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ABSTRACT 

In this thes~s, the design of a ROM-RAM programmable digital. 

IC tester by using a ~icrocoIDputer system has been investigated. 

The tester is a compact automatic test instrument that 

interrogates the parametriC and functional performance of a 

Wide va+iety of cligital ICs. 

How(~ver, the hardwa:r..-e design of the microcomputer part of 
! 

the tesi;er is excluded froID the study, 'Qecause of econoniical 

considerations. A microcomputer system, which vas constructed 

beforehand, has .been employed. " 



OZ:B;T 

Bu tezde, mikro±l?lemc± ku11an~larak 10 j±k entegre deVl."e1e-, 

r± test edebi1en b±r cihaz tasar~m~ aralilt~r~lm~f}t~r. Test 

program1ar~ ROM veya R~M haf~za eleman1ar~na yaz~labi1mektedir.· 

Tes"!; c±haz~ b±rgok loj±k entegre devreleri test edeb±lmek

ted±r. Test e~~as~nda fonksiyone1 ve parametr±k deger1er oto

mat±k olarak kontro1 ed±lmekted±r. 

Cihaz~n bir bollimi5.nli tel?:k±l eden m±kro±~lemc±n±n meydana 

get±r±lmes±, ekonom±k dUl?lincey1e tez 9a1~lilmas~na dah±l ed±l

mem±~tIr~ Daha onceden yap~lm~l? bulunan btr m±kro±$lemci 

kullal1J.lm:1.9 t~r <) 
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INTRODUCTION 

When a component fails' in a 'piece of electroni~ equipment, 

+ocating and replacing it can be a c.ostly process requiring 

a skilled. technician. To reduce the possibility of such fail

.ures, components are subjected to various tests before they 

are ass~mbled into equipment. How(";!ver, no matter how cpmpJ,ete 

a manufacturer's production tests are, a certain percentage 

of the components shipped will be found to be defective when 

they arrive at their destination. r~Pherefore an IC tester 

becomes an essential test equipment to avoid such failures. 

,: Besides performing the appropriate logical function, 

digital integrated circuits must meet input, output, and 

power supply voltage and current specifications, and propa .... , 

gation, rise, and fall time specifications. Although there 
. , 

! 
are automatic systems that test all of these parameters, 

they are too complex and costly for most equipment manufac

'. turers'" incoming' inspectiqn departments. Less costly IS the 
! .. .. 1 

, , 

approach most often taken: each circuit is tested fUnctionlly 

and its voltage and current parameters are checked. 

Tester that do this kind of i.aspection are usually prog

rammed to test different types' of integrated circuits in one 

of two ways. Some Use interchangeable printed circuit boards 
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or cards. Others are programmed by setting limit voltages and 

library can become large and expensjve •. ·~;he·.:lq.tt~rlr!j~tr{·~d isn't 
, . ," ',b<,''''' ';'. ":'~:. ' ~,.:{; .. i~· I" :..t~>~~~~~~.LO 

well suited for use by unskilled personnel on a production 

. basis •. Also, a number of different tests can't be rnadeeae±ly . . 
on the faille device. 

Software programming can eliminate all of these liisadvan

tages. Tester!3 that are fully 'software progI'arllmed are only ncw 

becoming available. 

In this thesis, a lllicrocomputer controlled ROM-RAM pr'ogram

Ulable. digital Ie' tester has been realised. An external micl"o

computer has been used as a part of the whole system. ~lhe mic

rocomputer part was deSigned and built by Dr. Omer CER!]) •. 

A "Droad spectrum of logiC families, including EeL, eNlO S, 

,TT;W, RTL and DTL can be, tested. MaXimum test voltage is 5 volts, 
. 

. and maximum 16-pin capability is available. Testing is peJJ'forllled 

automatically according to the test program. Each Ie is tested 
- . 

f'unctionally, and its voltage and current paralJleters are checked • 

~est.±ng:: starts with the user informing the identity of the 

Unit Under Test (UUT) to the tester. The tester will then find 

th,e proper test program from the. ROM memories for th~t UUT_!. If 

the prop~r test program is not available in the ROM, the program 
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must be Written into the RAN; memories.W±th the telet,ypewriter. Onc~ 

the ~roper test program is ready, the IC to be tested is,plugged 

±nto the socket and the start button is pressed. Then, the test sys

tem will read and inte~pret the instructions :for the :first test. 

If the first test is within the limits specified for that test the 

microcomputer will instruct the system to seek the next test in the 

"go-chainfl sequence. If the test result is beyond the specified li

mits, a failure signal-on the tester is produced, and the testing 

will :end. As long as the results of each test;'are Within l±m±ts, 

the tester will continue its operation until every test ±n the go

c~:f;n sequence has been performed. At this time the testing will 

terminate and a pass signal on the tester is produced • 

. In Chapter 1, a detailed information about automatic tes~ sye-

. tems uS,ed in industry is given. Qhapter 2 introduces iMorma tion 

about digital integrated circuits. Cl~pter 3 gives some economic 

considerations of IC t~sting. In Chapter 4, the implementation 

of the tester is described. Chapter 5 introduces the~programm±ng 

and testing~rocess. The conclusion is given in the last chapter. 



- 4 -

CR.AJ?TER 1 

AUTOMATIC TEST SYSTEMS USED IN.-.INDUSTRY s 
. I 

- 'I 

An automatic test system ±s composed of parts that are ba

sically measurement and test instruments. The Instruments used 

in the automatic test system must be automatically programmable • 

. Another .characteristic of an automatic test system IS that, ±t 

requires its test Instruments to be.capable of being connec~ed 

±n any deSirable electrical configuration by the test· systems 

switching matrix. The final requir'emett"Ji, O~t,f3.'/t.e~t ·s:r$'t.eU!'±sthat 
~ .". . " ',~::'::;''''I'', '/. :;: ' ,/t. ~ C: .;;:!'~ ".' I . , 

~t ha:ve some type of man-ma~h±ne interfac'e"such"as' a'1>r±n~er or 

. : ' '., 
V±suald±splay • 

.. 

1.1.TEST· SYSTEM DECiSIONS 
t·' 

:" 'The .USer or developer of ·an automatic test system i(ATS) must 

..... ~e two major decisions. First, he must decide if he will per

form·the necessary testing manually or automatically. Second, he 
. 

. ~st.dec±de upon ~ specific test approach or method. 
. . 

The firs~ deCision, manual or automatiC, is usually easier 
. . 

to arrive at than the second and is related to characteristics 

of the tested item. There already exists a large body of data 

;:.,describ±ng the advantages of automatic testing a~. compared to 
' . 

. ' . ·'.manual testing. These ±nclu.de 1 ) greater speed Inperf-orm±ne tests 

2) decrease ±n operator skill levels required to perform testing 
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... with . commensurate reduction in training costs, 3) test results in

: dependent ~f'indiv:tdual operator skills, 4) test sequence and to

lerances mo~e consistentlY.performed and increasing confidence in 
. 

test results. 
l' ,. :-

Assuming that the user is attracted enough by these advantages 
, 

to selec~ the automatic test, he must then determ±nethe type of 

AT~ he wtll Use. This decision is no less crucial than the first, 

not only because this decis;ton will ',play a significant pal't in de

termini~g the magnitude of the' investment that±$ necessary ,but 

more ±mppl'tantly .oecau::se selection of the proper test system de

termines the ul ti1llhte utility and SCI. t±sfact±on the usel.' will deri-

vee .. 

':;;! l~2 .WHATIS AUTOMATIC 'TESTING? 

The simplest way to describe automatic testing is to compare 

it to manual testing. Manual testing is usually performed by col

lect±ng~±ndividual pieceso:f test eqUipment, including measurement 

devices., special-purpose sIgnal. generators, pOl.Ver supplies, decade 

boxes~ and a collection of clip leads. The test technician must 

plug in, set up, and connect all of this eqUipment to the unit un-
. . 

der test (UUT) to make the tests. Other manual test equipment may 

±nterconn~ct the individual components in such away that the ope

rator performs these functions with simple switches. Normally, nu-

merous tests are involved requiring the configurations and connec

tions to be changed many times. Some sort of manual or set of :i:ns-
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tructions will normally be available to help the technician perform 

the tests. Hovever, these instructions may not be complete or clear 

and usually w:tll not be all ±nclus:tVe. For example, the proc~dures 

or operations required to isolate a failure are too varied to all~ 

specific instruct:tons for every possibility, thereby lending uncer

tainty to the test and/or repair process. 
, 

In order to alleviate the multiple problems engendered by manu-

al. test procedur,es, the electronics industry 's attention turned to 
/ / . 

automating the testing process. Atypical ATS block diagram is shown 
i ~ 

I 
in Fig.l. It can be noted that the major ingred±ents required to 

,T:Yr 

FRQG-RAt-, 
• 

/ 
I 

INPUI j OUTPUT 

DEVICES 

RESULTS 

-

~TIMULUS Q 

SU\)S'{~TEM 

PROGR"'\'\ ~ 
CO(\\"lKll\. 

STlt"\ULUS 

~ 

I'IOI'\S swrrcHfNG I--- STIMULUS .. C.ONTROL INSiRUC. 
\ ---

-- suB c:.'<S-i[;: 1-' ....d 

A - RESPQI'\SE 

5 U SSYS i c 1'1 _____ ...:.-_---,.,.-
DI\-r ~ .. 

P/{QGI\!'-.M TO ALL OI;,l'K, 

.sUBS'iSTE.(·I~ COrnRtlL 
tl~ .V\ 

"E Sf'Ol-lSc.. ,e{ 

i~gi , , , 
LY MEASUREHclH POWEr, supp 

I---~ 

CONTROL SUB5YS-1 S -1-1 suBs ..... STEH 
. 

j 

UNIT UNIJER 

-rES, 

Fig.l. Block diagram of a typical ATS. 

• 

perfom manual test~ng are available within the. ,'ATS •. There are power 

supplies, st±mu~i, measurement devices, and a switching system to 

allow the lequtpment to be arranged ±n desirable cofigurations. The 

instruction manual is replaced by a progr~m tape that instructs 

the computer to carry out test instructions ±n the proper sequenc~ 

judge test results, and perform calculations. The reqUirement for ,'/ i 

/' 
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writing test results is performed by a printer. The keyboard and 

test results display have two fuu~t±on8: l)to provide a means for 

man-machine communication within the testing process and 2) to 

provtde.:the . functional flexibility l:equired In validating. new test 

system programs. It is often necessary· to use the test system ope

rator to adjust a potentiometer, re~ognize ii' a lamp is on or off, 

or change the position of a switch. The printer is used to inform 

the operator of the action required) the display to indicate the 

parameter he must adjust tq,and.the keyboard to allow the opera

tor to inform the test system that he has performed a necessa:ry 

operat=!;on or to make a positive or negative response .. 

1.3 TEST SYSTEM OPERATION 

. ,::)·':::Generall~, 'operation of an A~lS star"ts with the operator in1'or-
. - ~ 

.. mng the test system of the identity of the UUT either on the lcey

. board or by control switches. The test system will then seek the 

proper test program for that UUT and (usual+y) verify through key

ing or other means that the UDT has been correctly identified. 

This is-necessary to avoid damage to the test system and aUT due 

to operato~ error. 

Once · the DUT identity is verified, testing will begin. The 

.test system will read and interpret the inst:ructions ;fo'l:,the first 
. r.' ., . ,t . 

test •. These instructions will '-set up ;;W±tch±rig.~to .cdn6'ect stimulus 
I 

and power to proper points on the DUT; they will also set up con

,nections. between a measurement point and measurement deyice. Con

,; - .' . tro~_ flIignals on the test tape au toma tically program the ll1easure-
".",,'fo r.! " 
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devices to the proper scales and set the st±mulito the reqU

,ired voltage, frequency, slo,pe, etc. A measurement command then 

'will cause a measurement at the UUT test pOint. This measurement is 
. . 

transferred to the computer and comp~Fed against predetermined mea-

surement criteria, which are also part·.of the test information. If 

'the measurement is within the li~its specified for that test· the 

computer vill instruct the system to seek the next test in the llgo 

-chain" sequence. If the measurement is beyond the specified limitsi 

the com~uterwill instruct the system to either halt and'print that 

the UU~'is defective, or direct the system ~o branch to a fault

isolation test sequence associated with that failure. In the case 

of a fa~lt-isolat±on branch, testing will continue until somerequ

ired fault-isolation level has been reached. As long as the result~ 

of each test are within l~mits, the test system will .continue t.9 

rearrange switching, vary stimulus, change measurements, and eva

luate the results of each test in the go-chain sequence has been 

performed. At this time the testing will terminate and the test 

system will print out that the UUT is good. ,Thus thE: basic requ~ 

irements for configuring an ATS are as follON's. 

i) ! comp~ter or controller to direct and control the testing : 

process as well as interpret and evaluate test results. 

2) Stimulus devices such as po~r supplies, signal generator~ 

or pulse generators that can be autom~,t~c£!.ltlyp+.og~~nled~o pro~ 
• .. • . • • • • I":,.; ':i t l~" ',: ~ •• ~ ;. " h' .~f ~.i~: ,.' .~\ '" ~(;:.'-. I 

Vide \ reqUired amplitudes, pulscw:tCJ.ths, frequencies,' mid other in-

puts required to perform testing. 
, . 

3) Measurement devices that can be programmed for the requ±recl 

, ' 
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ranges and scales needed to carry out testing. 

4) A SW'itching device to interconnect (under program control) 

the UUT ~o the proper simuluB and measurement devices. 

5) Peripheral devices such as printers and displays to provide 

a man-machine interface to the degree required by the user. The 
;~ 

sophistication of the peripheral device.s will d§:pel:;ld."greatly upon 
. '. . , ., .. " - ,', .,," -' '~", '\, 

the use for which the test system IS planned. 

6) Ta]>e reader or equ:tvalent dev:tce for loading the ·UU~I prog-

ram into memory. The requirements for and size of this unit are 

also ~ependent upon the test system's Use. Ii' the system is requ

ired to test a small number of UUTs it may he possible to keep all' 

the UUTprograms resident in memory. As the num1:fer and~s:tze of the 

UUTs grow larger it becomes necessary to store these programs on 

.some medium and read them into the test system as they are requ

:tred •. 

7) Computer ~rograms to direct the testing operations. 

8) Accessories and signal conditioners as reqUired for speci

fic tes~ problems. 

1.4 INTEGRATED TEST SYSTEMS 

. . 
An integrated test system is con~osed of separable fUnctional 

' . 
.. elements. ]lor example, if the test system mul timeter weJZe removed 

from ,the system, the multimeter could 'still perform its functIon 
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of making measurements under manual control; similarly the pulse 

generator .c,ould be removed and used in a manual test situation if 

necessary. Each element can operate independently of the remain

ing system elements as an entity. 

This,type of test system is quite common and is usually qon

figured under two basic concepts. Either separate programmable 

test system entities are selected and lllodified to operate on a 

common d~ta bus, or separate device ,?ontrollers are used to act 

as an intE,rface be'vween the devices and data, bus making them ap

pear compatible to each. other. In developing an integrated ATS 

it is deSirable ann sometimes possible to select devices from va

riou~ suppliers that are already compatible and that meet the 

system test capability requirements. However, this fortuitous 

opportunity seldom presents itself; usually the compatibil:ttpr 

and capability necessary for a dependable, accurate system must 

be engineered. An integrated system offers the following advan

tages to the user. 

Ad van tage s: 

1. Wide Selection of Vendors from Whom to Select the' Test 

System Buildin~lock Components: ~1J.le wide selection of vendors 

allows the user/developer configuring an integrated ATS to care

fully select the elements of their system to optimally meet 'the 

.:requirements ±ndicated by test requirement analysiS and trade-
". } 

of is. 

2. Expandable Capability Through Addition or Deletion of 

. , .> Building Block Components: The nature of I an integrated ATS can 
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; •.. , often make modification or expansion of its parameter envelope 

less difficult than what would ue'-i'equired in attempting this 

change on a dedicated system. 

3. The Initial Engin~ eri!!g De sitI~_f~nd Deve;!.opment Co st s :May 

Be Lower: This advantage refers to hardv\are rather than softw3.re 

expense. 

Some of the disadvantages Of the integrated automatic test 

system are the fol~oW±ng: 
i 

1. Hidp.en DeveJ:.£I>1uent Cost: ]eve:",opment of the integrated ATS. 

inpludes an initial engineering outlay for integration. The_size 

of this expense is seldom predicted accurately because the problems 

that will be encountered when attelllP:tlng to join the individual e

lements into a single operational system cannot be eas:tly±denti-

fied in advance. . / If 'i)' 

/: :' .• t''I ' .. / -c/' " • ~I .~.~l." / 

2. ;Inefficient Utilization' of Components: Tn.'e W±1d±ng, blocks 

selected for incorporation into an integrated ATS usually are de

Signed for general purpose applications and thus will have capabi

litiesbeyond the requirements of the test system itself. ~he in

efficiency of unused capability as well as reduced system reliabi-· 

, lity . due to, the 'presence of unnecessary failure mode cadidates can 

prove troublesome. 

,3. System' Size Is Greatly Increased: Because the packaging of 

'the ±ritegrated.ATS ~uilding blocks is not specifically designed . 
for use in 'a system environment, a great deal of additional space 

ia required' • 

. 4.' Increased }/aintenance Requirements: Maintenance .ponsidera-

tiona of an'integrated ATS is a dra~ack because the self-diag-
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;, nostic capability of an ATS is somev-ha t circumvented when, the sys

tem is composed of individual programmahlt components. 

1.5 DEDICATED TEST SYSTEMS 

A dedicated test system is one that is specifically designed 

for a given task or class of tasks. Jrhe elements of this type of, 

system, when separated from the system itself, cannot be used to 

provide characteristic system functions as they do when connected 

w~thin the test syst'em. 

Normally, the system functions are configured from some type 
. 

9f standard modular dev±ces arranged and connected for desired 

characteristics. The dedicated ATS has all the test characteris-
IV ' 

", ,(. 

tics of the integrated ATS. It is usual'l~r' bufl t,~b~::)\;!.t.>. ~JIle selec';' 
I ' 

t'e.d comPuter that provides control and analysis, and it contains 

standard man-machine interface such as visual display, printer, 

. and keyboard. 

-Advantages of This Type of System: 

1: ~atly Reduced Size When Compared to Integrated Systems: 

,The dedicated test system will usually occupy less than half the 

space required, by an integrated ATS. When the, space available for 

test and/Or, ma±ntena!lceis limited, a: dedicated ATS is often the 

only alternative. 

2. Efficiency and Reliabil±ty Are Increased: ,The efficiency of 
" 

,~':dedicated ATS is high because it contains 'only those f)lnctions 

reqUired for the testing process; whereas, the integrated ATS will 

be configured from parts that usually possess capabilities and pa-
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rameters,well beyond the requirements of the test system itself. 

The reliability as defined by its mean time between failures may 

also be increased merely through elimination of failure modes in 

superfluous cirCUitry. 

3. 1~±ntenance Is Simplified: By its nature the design of the 

dedicated test system lends itself to automated maintenance tech

niques. Development of stimulus measurement and ~itching sUbsys

tems through modularized elements designed for specific tasks al-, 

lovs recognition and' isolation of failures with greater precision. 

This is because the modular design inherently has,a large number 

of internal' monitoring pOints available for self-diagnosis. ,The 

: availability of these additional test points allows the designer 

of the 

gle Qr 

self-test program, to isolate a test: s,ystem fa1{1u~~/to 
. . . ..' } ,".. :·i£<>'tj· .. ·/~.<:.' .o.~~!J.j:' ,.' ::~~:~1:~~.' . I 

small number of modules. 

a sin-

4. Availability Is High~: The mean time to repair for the de

dicated system is shorter and hence, availability is greater than 

that of the integrated system due not only to the preciSion with 

which ,the failure can be identified but also due to the ease with 

which the failure can be corrected. The modular nature of the de

"dicated:,'A~S lends itself to rapid removal and replacement of the 

suspect element or elements. This rapid repair is not possible 

With the integrated'ATS because removal tends'to be difficult and 

it is ,too expensive to carry replacement spares on a building block 

basis. 

5. ~ial Testing: Often when requirements are unique or when 

"t.~st:thg ±s,-:ne'cessary to check uncommon UUT parameters, a, dedicated 

:system is 'the only ATS solution. 
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;' .. ' Dedicated Te'st System Disadvantages: 

r" I., Cost: The development cost of a dedicated ATS tends t~; be 

greater than that of an integrated system. The difference between 

the' two will be less than that implied by comparing the component 

acquisition costs of an integrated ATS with design and d,evelopment 

oost:;J'of dedicated ATS. There are subtle and somevhat hidden engi

neering expenses associated~ith developing an integrated ATS, 

such as the costs for compatibility devices and modification of 

the ATS bUilding bl9ck elements, and the added expense to develop 

a more oom!flex sof'hyare package able to drive the diverse elements 

of the integrated system. 

If the dedicated ATS is to be purchased rather than developed, 

the cost difference in acquiring the two types of sys~em could be

come smaller. 

2. In-House Requirements: Developing a dedicated ATS requires 

a broader pool of eA~ertise and knowledge than is required of the 

purohaser of an integrated ATS. That is, the skill required for 

, the design of the test system must be 'available within the deve

loper organization. The risk is high that trOUblesome or inadequa

te design approaches could become incorporated into the test sys-

tem unless the design group is carefully chosen and supervised. 

Errors so incorporated must sloWLy be modif:te,d out again as expe

rience with the test system is gained. This process can ~rove 

costly, pa±nful,and ±s not always entirely suocessful • 

. 3., L:tm±ted Test Set Capability: The developer, of a dedicated 

,ATS must be very clear about what t~e system test capabil±ty'must; 

the typical dedicated ATS vill ,be especially designed for optimum . 11 . i ,.-

.·r:>"t,:.>.}::." <)L.: '". ;.J~f'" ' 
" . 
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'. performance of a given task or class of tasks. This Cl3,n be serious 

constraint if an error or miscalculation occurs when specifying 

system requirements. Modification of the dedicated system is of 

course Possible, but the redesign tends to be eXPensive and suf

ficient space may not be available to incorporate necessary chan

ges without mechanical redesign •. 

1.6 OTHER FACTORS , 

ATS are applied. to many types of testing. Among these are: mi

litary and 'commercial test, production and support test, qualifica

tion and diagnostic test. 

Military and Commercial Testing: Military test system must meet 

many criteria of reliability and maintainability that need not be 

considered when developing or purchasing a commercial system. ASide 

from the critic~lity of the military mission there are a number of 

unique lQgistics and training problems, which have no parallel in 
. ! 

the commercial test world. The constraints imposed by the military 

test 'enrtronment have led military procurement activities to . depend 

heavily upon the dedicated, Am'; This is due. to the dedicated system's 

smaller size, -ease of maintenance, and amenability to closely spe

cified and controll~d,tolerances that can be oriented tOWard the 

military misson. 

Commercial test systems cover E,I. scope nearly.as broad as. mili-

tary system. These systems range from thev:~q :s±mple~~to Ithe very 
.... ' ... t. ., .' f. - . 

comp~ex and from d±rectco~parfson te'dhW:bitt~s 'uif±l:tz±r{~" the 'known i 
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, good unit' to comparison based upon detailed circuit analysis. Ge

neralities regarding commercial test system are diffIcult to fo~ 

,mulate. Hawever, it can be said that commercial tests systems tend 

to be .... more task oriented than general purpose. 

Production Versus SUpport Testi~: Production or factory test

ing is performed as part of the quality control function at inter

im stages or at ,the end of a production line. This type of testing 

becomes pa~t of the: production process and production efficiency. 

The fa('~tory tes'; system is usually an integrated ATS, often 
-' 

configured in large part from available factory test equipment. 

The length of the production run and·the test precision required 

are critical factors when determining the test system,reqUirements. 

In many cases only slight modification, electrical ormechan±cal, 

is necessary to adapt a previously u~ed test system to a new pro

'duction run. 

The repetitive nature of production l±ne"test,s ru.*bwSi U.se of 
. . . . . />:.~·N /.. <'" ' '" :/'/,"",. ,,' I.e .~('~,:I.. / 

compouents that need not be as 'software flexible"as ,those in a 

test envfronmentwhere the testing requirements vary. The test pro

cess 9n the production line can use a relatively sin~le device de

signed! to solve a single well-defined test problem. Often manual 

test eqUipment with minor modification and appropriate computer or i 

controller i?lter!ace can be used to configure this :type of tester. 
I 

The reliability of the factory ATS must pe high an,d ~ the mean ' 

time. to' repair relatively law to avoid shutdown of the production 

process due to an inability to test. Thus, this type of system must 

be; designed ,to allay,for rapid identification of failed components, 
i 
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of spare building blocks so that production need not be delayed. 

The requirement that factory ATS have high reliability a~d be 

easily mainta:tnable soUnd very much like the requirements listed " 

. for the military ATS. The difference between the two are matters 

,of approach and degree~ The factory ATS is configured tc;> less st

r~gent environmental standards than the military ATS., 

Support testing usually takes place at remote or field loca

tions. It '±,~ used tq' provide secondary level maintenance on prime 
I 

hardware, r-educing the repair time required and thereby lcwering 

the spares level necessary for any given hardware item. The conse

quence of a failure is less immediate for a support ATS than it is 

, for a factory ATS because the support ATS is not part" of the on

line process it is supporting. That is, the factory ATS is often 

part of the production process and can stop this process in a re

latively Short period of time if it is not available. The reliabi

lity requirements vill depend upon the specific support needs of 

the ATS user. The support ATS often must test n~l~ different types 

of eqUipment as well as be able to provide support for various 

versio'ns of similar units. This reqUires broad test capability- as 
. 

well as a flexiblesof~are paclmge. In addition the support ~TS 

should be designed to store many programs either as resident me

mory or in some convenient proteotive device that can be used to 

load programs easily into the system as they,are required. 

ATS' characteristios for support testingi.are no~ easily catego

rized into the dedicated/integrated classification~" The ~ield' site 
, . -
constraints, the type of equipment supported, the capability of 
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maintenance personnel, and the scope of the support misson all must 

be considered. Often hybrid system~' are found -where the concept of 

the integrated and dedicated system have been incorporated to meet 

opt±ma1Iy-the specific aupport required. 

gual±fication and Di~nostic Testigg: Qualification
i
, go-no-go, 

or acceptance testing all refer to a test philosophy in Vhich the 

UUT ~s examined only to determ±ne if it is capable of meeting its 

specified performange _parameters. No further testing is performed 

if the UUT fails to fall within the limits required by its perfor

mance criteria. : It is either thrown ~ay orimoved to another test 

area where the cause of the malfunction is identified and corrected. 

Qualification testing is usually used for high-volume testing of 

low-value UUTs. The user/developer of an ATS for qualification test 

is usually primarily concerned with test speed and accuracy. ~l±S 

type of test±ng is often performed on large numbers of identical 

UUTs over Icing periods of time. Therefore, programming simplic:tty 

rather than flexibility is sought. Other desired qualities for this 

type of testing are a fairly sophis~icated mechanical interface 

between the"test system and the UUT. Finally, qualification testing 

allows-utilization of a simple man-machine interface. 

Diagnostic testing is required for more complex UUTs. The law

, est level of these is the small printed-circuit board or a small 

assembly of only wo'or three components. The philosophy of this 

type, of testing is to identify and replace a failed component to a 
, I, 

\ , 

, level required ±n an established maintenance plan. ,;For a pr±nted-

circuit board, this may be one or a number of compol1e'nt ·parts. l'or 
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. an ass;embly, it may be a chassis or a printed-circuit board~ Often 

an ATS ~ll.pe required to provide both qualification and diagnos

,~ .. tic capability. 

Test system requirements for diagnostic testing call for a so

'phisticated software/hardware 'combination allowing for a flexible 

interactive man-machine interface. Communication between man and 

ma~hine by a printer and keyboard is usually a mininum. Many times 

photo displays are x'equired and the fndustry is now considering 

computer-eontrolled video terminals tliat can be used in conjuntion 

with light pencils and other operator-control devices to all~ gre

ater diagnostic capability and flexibility. 

1.7 J!'UTURE TRENnS 

Certain trends are becoming obvious for both the integrated and 

dedicated ATS. The system's s±zej±s decreasing. This decrease in 

size has been accompanied by an increase in system complexity, ca

pability, and interactive characteristics of the test system ele-

ments. 

The general purpose microcomputer is increasingly found at the 

heart of ATS. The availability of reSident memory and utility of 

the software package appear to be the major factors in select:tng 

the test system computer. 
. , .. ' 

Mul1iistation ATS in which microcomputers interface with and are' 

oontrolled by large computers on a real time basis ~re presently 
, 

:be:tng used very successfully in factory test of TV 'and computer 
; 

circuitry. Other success.ful appl:tcat:tons of this technique ar,e fo

un. d in monitoring of 1I1ul t±ple remote phenomena at a central.:tzed 
f-! ' 
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station. 

Configura.tion of test system and application of the test pro

cess is more aud more becoming a systeu engineering problem ±ri 

which. entire subsysteuls rather than individual system elements are 

considered • 
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CHAPTER 2 
.'. : 

INFORMATION ABOUT DIGITAL INTEGRATED CIRCUITS lJ:2.J3)L;-)5JSJ .l.O 

Almost all modern digital systems utilize digital integrated 

circuits (ICs) because they result in an increase in reliability 

and a reduction in weight and size. Digital IC technology has 

advanced raPidlYfr~m small-scale integration (SSI), with-less 

than 13 eq~ivalent i'ogic gates per chip, through med±Um-scale 
, 

integration (MSI) , with be"bNeen 13 anfl 99 eqUivalent logic ~tes 

per chip, ,to large-fjcale integration (LSI), which covers the' 

range beyon:l 100 gat'es per chip. With the wi9:esp.readllr~e '6t' ICs 
, ~. ," . ,f.:>'tI' '.>: .... :~. '. ' ".'j';r:':' '0' Yi~' ;(;:.~ •. " I 

comes lthe necessity for beooming familiar with tIie cliaracteris-

tics of the most commonly used logic families. (A logic family 

refers' to a specific class of logic circuits that are manufac

tured using the same manufacturing techniques.) In this chapter 
. i 

, we-Will. exa!!nine the DTL, TTL, roL, RTL,DCTL, 12 L, N-MOS, P-1DS, 

CMOS and 80S ,logro families • . 
.~e various logic families can be placed into two broad cate

gories .aocording to the ICfabrication process: bipolar and uni-
. . 

.. >. po~ar"The bipolar families utilize the bipolar transistor (NPN 
;";:,': 

arid PNP) as their principle ,Circuit: element. DTL, TTL, ECL, RTL 

• DCTL and I2L are bipolar families. The unipolar families use MO S 

.. field-effect :transistors (1{)SFETs) as their principal circuit 

'':', eletnent. 'N-MOS, P-M)S, CMO~, and 80S are all unipolar logiC fa

milies. The unipolar logiC families are also called 'as MOS.:farpi-
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, ,lies. 

,~, " (.' '/,.. 

, In general, the MaS famil,~~,s tend ";P9/r~:1l~,,~:w.~1?::£:'.~.1l:,;t.:!t~.;~I~.tor MSI ' 

and LSI devices because the MOS families require less chip 'area 

and consume, less power than their bipolar counterparts. On the 

'other han,a., MOS. families tend to operate at slow-er speeds than 

bipolar and, require sp'ecialhandling and storage precautions • 
. ' 

2'.1 DIGITAL IC TERMINOLOGY 

L , 
Al thoul;;h there are many digital IC manufacturers, much of the 

nomenclatuJ'e and terminology is fairly standardized. The most 

useful terIls are defined and discussed below. 

Currellt·and Voltage Parameters 
>.;:1 . 

VIH high-J.evel input voltage: The voltage level required for 

a logical 1 at an input. Any voltage below this levelW±ll not be 
! 

accepted as a HIGH by the logic circuit~ 

VJL;ow~evel input voltage: The voltage level required for a 

logical 0 at an input. Any voltage above this level -will not be 

•. accepted ~as So LOW by the logic circuit. 

VOH high-level output voltage: The voltage level at a logic 

circuit output in the logical 1 state. The minimum value of VO~\ 

,is usually specified. 
1 

VOL. law-level output voltage: The voltage level at a logic 

,circuit output in the logical 0 state. The maximum .value of VOL 

is usually specified. 
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IIH high:level input current: The 'current that flows into an 

:.input 'When a specified high-level~.vol tage is' applied to ,that in

put. 

~:/:., 

IlL lOW-level input current: The current that flows into an 

input/when a specified low-level vo~ tage is applied to that input. 

IOH h~gh-level output current: The current that flows from an 

output in ,the logioal 1 ,state under specified load condit±on~. 

Io~ low-level output current: Th~ current that flows from an 
'. ~ 

output in the logical 0 state under specified load conditions. 

Fan-out 

In general, a logic-circuit output is required to drive seve

.ral logic inputs. The fan-out (also called loading factor) is 

d~f:tned af;l,the ma.xtmum number of standard logic inputs. that an 

:,output can drive ~eliably. For ,example, ~ logic gate that is spe

cified to have a fan-out of 10 can drive 10 standard logic inputs. 

If this number is exceeded, the output logic-level voltages cannot' 

be guaranteed. 

Tral1S~tion Times 

Some digital circuits respond·to logic levels at their inputs, 

but others are activated by the rapid change in voltage. In the 

latter circuit type it is essential that the input si~1als have 

sUfficiently' fast level trans:ttions or the circuit lllay not respond 

properly. For this reason the rise,t:tme tR and fall t:tme tF of a 

logiC ~utput is often specified. The values of tR and t~ are not 

necessarily equal, and both are dependent on the amount of loading 

placed on a logiC output. 



; 

,- 24 

, Propaga t±on Delay:s 

A.log±ic signal always experiences a delay in going through a 

'9ircuit. The two propagation delay times are defined as 

tpL.H : - delay time in going from logical 0 to logical 1 state 
.~ -." 

(LOW to F,[IGH). 

tpHI- ;' delay t:i;me in going from logical 1 to logical 0 state 
" I 

~. 
, 

(HIGH tq' LOW). 

Figure 2.1 illustrates these propagat±ondelays. Note that 

tpHL ±s the delay in the output's response as it goes to the 0 

state, and ~i~e versa for tp~l1. 

:-. In general ,t PHL and tpL.H are not the same value, and both 

, will vary, depending on loading conditions. The values of propa-
!.. . " . .. 

I 

':gatiO':l,. times are used as. a measure of the relative sp.eed of logic 

, c:l:rcu:l:ts. For example, a logic circuit with values of-10 ns IS a 

faster logic circu:l:t than one with values of 20 ns. 

Inp", :------J \. '"-----., ,.' 

-">-t . ' 

OLAput 1 ----.... 

o 

"I 

, Figure '2.1 Propagation delays. 
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, 
. The amount of power required by an ICis an important charac-

teristic and is always specified on the manufacturer's data sheet. 

Somet±mes it is 'given directly as average power dissipation Po • 

. Mor.e often it is indirectly specified ,in terms of the current 

drain from the IC power supply. This current is typically symbo

lized as led. When the value for Icc is known, the pcwer drawn 

by the supply is obtained simply by multiplying Icc by the power 

supplyvol"9age • 

For some ICs the value of supply current Icc will be differ

ent for thl:! two logic states. In such cases two values for Icc:::·:,: 

are specif:i:ed. Icc H; is the supply current when all, outputs on the 

. IC chip arn HIGH; IeeL. is· the supply .curren:\; when all, output~ are 

LOW. 

NoiseIUlU1unity 
( 

Stray electrical and magnetic fields can induce voltages on 

. the connecting wires between logiC circuits. These umran~ed, spu- . 

rious si~ls are called noise and can sometimes cause the volta-
! ' , 

ge. at. ~he tnput to a logic circuit to drop below VU-I (min) or rise 
·1' 

. above ,VI~ .(max)', Which could produce unreliable operation. The 
. - . , .. , 

, \ 

noise'immun±ty of a'lo'giccircuit refers to the circuitl,s ability i 

to'.~01erate'noise voltages on its inputs. A quantitative measure 

"of noise immunity i~ called noise margin and is illustrated in 

'Figure' 2°.2~:· 

Figure 2.2(a) is a diagram sh~ing the range of voltages 'that 

,can occur ata logic pircuit output. Any voltages greater than 

BOGAZiCi ONIVERSITESi KOTOPHANESl 
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(a) (b) 
~\ 

Figure·2.2 Noise margins • 

. . 
VOH (min) are cons:l;dered a logic 1, and any voltages lower than 

'YOLo (max) are cons±d~red a logic o. Voltages :tn the indeiiermfnate 

range. should not appear at a'logic c±rcu±toutput under normal 

cond±t~ons. F±gure 2.2(b) sJ;lows the voltage requirements at a . 
. log±c c:tl'CU:tt :tnput.' The logic circuit will respond to any input 
, . , '. 
,greater thanV1H (min) as' a ~ogiC 1,: and will respond to voltages '. , 

. lower than V1L(max) a~ a logic O. Voltages in the :tnde,terminate 

range will, pJ;'oduce' an unpredictable response and should not be' 

used~ . 
.. ~'. 

'The high-state noise margin V HH is defined as 

(2.1) 

as illustrated in 1!'igure 2.2. VNH is the.dif;f'erence between the 

,lowest possible HIGH output and the minimu~, input vol tage required 
, • . ".;,;.,... ,"w' • • 

,for a HIGH. When a HIGH logic output is driving a logic circuit 
" '.. .. '1 

.. J .~". 

".input;" any negative noise sp±lces greater than VIm appearing Ou' 

.' 



the signal line will cause the voltage to drop ±Uto the ±ndeter

m±nate range, where unpredictable~peration can occur. 

The low-state noise margin V1-JL±S defined as . ' 

and the 'maximum input voltage reqUired for a LOW. When a'LOll lo

gic outp~t is driVing a logic input, any positive noise £pikes 

greater th~n VN~ will, cause the voltage to rise into the indeter

mi.na teo ,ran,pe. ' 

AC Noise_~rgin 

,Strictly speaking, the noise margins predicted by'expressions 

(2.i) and ( 2.2) are. termed dc nOIse margins. The term tldc nOise 
" ' 

lllargin" -might seem sOlUEWhat inappropr±a te when dealing with nOise, . ' 

which, i~ ge~erally thought ,of as ~,ac signal of the transient 

variety. However, in today I s high-spee~ integrated circuits,-a 

pulse wi~~h .of 1 ps is extremely long and may be treated ,as dc as 

,fa~ as the response of a logic circuit is concerned. As pulse 

widths decrease'to the lON-nanosecond region, a limit is ,reached 
I 

',where the pulse duration is too short for the circuit to respond. 

:At this pOint, the pulse amplitude would have to be increased to 

produce a"change in the circuit output. What this means is that 

a. logic circuit can tolerate a large noise amplitude if the noise 

is of a very short duration. In other words, a logic circuit t s ac 
';.> 

nOisemargins 

nOise,margins 

, , 

are generally substantially greater 'than its dc-:' ; 
.'. \ .. -' , 

given by (2.1) and (2.2). Manufacturers ge~era+ly 

• I 
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supply ac -110 i se-!I".a..rgin information in the form of a graph such 

as ina--\: :in Figure 2.3. Note that tne noise margins are constant 

for pulse widths greater than 10 ns but increase rapidly for.' 

narrower pulses. .. # '/ ", 
~. '.' 

"'I.:"",.,,.,~· .. ,'r ••... ,'.'.,:.~,.,~.,.?:'.·< '.;~, " fA ; '-, 
r IJ":£;'~.~:.· ,,' ~,.\t;~~?~~ .. · 

• ~v t 
I 

It V l-
I tio',se3V r-

hH)I-gtns I 

LV f-I ~---,-.-.. "--~-
1\' r 
o L ___ ._1--,_L. , ... _~L. __ .J,_ ... __ ".L ... , ..... I .... ,_ .... 

o .1 J, b 8 i\) 11. \1\ 

tp, pube. w\d'\,\,-) ns 

Figure·?3 Typical ac noise-immunity graphs. 

Current-So~cin~and CUrrent-8iruc±ng LogiC 

Logic families can be categorized according to hON current 

f'lows from the output of one logic circuit to the inp~t of another. 

Figure 2.4(a) illustrates current-sourcing logic. When the output 

of gate lis in the HIGH state, it supplies a current IIH ,to the 

~nput of gate 2, which acts essentially as a resistance .to ground. 

Thus, the output of gate 1 is acting as a source of current for 

gate 2 input. 

Current-s±nking logic is illustrated in Figure 2.4(b). Here 
.,,1' ..•.. 

the input circuitry of gate 2 is represented as a. reSistance tied 
, 

:' to -+ V cc.' the positive terminal of a power supply. When~the ~ te ' 

, 1 output goes to its LOO state, current will;,: flow in the direction 
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LOW 

i ..YJ:=H=====l1=H ::t"\.U~ f ... . LOW. 

\ 
(a) Current sourcing. 

(b) Current sinking. 

F±gure 2.4 Comparison of current-sourcing and cUrrent-sinktng 

act±onf;;. I • 

shown from the input circuit of gate 2 back through the output 

resistance of gate 1 to ground. In other words, in the Lan state 

the c±rcu:ttdriv±ng an input of gate 2 must be able to sink' a cur-. 

rent, Ill' coming f:J~om that input. 

The distinction between current-sourc±ng and current-s±nking 

logicc±rcu±ts : ±s all important one which w±ll become more 'apparent 

as we examine the various logic famil±es. 

2.2 THE DTL LOGIC FAMILY 

'. 

A typical DTL logic gate is depicted i~! ;\~~~e 2~~t ~T!1~s is 

called a DTL logiC gate beca~se .. ·±t use's::d':tod'es' a.:t':.;tP.~(:j;fuPutsA and 
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A O..----f::.J--+----f 

Bo-

Ji'igure 2.5 Basic DTL circuit. 

B, and Uses a transistor amplifier. This gate functions as a NAND 

gate for positive logic since all inputs must be HIGH in order to . 

. cause.01. to turn ON. If any input is LOW the base of Q ~ is clam

ped to a voltage near ground by the forward-biased diode. The 

drop across ·the emitter.-base junction of Ql plus the drop across 

the following diode keeps the base of Q~ negative ande~su~es 
')11 /' 

, ~ f': .. ''''.:., .... ,y _ '/ . 
that Q:z. is off for this.cond;it:J;on. Typx~al~' .. leve.~;;.~,o.t.;~CW' state 

I 

and HIGH·state are 0.4 V and 2.4 V, respectively. The noise mar-

gins in.either. state are approximately 0.5 V. It has a fan-out of 

about 8. Typical power d±ssipationfor a basic DTL gate is 10 my • 

. Propagation times are around 30 ns. 

2.3 THE TTL LOGIC FAMILY 

'Olie of the most' popular logic families at the present time is 
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the TTL family. Since the late 1960s this line has emerged as the 

most flexible and continues to be.~n· great demand after the m±d-

.1970s • Th±sfam±ly possesses good fan-out figures and relatively 

high-speed switching. The Schottky-clamped TTL lowers SNj;tching 

times even fUrther with propagation delay of gates in the area 

of two nanoseconds. The basic TTL gate is shown in }'igure 2.6. 

Figure 2.6 Basic TTLc:trcuit. 

The .TT~ family j;s based on the multiemitter construction of 

transistors which are easily and economically fabricated usIng 

±ntegrated-e±rcuit techniques. The operation of the input tran

sistor' can be -visuali"zed by the circuit of Figure 2. 7 ~ which 

shows the bases of the WlO transistors connected in parallel as 

are the collectors while the emitters are separate. 

If all emitters are at ground level the '. transistors will be 

saturated due to the large base drive. The collector vo~tage 

'WilL,be only a few tenths of a volt above ground. ~he b~se vol

tage will equal VSE(fm) which may be 0.5 V. If one of the emitter 

.' 



- 32 -

+Ycc 

Rc 
,----- ----, 
I , 
I 

I 
I 
I 
I 
I 

~eA , " , , 
1 • 

'J>. ,I 
- I ___ ---.J. __ ~ e 
L---- ________ l & 

to the multiemitter transistor. 

vol tage is rais,ed, the corresponding transistor will shut off ~ 
1 

The transiatorwith an emitter voltage of zero volts still be 
. 

saturated, however, and ,this will force the base voltage and col-

lector voltage to remain lov;r. ,If two emitters are raised to a 

higher level, the base and ,collector voltages will telid to fol-

10\11 tl~±6 signal. ' 

" . 
Return:tlig to' the basic gate of Figure 2.6 we see that the 

low logic level appears at 'one or more of the inputs, (Ii will be 

saturat,ed with a very' small voltage appearing a~ the collector 

of this ~stag-e.' Since at least 2Ve,l7.(lln) must appear at the base of 

'Q2.. in order to turn (h and Q3 on, we can conclude that these 

transistors are off at this time. Vijlen Q~ is off the current' 

through the 1.6 ko. resistance is diverted into the base of QI\_ 

which!ihen drives the load as an emitter follower. 

Wh~n all inputs are at the high voltage level,"the 9ollector 

of Ql' attempt's to rise to this level. This turns Q2, and <13 on 
, i 

, , 

. ,~. 

'. 
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which clamps the collector of 01 to a voltage of approximately 

2VSl:lu0. The base-collector junction of 01, appears as a fOlWard

biased diode while the base-emitter junctions are reverse-biased· 

· diodes·:ttl this case. As~ 01. turns on the base voltage of 04 drops , 

.. decreasing.the current through the load. Th~ load 'current tends 

to decre~se even faster than if only Oll-were present" due to the I 

fact that 0,3 .Is turning on to divert more current from the load. " 
, . 

• At the ~n~ of the rransition Olt is off with Ozand 03 on. For 

positive J;cigib~the' circuit behaves as a NAND gate. 
I 

This errangement of the output trapsistors is called a totem 

pole. The o~tput impedance of the emitter follower is asymmetri

,cal with lespect to emitter current. As the em±tterfollC1vVer 

turns on, the output impedance decreases. Turning the, stage pff 

increas'es the output impedance and can lead to distortion of the 

load voltage especially for capacitive loads. The totem pole' 

output sta~e overC(lmes this problem as, discussed in the prece-
~ 

,ding paragraph. 

~here are -wo standard methods, of improving the high-spe~.d. 

SWitchix:g characteristics of TTL." The first is to add clamping 

diodes to the input emitters of the gate to reduce transmissti:on 
r 

line effects by providing more symmetrical impedances. This im

provement is shovn in Figure 2.8 along with smaller resistors 

· and a Darlington connection at the output. These gates exhibit 

a, tyPi'cal propagation' delay: time of 6 ns. 
~. < < i 

·A: ve'I'Y· signfficant improvem~nt in TTL switching spe'ed results 
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+vcc 

Pigu:I'e 2.8 High-speed TTL gate .. 

from using Schottky barrier diodes to clamp the base-collector 

junctions of all transistor~ to avo td heavy sa tura tion. ]'igure 
I 

. 2.9. shows: the arrangement of the claulping diode. 

--L? J, 
-i~ 

(a) 
I (b). I 

Figure 2.9 (a) Schottky-clamped transistor • 

. (b) Symbol for clamp .. 

The.lcH f9lWard voltage across the Schottky diode causes the 

diode to d: :vert most of the excess base current .around the base-

" collector junction. The transistor current can then decrease ra-

pidly without the delay associated with excess base charge. The 

Schottky-clamped TTL gates e}:hibit propagation delay times of 



- 35 

two to three nanoseconds. 

In 1964 Texas Instruments introduced the first standard 

product l~ne of TTL circuits. The 5400/7400 series, as it is 

called, has been one of the most widely used families of 10 

logic. We, will simply refer to it as the 7400 series since the 

,only difference be:ween the 5400 and 7400, versions is that the 
! 

5400 series is IneaJtt for military use and call operate over a' 

wider temperature and po\Ver~supply rWlge. Many 10 manufacturers 
II , 

now producp the 7400 line of lOs, although some use their ONn 
, . 

identifica"iion numbers. For example, Fairchild has a series, of 

TTL ICs, wllich uses numbers such as 9NOO, 9300, 9600,' and so on. 
i 

However, Oll; the Fairchild specification sheets the equivalent 

7400 series number is usually indicated. 

The 7400 series operates reliably over the temperature range 

0-70° C and with a supply voltage (Vee), of from 4.75 to 5.-25 V. 

The 5400 serres is somewhat more flexible since it can tolerate 
~ 
\ 

a -55 to -125°0, temperature range and a supply variation of 4.5-

'5.5 V. Both series typically have a fan-out of 10, indicating 

Tabl~ 2.1 lists the input and output voltage levels for the 

standard 7400, series. The minimum and maximum values sh~ are 

.. for worst-case conditions of pOW"er supply, temperature, and 10-

'ading 'c,ond:ttions. Inspection of the table reveals a guaranteed 
': • I' ' 

:maximum logical ~ ,output' VOL:::: 0.4 V, which is 400"lI~:V less than" 

" ,the logic~l o vol tage needed at the input VIL = 0.8 v. Tli±s means 
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Table 2.1 Standard 7400 Series Voltage Levels 

Minimum Typical Maximum 

VOL.- .0.2 0.4 

VOH, 2.4 3.6 

V1L 0.8 

V1H 2.0 

,that the gua:r:anteed LaTl .... state de noise margin is 400 mV. ll1at is, 

Similarly, the logical 1 output VOH is a guaranteed minimum of 

2,.4 V, which is 400 mV greater than the logical 1 vol tfige need

ed at ,the input V1H = 2 • .0 V. Thus, the HIGH-state de nOise margin 

:ts 400mV. 
"'.' ,"' .1 . 

, .;: 

, .VNH' VOH (mi~) - Vl~lm·~I~)=2.4 V - 2.0 V=0.4 V=400 mV 
. .. -:. . . 

, Thus., 't;n~ guaranteed worst,-case de nOise margins for the 7400 

series'are both 400 .mV. 'In actual operation the typ:tcal dc nOise 

marg~s k"e':somewhat' higher (VNL.= 1 V an,d VNI~ = 1.6 V). 

Standard TTL logic circuit draws an, average supply current ' 

Icc of 2mA, resulting in a pcm-er dissipation of 2 mAx 5 V~lO WfI. 

It ~as an a,verage propagation delay of 9ns. " 

Besides the standard 7400 series,' several other., T~L series 

have been developed to provide a wider choice of speed alld pOQ1er 

., 
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dissipation characteristics. These are mentioned below. 

~-Power TTL" 74LOO Series 

L~-power TTL circuits designated as the ,74LOOseries have, 

essentially the same baSic circuit as the standard'7400 series 

',except that all the resistor values are increased. The larger 

reSistors reduce the power requirements but at the expense of 

longer propagation delays.A typical NAND gate in this series . " 

has an a;verage power dissipation of 1 IDYll and an average prop a-

'gation delay of 33 ns. " ,,'I, ' ',1' ' // 
, > ' ..' t:.'.t't~" ,.',.' .~: .. ,'~ .. j:f . -, .. / /:r ., 

[lhe 74LOO series is ideal 'for appl±cat'±ons:~in' Wilf6h' pooer 

d±ss~at±on is more critical than speed. Low-frequency, "battery

, operated Circuits such as calculators are well suited for this 

" 'TTL series • 

. ' 
High-Speed TTL, 74HOO Series 

,The 74HOO series ,is a high-speed TTL series. The ~asic cir

, cu±tr,y for this series is essentially the same as the standard 

; . ..,. 

7400 ,series except that smaller resistor values are, used and ',-

, ,the e~tte~-follower transistor 01t is replaced by a Darlington 

pair. These'differences result in a much faster switching speed 
.' I 

. . , . 

. , 

with, an average propagation delay of 6 ns.' However, the increased: 

speed is aqcomplished at the expense of increased power dissipa

t.±on. The basic NAND gate in this series has an average PI) o:f 

2'3 nW. 

" .S,chottg m, 74S00 Series 

The 74S00 series has the highest speed available in the TTL 

;--:'. ' 

, I 
I 
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, ' 

line. It achieves this performance by us±ng a Schottky barrier 

diode connected as a clamp 'from base to collector of each cir-
, , 

cuit transistor. This reduces the average propagation delay to 
I 

3 ns for"a typical NAND gate. The 74S00 series also uses small

er . re,sistor val.ues to increase SWitching speed. This produce an 
. I 

increase in average power dissipation to 23 ~ per gate. Since 

, it has essentially the same Pc as the 74HOO series while per

forming at a higher speed, it is the mo st widely used TTL seri

es in applications where high speed is / important. 

~ow-Power Schottky TTL, 74LSOO Series 

Another Schottky-clamped TTL series uses larger resis-tor--
, , 

values to decrease power dissipation. The 74LSOO series has a 

typical 1'0 of only 2 mW per gate, V?"hich is' the lONes'~ for TTL 

except for the 74LOO series. The larger resistances cause an 

increase in propagation delay'to approximately 9.5 ns. Thus, 

.this series has about, the same speed as the standard 7400 se-
i 

,ries while requiring much less power. This has resulted in the 

74LSOO ~eries starting to take over many of the applications 

areas previously dom±natedby the 7400 series. As the cost of 

74LSOO,:.a.evices continues to come 'down, it is probable that it 

will become the major TTL series. 

2.4 THE ECL LOGIC FAMILY 

,The TTL logic family (with the exception of Schottky TTL) 
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·uses transIstor operatIng :l:n the saturated mode. As a result, 

thei~~±tch±ng speed ±slimited by the storage delay time . 

. , associated with a transistor that is driven into saturation •. 

Another bipolar logic family has been developed that prevents 

trans:l;stor saturatIon, thereby increasing overall EWiotching. 

speed. This logic family is called em±tter:-eoupled logic (ECL), 

and ±t operates on the princIple of current sw:i:tching.whereby 

a fixed bias current less than IC(sa.~) is SW±tched from one tran-

. s±s~or's collector to another. Because of this current-mode 

operation, this logIc form IS also' referred to as current-mode 

:" , 

logic (CML). 

Figure 2.10 shows an ECL gate w:tth -wo separate outputs~ 

For positive logIc X is the OR output while Y IS the NOR output. 

! 
\ . 

'( 

FIgure 2.10 BaSIC ECL circuit. 



Often the positiVe supply vOltage is taken as zero volts 

and VEE as -5 V. The diodes and em:ttterfollower Qlt establish 

a base reference voltage for Q3. When inputs A, and 13· are less 

than the voltage VI';" (b conducts while Qi ; alJd Q,2. are cutoff. 

If any one'of the inputs is switched to the 1 level which ex

ceeds VB' the transistor turns on and pulls the emitter of Q3 
I 

positive enough to cut this transistor off. Under this condi-

tion output':Y goes· negatiVe while X goes. positive. The relat±V

lylargeresistor common to the emitters of Ql' Q,2.. and Q3 pre-:

vents these transistors from saturating. In fact, with nomInal 

logic levels of -1.9 V and -1.1 V, the current through the e

mitter resistance is approximately equal before and after 

switching takes place. Thus, Ollly the current path changes as 

the circuit agitches. 

The foll~ing are the most important characteristics. of the 

ECL family of logic circuits: 
I 

- 1. The transistors never saturate, so ~itching speed is 

":,very high. TYJ?ical propagation delay time is 2 ns, which makes 

ECL a little faster than Schottky TTL (74S?9./~~ries)~4rALthough 
. '. ..... . ' A>: .',,'r,' .... i' .~,; , I' ... ;: " /.r.:,.'" 

. the 14S00 serie·s is. almost as· 'fast as "'ECL:~'iii r.equ±r'es"'a some-

'~hat more complex fabrication process, so it is som~hat ·higher 

.in cost •.. 

2. The'logic lev.e~ are nominally -1.1 V and -1.9 V for the 

logic ... l an,d 0, respectively. 

~3~Woret-caseECL. noise margins are approXinia~ely 250 mV~ 
. .. . . 

I 

.• , These lwnoise uBrg:tns malce ·ECL somS1lhat unreliable fhr use in 

)leavy-±ndust!ial environments. 



4~ An EOL logic block usually produces an output and its 

complement. This. e:J.iminates the need fdr inverters' • 

. 5. Fan-outs are typically around 25, owing to the low-:i:mpe-

6. Typical power dissipation for a basic EeL gate is 25 mW~ 

just slightly higher than Schottky TTL. 

·7. The total current flow in an, EeL circuit remains rela

tively constant regardles~ of its logic state. This helps to 

, '. mainta:tn an unvarying current drain on the circuit power supply 

even during switching transitions. Thus, no noise spikes will 

be internally generated like those produced by TTL totem-pole 

circuits.' 

Table 2.2 shows how EeL compares to the TTL logic 'familie6'~ . 

Table 2.2 

Lo gic Family tpd lns)' . FDtln~l) 

Vorst-Ca~e ',' 1'~:ximum . 
. ': i:'·· I '.; ,. ....r~ .. " . 

No±S~:"Mirg±ri0nN)., .dJ/6ck Rate(MHzl 
I 

7400 .. 9 10 400 35 

74:L00 33 1 
-. 

400 3 

74HOO .6 23 400 50 

74S00 3 23 300 125 

'. : 74LSOO 9.5 2 300 45 

'EOL· 2 25 250 200 

,:. -~ , . "-
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. 
2.5 .THJi1~- RTL LOGIC FAMILY 

It' three-input R~L gate is shown in, ,JJ'igure 2.11. For positive 

'log~c,~~e- gate functi~ns as a NOR gate. 'The RTL family is, cons

,tructed in relatively simple configurations and is consequently 
". . 

I' 

' .. 1-

, , 

, , 

.; <" " l· 

A 6 c 

Figure 2.11 A three-input RTL gate. 

',;' The circuit operation is simple. If MY input is HIGH, the 

corresponding-transistor is driven into saturation and the out-, 
, . . . 

put is LOW. HON'ever','if all' inputs are LOW, -:then all input tran

sistors.arecut off and the output is HIGH. The preceding two 
, \ 

statements confirm that the gate perf~rmspositiv~ NOR logic. ' 
. . ~. .' . 

"Leve~s for 1 state and 0 state are J..'2 V and 0.2 V, respectively. 

./ 

.' 
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2.6 THE DCTL LOGIC FAMILY 

This configuration is the same as RTL, except that the base 

,resistors are omitted. A three-input DCTL gate is 'shown in :B'igure 

2.12. ,For positive logi? the gate ftilictions as a NOR gate. The 

characteristics of the DCTL family are similar ,to that,o;f .. \ihe RTL 
, "'I! '// 

family~Typical levels forb~ry 0 and::;tJj:,~£Y."~t'~~~;}§ ... ~gV and ' . , .... . 
" I 

,0.8 V, r~spect±Vely. 

, " , ' 

.: 
, 

, , 
" .. ' 

" , 

" 

r 

+\fcc. 

, " 

Figure 2.12 A three-input ]CTL gate. 

I 

2.7 THE'IlL LOGIC FAMILY i, 

. L . This is -the newest bipolar family. It has already ma(ie inroads 
, , ' 

- ". ,.,' . , 

':in':tmportant 'application in games and watches, in chips for tele-
",' 

I 

',vis:ton' tun:i:ng and control, and in memory and microprocessor C~l±PS. 

',12 L technologY alloos greater component demsities on a chip (much 

'.(greater ,than TTL and'in some cases greater than MOS) and' offers 
. :" . 

'a'var:te,ty of speed~power trade-Offs. When; operated at slON' speeds 
.'.. . " - , .. 

'(delays 0:(100 ns), I.2L dissipates less power·: (5 rfJr) than any' ,', 
f ," '.. .....: 

; 

log':tc /;t'amily including CMOS. At high speeds (5 ns) it only dis.s±~ 

• I 

" 
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pates 5 roN per gate. 

The basic I 21. circuit is shown in J!l igure 2.13(a). Transistor 

Cit" is connected as a constant-current source which produces a 
If ,) 

current I dependent on the value of Rex-\:. This resistor is nQlr-
\ 

mally exte!nal to the Ie chip and is chosen to produce the de_ 
I( I, 

sired value of I tYPica~ly be'Lween 1 nA and 1 mA. Traris±stor Q2.. 

acts as So switching transistor and has multiple collectors si

milar to 'the U1ult:t~le emitters of TTL. Figure 2.13(b) shows the 

equivaleni; circuit model for this l)asic I2.L circuit with Q 1-

replaced by a con8tant-current source. 

1 

(b) 

. , ~ Figure 2.13 (a) Basic I:2.L circuit: (b) equivalent circu±.t 

The basic circuit operates as follows. If the input terminal 
~ (I \"\ is open-c±'rcu±ted,. the current I flow/? into the base of (h, and 

\ 

turns it ON so that.each collector is a l~-resistance path to 

'ground~ If the input terminal is shorted Ito 'ground, the current 

(',£\,i11 be shunted away from Qi s base and will flow., through the 

shorted input terminal to ground. This will turn OFF 02' so that 

each of its collectors will be open circuits. 
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In practicet the input to this circuit is being driven by 
, ' 

','one or more collector, outputs from-'similar circuits in order' to 

produce the various logic operations. An example is sh~ in 
-

Figure 2 .14~ This circuit functions as an OR gate if we define 

our O'e..nd 1, levels as short circuit and open circuit, respect-' 
" 

ively. The output will be a 1 '(open) when either or both inputs 

are a 1 (open). When both inputs are 0 (shorted to ground)~ Q;2.)( 

(I '\ 

and,92.'( 11(ill be OFF so that ChzWill be turned ON by I , thereby 

producing an output of 0 (short). 

+vcc ;- Vc c. 

TYee 

1'( 1-

B' 
, ~ 

--~\Ql~ 

Loolctng at these IlL circuits we can see a principal reason 

:,w~y they can achieve high component densities. It is the absence 

: of resistors as part 'o~ the Ie chip. Resisto:;rs represent a sig-

',' 'n:i:ficant portion of the chip, area, typically reqUiring ten times 
: " - . 

more space than ~ 'transistor. 
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,In summary, the 12L family is'o~e of the more promising, of 

,the bipolar families. Because' it is still, ~,~;,~he ~evf:0PII)ent 
r' ,', I" , • ,,' " " '. 

" sta~e, the cost is still higher than'.'6iher<log£b~:'.f:ami$:i:es; but 
: 

this is-gradually changing. It is reasonable to predict that IlL 

,will, haye a significant impa'ct in the LSI field. 

2.8 MOS DIGITAL INTEGRATED CIRCUITS 

....... 
:', 

i' 
MOS (metal-oxtde-semiconductor) technology derives its name 

',' . 

from th13.basic Mon structure of a metal electrode over an oxide' 

insulatox over a ~lemiconductor substr·ate. The transistors of liDS 
, , 

technology are field-effect transistors called lIDSFETs. Most of 

the lIDS digital ICs are constructed entirely of MOSFETs and no 

other components. 

The chief advantages of the MOSFET are that it is relatively 

simple a.nd inexpensive to fabricate, it is small in size,and it 

consumes very little power. Mos devices occupy much less space! 

on a chip than bipolar transistors; typically, a MOSFE.T requires 

1 square mil 6f chip area while a bipolar transistor requires 
. 

about 50 square mils. More importantly, MOS digital lOs normally 

do ~ot use the IO resistor elements. 

,The princ,;tpal ¢iisadyantage of ,MOS lOs is their relatively 

, slOW operating speed when compared to theb±polar IO famil:i;es. 
. . . ~ 

,In many applications'this is not a prime consideration, so MOS 

logic, offers an ofte~ sup~rior al ternativ.e to bipolar _,logiC. 
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Digital circuits employing" ~OS:J!lETl%:::ar~,,~,,~/Olf!i~.'~~~;:~'~~~o 
I " • , ," 

,three c~tegories: (1) P-MOS, which'''uses only P-channel enhan-

cement mSFETs. (2) N-MOS, which uses only N-channel enhance-

ment NDSFETs; and (3) CMOS (complementary MOS), which uses both 

p- and N-channel devices. 

P-MOS and N-~ios digital ICs have a greater packing density 
I 

, than CMOS. N-MOS has about twice the packing density of P-NDS. 

In a.ddit~on to its greater packing density, N-IDS is also about 

-tw±ceas fast as P':'JIDS, <ming to the fact that free electrons . 
are the current carrier in N-MOS while holes (slower-moving po

sitive charges) are the current carriers for P-MOS. CMOS has 

the greatest complexity and lowest packing density of'the ,r~s 
e 

families, but it possesses the important advantages 0+ 'higher 

speed and much lawer power dissipation. 

Figure 2.15 shows the basic N-MOS logic circuit. The P-MOS 

circuits would be the same except for the voltage polarities. 

, A(typical N-MO S NAND gate has a propagation delay time of 50 ~ ns • . \ ',' ~ . . 
This is due ,to two factors: the relatively high output resistan-

ce in t~e RIGH state and the capacitive loading presented by 

the fnputs of ,the logic circuits be'ing driven. MOS logiC inputs 

have very high input resistance (.>1012.IL), but 'lihey have ?- high 

gate capaCitance, typically 2-5 picofarads. This comb~nation'of 

.. large ROUT and large CLDAD serves to increase SWitching time. 

N-MOS nOise. margins are around 1 V, which is hig:qer tha)l'~TTL or 

ECL. Because of the extremely high input resistance at each 

I 
I 
I 
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(b)' 
(G) 

Figure 2.15 (Ci.) N-MOS inverter; (b )N1l.ND gate. (c) NOR g?-te. 
, . 

MOSFET input, one ~ould ex;pect that the fan-out capabilities of 

MOS 10giO would be v:trtually unlimited. This is essentially true 

for dc or low-frequency ,operation. H'wever, for frequencies 

greater than 100kHz, the gate input cap'acitances cause a dete

rioration in SW"itchingtime. Even so, MOS logic can easily ope-

, rat~ at a fan-out of 50, which is somewhat better than the bi-
., . 

polar families. MOSlogic circuits draw small amounts of power 

because of relatively large resistances being used. 

i 

2.9 COMPLEMENTARYMOS LOGIC 

The complementary MOS (CMOS) logic family uses botp P- and 
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I 

,N-chalmel lvDSFETs in the same circuit to realize several advan-
.~. 

'·.~ages over the P-MOS and N-M:>S :famil'ies~ Generally speaking, 

"eMOSis faster and consumes less ,power than the other MOS fami

, . lies. Th-ese advantages 'are ~ffset somewhat by the increased 
-.; , " . 

complexity of the IC fabricat:tonprocess and a lower, packing 
,: .. 

density.' 

Figure 2.16 shows the basic CMOS logic circuits. 

,A 

A 

(c) 

Figure 2.16 (a) CMOS inverter; (b) NAND gatej (c) NOR gate. 

The quiescent (dc) power dissipation o,f"qMPS l.og~ 'ci:t'cuits 
, -t-/ /1'1' ,". ,:' .~~ , :;/.. (.!.".~I. I 

is extremely loW • The reason for thisf.' can'''b'e' se'eli' ''b;r';~xaminil1g 
I 

"the circuits of Figure 2.16. For these circuits in either output 

,state,' there is never a low-resistance path from, VDD to .ground: . ' 

that is, for any inpu~ condition, there is always "an O]:? MOS:E'ET 

in thEl current path. This fact results in typical CMOS dc pOW'er 
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The CMOS logic levels are 0 V for logical 0 and +VDD for 

logical 1. 'The + VIl\) supply. can range .from :3 V to 15 V which 

, ; means that power-supply regulation is not a serious considera

tion for CMOS. 
, . I ' 

; ;f 

The required CMOS'input levels depend on VDD as follONs: 

V1L (max) ==30% x VO D 

'Viti (min)::::: 70%x VDt> 
, , 

',For example, with V\>\)== 5 V, V1L (max). is 1.5 V, which is the 

'highest input vol.tage that is accepted as a La:rI, and Vn~ (m±n)= 

I , 

,CMOS., like 1'-MOS and N .. M)S, suffers from the relatively 

large load capacitances caused by the CMOS inputs being ~r±ven. 
" 

, ,.eachCMOS input, typically ±s a 5-pF load. CMOS circu±ts, however, 
:,' '. .;; 

; have a faster sw±tch±~g rate than MOS because of the lower out-.' . 
·,Plltresistance ±n, the HIGH, state. The switching speed of the 

" "'. '..' . . 
" 

CMOS ,circuits will vary, with supply voltage. A large VDb produ-
.-.. ". . "" 

, I " ' 

"'ces lower values of Ro,~ "which produces faster SNitching, owing 

to fa~ter charging of load-capacitances • . ' 
. . 

When CMOS logic' .circuits are in a 'stable state for long 

'period~ of time or switching at very ION frequencies , then ~h,e , 

, "power dissipation will be' extremely low. As the Sw~tching fre-
. ....._. . .' , 

" . quency of the ,CMOS circuits increases , however, the average po-
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'::,werdissipation will increase pr,oport±onally. This is because 

,'each ,time the CMOS, output switche.sHIGH, a transient charging 
... ' '.' ' 

~ -: ,'.~\ "I 

~:{"current must be supplied' to any load capacitance. These momen-
';.:, 

, ,'iiary pulses of current come from the V DDsupply. For example," 

'a, CMOS inverter gate with a db dissipation of 10 nWwill have 

an average dissipation of 0.1 mw at a frequency of 100 Id~. This 

Increases to 1 mW at 1 MHz. 

Because,of the high dc input resistance of CMOS, there seems 

to be; no pract:tcal limit on the number of CMOS inputs that can 

',;l;le driVen by a CMOS output. However, the input capacitance of 

CMOS becomes a l:tm:tting factor when the total load capacitance 

b~comes h:tgh enough to limit the switching speed of the circui~ 
, ' , 

'Thus, the fan-out of CMOS :ts limited by capacitance o'f, the inputs. 

The, CIDS series' has the, same noise margin in both the HIGH 

,and LOW, states., The values of Vr'IL and V!'\\-I are guaranteed to be 

'30 per cent of the VDD supply voltage. Thus, for VDD -::: 10 ,V, the 

.', guaranteed noise margip ,is 3 V for either state. 

All CMOS inputs must be tied to, s'orne voltage level, prefe

;,rably~round or VtlD. Unused inputs cannot be left flO~::t~~r be

cause these inpu~s would, be susceptibl'it:/~P,:,.hp±S~){J:h±clft:f.:QUld 
• ..,., ..... '; j. .' •• r'.~·· ,l 'l .... \; ... :,~ '.~ 

',,' bias Doth the P- and' N-channel MOSFETs in the conducting s,tate, 

" .resulting in excessiye power dissipation. 

The' h:tghinput resi,stance of CMOS inputs makes them suscep

tible t~ s~atic charge buildup, and voltages suffic'ient to caUse 

',electrical breakdown can result from simply handling the devices. 
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Some of the newer CMOS devices have protective diodes on each 
I 

input to guard against breakdown-due to static charges. 

2.10 ·SILICON-ON-BAPPHIHE (SOS) 

The SOS family is a modification of the CMOS family. It Uses 
, 

sapphire as an insulating material to reduce the capacitances 

associated with eachlK)SFET. SOS works just like CMOS except 

ttlat it opera"tes at a fEl-ster speed due to the reduction of these 
. I 

I " 

capacitances. HoweV'er, it has a more complex fabrication process 

than the other M)S families and is therefore more expensive. 
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SOME ECONOMIC CON-SIDEHATIONS OJ!' IC fl'ES'l'INGU 

Al though integrated circuits are "tested at seveJ."al points 

in their manufacturing cycle, a certain percen-tage of the devi-

ces delivered to users are faulty. To eliminate all defective 
c 

ICs, the' manufacturer must test 100%, of his devices before they , 
'.. -are shippe~. This ~s seldom true of any oth~r- TIi&Hufaclture,d pro .... 

t .' . ,,,.'. .' .. .• 1..-.... :! ~'''~' ~~'i.::. 

duct and is not tru~ of integrated circuits. There seems to be 

a small percentage of defectiv~ devices that evade all controls. 

Unfortunately, this small percentage can caUse serious ti"ouble 

in systems where Ulany -lCs are used. 

'fo see the eFfect of tl~~se defective devices, we can calcu

late the percentage of newly loaded printed circuit boards that 

will not fUnction because they contain faulty devices. The l)ro

babilityof the tot_~l board working is the probability of all 

of its indiyidua~ ,?omponents working at the same time. This is 

deriyed by ~ltiplying all .the individual 'probabilities toget

her. For example, _ a b9ard containing 100 ICs, each with 99~~ 

probability of functioning correctly, would have a probability 

of -functioning correctly of (99%)100 , or 37~~. This means that 

if only 1% of -the ICs used are defective, only one out of. th~ee 

boards will work. Hence the rework costs, -which is directly 

attributable to faulty ICs, can be quite sizable. 
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3.1 EQUIPMENT COSTS 

Several types of test equipment are available to detect 

faulty digital integrated circuits. As one might expect, inex

pensive testers maybe used to catch some of the failures. where

as equipment designed to eliminate virtually all failures may be 

prohibitively e:?Cpensive to all but extremely-high-volume UfSers. 

Functional Itesting, or testing to see whether a device performB 

according to itB truth table, can be dOlle with equipment in the 

J[ 1, 000 p~tce rang7 ~ This type of test:tng catches an es·t±mH ted 

70%- ofalJ failures ... The addition of dc parametric testing, or 

testing to see wnether all input/output voltages and currents 

are correct and ascertaining that the device will operate under 

worst-case voltage and current conditions, catches greater than 

95~~ of all faulty devic·es. A tester that performs both parawet-

ric and fUnctional tests co sts about $ 10,00,0 •. 
. : ~ . 

. . ~·:r, . ~'. .,.:' '"' ; ,,"" 
.... ~./ .. :'~' '0' :'; \'. ~ :(~ ... 

To catch the last ·few faulty devices it is necessary to acld 

pulse parametric or dYllc'1.mic testing to the test repertoire. Alldi- . 

tion .Of this test segregates those devices whose defects are 

slow ris-e t:tfues, long 'propagation delays, insensitivity to l1arl'OW 

clock pulses, or other timing-related phenomena. This type of 

tester costs typically over $ 100,000. ]'01' most IC users, the 

most cost-effective solution is a compromise between the wo ex

tremes: a bench-top digital IC tester capable of performing dc 

parametr.tc.and functional testing, thereby catching greater than 

95~~ of all faulty devices. 
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3.2 SAMPLE TESTING OR 100% TESTING 

Sample testing is designed to catch gross. defects sush al? 

high percentages of devices that do not meet specifications or 

devices t}~t are mismarked. Small percentages of defective de-
I 

vices may not be detected. This type of testing is usually done 

when the lot of ICs is purchased as having an acceptable quality 

level. If a lot is rejected by the user because his sample test

ing reveaJ.;'s excessive failulies, the whole lot is returned to the 
, 

vendor. This lot i~ then replaced by another lot that may pass 

the same sample test even though it contains a qUite significant 

percentage of faulty devices. 

lOO~h testing i~i more expensive, since it typically involves 

automatic handling equipment and ~equires more of a labor in

vestment. But it does have the advantage of catching not only 

the gross problems but also the small percentage of defects tha·t 
I 

are continuously present. Although the trend seems to be towards 

100% incoru~tng inspe.ct±on ofdig±tal ICs, the user IS decision 

must. be ba sed on a carefUlanalys±s 0 f his individual situation. 

3.3 THE COST OF 100r~ 11'ESTING USING DC PAHAMETRIC AN]) 

FUNCTIO NAL TESTS 

, 

The cost of testing a digital IC depends. prillla~"±ly on WO 

things: t~le cost of the t~st equipment involved and the cost of 
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the manpower required to operate the equipment. The cost oftes 

ting a sIngle'IC can then be determined according to the volume 

of IC~ tested and the speed at which they are tested. For equiJ; 
../ 

ment costs, let us assume that the IC tester costs m 10,000 and 

the addition of automatic handling equipment to the tester cost 

m 8,000. For labor'costs, assume a $ 4/hour rate with ,50% over

head for a total of $ 6/hour. The l~-volume user of ICs, test

Ing 50,000 ICs per year, would probably choose to insert, the 

. ICs into the tester manually. ,Using five-year straight-line dep· 

reciation, the annual eqUipment costs would be m 2,000, or 

0.04/IC. About 300 ICs can be tested per hour for m 6 or 0.02/1 

The total t,esting cost is 0.06/IC. The high-volume user of ICs, 

test:tng 1,000,000 ICe per year, would require automa,tic handl±n~ 

equipment in addition to the tester for a total of $ 18,000. Th( 

annual equipment depreciat:ton would be $ '3,600 or 0.0036/IC. 

About 4,000 ICs could be tested per hour for .$ 6 or 0.0015/IC. 

The total testing cost is 0.0051/IC. ~or the assumpt:tons stated 

the high-v~lumeuser could buy testing for each of his ICs at 

one-tenth the cost of the low-volume user. Even so, the cost to 

the low-volume user may prove to bEt; a good investment~ , 

3.4 THE ,COST O~ FINDING A BADIC 

The cost to find a bad IC at incoming inspection depends on 

the cost of testing a single IC and the failure rate of the IC 

,type. For,a typical failure rate of l%for room-temperature dc 

,_ ',-.c..._.'" 
."0 • .,,· .• ~ 
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parametric and fUnctional testing (high-temperature testing 

usually produces more failures), 100 rcs must be tested to find 

a bad one. For the user of 50,000 rCsper year, the cost to find 
-

that bad IC is $ 6 (100XO.06). For the user of 1,000,000 rcs per 

year, the cost to find a bad rc is ill 0.51 (100XO.0051). These· 

testing costs may now be compared to costs of finding and repla

cing a faulty rc once it is soldered into a circuit board. An 
-

estimate of ~ 10 per board repair is representative of a typical 

cost. 

For a company using 50,000 rcs per year the cost to find 

each bad rc is $ 6 for a l~b failure rate. With this failure ~ate, 

500 faulty devices would be found per year, saving an ~s;~i]nated 
, .. ' . ~. t~;' ',..': :, . . .r~· " / 

. $ 5,000 in board repair ,costs •. The cost>t(V·f.±nd .. ~th,es.e.:.:)00 bad 

ICs is $,3,000 for a net sa,vings of $ 2,000. Since the costs are 

fixed, higher failure rates than 1% mean more savings. Ji'or a 

company using 1,000,000 ICs per year, the cost to find each bad 

IC is :B 0.51 for a. 1% failure rate. Testing the one million cir

CUits .Yields 10,~00 bad orcs for ·a savings of :B 100,000 in board 

. repair costs. The cost· to find these 10,000 bad rcs is $' 5,100 

for a net savings of $ 94,900. For the ~o situations analyzed, 

the savings are ther: $ 2,000 and :B 94,900. Thus, the potential 

for cost· sayings is. very great. 
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• CHAPTER 4 

IMPLEMENTATION {)F CIRCUITRY 6,J. 

4.1 GENERAL DESCRIPTION 

, 

The tebter is a compact automatic test instrument that in-

terrogates the parametric and functional performance of a wide 

variety of digital ICs, including DTL ,TTL, ECL, HTL, DCTL, 12 L , 

eMOS and MOS. Am±crocomputer, which is part of the test system, 

directs and controls the testing p~ocess according to the test 

program. The micropr.ocessor used is the M6800 which has an 8-bit 

data bus and a l6-bit address bus. 

The tester has been specifically designed for testing digi

tal ICs. Hence, it is a dedicated type test sy~tem. Advantages 

and disadvantages of this t.ype of test system were given in 

Chapter 1 • 
... 

During testing, a refere:roe voltage is applied to each pin 

of the UUT, then the current flo~ngthrough each pin is measU

red and compared against predetermined limits. If the measure

ment taken from each pin is within the limits specified for 

that pin, the microcomputer will instruct the system to seek 

tor th€ next test. If the measured current value at any pin is 

beyond the specified J..±mits, the microcomputer will direct the 
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'. System t6:- branch to a spe~ifiC 'subroutine, and the LED corres

. pond±ng to the failed pin is lit. At this time the current va~ 

lue at that particular pin can be read from the panel by push

ing the proper ~itch. This procedure continues until the ope

rator sends an END signal to the microcomputer. 

Hence, the principle of the testing is to apply a reference 

voltage to each pin of the OUT and to measure the current for 

each pin, and then to compare it against predetermined current 

limits. The reference voltages and the current limits are held 

in the sample-and-hold circuits as voltage levels. For this 

reason, the value of the current flowing through each pin is 

converted to a vo1tage level. To compare the measured current 

against the current limits, onl~ one voltage comparator for each., 

pin is used. 

4.2 BLOCK DIAGRAM OF THE TESTER' 

The comp1ete block diagram of the tester is shown in Figure 

The pin driver circuit is the same for each pin of the OUT. 

Therefore, there are 16 pin driver circuits in the tester. Any 

pin can be an input, output, clock, ground, orpcrwer supply pin. 

The reference voltage generator generates necessary voltage 

1evels for pin driver circuits. 

';'.~' .. 
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REFERE~rCE 

" VOLTAGE ...... :PIN DRIVER L. ~ UUT MICRO COM}>U TER 
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~ / 

PANEL 
" " 

CONTROL 

F±gure 4.1 The block-diagram of the tester. 

The microcomputer directs and controls the testing process. 

The front panel Includes control ~itches, leds, and a cur

rent indicator. 

4.3 PIN DRIVER 

The pin driver circuit is the same for each pin of the UUT • 
• 

. ' A simplified circuit diagram for the pin driver is shown in 

F±gure 4.2. Each pin driver has four reference voltages; Vi' 
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Figure 4.2A simplified circuit diagram for the pin driver. 

- V2 , VS': and- V4-. These voltages are generated and applied to the 

; corresponding: capacitors by the reference voltage generator. 

To prevent the_ capacitors"from-discharging,they are refreshed 

_ .. periodically. Hence, Vi , V1..' V3 ' an~ V4 8r~ held at the:tr ori:-
, 

g±nal values during testing. 

-Vi is the "1" state vol tage and V').. is the" "Ott state voltage, 

V3 i:sthe "1" state current limit and V4 is the "0" state cUr

rent lim:tt. 
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. sr' s2. 'S3' and S4 are CMOS analog bilateral s;vitches. S5 

.'. and S6 are 'CMOS analog mul tipl~x'ers/ demul tiplexers; 

The pin driver can be either in the "1" state or in the 

. nO" state. If it is in the "ltt state, the non±nverting term±nal 

of the OPAMP-l is connected to the capacitor C1 via S5 and the 

inverting terminal' of . the COMPARATOR is connected to the capa-
'. 

citor C3 via S6' and one of the inputs of the EXCLUSIVE OR gate, 

B, is put in the "1" logic level. 

If the pin driver is in the "0" state, the non±nverting 

terminal of the OPAMP-l is connected to the capacitor C2. via SS, 

the inverting terminal of the C01~ARATOR is connected to 'the 

capacitor Clt v:ta S6' and the. input B of the EXCLUSIVE OR gate 

. is put in the tlOtt logic level. 

As an exainple of "pin driver" opera tion, let us assUme that 

the pin driver is in the ttl" state. Then, the voltage of the 

nontnverting terminal of the OPAMP-l is 'Vi' the voltage of the 

inverting term:tna.l of the COMPARATOR is V3 ' and the inputB of 

, the EXCLUSIVE. OR gate is :tn the ttltt logic level. The OPAMP-l 

... makes the. pin voltage equal to Vi. The OPAMP-2 and four R2, re

sistors constitute a differential amplif:terwith untty gain. 

The output voltage of the OPAMP-?, V6 , can be calCUlated as 

(4.1) 
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If we:neglect the currents :1:1 and 13, then 

and 

and from Equation (4.1) 

If V6)V3 ,then the output voltage of the COMPARAToR, V1,wilJ. 

be :In the "1" log±c leve~. Since the output of the COMPARATOR 

is connected to the input A of the E~CLUSIVE OR gate, the out

put voltage,. Vg , will be in' the "0" logic level. This m.ea:ns 

that there is no failure. 

However, if VE, < V3 , then the output . voltage of the COMPARA

TOR, V;, will be in the "0" logic level, and the output voltage 

of the EXCLUSIVE OR gate, Vg , will be in the ttln 'logic level. 

ttltt logic.level for Vg means that there is a 'failure. 

The failure Signal is not produced when V6> V3. For this 

condition, we can calculate the limit value for the pm current 

Ip as 



' •• '_0- .00,000" 

- 64 -: 

If·the actual direction of the current Ip is in the samedirec

tion as thatsho'Wl in Figure 4.2,th'en there is an upper l±m:tt 

'for the current Ip, that is 

2.5 V - V3 
I -------= 

Pmo:;:"" Ri 
(4.6) 

so that 

I <I P fmol< 

On the other hand, if the actual ,direction o:f the cu~entIp is ' 

in the'opposite direction of that shown in :Figure 4.2, then 

there is a lower lim±t for the current, Ip, thetis, 

so that 

I = _V.;...3 _-_2_._5_V 
Pmin 

When the pin driver (in the ttl" state) is to drive an input 

pin or povver supply pin of the UUT, it acts as a source., That 

is, the direction' of the current Ip is in the 'same d±rection!as 

that shown in Figure 4.2. When the pin driveri.s to dr±ve an ,'.' 

output pin of the UUT, it acts as a sink. That±s, the direc

tionof the current Ip is in the oPposite direction of,cthat "if',:' 

shown in Figure 4.2. Bence" f'or an input pin or a power rSupply 

Pin o:f the UUT, there is a ~urrent limit value of' 'In~, 'an.d 'for , r~~ , 

an output pin of the UUT, there" is a current limit ~:val~e:o:fi.li'm~(f. 
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Until now, we have assumed that the :pin driver is in the 
,\ 

"In state. Now, ~et us assume that it is in the not! state. When 
, \ 

the :pm driver is to drive an in:put p:tn or ground pin of the 

UUT, it acts as a sink, and there is a current l±m±t va~ue of 

Ip' • When the pin driver is to drive an output pin of the UUT, 
IT\Q~ • 

it acts as a sourc~. and there is a current l±m±t value of 

10 .• These results come from the operation characteristics of fm,n 

the EXCLUSIVE OR gate. 

The complete circuit d:tagram for,the pin drrver'is shown 

in Figure 4.3. The transistors Q~ and Q4 are used to increase 

the output current of the OPAMP-l. The resistors r5' and r6 " 

the diodes Dtand D~ const±tute bias circuits for the trans±s-
, . 

tors Q~and Q4. The transistors Qi and the resistors r 1 and r3 

are used to limit the source current at 120 mA, whil.e the tran

Sistor Qa'and the resistors r2 and r4 i±m±t the sink current at 

120 mAe If a MOS or A Ck'OS device is to be tested, then th.e' re-
i 

sistor r]is selected via theRELAY~ If the UUT is not a MOS ox 

a CMOS device, then the resistor r8 is selected. The BUFFER~2 

is is·use~ to avoid discharging of the capacitors C3 and C4-

The BUFFER-~ is used to decrease the current I~_ In the samp~e. 
, " 

and-hold Circuits, theLF 13741 operational amplifiers are Usee 

Since the maximum input bias current for a LF 13741 operations] 
.'. . 

ampl±:fieris 50 pA, it follows thatw±t~ al-nF capacitance thE 

drift rate du~ing the HOLD period would be less than 50 ~V / s-.. 

if there were no other leakage current. But this is not true, 

because there are some lea~ge currents due to the C1DS swftchE 
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4.4 REFERENCE VOLTAGE GENERATOR 

, .. ' c, • Each P±ndriver requires four reference vol ta.ges. Each re-

-ference voltage can be set to different levels on all pros, 

therefore as many as 4 x 16-=94 different vol ta.ges may .be re

quired. F±gure 4.4·shaws haw these voltages are generated. The 

DAC 0808 ±s a current mode D/A converter. It has 8 bits for 

digital data. The.OP-5 and the resistor R5 constitute a. current· 

to-voltage, converter, so that the'output current I; of the DAC 

0808 is converted to a voltage which is proportional to the. 

output current 10 • For a digital Input of tlllllllllt', the out-

put voltage, Vu ' becomes 5 V, while for a digital ±nput of 

> "OOOOOOOl'!, it becomes 19 mV.· The CD' 4052 is a CMOS four-chan-
~ '. . 

nel multiplexer/demultiplexer. The CD 4052 distributes the out-

. " : put--l:tne of the OP-5to four samp1e-end-ho1d circuits. The con

.. - troL.±nputs ,fIatt and "btt , determines to which sample-and-ho1d 

circuit the voltage Vii will be transmitted. The outputs of the 

. sample~d-hold circuits are bussed to the pin drivers so that 
~ 

_ the reference.voltages for each pin driver appear in sequence. 

At the appropriate time, each pin driver picks off its referen

c.e voltages by means of its sample-and-hold circuits. The qD 

4514 isa CMOS line decoder. It has five control inputs: D, C, 
. 

13, A~, and "Inh±bit tl • When the ±rihibit input is in the "1" logic 

level',' al116 pin selection lines become' LOVl~ If the inhibit 

input is LOW, then one of the 16 lines becomes HIGH. 

, ... c , 

""-::,~. :. :." " "."'", ~';' 
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4.5 MICROCO~~UTER 

• 
The hardware design of the microcomputer has been exclud-

ed from the study, because of economical considerations. A 

microcomputer system, .which was constructed beforehand, has 

been ezqployed. 

The microprocessor used is the M6800 which has an 8-bit 
. I 

data bus and a l6-bit address bus. 
~ 

I 

j 
The microcomputer directs and controls the testing pro-

cess. 

\ 

4.6 FRONT PANEL CONTROL 

• 

The picture of th~:tront pailel is shown in Figure 4.5. It 

Includes SWitches, LEDs, and a current' indicator. 

The LEDs Li through L16 are used "to shaw failure at the 

• corresponding pin •. For example ,if there is a failure in Pin 

3 of the UUT, then the LED L3 is lit. At this time the current 

value .. at that. pin can be read from the current indicator by 

1 . h pushing the SWitch S • The LED LF is used. to show that t e UUT 

is defective. Hence, if any of the LEDs L1. through ~u is lit, 

the LED L~ is also lit. If the testing is completed without 

any failure, then the LED Lp is lit. 811 , S'fI , and L\1 are 
/ 

u~ed to start and to end the testing precess. '::. 
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CHAPTER '5 

PROGRAMMING AND TESTING PROCESS 

The prIncIple of testIng ±s to apply a reference voltage 

to each p±~lof the UUT and to measure the current at each pIn, 

and then t~ compare ±t against predetermIned current lim±ts¥ 

Any pin can be dn input, output, ground, or p6~r supply pin. 
G) 

- If a pin is an rnput or an output, then two reference voltages 

. are necessary: one for "1" state voltage, the other for 1tO" 

state voltage. Since however, the current limits ±n the circuit 
o 

are controlled through comparison against reference voltages, 
I 

we need two mor~ additional reference voltages at the Input 

and OUtpllt pIns. "We therefore have to apply 4 reference vol ta
, \ 

" ges at each input, and outp:a.t pin. But since we cannot be sure 

which pins will be the input and output pins, we have to apply 

the four reference voltages to all the pins in the circuit. 

The testing procedure is simple. The first thing is to set 

the reference voltages to the required levels. Then the truth 

table of the UUT ±s followed in steps. 

5.1 FLOWCHART OF PRO GRAM 

The flo~hart of the test program is shown tn, Ftgure 5.1. 

There ~e' two subroutines in the program. -The" subroutines are 
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initialize I/O PIAs 
I 

Point. to trut.h table. start 

~har9e.-up hOlainE. capacitors 
(Suurou-b.'lne.) . 

Transfer- one \ine. of trut.h table. 
, (5ub'-ou-t: ine) 

Lit. IIInsed:. UllT \\ LE.D 

Churge-up holding capaci-l:O'-5 

Chorgl:.-up holding cupaci-l:.or.s 

I 

Decrement LSF'R. 

No 

(\\Qige-up 

I\lo 

Figure 5.1 The flowchart of the test program. 
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I( 

CHARGE -UP 110L.0I1'!G tI\rI\CIlOi\':'''' 5UBROUTltl\:' 
'1' 

Point 

LQUci 1\·10 (.\lid St.c.re if) NPIN 

load 4t-4 ond 

-rrans{ er one [ref. "1/01. to a c.apC\cHo~·1 

D~cr€'rnen1: N~US 

Deuem~('lt NP\N 

1i1±gure 5.2 "Charge-up holding capacitors" subroutine. 
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Tnc.r-<:I\)Cnt tClble pointer 

'rc.nsfer 9-1(, "h;~\..'\I"II)IN" 

du-tu fnl"p -lhe. 1:ru1:'n -lable 

• 

FigQ.re 5.3 "Transfer one line of truth table" subroutine. 

shown in Figures 5.2 and 5.3. 

The program given in Figure 5.1 is applicable to all digi~ 

tal·lCs. Of course each type of digital lCs require a differen 
I , 

set of referenoe voltages and "high"I"low" data. The· llhigh ll l 
"low" data represents the uls" and "OS" in a truth table. 

, . 

5.2 PROGRAlvlMlNG 

The reference voltage levels and "high "1"loW' data for agy 
, 
, 
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type of digital ICs are obtained from the data sheet for that 

particular digital ~C. 
i' 

In this thesis, the test program has been prepared for only 

the 7400, the quad 2-input NAND gate. The other digital ICs can 

be tested in the same fashion • 

. 
The required information about the 7400 for programming is 

given in Table 5.1 and Figure 5.4. 

Table 5.1 The 7400 electrical characteristics. 

Characteristic Rating Value ~ Condition 
~ .-

VOH 2.4 V Minimum 
, " 

Input and output VOL 0.4 V Nl8.ximum . 
logic levels V1H 2.0 V Minimum 

e-

VIL 0.8 V Maximum 

IOH -0.4 ' IDA Minimum 
" Input and output IOL 16 IDA Minimum 

I -

! .current levels , IIH 0.04 mA lI'!aximum 
,---

IlL -J..6 mA Maximum -
Supply ve>ltage Vee, 4.75 V Minimum 

. Supply current Ic.c 22 rnA Maximum 
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'.' 
IN 1 

ft....Vcc 
ltol 1. 

13 I~ 
OU1. 3 

11 iN 
IN 

, JL OUT 
., IN 

n 

" IN 
OUT 

r GNO
i 

LOIlT 
~ 

Figure 5.4 The 7400 pin layout. 
o 

'\ 

At input pins, the refere~ce voltage Vi will be 2.0 V '(V11I ) 
~ 0 0 

'and the l'eference vol tage V~ will be 0.8 V (VIL ). At output 
\ . 

pins, the reference voltage Vi W±ll be 2.4 V (VO~ ) and the ,_ 

reference voltage V2. will be 0.4 V (VOL). At the sUFply pm, 

the reference voltage Vi. viII be 4.75 V and the reference vol

tage Yt will be 0 V. At the ground pin, the reference voltages 
o. ~ 

Vi and VJ. will be 0 V. 

At±nput pins, the tlltl state current limit, V3 , can be cal-! 

culated as 

.-.-..... 

V3=2.5 V - IJHxr8: 

(5.1) 
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and the .t'0" state current l·im±t~. V4 , can be calculated as 

V4= 2.5 V t IILx rg 

V4-= 2.5 V + (1.6 x 1(3
) x 22' 

(5.2) 

At output pins, the til" state current limit t V
3

, can be ca~
cU1ated as 

and the "0" state clJ.rrent_limit, V4 , can be cclcu1ated as 

(16X 103
) x 22 

. The supply current given in the data sheet is the no load 

current value. However, during the testing, the outp~ts of the 

UUT is alw.::,ys loaded. Therefore, the n:aximu.m value of the 

supply current is obtained by adding the Icc given in the data 

sheet and the "Itt state output currents. The maximum value of 

a C Ill" state output current is pot given in the data sheet. 
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For that reason, we have to _ estimate the maximum value of a "l 

state output curren\. at 2.4 V~ The experiments have shown that i 

the maximum value of a "I" state output current is about 15 mA~ 

Since there are four outputs in the 7400, the maximum value of 

the supply current can be calculated as 

I ·-I CC'l'Io.x""" cc 

Icc: = 22 mA "" 4 ><.15 mA rnu). 

Icc ::82 mA • 
:Tlu)( 

• At the supply pin, the "I" state current limit, V3 , can be cali 
i 

culated as 

v., -== 2.5 V - Icc xro 
:J rna>- .:I 

.. 
-3 

(82 ><10 ) x. 22 

(5. 6 ) 

When the supply pin is in the "0" state, there will be no cur

rent. To be on the' safe side, we must set- the "0" state currenl 

limit equal to 5 V. 

The maximum value of the ground current is obtained by ad-. 

ding the supply current given in the data sheet and the "0" 
. 1 

state output currents. Since the maximum value of a nOtt state 

output current -at 0.4 V is not given in the data sheet, we havE 
I 

estimated that it is about 40 mAe To avoid increasing the gro-I 

und current, we have intentionally devised a truth table for 

the 7400, such that, at eachl±ne of the truth table, only· one 
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output pin is in the "0" state •. Therefore, the maximum value 0: 

the ground current witll be 

I(, = Icc 
/l\(l.l\ 

+IL. o MOJ', 

IGhl<lI'""" 22 InA t 40 rnA 

, 
(5.7): . IG -::62 lIlA MU)\, , 

n 

At the ground pm,' the "0" state current lim:tt, V4 , can be caJJ 

culated as 

-3 
Vir == 2.5 V + (62x l O ) x22 

.; Vi+= 3.864 V 

The ground pin :t's always in the tlO" state. Therefore, the "1" 

state current limit, V3 ' is never used during the testing. 

The truth table for the 7400 is shoVJ.q. in Table 5.2. At the 

first line of the truth table, the supply pin is in the "0 " 
• 

state, that is, the voltage of the supply pin is o V. When the 

testing begins, the first line of the truth table is applied 

to the circuitry until the UUT is inserted in the place. This 

prevent ~he UUT fromgett±ng destroyed. 

I 

During the testing, the lines of the truth table ±s follow 

ed in sequence. To avoid lll&ktl:ng ',more than one output short cir 

cUit, ,only one output is changed from one· state to the oth~r, 
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Table 5.2 The truth table for the 7400., . / 
~m· 1 ! 1 . . . 

Vee I~ IN OUT IN ll~ OUT 
\t; 15 14 13 1:2. 11 10 -
0 0 0 1 0 0 1 

I , 

1 0 0 0 1 0 0 1 

1 0 1 1 0 1 '1 

1 1 0 1) 1 0 1 

1 1 0 1 1 0 1 

1 1 0 1 1 0 1 

1 1 0 1 1 0 ·1 

1 1 0 1 1 0 1 

1, 1 . 0 1 1 1 0 

1 1 0 1 1 0 i 

1 1 1 0 1 0 1 , 

0 

0 

0 

0 

0 

0 

0 

0 

·0 

0 

'0 

ff.lffl 
CrtZD O~T I~ \U (lIn 'IN ,,~ 

1 6 5 1+ 3 '1- 1 -
0 0 1 0 0 1 0 0 

0 0 1 0 0 1 0 0 

0 0 1 0 1 1 0 '1 

0 0 1 1 0 '1 1 0 

0' 0 1 1 0 0 1 1 

0 0 vl 1 0 1 1 0 

0 0 0 1 1 1 ,1 0 

0 0 1 ·1 0 1 '1 0 

0' 0 1 1 0 1 1 '0 

0 0 1 1 0 1 1 0 

0 0 1 1 0 1 1 0 

. 
when the tester goes from one line to the next line. 

, , 

After calculating the reference voltages and preparing the 

truth table, we mus~ conver~ each number to hexadecimal form,to 

write this data into the RAMs W±th the teletypewriter. 
o. • .••••• 

The complete test program and reqUired tables in hexadecimal 
-. 

form are given in the appendiX. 

; 

i 
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5.3 TESTING PROCESS 

~ Testing starts WIth the user informing th~" identit,y of the 

UUT to the tester. The ·t~ster will then find the proper test 

program from' the ROM memories for that UUT. If the proper test 
. , . ". ' 

; \ 

program is not available in the ROM memories, the program must ! 

be written into the RAM memories with the teletypewriter. Once! 
, 

the prope~ test program is ready, the reference voltage gene
I 

rator b~gins to apply.·the reference voltages to the corres-
... 

ponding capac~tors. ,Charging the 64 capacitors takes 2,814 ps. 
" . ~ 

Then, ··the first line of the truth table is applied to the cir-

cuitry until the UUT is.inserted in theQplace. To avoid des-

. troying theUU,T, the voltage of the supply pin is set to 0 V 
\ 

before the UUT is inserted in the place. ilie user sends a 
• 

signal-by pushing the ~itch Si~ , in order 'to inform the mic
\ 

v 
rocomputer that the UUT :l:s :l:nserted in the place. Then, :the 

voltage of the supply pin :l:s set to 4.75 V by app;Ly:l:ng the 

second line of the truth table. At this time the f:l:rst test . 
is performed. If there is no failure :l:n the f:l:rst test, the 

• 
capacitors qrecharged again and then the second test :l:s per-

, , 

formed. As long as the results of each test are within l:l:m:tts, 

the testerW±llcontinue to charge the capacitors and then 
.. 

test the next line of the truth table until every test in the 

go-chain sequence has been performed. At this time the test:l:ng 

will terminate and the "PASS" LED will light. Testing one line 

of the truth table takes 49 ps. 
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Hawever, ±f there ±safa±lure ±n any test step, then 

the capacitors are pharged repeatedlyw±thout'go±ng to the 

next step. At this t±me the LEDs corre~ponding to the fa±led 

pins are lit. The current values at the failed p±ns can b.e 

read from the front panel by push±ng the proper sw±tches. 
;. 

Th±s procedure cont±nuesunt±l the operator sends an END s±g-
( , 

• • 
nal by pushing the switch S19 • 

() 

I 
I 

The time to test an UUT can be calculated as 
i ~ .. . I .... -

tie~t-= 11 ps + (LTT - 1)X(49 ps + 2,814 )ls) + 22 )ls fi 

LTT. is the: length of . the' -truth table of Q th'e-:~UUT considered. 

Since the length of the truth table for the 7400 is 11, then 
. \ 

the testing t±me tor ~he7400 becomes 
<> 

.. 
tt.esl:. = ]~ fS + ~lf - 1)x(~9)lS t 2,814 )ls) + 22 )ls 

tt.ILSt. -= 11 ps + 10 x 2,863 jis .... 22 Us 

\est = 28 ,663 ps 

• 
or 

t..l. t.' ~. 28 .663ms 
~"l;,es 

'---' 
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CHAPTER 6 

, CONCLUSION 

6.~ E~PE.RlMENTAL RESULTS 

. 
~1he program given in Figure 5.1 is applicable to all digi-

tal ICs, but each type of digital ICs requir,e a different set 
I 

of reference voltages and truth,table. As described in the 
I 

previous chapt'er the set. of reference voltages and the trut~ 

table have been prepared ,for only the 7400, the quad 2-input 

NAND gate. Several 7400s have been test~dwith the built up 
" 

tester. Testin~ a 7400 takes' 28.663ms • 

. ' 

Te~t:tng accuracy is determined by three factors: the re-
I . . -' 

solution of the DAC, the-tolerance of the resistors used in 

the unity gain differential amplifier (the four R2 resistors 

in Figure 4.2), and the drift rate of the capacitors in the 

sample-and-hold circuits. '. 
• 

Resolution of a DAC is defined as the smallest change 

that can occur in the' 'analog output as a resul. t of a change 

in the digital inp~t. Referring to Figure 4.4, the DAC 0808 

and its auxiliary circuit have been so designed that the re

solution is about 19 mV. This results from the fact that the 

DAC 0808 is a 8-bit converter and the analog output voltage, 

Vu ' has a maximum ,value of 5 v. 
- 83 -
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~o see the effect of the resolution of the DAC, let us 

consider the referen~e voltage V,2for an output pin~ Referring 

to Table 5.1, we see that the maximum VQl tage of an output pin 

±n t~e "011 st~te, V01-' i.s 0.4 V, Therefore, the 110" state vol

tage, V~, for· that pin must be 0.4 V. To load this data into 

the test pi~ogram, ±t must ,be converted to binary form. Since - ~ , 

the output voltage of the DAC ±s 5 V for a digital input of 
, 0 

"11111111"i(255!±n decimal), to get an output, voltage of 0.4 V 

the digital in~ut must be 
I 

0·4 
-- X 255.== 20.4 

5 
I ' 

" I"'o-J 

2Q.4
10 

= 00010100.011,2. 

(±n decimal) 

Q 

( 6.1) 

The b±nary number calculated in Equat±on (6.1) has an integer 
\ 

part and ~ fraction part.Q Since we cannot deal with the frac-

tion part, we must take that binary number as ·'00010100" or 

"00010101". For a digital input of 1100010100", the output 

voltage of the DAC becomes 0.392 V while for a digital input 
• , 

of "00010101 t1, ±t becomes 0.412. V.. Hence, ±f we take the bin-

ary number, as "OOOlOloon, there will be an error of' 8 mV. 

However, ±fwe take that binary number as "00010101", then 
• 

·the error due to the resolution of theDACW±ll be l2 mV. 

The tolerance of the reSistors used ±n the unity gain 

differential ampl±f±ereff~cts the accura.cy of testing d±rect

ly. 1).1 the bu±l t up tester, these res±st<?rf:!.J~.r~ carefully"" se-
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lected, and they have a tolerance of 0.5 %. Therefore, the 

error made ±n measurj:ment due' to these resistors is about 
9 

Discharging of the capacitors in the sample-and-hold cir

cuits is due to the bias' currents of the operational ~mpli-

fiers and the leakage cur~ents of the CMOS switches. The LF 

13741 has ~ maximum 'bia~ current of 50 pA while the leakage 

current of a CMOS switch·.may be as much as 5 ilA. Therefore, 
t 

,the bias curre~ts o~ theopera:ional amplifiers can be neg-

lected. S:tnce the ma.x±mu~ hold period of the capacitors used" 

in the sample-and-hold circuits is about 3 ms, we can calcu
~ 

late the maximum. drift voltage as 

.. 
.. 

A V,111l). -== 15.10\1 -= 15 mV (6.2) 

This 'calculated result has been confirmed experimentally. 

The accuracy of the voltage applied to a pin is determi

ned by adding the resolution of the DAC and the drift voltage 

of the capacitor. This makes 34 mV. 

The accuracy of the current measurement at a particular 
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pin 'is determined by only the tolerance of the resistors used 

in the unity gain d1fferent±a1- amplifier. 

6.2 CONe.LUDING REMARKS 

, . 
Testing accuracy can be improved by decreasing the leakage 

n 

current. This pan be achieved by putting ad~itional buffers ±n 

the c±rcu±try., 
I 

II The pr±nc±ple of test±ng'm,s to apply a reference voltage 

to each pin of the UUT and: .to measure the current at each pin, 
Q 

and then to cO,mpare ±t against predetermined current limits. 
\ . -

. An al terna..t±ve method is. to -apply a reference current to each . . 

pin of. the UUT and to measure the voltage at each pin, and 
\ 

then to compare it aga±n~t predetermined voltage limits. Th±s 

alternative method has the advantage that the value of the 

current at each pin ±s known, so that we can calcUlate the 

currents at the supply pin and at the ground pin for any UUT 
o • • 

w±thout'making any estimation. However, that kind of tester 

requires voltage-to-current converters that cost too' much. 

'::., 

• 
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1- l::!!IN PRO GRAM 

0000 CE .8004 

0003 6F,,01 

0005. 6F'03 

0007 6F 05 

0009 6F 07 

OOOB 86 FF 

OOOD A7 00 

OOOF A7 02 
• 

0011 .A7 04 

0013 A7 06 

0015 86 04 

0017 A7 01 

0019 A7 03 

001B 86 34 

001DA7 05 

OOL: 86 06· 

0021 A7 07 

0023 CE 0200 

0026 BD 006F 

0029 BD 009E 

002C B6 8008 

- <a7-

APPENDIX 

LDX :ltB.004 

CLR 1, X 

CLR 3, X 

CLR 5, X 

CLR 7, X 

LDAA ~J::b'F 

STAA 0, X 

STAA 2, X 

STAA 4, X 

STAA 6,' X 

LDAA #04 

S1'AA 1, X . 

STAA 3, X 

LDAA 34 

STAA 5, X 

LDAA #:06 

STAA 7, X 

LDx/t-0200 

JSR 

JSR 

LDAA 

" 



- gg-
;- ~ 

002F S6 3c LDAA #:3C 

0031 B7 S009 STAA 
~ 

0034 B6.S009 LDAA 

0037 2B 05 BMI 

0039 BD 006F JSR 

003C 20 F6 BRA 
, 

003E, S6 OA LDAA ·:tFOA 

0040 B7 01Fr STAA 

0043 BD 009E , JSR '. 
0046 7A 01FF DEC 

• 
0049 27 16 BEQ 

004B B6 SOOA LDAA 0 

004E B6 SOOB LDAA 
" 

0051 2B 05 BMI 
~ 

0053· BD 006F, JSR 
\ 

'l' 

0056 20 EB ' BRA 

0058 BD 006F JSR 

005B B6 SOOB LDAA 

005E 49 ROLA . 
005F 2A F7. BEL 

( 

0061 7F SOOS CLR' 

0064 7F SOOA CLR 

0067 S6 34 LDAA iJ:34 

0069 B7 S009 STAA 

006C 7E FOE1 JUMP 

<\1' 
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3- "TRANSFER ONE LiNE OF TRUTH TABLE" SUBROUTINE 

009E A6 00 tDliA 0, X 

OOAO B7 8008 STAA 

00A3 08 INX 

00A4 A6 00 LDAA 0, X 

00A6 B7 800A STAA 

COA9 Q8 INX 

OOAA 39 RTS 

4- TRUTH TABLE (Ji'or 7400, quad 2-±nput NANDggate.) 
ii) 

0200 2412 

.0202 2492 
• 

0204 2DB6 

0206 36DA 

0208 33DA 

020A 36DA 

• 020C 1EDA 

020E 36DA 

0210 36DC 

0212 36DA 

0214 36M 

/ . 
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5- ADDRESSES AND VOLTAGES OF HOLDING CAPACITORS (For 7400) 

f 

0300 0166 032A 2B15 .0354 5581 

0302 2129 032C 4B6E 0356 757E 

0304 4181 032E 6B7F 0358 l766 

0306 617E 0330 ODOO 035A 3729 
, . • 

0308 0366 0332 2DOO 035C 5781 

030A 2329 0334 4:000 035E 777E 

030C 4381 0336 6DOO 0360 197A '. 
030E 637E 0338 'OFOO 0362 3915 

0310 057A 033A 2FOO 0364 596E 

0312 2515 033C 4FFF 0366 797F 
I 

I 0314 456E 033E 6FOO 0368 1B66 
) 

Q316 657F 0340 1100 036A 3B29 
.. 

0318 0766 0342 3100 036C 5001 
'41 

03l.A 2729 0344 5l.FF 036E 7B7E 

031C 4781 0346 7100 0310 1D66 

031E 677E 0348 137A 0372 3D29 

03.20 0966 034A 3315 0374 5D81 

0322 2929 034C 536E 0376 7D7E 

0324 4981 034E 737F 0378 l.FF3 

0326 697E 0350 1566 037A 3]'00 

0328 OB7A 0352 3529 037C 5FFF 

037E 7F28 

.~. 
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APPENTIIX B 
; 

IC· TF.STER-MICROCOMFUTER INTERFACE 

The IC tester cannot be used without a microcomputer. 

As far as, the microcomputer is .concerned, the IC tester has 

32 input lines and 3 output lines. The line layout of the 
<J 

IC tester is shown inF±gure B.l. 

The inputs DAC-J.. through DAC-a to the IC tester are taken 
~ 

from the one side of the one of the PIA units of the micro-

:p:t"CQessor. The other side of the same PiA supplies the seven· 

ADD inputs to ·the tester. 

Th,e second PIA supplies the 16 TT inputs to the tester. 

In this case, the two sides of that PIA are used for the TT 

inputs. The control lines of that same PIA are used for the 

input L~, and for the outputs FAIL, SW-l, and S!11-2. 

The in:RUt and output lines ~:e t~e tester require voltages 

be~een 0 and 5 V. All the lines mentioned above have been 

marked on the tester. 

.. 

, 
l 
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.~. 

~ DAC-l ..:1.-
~ 

I C T E S T E R 
-DAC-2 --
DAC-3 

TT-l 
..... 

DAC-4 .. TT-2 ... 
DAC-5 

==~ 
TT-3 

. 
DAC-6 

TT-4 
DAC-7. 

TT-5 
DAC-8 

==1 
TT-6 

TT-7 ADD-l 

TT-8 ADD-2 r-.. 
0 .. TT-9 ADD-3 ~ 

TT-1O ADD-4 

-..,. TT-ll ADD-5 

TT-12 ADD-6 
... .. • -:-

TT-13 -.. ADD-7 

TT-14 .. 
LED <Ct-. 

TT-15 
. ... 
FAIL 

TT-l6 I . 
W-l 

SW-2 ~ 

.. 
'--'--'---

F:tgure B.~ The l:tne layout of the IC tester. 

. -.;-

, 
i 

t. 
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NOMENCLATURE 

ATS : Automatic· Test System 

UUT : .Unit Under Tef?t 

RAM ,: Random Acce.f:?s. Memory . 
ROM : Read-Only . Memorl 

f) 

SSI : Smail -Scale Integration 
I . 

MSI 

LSI 

DTL 

TTL 

ECL 

: M~d±Um~Sca1e .Integration 
I 

: Large-Scale Integrat±o~ 

: D±ode-Transisto·r Logic 
. Q 

: Tr,ansistor-Trans±stor Log±c . 
, 

: Emitter-Coupled Logic 

• RTL : Resistor-Trans±stor Logic 

DCTL : Direct-Coupled Transistor Logic , , 
I L : Integrated-Injection Logic 

MOS : MetaJ.-ox±de-Sem±conductor· 

CMOS : Complementary lIDS 

SO S : S±licon-on-Sapphtre • 

MOSFE~: MOS Field-Effect Transistor 

IC : Int.egra ted Circuit 

.CML : Current-Mode Logic 

PIA : Peripheral Interface Adapter 

LSB : Less Significant Bit 

MSB : Most Significant B±t 

OJ 

• 

'<. 
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