18-5. ADC card parts list (needs part number and source updating) 

 
Qnty. Symbol Description 

2 J1-J2 Jumpers, make from excess resistor leads. Omit J1 if using alternate 
power supply with V1. Omit J2 to separate analog and digital grounds. 

1 R1 1.0KΩ resistor [brown-black-red] 

12 R2-R13 2.2KΩ resistors [red-red-red] 

2 R14, R15 47Ω resistors [yellow-violet-black] 

3 R16-R18 10KΩ resistors [brown-black-orange] 

3* R19-R21 Open circuit for VIN+ full scale less than +5Vdc or install 10KΩ resistors 

[brown-black-orange] if VIN+ full scale to be greater than +5 Vdc 
3* R22-R24 Open circuit for VIN+ only positive values or select as fixed per text to 

handle negative VIN+ voltage values 
3* R25-R27 Open circuit for single-ended inputs with VIN- grounded or install 10KΩ 

resistors [brown-black-orange] to set zero-offset via R34-R36 
3* R28-R30 Open circuit for VREF = VCC or install 10KΩ resistors [brown-black-

orange] to set VREF/2 via R31-R33 
3* R31-R33 Open circuit for VREF = VCC or install fixed resistor or 10KΩ right-angle 

trim potentiometer (Digi-Key 3296X-103) to set VREF/2 
3* R34-R36 Jumper for single-ended inputs with VN- grounded or select as either fixed 

resistor or 10KΩ potentiometer (Digi-Key 3296X-103) for setting non-zero 

offset (along with R25-R27) 
3* R37-R39 470Ω resistors [yellow-violet-brown] for VIN+ full scale less than +5Vdc or 

install greater fixed resistor to attenuate (along with R19-R21) VIN+ values 
greater than +5Vdc 

3* R40-R42 Open circuit for single-ended inputs with VIN- grounded, otherwise install 
470Ω resistor [yellow-violet-brown] 

3 D1-D3 1N4148 switching diodes (Digi-Key 1N4148CT) 
4 S1-S4 14-pin DIP sockets (Jameco 112213) 
1 S5 16-pin DIP socket (Jameco 112221) 
3 S6-S8 20-pin DIP sockets (Jameco 112248) 
2 S9, S10 12-pin Waldom side entry connectors (Mouser 538-09-52-3121) 
1 S11 14-pin Waldom right angle header (cut from Mouser 538-26-48-1242) 
1 SW1 6-segment DIP switch (Digi-Key CT2066) 
2 C1, C2 2.2µF, 35V tantalum capacitors (Jameco 33734) 

4 C3, C6 .1µF, 50V ceramic disk capacitors (JDR .1UF) 

1 C7 1µF, 35V tantalum capacitor (Jameco 33662) 

1 C8 .022µF, 50V ceramic disk capacitors (Digi-Key P4164) 

3 C11-C13 150pF, 50V ceramic disk capacitors (Digi-Key P4431) 
3 C14-C16 10µF, 25V tantalum capacitor (Digi-Key P2049) 

3* C17-C19 Select using equation in text and pick nearest standard part in table 
between 1µF and 220µF 

3* C20-C22 Open circuit when R34-R36 is jumper or install 1µF, 35V tantalum 

capacitor (Digi-Key P2059) with non-zero zero-offset or for differential 
input of VIN- select using equation in text and pick nearest standard part in 
table between 1µF and 220µF 

3 C23-C25 .1µF, 50V ceramic disk capacitors (JDR .1UF) 

2 U1, U2 74LS136 quad EXCLUSIVE-OR gates with open collector (Jameco 46586)  
1 U3 74LS00 quad 2-input NAND gate (Jameco 46252) 
1 U4 74LS02 quad 2-input NOR gate (Jameco 46287) 
1 U5 74LS145 BCD to decimal decoder with o.c. outputs (Jameco 46666) 
3 U6-U8 ADC0804LCN 8-bit A/D converters (Jameco 10153)  

 
Optional parts used for separate ADC power supply 
1 V1 78L05 5V, 100mA positive regulator (Jameco 51182) 
1 C9 .33µF, 35V tantalum capacitor (Digi-Key P2056) 

1 C10 .1µF, 50V ceramic disk capacitor (JDR .1UF) 

 
Author’s recommendations for suppliers given in parentheses above with part numbers  
where applicable.   Equivalent parts may be substituted.  Resistors are ¼W, 5 percent  
and color codes are given in brackets. 
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�  Cleanup and inspection. This is an important step per Chapter 1, so don’t cut it short. 

 �  IC power test. Plug the ADC card into your motherboard. If using V1, connect a separate +8 to +12Vdc 

input to pin 14 of S11, and the corresponding ground to pin 8. Turn on the IOMB or IOMBX supply, and 

the V1 supply if it is used; use your VOM and Table 18-6 to see that power reaches each IC. Correct any 

problems before proceeding. 

 

Table 18-6. ADC card IC power tests 

 

√√√√ 
 

IC 
+ METER 
LEAD ON 
PIN No. 

– METER 
LEAD ON 
PIN No. 

VOLTAGE 
READING 

 U1 14 7 +5Vdc 

 U2 14 7 +5Vdc 

 U3 14 7 +5Vdc 

 U4 14 7 +5Vdc 

 U5 16 8 +5Vdc 

 U6 20 10 +5Vdc 

 U7 20 10 +5Vdc 

 U8 20 10 +5Vdc 

 

 �  Channel A input voltage test. Plug ADC3 card into an IOMB or IOMBX and set SW1 to all segments 

off. Then use QuickBASIC to open the VIN Test Program listed in Fig. 18-12 and on disk as file FIG18-

12. Change COMPORT to the appropriate value 1 through 4 for your PC setup. 

 

 
DEFINT A-Z 

DECLARE SUB INIT () 

DECLARE SUB INPUTS () 

DECLARE SUB OUTPUTS () 

DECLARE SUB RXBYTE () 

DECLARE SUB TXPACK () 

REM**ADC3 CARD INPUTS DISPLAY PROGRAM 

  

REM**GLOBALIZE SERIAL PROTOCOL HANDLING VARIABLES 

   DIM SHARED OB(60), IB(60), CT(15), TB(80) 

   COMMON SHARED UA, COMPORT, BAUD100, NDP$, DL, NS, NI, NO, MAXTRIES 

   COMMON SHARED INBYTE, ABORTIN, INTRIES, INITERR, PA, LM, MT 

       

REM**PRINTOUT TITLE AND TEST SETUP REQUIREMENTS 

STARTEST: 

 

   CLS    'Clear screen 

   PRINT "****ADC3 CARD INPUTS DISPLAY PROGRAM****" 

   PRINT " " 

   PRINT "ADC3 MUST BE IN ADDRESS SLOT 0" 

   PRINT "NOTE: ADC CARD IS TREATED AS AN INPUT CARD... " 

   PRINT "      ...WHEN DETERMINING CT( ) VALUES" 

   PRINT "DOUT 24-BIT OUTPUT CARD MUST BE IN ADDRESS SLOT 1" 

   PRINT "USIC OR SUSIC NODE ADDRESS MUST BE 0" 

   PRINT "USIC BAUD RATE DIP SWITCH MUST BE SET AT 9600 BAUD" 

   PRINT "MUST HAVE WIRE CONNECTED BETWEEN OUTPUT CARD PIN 1..." 

   PRINT "...TO ADC3 CARD PIN 13. THIS CONNECTION IS USED TO..." 

   PRINT "...SEND A SIGNAL TO ADC CARD TO TRIGGER THE ADC..." 

    

Fig. 18-12. VIN test program for ADC3 card using serial interface (continues on next page) 
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   PRINT "...CARD TO START A CONVERSION OF THE ANALOG INPUTS..." 

   PRINT "...TO DIGITAL BYTES." 

   PRINT " " 

   PRINT "CAN PRESS ANY KEY TO TERMINATE AND RESTART TEST" 

 

REM**INITIALIZE USIC/SUSIC** 

   UA = 0           'USIC NODE ADDRESS 

   COMPORT = 3      'PC COM PORT = 1, 2, 3 or 4 

   BAUD100 = 96     'BAUD RATE OF 9600 DIVIDED BY 100 

   DL = 0           'USIC TRANSMISSION DELAY 

   NDP$ = "N"       'NODE DEFINITION PARAMETER 

   NS = 1           'NUMBER OF CARD SETS OF 4 

   CT(1) = 9        'CARD SET IS IOXX 

   NI = 3           'NUMBER OF INPUT PORTS 

   NO = 3           'NUMBER OF OUTPUT PORTS 

   MAXTRIES = 30000 'MAXIMUM READ TRIES BEFORE ABORT INPUTS 

   CALL INIT        'INVOKE INITIALIZATION SUBROUTINE    

   PRINT "NODE INITIALIZATION IS COMPLETE - CHECK LED BLINK RATE" 

   PRINT "   AND PRESS ANY KEY TO CONTINUE (1 sec on and 1 sec off)" 

   SLEEP 

 

REM**INITIALIZE ALL OUTPUT BYTES TO ZERO 

   OB(1) = 0: OB(2) = 0: OB(3) = 0 

 

      

BRTL: '*******BEGIN REAL TIME LOOP******* 

REM**TOGGLE OUTPUT LINE USED TO START ADC CONVERSIONS 

   IF OB(1) = 0 THEN OB(1) = 1 ELSE OB(1) = 0 

   CALL OUTPUTS 

 

REM**DELAY TO ALLOW TIME FOR CONVERSIONS 

   FOR IJK = 1 TO 1000: NEXT IJK 

 

REM**READ CONVERTED TEST VOLTAGES FROM ADC CARD 

   CALL INPUTS  'Input bytes are stored as IB(1), IB(2) and IB(3) 

 

REM**CLEAR BLANK AREA FOR DISPLAYING UPDATED INPUT BYTES    

   LOCATE 17, 29  'Locate cursor to print blanks to clear data printout area 

   PRINT "                                                       "    

 

REM**DISPLAY UPDATED INPUT BYTES ON MONITOR SCREEN 

   LOCATE 17, 1  'Position curser on screen at location 17, 1 

   PRINT "ADC3 CARD INPUT BYTES ARE = "; IB(1), IB(2), IB(3) 

    

REM**PAUSE TO HOLD DISPLAY VALUES CONSTANT ON SCREEN FOR READING 

   FOR IPAUSE = 1 TO 10000: NEXT IPAUSE 

 

REM**CHECK TO TERMINATE AND RESTART TEST IF ANY KEY IS PRESSED 

   IF INKEY$ <> "" THEN GOTO STARTEST 

 

 

REM**BRANCH BACK TO REPEAT REAL-TIME-LOOP 

   GOTO BRTL 

 

Fig. 18-12. VIN test program for ADC3 card using serial interface (continuation) 

 

 

Plug your ADC3 card into an IOMB or IOMBX and set SW1 to all segments off. Connect an external 

potentiometer as in Fig. 18-13 to provide a variable input voltage to pin 1 of S11, the ADC channel A 

input. Then execute the VIN test Program to display the decimal equivalent, between 0 and 255, of the 

input voltage. The screen readout should vary as you turn the pot. Assuming your card has 
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potentiometers you can adjust them when your meter reading equals the two end-points representing your 

selected range. Once channel A passes, repeat the test for the other 2 channels.  

 

 
 

 

Fig. 18-13. VIN test schematic using serial interface 

 

 

That completes the ADC card.  
 

 

 

 


