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ﬁ Testing of Digital Circuits /ﬂ

PROBLEM STATEMENT

We design and build avariety of digital circuits which can not be
tested using the HP-4145 Semiconductor Parameter Analyzer.
These digital circuits often have alarge number of inputs and
outputs. For example afull adder has 3 inputs and 2 outputs. A 2-
bit multiplexer has 6 inputs and 1 output. The chip technology
could be PMOS, NMQOS, CMOS, TTL or Analog each requiring
different supply voltages. It is desirable to have atest system that
can be easily understood with a simple graphical interface that can
exercise these digital circuits. Test resultsin aformat similar to the
simulation results would be useful.
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LIST OF DIGITAL CIRCUITSON RIT TESTCHIPS

Iznlvnert?r;OR For these types of devices atruth

Xogu table type test at low frequencies

2 Input NAND would be sufficient.

RS Flip Flop A Blou

Multiplexer 5010

Demultiplexer

Encoder (1) (1) 1 \

Decoder 1 1|0 [ 1 1 out

Adder alalal:

PLA v
P 1 1A

% Lo Similar to QUICKSIM output
| - e
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NOR GATE AND NOR FLIP FLOP

PMOS 2 INPUT NOR

Figure 7 DIGITAL DEVICES
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PMOS TEST CHIP
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OTHER DIGITAL CIRCUITS

CMOS Demultiplexer

CC GND Bl L2 U3
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DEMULTIPLEXER

a B 1
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‘ FULL ADDER CIRCUIT REALIZATION OF SUM \

Sum = A’B’Cin+ A’BCin’ +AB’Cin’ + ABCin
T D

TRUTH TABLE —
FOR ADDITION )
RULES
A B CIN| SUM COUT
0 ™
|/
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‘ 1:4 DEMULTIPLEXER
Demultiplexer

Q

A*—l>° :} 0
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Q, = A’B’I sothat when 1=0 Q, =0 INPUTS OUTPUTS
or when=1Q,=1 A Bl[Q, O, Q, Qg
smilarly for Q,, Q,and Q; Q,=A’BI o ofr o0 0 O
o 110 I 0 O
1 00 O 1 O
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FOUR INPUT MULTIPLEXER

V)

3input AND 4 input OR

select output
A B 0
X ; lo = Q=AB'l,+A'Bl,+ AB’'l, + ABI,
0 1 | 1 .::::::::‘.'.'.'.'.'.'.:'.'.'(1)
1 0 |, (1’ \
1 1 | e ’ N
ly

| ,
1 ( r Q
2 AB'L)— ﬂ
Bl _j
ABI,
| 3
Four Input Multiplexer
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DIGITAL CIRCUIT TESTING

Digital
Crrcuit
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Cutput 1 [
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LAB VIEW SOF TWARE

=ignal Input fram Digital Circuit on a wafer

-#f= Input Signal Board

W

= Cutput Signal Board
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AT-AD-0

CES0

@ fuailable for 130 computors

@B aralay ouipute; 12-bil seeobition, 300
kS's mawimum updaie rate

B ®3 digitd 1O Enes [7WTTL)

@ 4-20 m# cumesd sinks

@ NI-CW L driwer with DAL channel vizard
or reducad cordquradion

@ Loweco=t accessory with S0 scress
{erminals for easily connecling feld LT
slgrals [0 your DV board

@ e Slkpiv hasdar for dirsct s
cannacting 10 S0-pin cablas

& Mouris on a standard DI rail oriush
on a wall ar panel

@ Dirnengione: 134 by 7.3 o (B3 by
29in]

@ Dremlnad FOFs for cornpatibility
chans, more detsiled descriptions , and
ordanng iromation
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& Gll-pin nibboe cabila for any bowd with o
0 pin cannecior

# Canners ta Egin correstar
wCCAnEOeE

&1 e 2 m lenath sptins
@ Dawnload POFs for compatibiliey

chet=, mane detaibed de=scnpliones, and
vrdering informalion

6 Analog Outputs
Ribbon Cable
Terminal Board
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HARDWARE FOR INPUT

AT-MIG-TRE-10

Rb6868

# Lzizble for 1S4 computars

# Up 1o 16 analog inpuis; 12-hit
wsnlition, 100 kS sampling rats

lines; 1wo 24-bi counters

# M-0LA0d drvar with DA charne | wizad

@ BB-pin flat ribbon cable terminated with  TBX-68
two B3-pin connectors

@1 m length available
® Download PDFs for compatibility

charts, more detailed descriptions, and
ordering infarmation

9
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L
3
o
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o
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SR 16 Analog I nputs
L Ribbon Cable
= — ) = Terminal Board

@ Termination accessory with B3 screw
terminals

@ Easy connection of field /0 signals to
BS-pinDAL devices

@ Mounted in plastic base; includes
hardware for mounting on a standard DIN
rail

@ Dimensions: 12.50 by 10,74 cm (4.52
by 4.23in.)

@ Download PDFs for compatibility
charts, more detailed descriptions, and
ordering information
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FINAL SYSTEM
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CUSTOM SOFTWARE INTERFACE

Click on digital o
testing icon to |
i nvoke the Iab Vi a/\l 2 Input and 1 DutputTeshnIg

2 Input and 2 Output Testing

software and this | |

. 3 nput and 2 Output Testing
Mmaln menu. | |

4 Input and 2 Output Testing

| ]
CI | Ck to %I ect the |B|r'||:|ut andBDutputTestirig
type of test you =

wish to run.
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by Suebphong Yenrudee, Jun. 99

MAIN MENU
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ESTING TWO INPUT ONE OUTPUT LOGIC GATES

=l 2 Input and 1 Output testing.vi

Input B

of LILIT

Setting ’

‘wire conhections g PMOS, Wec = -10Yalks |
see below J/ = 2

Kl I

Rochester | nstitute of Technology

Microelectronic Engineering

© March 8, 2007 Dr. Lynn Fuller, Professor |= Page 17




FOUR CHOICES FOR SUPPLY VOLTAGES

CLICK TO SELECT ONE

PMOS, Vce = -10 Volts

CMOS/TTL Vcc = +5 Volts

NMOS, Vcc = +10 Volts

ANALOG, Vce = +5 Volts, Vdd = -5 Volts
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PROBE CARD/WIRE CONNECTIONS
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SWITCH MATRIX (MANUAL)

Wire#17— 24 =
Supply

Vce -V Gnd '&c def \
~Inputs
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CMOS XOR GATE TESTING

l Click to Start Test

| Stop Test

Click to
Select
When
Output is | : | |
High or i = — ||
Low

[

Test Results

g TTL. Wee = +5 Vol |

I LlT‘ﬁ /
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TESTING THREE INPUT TWO OUTPUT LOGIC GATES

3 Input OR, AND, NOR, NAND
Full Adder

SUM EE
V. FULL ADDER

// ;.’fi:-'" i e o P o

L '-“'..'.'z..'n..M. = f....-.-... H'.’.'... =2 ... J'.\.. L S e 1
AT o Parar or arar o ar £ R i e !

CMOS Full Adder
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Testing of Digital Circuits

THREE INPUT TWO OUTPUT

iE 3 Input and 2 Dutput testing. ¥i = |E|g| @I s @I
DR[O

Output 1 e

Qutput 2 B

.'I|:|_
= | 5
/ 4] | v[
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Testing of Digital Circuits

ﬁ

DEFINE INPUT SIGNALS/ SELECT SUPPLY VOLTAGE

\
\

=l 2 Input and 2 Output testing.vi

BE]eln]

PMOS, Vce = -10 Volts

«— 3°
[11]
Lo |

MEE . E .5 E - EEEy
N 515 o) ] v o o 9 o o [
55 5 ) ) ) oo o o o [

Kl |
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Testing of Digital Circuits

ADDER TEST RESULTS

CARRY IN

B

A

SUM

CARRY OUT

™\

\

\

\

=l 2 Input and 2 Output testing.vi

File Edit Operate Project Windows Help

E@i ||||1DptTimesNewHu:uman _'”!J:'ITI]: -||=% - |

QOutput 1

Output 2
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TESTING SIX INPUT SIX OUTPUT DEVICES

Multiplexer (6 inputs, 1 output)
Demultiplexer (3 inputs, 4 outputs)
Encoder

Decoder
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MULTIPLEXER TEST SIGNALS
out LA L[]
jo LI LAITRERE AR TR AR LR ARI
2 QOO0 nnnOnnnonane
| 2
|3
A
_ B
AREFD. Input Signdl 10, 11, 12 or 13 is directed to the output

depending on the A and B select line values
g | o /
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ﬁ Testing of Digital Circuits

MUX LAYOUT AND GATE LEVEL SCHEMATIC

LYNN MUX

25 Transistors I, ) @7
A
| =~ A'BI,
C L —< Q
2 AB’I '
8 B
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PMOS 4-INPUT MULTIPLEXER
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MUX TEST RESULTS

-u—| = |
B IR SN N SN S S N SO SO [/ N S b S < I I S [ | _|
10-| ] '1_§_1 i3 4 6 85 7 @ 0 0 {1 12 {3 14 16 1§
-1a-y A S S N S A 9 0 11 1z 12 14 15 18 :|
10-| -%5_1 y S S S N S 9 10 11 1z 13 14 15 16
-1o- i '3 4 8 & 7 @ 9 11 1x 13 14 15 16 T _|
10—| A -%8:123455?3910111213141515
-10- '|
1u-|‘ B —— et ‘| O S R S . S SO - | B N | ST S
10 i _|
1g_|‘ e e WU W W us TR O e s S S S S S\ B S TS
-13‘1 Z 3 4 5 B 7 8§ @ 0 111z 13 14 15 1§ 4 -10—|1 R R S0 11 12 13 14 15 16
_| D_|
L T A |/ A O [ [ 4 Output Sn =1

High | High | High High | High | High | High ] High | High | High | High | High | High | High

4—'4—'4—'4—#4—'&_’&_’*-’*-’*-’4—'4—'4—'&—'4—'4—'
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_@_@_@u@u@u@u@u@
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the input
M terminals
of the LI

— EOOSB0OOE DS TOSE), |

.HIIIh Hl:lh Hl:lh Hl:lh Hl:lh Hl:lh Hl:lh

H|:|h HIIIh HIIIh H|:1h H|:1h H|:1h H|:1h

Wire
connections
see below

Wiire
connections
see below

\

P

; PMOS, Vce = -10 Volts |
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MUX TEST RESULTS
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'{g: 13 3 4 & & F 5 4 0 i1 1z 13 14 15 18 10-|

] e
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| Output | |
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L5 T g
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B 7 g

11

14
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BE. .55 -88. .88

PMOS, Vce = -10 Volts " min

PMOS, Vcc = -10 Volts

(Em) (] ) (] ) ) ) E5) ) ) 60 ) ) ) &) €0
E)EE) 8 E)E) )T EYE)EEN T ENTEN
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ﬁ Testing of Digital Circuits /ﬂ

SUMMARY

1. The system works great.

2. Direct comparison between QUICKSIM output and tester
output is possible.

3. Easy to use graphical interface. (Freshman to Graduate
Students have used the system successfully)
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