
THIS MONTH WE CONTINUE 
our PC -based test -equip- 
ment series by building 
the T1004 digital logic IC 
tester and identifier. It is 
capable of testing 7400, 
5400, and 4000 series 
IC's. In fact, the T1004 
should be able to test any 
digital IC family that has 
the standard Vcc (+ 5V) 
and ground configura- 
tion (Vcc on the upper 
left corner of the IC pack- 
age and ground on the 
lower right). On a 14 -pin 
DIP that would mean that 
Vcc would be pin 14 and 
ground would be pin 7. 
The T1004 will accept 
14-, 16-, 18-, 20-, 22-, and 
24 -pin DIP's. 

The T1004 performs 
the following tests: Truth 
table, positive -going in- 
put threshold, negative - 

going input threshold, 
input hysteresis, output 
source capability under 
load, and an open -collec- 
tor test. Additionally, the 
T1004 predicts (based on 
a best -guess analysis) 
what type of IC you are 
testing (HC, HCT, TTL, 
etc.). From now on, you'll 
find grab bags of un- 
known IC's very appeal- 
ing because the T1004 
has a feature that can 
help you identify those 
unknown digital IC's. If 
the IC being tested 
matches any of the IC's al- 
ready in the IC database, 
the T1004 will find and 
display the names of 
those IC's. Running a complete 
test on one or all of those names 
will, in many cases, provide you 
with a comprehensive picture of 
the IC under test. The T1004 
also lets you add IC's to the 
database. As we expand our IC 
support library we will make up- 
dated files available on the RE- 
BBS (515-293-2283, 
1200/2400, 8N1). 

General operation 
Figure 1 shows the T1004 

block diagram. The chip -select 
section is driven by the Front 
End section which we dis- 
cussed in detail in our June 
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1992 issue; it selects and de- 
selects every other section in 
the T1004. The reference -volt- 
age section provides a 2.5 -volt 
reference for the analog -to-dig- 
ital converter (ADC) section and 
also for the digital -to -analog 
converter (DAC) section. The 
pull-up or pull -down section 
(PUPD) is capable of providing a 
10-kilohm pull-up or a 200 -ohm 
pull -down to any or all of the 
test -socket pins (except the Vcc 
pin). 

The DAC section produces a 
voltage (in 20 -millivolt steps be- 
tween 0 and 5 volts) which is fed 
to the DAC multiplexer (MUX) 

section. The DAC MUX 
can apply the DAC voltage 
to one of pins 1 through 
23 of the zero insertion 
force (ZIF) test socket. 
The DAC multiplexer can 
also disconnect the DAC 
voltage from the test 
socket. The ADC multi- 
plexer can select a single 
voltage from one of pins 1 

through 24 of the test 
socket and feed that volt- 
age to the input of the 
ADC section. The socket - 
ground section supplies 
ground to one of six test - 
socket pins (pins 7-12) to 
connect the ground pin of 
the IC under test to 
ground. 

Jests performed 

Truth -table test 
During this descrip- 

tion we'll use a 7432 quad 
2 -input OR gate as an ex- 
ample device. Because 
the 7432 is a 14 -pin de- 
vice, the socket -ground 
section grounds pin 7 of 
the test socket. The DAC 
section is disconnected 
from the socket. The de- 
vice is looked up in the 
database and an input/ 
output (I/O) mask is 
stored as three variables 
(or three 8 -bit bytes). The 
I/O mask differentiates 
inputs from outputs. 
During subsequent test- 
ing, the I/O mask protects 
outputs from being inad- 
vertently grounded. Next, 
a line of the truth table is 

read into the three variables 
from the data base. The 
portions of those three variables 
which correspond to inputs are 
sent to the IC under test via the 
PUPD section. 

At this point the ADC multi- 
plexer and ADC sections scan 
every test socket pin for the re- 
sultant voltage. Voltages found 
to be greater than 2.4 volts are 
converted to highs, and those 
less than 2.4 volts are converted 
to lows. The highs and lows are 
converted to three 8 -bit bytes 
that are compared to the bytes 
that were read in from the truth 
table. If they match, the IC has 47 
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FIG. 1-T1004 BLOCK DIAGRAM. The Front End drives the chip -select section. which 
selects and deselects every other section in the T1004. 

passed the first line of the truth 
table. 

Low -to-high input test 
In this section three bytes are 

again sent to the test socket. 
The bytes are selected based on 
the following criteria: A known 
input pin on the IC under test is 
being held low. Additionally, 
when the pin being held low is 
taken high, a known output pin 
will change state. Working to- 
gether, the DAC and DAC multi- 
plexer sections take control of 
the input pin and slowly ramp 
its voltage from zero to the volt- 
age level needed to cause the 
output pin to toggle. The volt- 
age on the input pin is then 
read back and displayed on- 
screen next to the label "VT+ :." 

High -to -low input test 
In this section three bytes are 

again sent to the test socket. 
The bytes are selected based on 
the following criteria: A known 
input pin on the IC under test is 
being held high. Additionally, 
when the pin being held high is 
taken low, a known output pin 
will change state. The DAC and 
DAC multiplexer sections take 
control of the input pin and 
slowly ramp its voltage from + 5 
volts to the voltage level needed 

48 to cause the output pin to tog- 

gle. The voltage on the input pin 
is then read back and displayed 
next to the label "VT - :." 

Hysteresis 
Input hysteresis is the dif- 

ference between the trigger 
point of an input being taken 
high and the trigger point of the 
same input when it is taken low 
IC's such as a 7414 intentionally 
have a large amount of hys- 
teresis to give them increased 
noise immunity. The T1004 cal- 
culates the hysteresis and dis- 
plays it on the screen next to the 
label "HYS:." The T1004 calcu- 
lates hysteresis as follows: 
(VT+) - (VT-) = (Hysteresis) 

TTL input compatibility 
A TTL-compatible input must 

trigger when fed a voltage not 
larger than 2.4 volts. If VT + is 
greater than 2.4 volts then the 
IC under test fails the test. 

Output -load test 
The output -load test is per- 

formed by taking an output 
high and loading it with 200 
ohms to ground for a very brief 
period. During the time that the 
load is present, the ADC reads 
the loaded voltage. This test will 
reveal weak or damaged gates, 
help to identify the gate type, 
and test for an open -collector 
condition. 

Any of the tests described 
above may be omitted from the 
testing procedure. The testing 
process is defined by a script, 
which is a set of test instruc- 
tions for a particular IC. Each 
IC has its own script which TSW 
or the end user writes to suit a 
particular IC. IC scripts are 
compiled using a program sup- 
plied by TSW. 

Script tutorial 
IC's not presently supported 

by the T1004 can be added to 
the existing database by the 
user. Each script contains the 
IC's name, whether the IC is an 
open -collector device, and its 
truth -table information. 
Scripts can be written using 
any ASCII text editor. 

The easiest way to create a 
new script is to copy an existing 
script and edit it as needed. 
Once a script has been created, 
it can be compiled and added to 
the appropriate database. You 
can compile a script simply by 
selecting that option from the 
software menu. You will be 
asked to give the name of the 
script (example: S7400.TSW). 
The compiler will then open the 
script and get the IC name. 
Next, it checks to see if the tar- 
get IC already exists in the 
database. If it already exists, 
then the previous version of the 
IC script will not be overwritten. 

The delete function lets you 
remove any IC from the 
database. If the target IC does 
not exist in the database, then 
the compiler will compile the 
target script file and add the re- 
sults to the database. The origi- 
nal script is written in a form 
that is easy for a person to fol- 
low. Once compiled, the script 
takes on a more compact form 
that can be used by the main 
testing program. Scripts for 14 - 
pin IC's must be located in the 
directory"\TSW\ICTEST- 
\D14\SCRIPTS." Similarly, 
scripts for 20 -pin IC's must be 
located in the directory 
"\TSW\ICTEST\D20\SCRIPTS, " 
and so on. 

'Take a look at Listing 1. The 
top line (TUTORIAL SCRIPT 
NUMBER 1) and the numbers 
down the left side (1-14) are not 
part of the script file. They have 



been added for reference only, 
and should not appear in 
scripts that you write. 

The symbols in the beginning 
of each line tell the software 
what kind of function is to be 
performed. A "?" tells the soft- 
ware that the two following vari- 
ables are the IC's name and 
whether or not it is an open - 
collector device, respectively. A 
"#" tells the software that the 
letters "I," "0," "V," and "G" des- 
ignate inputs, outputs, Vcc, 
and ground, respectively. "V" 
and "G" always represent Vcc 
and ground, respectively. The 
numbers "1" and "0" always rep- 
resent a logic high and a logic 
low, respectively. 

An "*" tells the software that 
following symbols designate the 
truth table of the IC under test, 
and that the data should be sent 
and the results should be read 
back. A "%" indicates that the 
following symbols designate the 
truth table of the IC under test, 
and that the data should be sent 
but not read back. A "I" tells the 
software that the following sym- 
bols designate the truth table 
used for the "low -to-high input 
threshold test" of the IC under 
test. A "T" says that the two 
following numeric variables 
designate the "low -to-high in- 
put threshold test" input and 
output pins, respectively. A "\" 
indicates that the following 
symbols designate the truth ta- 
ble used for the "high -to -low in- 
put threshold test" of the IC 
under test. A "-" means that the 
following symbols designate the 
truth table used for the "output 
load test" of the IC under test. 
An " _ " means that the follow- 
ing numeric variable designates 
the "output load test" output 
pin. 

Let's take a closer look at the 
script in Listing 1. Line (1) must 
contain three string variables 
separated by commas. The first 
variable in the line must be a "?" 
which tells the software that the 
next character is the name of 
the IC. The IC name can contain 
nine characters. In this case the 
name is "7400." The next 
character on line (1) tells the 
software whether or not the IC 
being tested is an open -collector 
part; "Y" for open -collector parts 

or "N" for parts without an open 
collector. 

Line (2) represents the pin 
numbers of the IC being 
scripted. In this case the IC is a 
14 -pin package. Line (3) is the 
first line of the truth -table sec- 
tion. From that line the test 
software is able to determine 
whether to treat any given pin 
as an input or as an output. The 
line must be correct for the lines 
that follow to work correctly. If 
the IC being scripted has more 
than one input/output mode (a 

LISTING 1 

TUTORIAL SCRIPT NUMBER 1 

IC NAME 

(1) 2,7400,N 

PIN NUMBERS 

(2) 0 0 0 0 0 0 0 0 0 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 

MAIN TRUTH TABLE 

(3) 

(4) *,0,0,1,0,0,1,G,1,0,0,1,0,0,V 
(5) *,0,1,1,0,1,1,G,1,0,1,1,0,1,V 
(6) *,1.0.1,1,0,1,G,1,1,0,1,1,O.V 
(7) *,1,1,0,1,1,0,G,0,1,1,0,1,1,V 

LOW TO HIGH INPUT TEST 

(8) /,1,0,1,1,O,1,G,1,1,0,1,1,O,V 
(9) 1,2,3 

HIGH TO LOW INPUT TEST 

(10) \,1,1,0,1,1,0,G,0,1,1,0,1,1,V 
(11) 1,2,3 

OUTPUT LOAD TEST 

(12) -,0,0,1,0,0,1,G,1,0,0,1,0,0,V 
(13) =,3 

(14) TOW ELECTRONICS 
14 PIN IC TEST SCRIPT 

74245, for example), you 
should give a new "#" line just 
prior to the IC's mode change. 
You can use as many "#" lines 
as needed, and you can use 
them in any section of the 
script. In this case pin 1 is an 
input, pin 2 is an input, and pin 
3 is an output. Pins 4-6 follow 
the same pattern and pin 7 is 
ground. Pin 8 is an output, pin 
9 is an input, and pin 10 is an 
input. Pins 11-13 follow the 
same pattern and pin 14 is Vcc. 
If you check your data book you 
will see that this accurately de- 
scribes the I/O of a 7400. 

Line (4) begins with an "*." 
That means that any "1"s and 
"0"s corresponding to inputs 
should be sent to the IC and 
that the "1"s and "0"s corre- 
sponding to outputs should be 
read back from the IC. If the"1"s 
and "0"s read back do not match 
the those predicted by the script 
then a fail condition exists. A 
7400 is a quad 2 -input NAND 
gate. The line tests all four gates 
at the same time. In line (4), 
pins 1, 2, 4, 5, 9, 10, 12, and 13 
are all taken low. Each function- 
ing NAND gate must respond by 
outputting a high. The results 
are read back and compared to 
the script. (Any error within the 
script will cause good IC's to fail 
the test). Lines (5) through (7) 
send and test the remaining 
truth -table conditions. An *" 
can be used only in the truth - 
table section. Within that sec- 
tion, you can use as many "e" 
lines as you like. 

Line (8) begins with a "/." 
That character causes the "low - 
to -high input test" (LHT) to be 
performed. The LHT is used to 
determine the voltage that an 
input considers a high, or log- 
ic -1. The "1"s and "0"s corre- 
sponding to inputs are sent to 
the IC. Line (9) contains the 
character "1," which precedes 
the input and output pins to be 
used during the test. In this ex- 
ample pin 2 is used as the input 
and pin 3 is used as the output. 
When pin 2 is taken from low to 
high, pin 3 changes state. It is 
not important whether pin 3 
goes from high to low or low to 
high, but only that a change of 
state occurs. The T1004 in- 
creases the voltage present at 
pin 2 (in 20 -millivolt steps) until 
pin 3 changes states. The volt- 
age on pin 2 is read back and 
displayed. 

Lines (10) and (11) contain the 
character "\" and "1." They work 
in the same way except that the 
input voltage is swept from high 
to low. This test is used to deter- 
mine VT - . Line (12) contains 
the character "-." That sends a 
truth table that must produce a 
high on one of the outputs. The 
next line contains the character 
' _ ," which tells the software 
which output pin is presently 
high. We could have chosen any 49 



one of four outputs since they 
are all high. In this instance pin 
3 is chosen, and loaded with 
200 ohms to ground. The load 
test determines the sourcing ca- 
pabilities of the gate, whether 
the part is open -collector or not, 
and provides clues that the soft- 
ware uses to predict the IC's 
family. The prediction of family 
or type should be considered a 
best guess (not absolute). Line 
(14) contains the text "TSW 
ELECTRONICS," which is there 
as an end -of -file marker for the 
compiler. 

Listing 2 shows "TUTORIAL 
SCRIPT NUMBER 2." Line (1) 
indicates that the device is a 
4040 and that it is not an open - 
collector device. Line (2) indi- 
cates that a 4040 is a 16 -pin de- 
vice. A 4040 is a 12 -bit ripple 
counter. Line (3) indicates that. 
pins 1-7 are outputs, pin 8 is 
ground, pin 9 is an output, pins 
10 and 11 are inputs, pins 12-15 
are outputs, and pin 16 is Vc.c. 
Pin 10 is a falling -edge triggered 
clock input. Pin 11 is used to 
reset the counter, and is active 
only when high. Line (4) intro- 
duces the "%" command, which 
is similar to the ,,,,,, command, 
except that no test is performed; 
"%" should be used whenever 
you wish to send a byte to the IC 
without testing for a result. 

In line (4) the RESET line (pin 
11) and CLOCK line (pin 10) are 
taken high. On that same line 
all of the outputs are shown low, 
which is an accurate represen- 
tation of the effect that a reset 
would have on the outputs. Be- 
cause line (4) is a "%" line, we do 
not actually test the outputs. 
On line (5) the reset line is re- 
leased. On line (6) the clock is 
taken low activating the first 
output line (go). Because line (6) 
uses an """ instead of a "%," the 
outputs will be tested for ac- 
curacy. The "%" command al- 
lows you to configure a device 
before you begin to test it. It can 
be used in any section and as 
often as you like. In the low -to- 
high input test, it is used to rec- 
onfigure the 4040 before we 
sweep the input. In this case, 
we are using the RESET input to 
determine the low -to-high 
threshold (VT + ). 

50 The only pin that could be 

used for the high -to -low input 
test is the CLOCK pin. Because 
clock input pins require fast 
transition times, they are not 
suitable for use in threshold 
tests. For that reason, the high - 
to -low input test is omitted for 
the 4040 IC. You can omit any 
section except the "?" section 
and the "TSW ELECTRONICS" 
section. A "#" must precede 
truth -table, threshold, or out- 
put -load tests. It must appear at 
least once or as often as needed. 

LISTING 2 
TUTORIAL SCRIPT NUMBER 2 

IC NAME 

(1) 7,4040,N 

PIN NUMBERS 

(2) 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 

1 2 3 4 5 6 7 8 9 0 1 2 3 4 5 6 

(3) 

(4) 

(5) 
(6) 

(7) 

(8) 
(9) 

(10) 

(11) 
(12) 
(13) 
(14) 
(15) 
(16) 
(17) 
(18) 
(19) 

MAIN TRUTH TABLE 

i3O,O,O,O,O,O,O,G,O,I,I,O,O,O,O,V 

8,0,0,0,0,0,0,0,G,0,1,0,0,0,0,0,V 
,0,0,0,0,0,0,0,G,1,0,0,0,0,0,0,V 
,0,0,0,0,0,0,0,G,1,1,0,0,0,0,0,v 
*,0,0,0,0,0,0,1,G,0,0,0,0,0,0,0,V 
*,0,0,0,0,0,0,1,G,0,1,0,0,0,0,0,V 
,0,0,0,0,0,0,1,G,1,0,0,0,0,0,0,V 
*,0,0,0,0,0,0,1,G,1,1,0,0,0,0,0,v 
*,0,0,0,0,0,1,0,G,0,0,0,0,0,0,0,v 
*,0,0,0,0,0,1,0,G,0,1,0,0,0,0,0,V 
*,0,0,0,0,0,1,0,G,1,0,0,0,0,0,0,V 
*,0,0,0,0,0,1,0,0,1,1,0,0,0,0,0,v 
*,0,0,0,0,0,1,1;G,0,0,0,0,0,0,0,V 
*,0,0,0,0,0,1,1,G,0,1,0,0,0,0,0,v 
*,0,0,0,0,0,1,1,G,1,0,0,0,0,0,0,v 
,0,0,0,0,0,1,1,0,1,1,0,0,0,0,0,V 

LOW TO HIGH INPUT TEST 

(20) º,0,0,0,0,0,0,0,G,0,1,1,0,0,0,0,V 
(21) º,0,0,0,0,0,0,0,G,0,1,0,0,0,0,0,V 
(22) /,0,0,0,0,0,0,O,G,1,0,0,0,0,0,0,V 
(23) 1,11,9 

OUTPUT LOAD TEST 

(24) º,0,0,0,0,0,0,0,G,0,1,1,0,0,0,0,V 
(25) º,0,0,0,0,0,o,0,G,0,1,0,0,0,0,0,V 
(26) -,0,0,0,0,0,0,0,G,1,0,0,0,0,0,0,v 
(27) .9 

(28) TSW ELECTRONICS 
16 PIN IC TEST SCRIPT 

Detailed operation 
We will use BASIC as an exam- 

ple language. As we've seen with 
previous peripherals, the first 
step in controlling the T1004 is 
to establish a base address and 
select the desired peripheral. 
The first bit of code will be: 
BAS = 768: OUT BAS + 31,4 
768 (hex 300) is the factory -pre- 
set base address of the 11000. As 
noted earlier, this address is 

DIP -switch selectable. Next, we 
have an "OUT TO BAS + 31." As 
you may recall, that address is 
reserved for peripheral selec- 
tion. The T1004 has a unit, or 
peripheral address of "4." Con- 
sequently, if we send an "OUT 
TO BAS + 31" with a data byte of 
"4," the T1004 will be readied 
for full I/O operation. 

The T1004 schematic has 
been split into two halves and 
shown in Figs. 2 and 3. Address 
lines AO-A4 (32 bytes) are used 
by the T1004 (or any other pe- 
ripheral) to address its IC's, and 
AO is the LSB of the address 
lines. (Lines A5-A9 are used by 
the I1000 only.) The chip -select 
section shown in Fig. 2 
(IC23-IC25) contains two 
74HCT138's (IC23 and IC24). 
Whenever their G2A and G2B 
lines are low and G1 is high, one 
of eight outputs will go low de- 
pending on the address present 
on the A. B. and c inputs. IC23 is 
active when BEN is high, SEND 15 

low, and RD iS low. IC24 is active 
when BEN is high, SEND iS low, 
and WR is low. All but one of 
IC24's output lines drive the 
load line of the 74HCT573 
latches. Because the load line of 
a 74HCT573 must see a high to 
store data, IC25 inverts the ac- 
tive lows produced by IC24. 

The voltage -reference section, 
also in Fig. 2, is composed of 
IC26, R21, R1, IC9-a, and IC9-b. 
Trimmer R21 is adjusted for 2.5 
volts at TP1. That provides the 
ADC section with a precise ref- 
erence voltage. The reference 
voltage also passes through IC9- 
b and used by the DAC section. 

An "OUT TO BAS + 7" will load 
a data byte into IC15 (a latch). 
DAC IC16, in combination with 
IC17-a, will produce between 0 
and 5 volts which is propor- 
tional to the byte stored in IC15. 
The voltage produced will be a 
function of n x (5/255), where n 
is equal to the number loaded 
into the latch (IC15). A 500 -ohm 
potentiometer (R22) is used to 
set the full-scale output voltage. 
If IC15 contains a value of 255, 
then R22 should be adjusted for 
5 volts at IC17-a pin 1. The DAC 
multiplexer section is com- 
posed of IC18 through IC22. A 
latch (IC18) used to hold the 
DAC multiplexer address. The 
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FIG. 2-IN THIS PORTION of the T1004 schematic, address lines AO -A4 are used to 
address IC's. 

least significant three bits of the 
address are fed to each of three 
8 -bit multiplexers 
(74HCT4051). The remaining 
data lines are fed to IC19 (a 

74HCT138), which activates 
only one of the multiplexer IC's 
(IC20-IC22). Assuming that the 
address byte sent to IC18 was 
less than 23, the DAC voltage is 

then passed through to the test 
socket. If the address byte is 23 
or greater, then the DAC voltage 
is disconnected from the test 
socket. 51 
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FIG. 3-THE PULL UP OR PULL DOWN section pulls any or all of the test socket pins 
52 high or low as needed. 

Latch IC10 is used to hold the 
ADC multiplexer address. The 
least -significant three bits of 
the address are fed to each of 
three 8 -bit multiplexers. The re- 
maining data lines are fed to 
IC11, a 74HCT138, which acti- 
vates only one of the multiplexer 
IC's (íC12-IC14). Assuming that 
the address byte sent to IC10 
was less than 24, the ADC re- 
ceives voltage from only one of 
the test socket pins. If the ad- 
dress byte is. 24 or greater, then 
the ADC is disconnected from 
the test socket. 

The pull up or pull down 
(PUPD) section, shown in Fig. 3, 
is composed of IC1, IC5, IC6, 
R10, R11, R13-R16, R17-R19, 
Q1-Q8, and Q15-Q29. This sec- 
tion pulls any or all of the test 
socket pins high or low as 
needed. The PUPD section is 
primarily responsible for truth - 
table functions. Three bytes are 
used to control the PUPD sec- 
tion. Byte -A controls test socket 
pins 1-8, Byte -B controls pins 
9-16, and Byte -C controls pins 
17-23. Pin 24 is reserved for 
Vcc only and is not affected by 
the PUPD or DAC sections. The 
sections controlled by Byte -A, 
Byte -B, and Byte -C are func- 
tionally identical, so we'll de- 
scribe the Byte -A section only. 

We'll assume that the number 
85 (01010101) has been sent to 
IC1. The OUTPUT ENABLE line on 
ICi (Ob) is grounded so the "Q" 
outputs must follow the "D" in- 
puts. Pin 1 of DIP R10 will re- 
ceive a high, pin 2 a low, pin 3 a 
high, and so on. Resultantly, 
the base of Q1 will be taken high 
connecting ground to Rl 1 pin 1. 
That causes pin 1 of the test 
socket to be pulled low through 
200 ohms. Because the base of 
Q2 is low, it will not conduct. 
That allows R17 pin 3 to pull Rl 1 

pin 2, and subsequently the test 
socket pin 2, high. 

The IC ground section con- 
sists of IC2-IC4, R12, and 
Q9-Q14. Any byte latched into 
IC2 is passed directly to IC3. 
Byte values ranging from 0 to 5 
transition to a low one of IC3's 
output lines. IC4 inverts the 
signals which are then fed 
through R12 to the bases of 
Q9-Q14. Only one line is active 
at a time, thus ensuring that 



only one transistor is con- 
ducting at any given moment. 
Transistor Q9 is selected when 
driving a 14 -pin device and Q14 
would be used when driving a 
24 -pin device. 

Regulator IC27 and its associ- 
ated components produce -5 
volts, which is used by the DAC 
(IC16). Regulator IC28 and its 
associated components pro- 
duce -5 volts for the multiplex- 
ers (IC12-íC14 and IC20-IC22). 
Regulator IC29 and its associ- 
ated components produce + 7 
volts, which the op -amps re- 
quire in order to produce a full 
5 -volt output swing. Regulator 
IC31 and its associated compo- 
nents produce + 5 volts for the 
IC being tested. Regulator IC30 
and IC32 and their associated 
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components produce + 5 volts 
for all the remaining IC's. Reg- 
ulator IC31 produces + 5 volts 
and is dedicated to supplying 
Vcc to the test socket and + 5 
volts to the pull-up resistors 
R17-R19. 

Construction 
To build the T1004 pe- 

ripheral, a PC board is recom- 
mended. You can either buy a 
PC board from the source men- 
tioned in the Parts List or make 
your own from the foil patterns 
we've provided. Note that the 
parts for the Front End are con- 
tained on the T1004 board 
shown with a dark line around 
them in the Parts -Placement di- 
agram of Fig. 4. There is a sepa- 
rate Parts List for the Front 

C Ì2I 
II Ic19 

C11 C10 

1R2 
J1 

IC5 C 

IC7 C 

R2 

D IC15 

F120 

ClI C 

R10 C 
1047 

Q7 02 R18 ! + 

DODDOD O R14 c 
R171 022 015 

1311 O O 
C45 

1046'' 
IC31 

07 

Cb 

FRONT END 

J3 

RI 

IC3 C 

ClI 

013 

J2 

C'"1 

ICL C 

End, which was discussed in 
detail in the June issue. Do not 
confuse the two lists of parts, or 
where they go on the board. 
Also, for many of the capacitors, 
notice that there are three holes 
on the board, with two of them 
electrically the same. The holes 
accommodate capacitors with 
different lead spacing. Use 
whichever pair of holes on the 
printed -circuit board that best 
fits the capacitors you intend to 
use for the project. 

One of the voltage regulators 
(IC32) is in a TO -3 case that 
must be mounted on the back 
panel of the T1004 case. Mount 
the regulator, along with an ap- 
propriate heatsink, on the back 
panel and hardwire it to the 
board. Figure 5 shows the corn- 
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FIG. 4-PARTS-PLACEMENT DIAGRAM. The parts for the Front End are shown with a 

dark line around them. There is a separate Parts List for the Front End, so don't 
confuse the two lists of parts, or where they go on the board. 

(BOTTOM VIEW1 

CI 3 

+ ) R12 

104 

D IC3 

IC2 

1C24 C 

C25 

IC19 C 

C10 
F271 

014 
'TT 

IC211,` 

C4 

C19 

1C23 C 
C'123 

1018 C 

C21 

-t7r` 

IC21 

111111111111 

TO ZIF SOCKET PINS 

IC22 

53 



54 

l ' . ri ::k ; : I1T1 »011 IlL 
2-1 

0--. 

. _.:. 

-*/ 

. 
` ̀ '-r . 

C-_ 

" 
rf 

.. N 
N 

ti r --ti 

611/16 INCHES 

T1004 COMPONENT SIDE. 

. =it 

T1004 PARTS LIST 

All resistors are 1/ -watt, 5%, unless 
otherwise noted. 

R1-2200 ohms 
R2-10,000 ohms 
R3-2320 ohms, 1% 
R4-1000 ohms 
R5-5110 ohms, 1% 
R6-2050 ohms, 1% 
R8-1100 ohms 
R9-240 ohms 
R10, R12, R13, R15-1000 ohms, 16 -pin 

DIP 
R11, R14, R16-200 ohms, 16 -pin DIP 
R17 -R20-10,000 ohms, 10 -pin SIP 
R21-10,000 ohms, multiturn trimmer 

potentiometer 
R22-500 ohms, multiturn trimmer 

potentiometer 
Capacitors 
C1 -C7, C10 -C14, C18 -C25, C48-0.15 

µF, polystyrene 
C8, C16, C31, C35, C37, C39, C42, 

C45-100 µF, electrolytic 
C9, C15, C28, C32, C33, C34 -not 

used 
C17, C27, C36, C38, C40, C41, C43, 

C44, C46, C47-10 µF, electrolytic 
C26-150 pF, mica 

pleted T1004 board. When you 
use the T1004, position the IC's 
you want to test as shown in 
Fig. 6. 

[-< 

T1004 SOLDER SIDE. 

C29-2.2 µF, electrolytic 
C30-36 pF, mica 
Semiconductors 
IC1, IC2, IC5, IC6, IC7, IC10, IC15, 

IC18-74HCT573 octal latch 
IC3, IC11, IC19, IC23, IC24-74HCT138 

demultiplexer 
IC4, IC25-74HCT540 octal buffer 
IC8-ADC0803 8 -bit A/D converter 
1C9-LM358 dual op -amp 
IC12-1C14, IC20-1C22-74HCT4051 8 - 

bit multiplexer 
IC16-DAC0800 or DAC08 D/A 

converter 
IC17-LM6218AN op -amp 
IC26-LM336 voltage reference 
IC27, IC28-79L05 voltage regulator 
IC29-LM317T voltage regulator 
IC30, IC31-LM7805T voltage regulator 
IC32-UA7805K voltage regulator 

(T0-3 case) 
D1 -1N4002 diode 
D2 1N5231 5.1 -volt Zener diode 
Q1-Q29-PN2222 NPN transistor 
Miscellaneous: 24 -pin ZIF socket, 

TO -220 heatsink, TO -3 heatsink, PC 
board, instrument case, wire, solder, 
etc. 

Software 
Each peripheral has its own 

software program to control its 
operation. All of the programs 

617h6 INCHES - 

FIG. 5 -THE COMPLETED T1004. One of 
the voltage regulators, IC32, must be 
mounted on the back panel of the T1004 
case. 

end up in one directory as you 
add more peripherals. Software 
for the I1000 and the entire se- 
ries of peripherals, including 
the T1004, can be downloaded 
from the RE-BBS 
(516-293-2283,. 1200/2400, 
8N1) as a self-unarchiving zip 
file called T1004.EXE. Both 
compiled and uncompiled soft- 
ware is included. Software is in- 
cluded free with the purchase of 
any peripheral from the source 
that is mentioned in the Parts 



THE T1004 ALWAYS :ONNECTS 
V, (+5 VOLTS DC) TO THIS PIN. 

PIN 1 (OF THE INTEGRATED 

CIRCUIT BEING TESTED) MUST 

BE LOCATED HERE. 

I1III1ïii4 
III1 

CORRECT POSITIOF ING 

_3 

INCORRECT POSITICINING 

FIG. 6-BE SURE TO POSITION the IC's you want to test in the test socket as shown 
here. 

FRONT-END PARTS LIST 
Resistors 
R1-33 ohms, 16 -pin DIP resistor 
R2-2200 ohms, 10 -pin SIP resistor 
R3-1000 ohms, 10 -pin SIP resistor 
Capacitors 
C1-C7-0.15µF, 50 volts, monolythic or 
polystyrene 
08-C11, C20-C28-1500 pF, 63 volts, 
polystyrene 
C12-C19-220 pF, 100 volts, ceramic 
disc 
Semiconductors 
IC1-74LS573D octal latch 
IC2-74LS688D 8 -bit magnitude com- 
parator 
IC3-74LS245D octal transceiver 
IC4-74LS02D quad 2 -input NOR gate 
IC5, IC6-octal buffer 
IC7-74LSO8D quad 2 -input AND gate 
Other components 
J1 -16 -pin male header 
J2 -18 -pin male header 
J3-male PC -mount DB25 connector 

Miscellaneous: 17 shorting blocks (for 
J1 and J2) 

Note: The following items are avail- 
able from TSW Electronics Corp., 
2756 N. University Drive, Suite 168, 
Sunrise, FL 33322 (305) 748-3387: 

11000 kit-$65.00 
11000 PC board only-$35.00 
11000, assembled and tested- 

$77.00 

List. (Software can also be pur- 
chased from that same supplier 
if you're not buying anything 
else from them and you have no 

6 -foot interface cable (DB -25-6)- 
$12.95 

T1001 kit (includes PC board, all 
listed parts, project case, and pre - 
assembled front and rear panels- 
$149.00 

T1001 PC board only-$49.00 
T1001, assembled and tested- 

$173.00 
T1001 software (included free with 

T1001 order) -$10.00 
Capacitor kit (unmeasured)- 

$21.00 
Capacitor kit (measured to within 

1%;-$26.00 
11003 kit (includes PC board, all 

listed parts, project case, and pre - 
assembled front and rear panels)- 
$159.00 

11003 PC board only-$59.00 
-1003, assembled and tested- 

$189.00 
71003 software (included free with 

11003 order)-$10.00 
T1004 kit (includes PC board, all 

listed parts, project case, and pre - 
assembled front and rear panels)- 
$2)9.00 

T1004 PC board only-$79.00 
T1004, assembled and tested- 

$249.00 
T1004 software (included free with 

T1004 order)-$10.00 
Add $5.00 S&H to any order. Check or 
m )ney order only. 

way of downloading it from the 
RE-BBS.) With the T1004, you 
are on your way to automatic 
troubleshooting. R -E 

Earn Your B.S. Degree 
in 

ELECTRONICS 
or 

COMPUTERS 

By Studying at Home 
Grantham College of Engineering, 

now in our 42nd year, is highly ex- 
perienced in "distance education"- 
teaching by correspondence-through 
printed materials, computer materials, 
fax, and phone. 

No commuting to class. Study at 
your own pace, while continuing on 
your present job. Learn from easy -to - 
understand but complete and thorough 
lesson materials, with additional help 
from our instructors. 

Our Computer B.S. Degree Pro- 
gram includes courses in BASIC, 
PASCAL and C languages - as well as 
Assembly Language, MS DOS, CADD, 
Robotics, and much more. 

Our Electronics B.S. Degree Pro- 
gram includes courses in Solid -State 
Circuit Analysis and Design, Control 
Systems, Analog/ Digital Communica- 
tions, Microwave Engr, and much more. 

An important part of being pre- 
pared to move up is holding the right 
college degree, and the absolutely neces- 
sary part is knowing your field. 
Grantham can help you both ways- 
to learn more and to earn your degree 
in the process. 

Write or phone for our free 
catalog. Toll free, 1-800-955-2527, or 
see mailing address below. 
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