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ABSTRACT

In this thesis, the design of a RON~RAM programmable digital§

IC tester by using a microcomputer system has been investigated.

The tester its a compact automatic test instrument that
interrogates the parametric and functional performance of a

wide variety of digital ICs.

However, the hardware design of the microcomputer part of
the tester is excluded from the study, hecause of economtcal
considerations, A microcomputer system, which wvas constructed

beforehand, has been employed. .
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BZET

Bu tezde, mikroislemeci kullanilarak lojik entegre devrele-
ri test edebilen bir cihaz tasarimi afast1r11m1$t1r. Test

programlara ROM veya RAM hafiza elemanlarlné yazilabilmektedir.’

Test cihaza birgok lojik entegre devreleri test edebilmek—~
tedir. Test esnasinda fonksiyonel ve parémé%rik degerler oto~

matik olarak kontrol edilmektedir.

Cihazin bir boliimiinl tegkil eden mikroiglemcinin meydana
getirtimest, ekonomik dlisiinceyle tez calismasina dahil edil-
memigtir. Daha Onceden yap11m1$_buluﬁan bir mikroislemci

kullanilmaigtars
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INTRODUCTION

:VVhenlavcomponent fails in a 'piece of electronic equipment,
Jocating and replaqing it can be a costly process requiring o
a skilled technician, To reduce the possibility of such'fail;
,ﬁres, ébmponents are subjecfed to various tests before they
are assembled into equipment. However, no matter how complete
avmanufacturer's'production tests are, a certain percentage
of the components shipped will be found to be defective when
; i they arrive at their destination. Therefore an IC tester

- becomes an essential test equipment to avoid such failures.

X Besides performing the apprbpriute logical funcfion,
digital iﬁtegrated circuits must meet input, output, and
;éfﬁf' Dower supply voltage'and current specifications, and propa%

| 'gatiqn; rise, and fall time specifications. Although there

L kére au%ométic systems that test all of these parameters,
“they are t00 complex.and costly for mostﬁequipment menufac—~
aj@turer§1.incqming-inspectign departments. Leés costly Is the
;;'gpp:oéchAﬁost often taken: each circuit is tested functionlly

- and its voltage and current parameters are checked.

. f, Testef that do this kind of iIanspection are usually prog=-
*_  rammed to test different types of integrated circuils in one

., of two ways. Some use interchangeable printed circuit boards
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Qflor cards. Others are prngammed by selting 1imit voltages and

 currents on thumbwheel switches and making connections to the

75_device under test by means of a pushbutton watrix. The former
_’methed has the disadvantage that with the many thousands of
different integrated.circuits available today the program'card

library can become. larae and expens¢ve.,The 1aLuerﬁﬁetpod Isn't
o - 4_-“. L' - .

o \

‘;Well suited for use by unskxlled pelsonnel on a productIon '
baSIb.’AlbO, a number of different tests can't be made easily

on the eame devIce.

Software programming can eliminate all of these disadvan~
 tages. Testers that dre fully software programmed are only now

b‘becoming available.

In thls thes1s, a mlcrocomputer controlled RONM-RAMN program-—
mable dIthal IC tester haa been realxsed AR external micro-
‘computer has been used as a part of the whole system. The mic-—

rocomputer part was designed and built by Dr. Omer CERID. .

7 A broad spectrum of logic families, including ECL, CMOS,
-TTL, RTL and DTL can be, tested. Maximum test voltage Is 5 volts,
'a‘,and max fmum 16-pin capability is available. Testing is pewforued

~ automatically according to the test program. Each IC is tested

3Q;r funetionally, and its voltage and current paraumeters are checked,

TestIng startswvzth the user Informzng the tdentity of the
UnIt Under Test (UUT) to the tester. The tester’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,vthe pregram

1
J
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mﬁst be written into the RAN ﬁéﬁorieSﬁwith the telétypeériter. Onég
the proper test program is ready, the IC to‘be tesfed is“pluggéd
into the socket and the start button ts préssed._ Then, the test sys-
tem'wili read and interpret the’instructibns for the first test.

If the first test is within the limits specified for that test the
micrdcbmputer'will instruct the systém $o seek the next test In the
"go-chainﬁ‘sequencé. If the test result is beyond the specified li-
mits; é failure signalfbn fhe tester is produced, and thé tésting
will end. As iongfas the results of each testfaré*Wfthiﬁ limitse,
the-tester'vill continue its operatibn until every tést in the go~-
chain sequence has been performed, At th:ts time the ‘best::ng will

b

terminate and a pass signal on the tester ts produced.

. In Chapter 1, = detailed information about awtomatic test sys-
‘tems used in industry is gIven. Chapter 2 Introduces information
about dngtal Integrated circuits. Chapter 3 gIves some economic
 considerstions of IC testing. In Chzpter 4, the‘Implementatxon
of the tester is described. Chapter 5 introduces the programming

and testing process. The conclusion is given in the last chapter.
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CHAPTER 1
. ‘AUTOMATIC TEST SYSTEMS USED IN INDUSTRY®

(-.;. An automatic test system is composed of parts that are ba-
ﬂdt ‘sically measurement and test instruments, The instruments used

Z”!;in the automatic test system must be automatically programmable.

. Another characteristic of an automatic test system. is that 1t

. requires Its test instruments to be capable of being connected _
in any destrable electrzcal configuratzon by the test systems

.xswitching matrix. The final requ:rement of,a test syﬁtem is that
1

fiit have some type of man-machine Interface ‘such as oy prxnter or

-~

'~ 1.1 TEST. SYSTEM DICESIONS
,3‘The user or developer of an automatic test system,(ATS) must
iemake two ma jor decisxons. First, he must decide if he will per-
;ffcrm-the necessary‘testzng manually or automatically. Second, he

- mst dectde uponAa'specific test approach or method,

The fifsﬁ dectston, manual or automatic, is usualiy easier
| ‘lto arrive at than the second and is related to charaéteristice
viiff'of the tested ttem. There already exists a large body of data .
iidescribing the advantages of autouwatic testing as compared fo
i{manual testzng. These include 1) greater speed in performing teste

‘*“i 2) decrease in operator skill levels required to perform testing
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fjwith‘oommensnrate reduction in training costs, 3) test results‘in—
fj;dependeﬁt of individual operator skills, 4) test sequence and to-

‘*felerances more consistently performed and increasing confidence in

f;;p;pest_pesnlts.

}:7Aseuminé that the user is attracted enough by these advantages
to select the automatic test, he must then determine the type of
-ATS he WTll use. Th:s decision is no less crucial than the first,
’not_only because this decision'willwplay‘a significant part in de-~
termining the magngtude of;the“investment that is necessary, but
more importantly‘because’eelectionfof the proper test systenm de—
| _termi'nes “the 'ult:i:mate 'u;bil:tty and satisfaction the Liser will deri-

Ves .

1.2 WHAT IS AUTOMATIC TESTING?

The,simplest'way’to describe antomatic testing is to compare'
it to manual testing. Manual testing ts usually performed by col-
lecting ‘individual pieces of test equipment, including measurement
devicee, specialfpurpoee signal generators, power supplies, decade
boxes, and a collection Of'clipbleads; The test technician must

.plug in, set np, and connect all of this equipment to tne unit un-
der test (UUT) to male the tests. Other manual test equzpment nay
» vxnterconnect the individual components in such a way that the ope-
vrator performs these functionsthth sxmple switches. Normally, nu-
nerous tests are Involved requiring the conilguxdtionb'and connec-

tions to be changed many times. Some sort of manual or set of ins-



tructions will riormaily be avatlable to help the techn-_r:c:tah perform
the tests. However, these inétructions may not be complete or cleer
and usueliy'will not be all tnclusive. For example, the procedures‘
or operations required to tsolate s failure are too varied to allow
specific tnstructions for every possibility, thereby 1ending uncer-

®

J'tainty to the ‘test and/or repair processe

In order to alleviate the multiple problems engendered by manu-—
al test procedures, the electronics industry's attention turned to
automating the testing process. A typical ATS block diagram is shown
in Fig.l. It can be noted that the ma jor ingredients required to

-
f

INPOT/ OuTPUT ' ‘ STIMULUS °

DEVICES ¢ : SUBSYSTEM
TEST E T erogran] :
PROGRAM RESLLTS CoNTROL STIMOLUS
. \ 4
* CONTROL INSTRUCTIONS I SWITCHING | STIMULUS ] y\iv UNDER
SUBSYSTEM [y — SUBSYSTEM g TESTY
DANTA = RESPONSE
TO ALL O PROGRAM LG
SUBSNSTEMS CONTROL 5;55 RESPONSE
S A TE
POWER SLPPLY MEASUREIMENT
. | 4
CONTROL SUBRSYSTEM SUBSYSTEM

.

Pigel. Block diagram of a typical ATS.

perfom maﬁoal testing ere‘available'within the{ATS-iThere'are\PGNer’
supplies, stimuli, measurement devices, and a'switching system to
allaw therequipment to be arranged in desirable cofigurations. The
tnstruction menuael is replaced by a program tepe that instructs

the computer to carry out test tnstructions in the proper sequence,

Judge test results, and perforﬁ calculations. The requireﬁent for il

f

\
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jwritiﬁg‘tésf results is performed by a printer. The keyboard and
 test results display have two fumctions: 1)to provide a means for
E{gméﬁ-machine communicagtion within the testing process and 2) to
;f §rovide;mhe’functional flextbility required in validating new test
system programs. It Is often neCessaryItouuse the test system ope-
rator to adjust a potentiometer,\reéognize if a lamp s 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
parameterghe must‘adqut 1o, and the keyboard to allow the opera-
to: to inform the test éyétém-that,he has performed/a necessary

operation or to make a poSitive or negative response.

1.3 TEST SYSTEM OPERATION

‘t:QGenerally, operation of an ATS starts with the operator infor-

ufjming the test system of the ident:ty of the UUT either on the key—

,;;board or by control switches. The test system will then seek the
}pfoper test program fof that UUT and (usually) verify through key-
ing or other meanérthat the UUT has been correctly identified.

- This is necessary to avoid damage to the test system and U0T due

to operator error.

Once'the UUT identity is verified, testing will begin.‘The

pfor the first
i f
: test. ‘These instructions will ‘set up sthchxngxﬁe confiect stimulus

'i] itest system will read and interpret the instructions

M‘.L and,power to proper points on the UUT; they will also set up con~
;”VJnectionsibétWEenﬂa measurement point and measurement device. Con-

Eﬁf};ﬁxo;,gignals on the test tape automatically program the measure-



' ént.devices to the proper scales and set the stimuli to the requ-
“tred voltage, frequency, slope, etc. A measurement command then
will cause & measurement at the UUT test point. This measurement is

fv;§ trgnsferred to the computer and bompgred against predetermined mea—

:vQ*:surement'criteria,'whioh are also part .of the test information. If
ﬁwui?the measurement is within the limits speéified for.that tesf-the
computer will instruct the system to seek the next test in the "“go
‘"‘f—chain" sequence. If the measurement is beyond the specified limits
' the computer will instruct the system to efther halt and print that
- the UUN s defective, or direct the éystem to branch to a fault-

tsolation test sequence associated with that failure. In the case

of a fault-isolation branch, testing will continue until some requ-
Ired fault-isolation level has been reached. As long as the results

of each test are within limits, the test system will continue to

|
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-

irementé for configuring an ATS are as follows. |

1) A computer or controller to direct and control the testing |

process as well as interpret and evaluate test results,
I

2) Stimuius devices such}as power supplies, signal generatora

- or pulse generators that can be automqtically prOgraﬁmed %o pro-~

l"" |

vide' required amplitudes, pulsew:dths, frequenc:es, and other in- |
‘ ‘ |

- puts required to perform testing.

3) Measurement devices that can be programmed for the required



i”i  the UUT to the proper simulus and measurement devices.

- ranges and scales needed to carry out testing.

S 4) & switching device to interconnect (under program control)

—

5) Peripheral devices such as printers‘and ditsplays to provide

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

P

sophistication of the periphersal deviqes'wi11v§§pepdfgreatly upon

 the use for which the test system is planned.

6) Tape readervor equivalent device for loading the -UUT prog-
ram into memoxry. The reduirements_for and size of this unit are
also dependent updn the test éystem's use. If the system is requ-

tred to test a small number of UUTs &t may be possible to keep all
‘Tthe UUT~pr0grams resident in mewory. As the number aﬁdisize of ‘the
‘UﬁTs‘ngW'larger it becones neceésary to store these programs on

_some medium and read themw into the test system as they are requ-

'iI'Edo - 
7) Compﬁter programs to direct the testing operatious.

8) Accessories and signal conditioners as required for speci-

fic test'problems,

1.4 INTEGRATED TEST SYSTEMS

f;_“‘An‘integrated test system is composed of separable functional“

f f}Le1ements:'For example, if the test system multimetérfwege removed

zftffromAﬁhe s&stem, the mltimeter could still perform its function
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of ﬁaking measurements under manual controlg similarly the pulse

ffj}+generator could be removed and used in a namual test situation if

7; necessary. Each element can operate independently of the remain-

f ing system elements as an entity.

This:type of test system is quite common and is usually con-

 figured under two basic concepts. Either separate programmable

test system entities are selected and wodified to operate on &
commoen data.bus, or separate device controllers are used to act

as an interface beween the devices and data bus making them ap-

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

it is desirable and sometimes possible to select devices from va-
,riou§ suppliers that are already chpatible and that meet the

- system test capability requirements. However, this fbrfuitoug

J opportunity seldom presents itself; usually the compatibility
and capability necessary fbr a dependable, accurate system gt

' be engineered. An integrated system offers the following advan-
: tages to the user. |

- -

Advantages

Il.VEIde SelectIon of Vendors froanhonxto Select the Test

Systen Building;Block Components' The wide selection of vendors

:T”V.allows the user/developer configuring an integrated ATS to care-

4'1‘fu11y select the elements of their system to optimally meet the

w;gfﬁrequzrements indicated by test requirement analysis and trade-

: ff offs.‘

2. Expandable Capability Through Addition or Deletzon of

' Bu:lding Block Components' The nature of an integrated ATS can
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.t7uoften make modification or expansion of its parameter envelope
less difftcult than what would be required in attempting this
' change on a dedicated system, |

3+ The InItIal Engineering Design and Development Costs May

Be Lover: Thie advantage refers to hardware rather than software

expense.

- Some of the disadvantages of the integrated automatic test

system are the following:

l. Hidden Deveiopment Cost: Deve.opment cf the integrated ATS,
includes an initiai engineering outlay for integration. The size
of this expenee is seldom predicted accurately_because the problems
thatvvﬁllube encountered when attempting to join the individual e~
‘lements into a single QperatiOnal eysten‘cannot be easily identi-

fied in advance. . o g
P T

2. Ineffictent Utilization of Components: The Building blocks

_selected for incorporation into an integrated ATS usually’arefde—
signed for general purpose applications and thus will heve capabi—a
n lities beyond the}requirements of the.test gystem itself, The in-
efficiency‘of unused capability as well es reduced system reliabi--
:,lity due to the presence of unnecessary failure mode cadidates can
'Iprove troublesome.~ |

3. System Size Is Greatlx,Increased Because the packagrng of

a,'the integrated ATS buildzng blocks is not specifically designed
qu'for use in a system environment, a great deal of addItIonal space
f is required: |

4. Increased Matrtenance Requirements' Maintenance considera-‘

- tione of an integrated ATS ts a drawback because the self-dxag~"
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' nostic capability of an ATS is somewhat circumvented when the sys—

ff.tem is composed of individual program&able coumonents.

1.5 DEDICATED TEST SYSTENS

A dedicéted test systém is one that is specifically desigﬁed
’for a given task or class of tasks. The elements of this type of:
system, when separated from the system itself, cannot be used to
provide characteristic system functions as they do when counnected

‘within the test system.

| Noimally, the system functioné are configured from some type
pf‘standard modular devices arranged and connected for desiréd
charactertstics. The dediceated ATS has all the test characterts—
ticé gf the integrated ATS._It.is usually*bdilﬁ;gépq@j%ome selec-
téd-Combuter that provides control and analysis, and it_contains
standard man-machine interface such as visual display, printer,
1 7éhd kKeyboard.

-

7~Advantages of This Type of System:
1. Gréatly Reduced Sitze When Compared to Inteprated Systems:

| The dedicated test system will usually occupy less than half the
space requxred by an integratea ATS.'When the space available for
E~?}test and/or maintenance ts 11mited, a dedicated ATS is often the
h f[only alternative. \
| 2. Efficiency and Relxability Are Increased: The efficmency of

Ki;gaﬁdedicated ATS is high because it contains only those functions
'ﬂ‘réquired for.the testing process; whereas, the integrated ATS will f

" be configured from parts that usually possess capabilities and pa- %
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{
' rameters well beyoud 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 circuttry.

3. Maintenance Is Simplifted: By its nature the design of the

\ dedicated test system lends itself to automated maintenance tech~-
; - niques. Development of stimulus measurement and switching subsys~
- teﬁs.through modularized elements designed for specific tasks al-. -

.. lows recognition and isolation of failures with greater'precision.

‘ig*'This ts because the modular design inherently has a large number

‘7ef‘interna1"monitoring points available for self-diagnosis. The
- availability of these addItIonal test points allows the designer

i3

efj of the self~test prOgram to isolate a tesﬁ system faﬁiure to a sin-

gle or small number of modules.

4. Availability Is Higher: The mean time to repair for the de-

‘dioated system is shorter and hence, availability is greater than
: :thaf of the-infegrated system due hot only to the precisioh'with
F'WhICh the fallure can be identified but also due to the ease with

 f.Which the faIlure can be corrected. The modular nature of the de-~

'Vf'dIcatedbATS lends Itself to rapIdlremoval and replacement of the

13;;;sﬁspect eiement or elements. This rapid repair is not possible ,

n:“%fWith the integrated ATS because removal tends to be difficult and

1t s too expensive to carry replacement spares on a building block

'ifvbasis.

5. §Qecia1 Testing: Often when requirements are unique or when

,f&ﬂtesting is . necessary to check uncommon UUT parameters, a _ dedicated

ﬂlmtsystem is the only ATS solution.

.
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_f{Dedicated Test System Disadvantages: ,
¥ L. Cost- The development cost of a dedicated ATS tends to be
;fdgreater than that of an integrated system. The differenoe between
‘dthe two will be less than that implied by comparing the component
':acquisition costs of an integrated ATS with design and development
costezof dedicated ATS. There are subtle and somewhat hidden engi-
“neering'expenses associated with developing an integrated ATS,
such as the costs for compatibility.devices and modification of
~ the ATS building block elements, and the added expense to develop
a more complex sofbyare 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 system could be~-

come smaller.

) 2. In-House Requirements: Developing e dedfcated ATS requires
a broader pool of expertise and knowledge than is required of ihe;
purchaser of an integrated ATS. That fs, the skill requived for
ethe design of the test system must be available within the deve—
1oper organization. The risk is high that troublesome or inadequa—
'te desxgn_approaches could become incorporated into the test 8y s~
tem unlees the‘design group is carefully chosen and supervised.
Errors so incorporated mist slovidly be modified out again'aS~expeg

;‘rience'WIth the test system is gained, This process can prove

.p 1costly, painful, and is not abways entirely successful,
| 3. Iimited Test Set Capability: The developer of a dedicated

. ATS must be very clear about'what the system test capability must

| 5the typical dedicated ATS'vill be especially designed for optimum
‘ » ¥
cplt
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;ssperformance of a. gIven.task or class of tasks. This can be sérious

. constraint if an error or mxscalculatlon oceurs when specifying -

5ﬁfssystemlrequirements. Modification of the dedicated system is of

- course possible, but the redesign tends to be expensive and suf-

o fic:ent space may not be avaxlable to Incorporate necessary chan-—

- tion and diagnostic test.

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-

J

o
- Military and Commercial Testing: Military test system must meet

ﬁany criteria of reliability and maintainability that need not be

considered when developing or purchastng a commercial system. Aside

from the crittcality of the military mission there are a number of |
unique 10gistzcs and training problems,~whxch have no parallel in }
the commercial test world. The constraints imposed by the military |
- test’ envIronment have led military procurement actIVItIes to depend\
| heavily upon the dedicated:ATS: This is due to the dedicated system&
smaller size, -ease of maintenance, and amenability to closely spe-~
cified and controllsdftolerances that can be ortented toward the |
4mi11tary missone. N | | o
Commercial test systems cover a scope nearly as broad as milm-
_tary system. These systems range from the very simple&to/the very

| complex and from direct ‘comparison techniques utilizing the 'knawn
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. good untt' to comparison based upon detailed circuit analysis. Ge-

. neralities regarding commercial test system are difficult to for-

© mulate., However, It can be satd that commercial tests systems tend

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

N

Production Versus Support Testing: Production or factory test—

ing is performed as part of the quality control function at inter—-
im stages or at the end ofia production line. This type of tTesting
becomes part of the;production process and production effictency,.
The faétory 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 or mechanzcal, 1
‘Is necessary to adapt a previously used test system to a hnew pro-
duction run. |
| ~ The repetitive nature of production line tests allbvm use of ‘
“components that need not be as software flexxble as fhose in a

test environment where the testing requirements vary. The test Pro~

| cess on the production line can use a relatively simple device de-

: signed”te solve a single well-defined test problem, Often manual

test equipment'with minor modification and appropriate computer or f
_controilerAinfeiface canebe used to configure thisltype[of tester.

- The reliability of the factory ATS must be high andfthe mean |
ldfime.tO'repair relatively low to-avoid shutdown of the production

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

”“be designed o allow for rapid identif:cation of fafled components,
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;?fdeasy replacement, I.e., repairability, and with an edequate numberx
5_3'Q£4spare butlding blocks so that production need not be delayeds

| “,mhé requirement that factory ATS have high reliabilify and ve
» leasily‘maintainable sound very much like the requirements listed .
‘lfffor the military ATS. The difference between the two are matters
Ac,of approach End’degree; The factory ATS is configured to less st-

, ringent environmental standards than the military ATS. |
o Support‘testing usually takes place at remote or field loca-
trons. It is used to provide secondary level maintenance on prime

hardware, reducing the reparr time required and thereby lowering
the spares level necessary for any grven hardware item. The conse—
quence'of\a failure ie 1ees immediate for a snpport ATS tnan it is
for a factor& ATS because the support ATS is not part of the on~
line process"it ts supporting. That ts, the factory ATS isﬂoften
part of the production process and can stop this process in a re~
,'1atively short pertod of time if it is not avarlable. The reliabi-
- lity requirements will depend upon the specific support needs of
the ATS user. The support ATS often must teet many different types
" of equipment as well as be able to provide support for various
HVersions of similar units. This requires broad test capability as
well as a flexible software package. In addition the support ATS
should be designed to store many programs either as resident ne—
i»-mory or in some convenient protective device that can be used to
. 1oad prOgrams‘easily‘into the system as theytare'reQuired.

l j ATS'characteristics for Supporttesting{are not easily catego-
'ad;rizéddintd the dedicated/integrated classification. The freld: site
" constratnts, the type of equipment supported, the capability of
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 maintenance personnel, and the scope of the support misson all must
. Bé“considéred. Often hybrid systemé'are found where the éoncept of
the Integrated and dedicated system have been incorporated to meet

optimally the specific support required.

Qualification and Diagnostic Testing: QualificationL go-no—go,’
Hor'acceptance testing all refer to a test philosophy in which the
UUT is examined only to determine If it is capable of meeting its

_ specifieh‘pérformanpe_parameters. No further testing is performed
if the UUT fails to fall within the limits required by its perfor—
mence criteria. [ It Is eifher thrown eway or:moved to anothef“test
area where the cause of the malfunction is identified and corrécted.
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. This
typé of testing is often pefformed on large numbers of identical
UUTs‘over long periods of time., Therefore, programming simplicity
rather than flextbility ts sought. Other desired qualities for this
type of testing are a fairly sophisticated mechanical interface
between the test system and the UUT., Finally, qualeication testing
allows utxlizatlon of a sxmple man— machine interface., ,
Diagnostic testing ts required for more complex UUTs. The Low-
" est level of these is the small printed-circuit board or a small
assembly of only two or three components. The philosophy of this

‘v fype,of testing is to fdentify and'replaée a'failed component to a
|

iflevel required in an established meintenance plan. For a printed-

circuit board, this may be one or a nunber of componént parts. TFor
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;jian assembly, It may be a chassis or a printed-circuit board., Often
;; an ATS vmll be required to provide both qualemcation and dIagnos-
;kftic capability. | i
‘ V.“ Test system requirements for diagnostic testing call for a 80~
i?phxstioated software/hardware combination allowing for a flexible
interactive man-machine interface. Communication between man and
maqhine by a printer and keyboard is usually a minimum. Many times
"phdto displays are required and the tndustry is now consideriﬁg
computer~controlled video terminals that can be used in conjuntion

‘With light pencils and other operator-control devices to allow gre—

'»‘ater diagnostic capability and flexibility.

- 1.7 TUTURE TRENDS

Certain trends are becoming obvious for both the integrated and
‘.dedicated ATS. The system's size is decreasing . This decrease in
'size»has beén accompaﬁied by an increase in systém complexity, ca-f
pability, and interactive characteristics of the test system ele-

' ments. | .
| The general purpose mxcrocomputer is Increasingly found at the
- heart of ATS. The avaxlab:lity of resident memory and utility of
'.‘the software package appear to be the magor factors in selectxng
gthe test system computer.

' Multistation ATS in which microconmuters.interface'with and aréﬁ
7  oontrolled by 1arge computers on a real time basis are presently
:ifbeing used very sucoessfully in factory test of TV 'and computer
 : ¢Ircuitry. Othexr successful-applications of this technzque are fo-

und in'monitoring of mult:ple remote phenomena at a ce?tralized
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. station. .
CaniglratiQn of test system and application of the test pro-
cess is more and more becoming a systen engineering problem in

‘wh:tch Aent:‘i:re subsystems rather than individual system elements are

.

t

constdered,
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CHAPTER 2

INFORMATION ABOUT DIGITAL INTEGRATED CIRCUITS H%3/n5:3.40

-

| Alﬁost all modern digital éystems utilize digital integrated
éircuits (ICs) because they'result in an increase in reliability
- and a reduction in'weight and stze., Digital IC technology has
advanced rapidly from small-scale integration (SS1), with less
than 13 eqmivalent 1ogic gates per chip, through medium-scale
;Ef integration (MSI),'with between 1% and 99 equivalent logic gates
| pef chip, to large-gcale intégratioh (LSI), which covers the'

8 range beyoni 100 gates per dhip.'With the‘wt@espread uée 4f ICs
\comes the necessity for beooming familiarHWIth the chafécteris-
tics of the most commonly used logic families. (A logic family

ireferS'fo.ﬁ specific class 6f logic circuits that are manufac-
‘tured using the same manufacturing techniques.j In this chapter

“we w::ll exa*:nine the DTL, TTL, BCL, RIL, DCTL, I*L, N-MOS, P-MOS,

1)

YCMOS and SOS logic families.

. The various logtc families can be placed into two broad cate-
}~ gories aocording to the IC fabrication process: bipolar and uni-

ii polar. The bipolar famxlies utilize the bipolar transistor (¥PN

E;‘and PNP) as thetr Principle ctreuit element. DIL, TTL, FCL, RTL

TffifDCTL and I%L are bipolar families. The unipolar families use -MOS
.lil;field-effect tranststors (MOSFETs) as their principal ciroutt

; }‘-,{;,fi'i;:elemen‘t;. N-y0S, P-10S, CMOS, and SOS are all unipolar logic fa-

'7;mIlIes. The unipolar 10gic families are also called as MOS fami-
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;111es.;f

-

In general the MOS famxl:es tend. ta,be vell suxqg@ for MSI -
:f and LSI devxces because the MOS familtes require less chip area
f and consume - less power than their prolar counterparts. On the
'f\other Hand, MOS familtes tend o operate at slower speeds than

'f bipolar‘and‘requxre,spec:al handlzng and storage precautions.

. 2.1 DIGITAL IC TERMINOLOGY
- L . i o
i .
Althoﬁgh there are many digital IC manufacturers, much of the
nomenclature and terminology is fairly standardized. The most

useful terus are defined and discussed below.
, : b !

Current and Voltage Parameters

Vin hIgh-level input voltage: The voltage level required for
a 10gical 1 at an input. Any voltage below this levelrwill«nqt be
accepted as a HIGH by the logic circuit. | -

Vn_ lCW-level input voltage. The voltage level requzred for a
';eIOgical 0 at an input. Any voltage above thxs 1eve1-will not be
'iﬁaccepted as a Lo by the logic circuit._

o VbH high-level output voltage. The voltage level at a lOgic
"cxrcuit output in the logical 1 state. The minimum value of Vo
;iIs usually specierd. ' l
| VOL low-level output voltage: The voltage level at a 1ogIc
*;cireuit output in the logical 0 state. The maximm value of Vou

-

is usually spec:f:ed.'
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i  11H‘high%level ihput current; The-current that flowvs intd an
jffinput“vhen‘a specified highélevellvoltage ié“applied to that in-
kf’put. |
o Iy low=-level input current: The current that flows into an
: input when a specified low-level voltage is applied to that Input.

| Ton high-level output current: The current that flows from.an

output inithe logical 1 state under specified load conditions.
Io. low-level output current: Thé current that flows‘froﬁ an

" output in ‘the logtcal O state under specified load conditions.
- Fan-Out

In general, a 10gIc-cIrcuit output is required to drive seve~-

ifiral logIc inputs. The fan-out (also called loading factor) is

: defxned as. “the maXimum nunber of standard logic xnputs that an

loutput can drive reliably. For example, a logic gate that is spe-

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

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

~ be guaranteed,

¥
iy

Tfansition Ttmes

Some d:gItal circuits respond -to logic levels at their inputs,
Q'but others are activated by the rapid change in voltage. In the
4 latter circutt type it is essential that the input signals have
‘~‘sufficiently"fast level transitions or the circuit may not respond
broperly. For this reason the rise,fime ta and fall time ty of a ‘
llOgic batput ts often specified. The values of ”c‘K and tg are not

| necessaiily‘equal, and both are dependent on the amount of loading

. Placed on a ogic output.



°'JPropsgation Delays" | : o
’ ,f;A 1ogic sxgnal always experiences a delay in going through a
;”circuxt. The two propagation delay times are defined as
;” tpui. delay time in going from logical 0 to lOgIcal 1 state ‘
~ (TLOW to HIGH)

| tan delay tmme in going from logical 1 to logIcal 0 state
’ (HIGH o' Low) | | '
" f}' FIgure 2.1 illustrates these propagatxon delays. Note that
.ltng is the delay in the output's response as it goes to the O
i;state, and VIce Versa for thH. -

In general tpHL and tpLH are not the sanme ‘value, and both

'WEll vary dependxng on load:ng condItIons. The values of propa-»

%gat:op_tzmes are used as a measure of_the relative sgeed of logic
f‘circuits. For example,'a logic circuit with values of ‘10 ns is a

faster logic circuit than one with values of 20 us.

{PHL +-PL\\

" Pigure 2.1 Propagation delays.
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o - Pover Requirements

The amount of power required by an IC is an important charac-

t teristic and is abways specified on the manufacturer's data sheet.
; Sometimes bt ts given directly as average power dissipation Ppe
eMore often it is Indxreotly specified in terms of the current
jedrain from the IC power supply. This current is typically symbo-
A_liZed as Icc» When the value for Ice Is known, the power drawn
by the supply is obta:ned simply by multiplyxng Icc by the power
iesupply voltage.

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

~ent for the two logic states. In such cases two values for Icc‘eﬁ. '
‘ are epecif+ed. ICCHiis'the supply'ourrent'when all outputs on the

;fIC chIp aru HIGH; ICCL ts. the supply current'when all- outputs are

IOW.

,'f'.,:‘,’.,{’/.--.' AR A .-‘!:' , 5o ph

e Noise Immunity " S R S L AT

o Stray electr:cal and magnetic fields can induce voltages on o .
f5the oonneoting*wires between logic circuits. These unwanted, spu- .

" rious. sxgnals are called noise and can sometimes cause the volta-~
~ge at the input to a logtc circuzt to drop belov V“*(mmn) or rise

oﬁabove_vu_(mgx), wh:ch.oould produce unreliable operation.‘The

[y

 notse tmmunity of a logic ciroutt refers to the cirourt's ability.

i7%o tolerate noise voltages on its imputs, A quantitative measure
of notse imanity is called noise margin and is illustrated in |
f Figure 2 2.

Pigure 2.2(a) 18 & dtagram shoying the range of voltages that

:]:Can ocour at a logte circuit output. Any voltages greater than :

BOGAZ'lQI ONIVERSITESI KOTUPHANES) |
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! VNH { _'»:/,
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DAL ‘3u£?u£ VDngh B L Input voltage
T \‘unget ‘ o ‘ ~ requirements .
. . vvv « R - . A— 'v‘ ) N N .\\ »'
(a) | | (v

*folvFigure-2.2 Noise margins;

"Vbu(mzn) are. considered a logic 1, and any voltages lower than
i,VbL(max) are cons:dered a 1ogic 0. Voltages in the indetermznate '
range should not appear at a logic circutt output under normal |
:conditions. Figure 2. 2(b) shows the voltage requ:rements ata
fIOgic circuit input. The 10gic oircuit'wxll respond to any input
stgreater than Viy (min) as a logic l, and will respond to voltages
slower~thanfvn_(max) as & logic 0. Voltages in the indeterminate
-‘range'w111 produce an unpred:otable response and should not be-
"used.;y f o | | |

The hIgh-state noIse marg:n VNH is defined as
vm’*;vw(mm) - Ty (min) S (241)

eas‘illustratedvin Tigure 2.24 Vyy Is theaﬁifference between the =
;;1owest possible HIGH output and the mInImum Input -voltage required :

f"for a HIGH.'When a HIGH logic output is drivxng a 1ogIc czrcuxt

:input, any negative noise spmkes greater than Vg, appearxng on’
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}ithe s:gnal 1ine'will cause the voltage to drop into the Indeter- 5

?’minate range, where unpredictable ‘operation can occur.

- The low-state noise margin Vi, is defxned,as

V= Vo (mex) - Vo (max) o (2.2)

o Ry
Do o : : o ' B 5/ o - f[( - Lo
and it is the difference betwesh the 1§fgéé%“pd§%§ﬁréﬁidwroutput |

_ and the maximum input voltage required for a LOW. When a TON lo~-

Mfgic output IS drIVIng a lOgiC Input, any positive noise spikes

' greater “than VﬁH‘WIll cause the voltage to rise into the indeter- .

"mInate range. o

AC Nqisé'Margin e |

|

| Strictly speaking; the noise margins predicted by'exPressions

(24 l) end ( 2.2) are. termed dc noise margins. The term ndc noise
“‘»margxn" ‘might seem somenhat xnappropriate'when dealingvvzth notse,

- which is generally thought of as an ac signal of the transient

‘»VVarIety. However, in today's high-speed integrated circuits, -a

pulse'width of 1 ps is extremely long and may be treated as de as'

. far as the response of a logIc circuit is concerned. As pulse
 fWidth§ decréase‘to:the low-nanosecond region, a limit is reached
~ Where tﬁé‘pﬁlée duration is too short for the circuiﬁ to respond.
‘fjAt this point, thevpulse amplitude would have to be ingreasedito

- produce a.change in the circuit output What this means is that
’  a logIc cxrcu:t can tolerate a large noise amplitude tf the no:se

_VIS of a very short duration. In other words, a logIc cIrcuIt's ac

g¢nozse margins are generally substantially greater than Its dc“ ; c

:f'noise margins given by (2.1) and (2. 2). Manufacturers generally
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supply ac-noise-margin information in the form of a graph such
as thatvin Figure 2.3. Note that thHe noise margins are constant
for pulse widths greater than 10 ns But tncrease rapidly for

narrower pulses,

PN ‘ aw
O A R RS O
. A A |
) 5V -
‘ l\»v — . ' : ' ’
Noise 3vi - G laput at “47
morgms : :
VAR . ft .
iy
0! 1. | W ] | RS AN P | SO
0 2 4 6 8 A 12 V4

kp, pulse width ) ag

- Pigure 2.3 Typical ac noise-immuhity graphs.

Current-Sourczng and Current-Sinking Logic

- Logtec familxes can be categorized according to how current |
flmws from the output of one logic circuit to the Input of another,
FIgure‘2.4(a) Illustrates current~sourcing logic., When the output
| of gate 1 is_in the IIGH state, It supplies a current‘IlH‘to‘the
input~offgate é,'which acts essentially'as a resistance to ground.
Thus, the output of gate 1 is acting as a source of current for
;gate 2 Inﬁut. ‘

_ Current—sinking 1ogic is fllustrated in Txgure 2.4(b). Here
:,the Input cxrcuxtry of gate 2 iIs represented as & resigtance tied
to + V.., the positive terminal of a power supply- When the ga‘be

»l,output,goes to its LOW state, currentxw:ll;flaw in the direction
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 Low e

. \) l
Low, e— ,_ Lu \yi

(a) Current sourcing,
l+Vc.c.

HIGH o——|

HHIGH .—3—-—~

S ————

| (b) Cﬁrrent sinking.
':'.Figure 2+4 Compurison of current-éourcing and current-sinking

© acttons., N

shown from the input‘Circuif of gate 2 back thfbugh the output
fesistance of gate 1 to ground.‘In other words, in the LOW state
Lthe c:rcuit driving an input of gate 2 must be able to sink a cur-}”?
‘rent IIL, coming from that input.

The dzstinction between current-sourcing and current-sxnking
| logxc cxrcuits is an important one'thch'will become more apparent

‘as we examine the various 10gxc famxlxes.

' 2.2 THE DTTL LOGIC PAMILY

o A typical DTL logIc gate is depicted in ngure 2 i. Thxs is
 ca1led & DTL logic gate because It uses” dIodes at. thexznputs A and
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?igure 2.5 Basic DIT circuits

B, and uses a transistor amplifier.‘This'gate functions as a NAND |
gate for positive logic since all inputs must be HIGH'inuorder toL ”
,causé\Qz to turﬁ ON. If any input is LOW the base of §; iIs clam~
red tb a voltage ngarfgrouﬁd by thé foxrward~biased diode. The

drép across the emitter-baée junctioh of §; plus the'drop across

the follow:ng diode keeps the base of Q, negatxve and ensures

- that Qz is off for thIs condition. Typmcal levelﬁ fox IOW state

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

gins In -etther state are approximately 0.5 Ve It has a fan-out of

f‘about 8e Typical pover dissipation for a basic DTL gate Is 10 nw.

’ Propagat1on times are around 30 ns.

. 2.3 THE TTL I0GIC FAMILY

D -
1

~‘One of ‘the most popular logic femilies at the présent tine is
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:;theATTL family. Since the late 1960s this line has emerged as the
most flexible and continues to be in great demand after the mtd-
_19708. This family possesses ébod fan-oﬁt figures and. rélatiﬁely o
- high-speed sw:tchxng. The Schottky~-clamped TTL 1owers switching
. times even further'thh propagation delay of gates in the area

 of two nanoseconds. The bastc ITL gate Is shown in Pigure 2.6.

aVee (+5V) B R SR

I R A Sy 7 2
.»'.,.,f».;, o ¢ el IO
Sreen ,,',_'.!:,‘4.- o gl '2“

hks Stbka élﬂon-

‘““}--»

Hm.

L«—-j

PIgure 2.6 Basxc TTL . cirouite

TheoTTL fanily Is based on the multiemitter construction of
transistorsﬂwhich are easily and economically fabricated'using
integraféd-éircuiﬁ techniqﬁes. The‘oPeration of the input trgnf
sistér'éan be visualized by the circuit of Pigure 2.7, which |
shows the bdses of the two transistors‘connected in parallel as

are the collectors while the emitters are separate.

If gll emitters are at ground level the. transistors will be
saturated due to the large base. drive. The collector voltage
'WIll be only a few tenths of a volt above ground. The base vol-~

tage'wmll equal VGE@Q{WhICh may be 0.5 V. If one of the emitter
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- Figure 2.7 Discrete c:trcuzteciulrv&lent"n(

to the multiemitter transistors

voltage ts raised, the ‘corresponding tranststor will shut off,

1 ![he ’cransis‘bor with an emttter voltage of zero volts st::ll be

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

;»'f.'lector voltage to remain low. If two emitters are raised to a
h:rgher level, the base and collector voltages will tend to fol-

low th::s sxgnal. :

"i-~Returniﬁg'to'the basic gate of Tigure 2.6 we see that the
flov log:l:o level appears at one or more of the Inputs, Q4 WIll be
satura'bed‘thh a very small voltage appearing at the collector
v“'_;:of th:ts stage. Since at 1east 2V (o) must appear at the base of
Qz :tn order to turn G, and G, on, we can conclude that theee
'trans:tstors are off at this time, When G, fs off the current
through the l 6 kQ resistance is diverted :tnto the base of Gy

Which then dr:::ves the load as an em::tter follovrer.

Wﬁaen all inputs are at the h:cgh voltage level, the collector
of 01 attempos to r:cse to this 1eVe1 This turns O,_ and @5 on
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Which clamps the colleotor of 0y to a voltage of . approximately

j‘2vggm®. The base-collector junction of Qg appears as a fonward-,

;”bIased diode'while the base-em:tter junctions are reverse-biased .

‘i;diodes In this case. As\QZ turns on the base voltage of Q4 drops,
k“decreasxng the current through the load. The load current tends
ewto decrease even,faster than If'only Q) were present,‘éue to the'
~efact~that Qé'is turningfon o divert more current from the 1oad.*"‘
At the end of the trenstton G, ts off with 0, and Qg on. TFor i

}Aposxtive TOgic the ctrecuit behaves as a NAND gate.

- This errangement of the output transistors is'called a totem:'
'41p01e. The output Impedance of the emItter follower is asymmetr:-«'
ical‘with 1espect to emxtter current. As the emitter follower -
‘turns on, the output impedance decreases. Turning the,stage pff

. increasés}the output itmpedance and can lead to distoftion of the |
ﬁ}loadfvoltage especially for capacitive loads. The totem pole1
l'output stage overccmes this problem as dIscussed in the prece-

'“1ding paragraph.

’Theré are bWo standard methods of'improving the-high~speed
sthchxng character:stxcs of TTL. The first s to add clamping
7T_dIodes to the input emitters of the gate to reduce transmxssxon'
:ﬂ,line effects by providing more symmetrical tmpedances. This fm-
’e'provement is shovn In ngure 2. 8 along‘wzth smaller resistors |
';‘and a Darlinoton connection at the output. These gates exhibxt ‘
Fﬁa typical propagatxon delay time of 6 ns.

1A1vefy’signfficant improvement in TTL switching spééd results
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- Tigure 2.8 High-speed TTL gate.

from using Schotlky barrier diodes to clamp the base-collector
 Junctions of all transistors to aveid heavy saturation. Figure

"§12{9¥Shows:the arrangement of the clauping dtodes

(a) (b).

Figure 2.9 (a) Schottky-clamped transistor.

(b) Symbol for clampa o
frThe:lC" forward voltage across the Schottky diode causes the
dtode to d:.:vert most of the excess base current around the base~
\c611ector junction. The transistor current can then decrease ra-~ -
 pid1y'without the delay associated with exéess base charge. The

Schottky-clamped TIL gates exhibit propagation delay times of
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In 1964 Texas Instruments introduced the first standard |
;uproduct line of TIL circuits. The 5400/7400 sertes, as it is
) called, has been one of the most widely used families of IC
1dgic.‘We'w&ll'simply refer to it as the 7400 series since the
y.only difference bebtween the 5400 and 7400, versions iIs that the
5400 series is meaut for military use and can operate over a-
wider temperature and power—supply range. Many IC manufacturers

nov produce the 7400 line of ICs,. although some use their own

e identIfIca,ion numbers. Tor example, Farrchild has a series of

. PTL ICs, wh::ch uses numbers such as 9NOO, 9300, 9600, and so on.

vffHowever, on 'the TFatrchild specification sheets the equIvalent

'j‘7400 series number is usually indicated..

K'The 7400 sertes operates reliably over the temperature range

tf 0-70° ¢ and-with a supply voltage (Vgc) of from 4.75 to 5.25 V.
"The 5400 serres ts somewhat more flexible since it can tolerate
-55 to -12 °c temperature range and a supply variation of 4.5~
"35 5 V. Both series typically have a fan-out of lO indicating

g that they can relxably drrve lo other Inputs.,;ﬁ;{ ) f}m"/
. PO AT RS

[P e WA

—

Table 2, l ltsts the Input and output voltage levels for the

t”standard 7400 series. The mrnimum and maximum values shown are

1eiforwworst-case condxtions of power supply, temperature, and lo~

;rﬁadzng conditions. Inspectzon of the table reveals a guaranteed

‘;maxxmum lOgIcal 0 output’ VbL_.O 4 V, which is 400" mV less than

*ifthe 10gical 0 voltage needed at the Input Vn;— 0.8 V. This means




" Table 2,1 Standard 7400 Series Voltage Levels

Minimum

-36 JERE

Typical Maximum
Voo - 0.2, 0.4
Von. 2.4 3.6 -

r,that the guaranteed LOW<~state dc noise margin Is 400 mV. That is,

i

‘Sim:‘clarly‘, the logical 1l output iy is a guafanteed minimum of
2. ’4 V, w;h:teh is 400 mV greater than the logical 1 vol%age need-~
"',‘ed a‘b ‘the :tnpu't V,H = 2.0 V. Thus, the HIGH-state dc noise margin

sertes are both 400 aV. In actual operation the typical dc noise

margiﬁs e.re'jsomewhat higher -~(V1‘L;'—'; 1V and Vyy=1.6 V).

S’te,ndard. TTL logic circuit draws an.'average supply. current -

Iec of 2 ma, resultiné in a power dissipation of 2 mAx 5 V=10 mv.

ts 400 mv. |

S
e

,‘Thus‘,fthe, guaranteed,‘v&orst-case dc notse margins for the 7400

i
!

) V,..;"’_-_—,Vg,g (i) -s.v,k;:'\m-{.'wy;e.q, V = 2.0 V=04 V=400 my

' It has an a:verage prepagat:to'n delay of 9 ns,:

Besides “the standard 7400 ser:i:es, several other T series

have been developed to prov:nde awider choice of" speed and poWer

:
L,

V= Vicman) VoL (max) = 0.8 V. = 064 ¥=0s4.V =400, 1y~
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~ dissipation characteristics., These are mentioned below,

- Low=Power TIT, 74LO0 Series

| Law-puwer TTL circuits des:gnated as the 74LOO series havexyv
f;:essent:ally the same basic circutt as the standard 7400 series 3
Qg?except that all the resistor values are increased. The larger
5;Qfeeistors reduce the power requirements bﬁt'at the expeneelof
;f_longerlpropagation delays.A typical NAND gate in fhis series
'f;hae an average power dissipation of 1 W and an average propa-t
,;ﬁfgatxon delay of 3% ns. - r"lrﬁﬁzgt'lffg?vff/ '
'l The T4L00 series is ideal ‘for applications Inxwhxch power
*'dissipatxon ts more critical than speed. L@w-frequency, battery-

‘tlnoperated c:rcuits such as calculators are'well suited for this -

*T‘TTL serzes. L | ‘ -

High-Speed TTL, 74HOO Series

“The- 74HOO series .is a high-speed TIL series. The basic cir-

”‘: 7400 series except that smaller resistor values are used and
‘1_the emitter-follower transxstor G, fs replaced by a Darlington

o paIr. These differences result in a ‘much faster switching speed

\f’qvith\aﬁlaverage propagation delay of 6 ns. However, thé'increased}

:speed is aqcomplished at the expense of increased power dissipa~
15fftion. The basic NAND gate in this series has an average Ty, of

23w

Schottky TTLJ 74500 Series

The 74500 gseries has the h:ghest gpeed available in the TTL
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1line. It achteves this performéncelby using a Schottky barrier
 diode connected as a clamp from base to collector of each cir-

‘cutt tranststor. This reduces the average propagation delay to
3 ns for a typical NAND gate. The 74500 series also uses small~-

,er{res:stor values to increase switching speed. This produce an

increase‘ip average power dissipatidn to 23 My per gate.'Sidce_ N

- has essentially the same P, as the T4HOO series Whi1e per-
- forming at a higher speed, 1t ts the most widely used ITL sexri-—
. es in,aprlicationwahere,high‘speed isﬁimportant.

: L0w~?ower Schottky TTL, 74LSOO Serzes

Another Schottky~clamped TTL series uses 1arger registor
':yﬁalues to decrease power dissipation. The T4LS00 series has a
f:typtéal P, of only 2 mW per gate, which is the lanesﬁ for TfL‘
?ffexcepf?for the T4L0O0 series. The larger resistances cause an
fﬂ,increaée in propagation deiaygto approximately 9.5 ns. Thus,
; thIs sertes has about. the same speed as the standard 7400 se~
fifrieS'While requiring much. less power. This has resulted in the
q'74LSOO sertes starting o take over many of the applications
| areas previously dominated by the 7400 series. As the cost of
‘}74LS00 dev:ces continues to come- dmwn, it £s probable that It

Vvill become the major TTL series.

2,4 THE ECL IOGIC FAMILY

" fhe I logic fauily (with the exception of Schottky TIL)



ff","uses transjf_stor operating in fhé s:a'burated- mode., As a result,
) L;t_he:;nrl:sw'itching SPeed ts limited by ‘ché storage delay time
" a,ssoc:x‘ated with a transistor that is driven into sé.tura‘c:f:on."
E Another. b:tpolar logtic family has been developed that prevents
; trans:tstor saturat:ron, thereby increasing overall swi bch:tng
_ speed. This logic family is called emxttergcoupled_lo_gxc (ECL),
, }and" it operates on the principle of current sﬁtching_v&hereby
va fixed bias current less than IC@) is switchéd from prié tran-
o s:tstor's".cbllector .to another. Because of thisv current~mode .
'r_operé.tion, this logic form is also referred tb, as' current-mode
” lOg:té (CML) . N

1

FPigure ,42.'10 shows an ECL gate with two separate outputsl
For positive logic X is the OR output while Y is the NOR output.

v +Vee (QV)' |

EATE o . | *“*0\  ,

, r L/?’ QSEZI) X;_Z/ | zmkn‘ (.

| 1 MLk \Im gzam |
g

~Vee (5Y) °

v

>

Figure 2.10 Basic ECL circutt.
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Often the posItive supply voltage is taken as Zero volts :
- and. Vee as ~5 V. The dIodes and emitter follower Qq establish
[,a ‘base reference voltage for G3. When inputs A, and Biars less |
than the voltage Vy, Q3 conducts while Q, ;and G, are cut off;:»
- If an& one 'of the inputs is,ssitched ‘b0 the 1 level which ex~
~ceeds VB, the transistor turns on and pulls the emxtter of Qs

~posit1ve encugh to cut thIs transistor off Undexr this condi-

‘txon,output;x goes;negatiVE'whxle X,goes.positive. The relativ—l‘".

»_1ye1argeiresistbr common to the emitters of Gy, Gy, and O3 prsé 3
Ventslthese transistors from saturating. In fact, with nominal -
logic levels of'-l 9.V snd -L.1 7V, fhe current through the e-
‘AlmItter reststance Is approximately equal before and after

| sv:tch:ng takes place. Thus, only the current path changes as

',;the circuit switches.

’:. The following are the most fwportant characteristics. of the B
5 EGL family of logic circuxts. |

| l The transistors never uaturate, 80 . switchxng speed is-
'-{very high. Typical propagation delay time Is 2 ns, which makes
:jiEGL a 1ittle faster than Schottky TTL (74300 serxes).yAlmhough
{{:the 74S00 series is. almost as fTast as ECL It requires a some-‘
'what ‘more. compley fabrxcation process, 8O it is somewhat higher
f.:tn cost..
| , 2. The logzc 1evel are nom:nally ~1l.1 V and -l 9 V for the |
}‘illogic L and 0, respectzvely.v' ' |
Ve 3.'Wbrst-case "ECL noise margins are approximately 250 mvV.e
7&{These low noise margInS meke ECL somewhat unreliable for use fn |

{fi{heavy industrial env:ronments.
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4. An DCL logic blook usually produces an output and its
fgfcomplement. This eliminates the néed for inVerters.
.‘  B, Fan-outs are typically around 25, owing to the law-xmpe-
i"dance emztter-follower outputs,
i 6o TypIcal power dissipation for a basic ECL gate Is 25 mwW,
i Just slxghtly higher than Schottky 7.
:-fx;:7. The total current flow in an, ECL circuit remains rela-
iftively»éonstént regardless of its logic state. This helps to
"ﬁaintaiﬁ an unvarying current drain on the circuit power éupply
. even during switching transitions. Thus, no noise spikeS*will
'f; be‘infefnal1y generated like those produced by TIL totem-pqie

circuits.

Table 2.2 shows how ECL compares to the TTL logic familiess

Table 2,9 2

Vorst—Case _ .j 3 Maxmmum
kA

.;LogicAFamily tpdmﬂ":Psme Noxse Margin(mV) Glock Rate(MHz)

o M40 -9 10 400 R

: 74too"‘_f:i'"v 33 1 400 3
7400 - 6 23 400 50
| 74soof*‘f 5 23 300 | 125
| jf*5;74Lsoo . 95 20 300 45

e 2 25 250 200
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2.5 IHE-RTL TOGIC FAMILY

o A three-xnput RIL gate is shown in. Figure 2411, For posxtive :
f 1ogic the gate funct:ons as a NOR gate. The RTL famxly is cons- |
5 tructed in relat:vely stmple configuratxons and is consequently
; one of the cheapest lines of logice On the other hand, this .

Q:famzly ts more inflex:ble than other popular famxlies.‘The fan-

Jiout specification is usually small with a typical value of four

f?or five.: The noise margin for RTL is lown as is the sw:tchzng

i'speed._Because of the disadvantages of RTL it finds limited

~9fgpplic§tion in-digital system desighe

Wy B ~\-Vcc
1 } -
g Li X
hor
ey
<R éR
F
. A g ¢

Pigure 2.11 A three-input RTL gate.

-

The circutt opératioh is simplé; If any tnput is HIGH, the
* {§6rrespondIng trensistor is driven nfo saturation and the outm -
513Put is: LOW . HOWever, If all inputs are Low , then all input tran~j :
f;fsxstors are cut off and the output s HIGH. The preceding wo
f?}statements confirm that the gate performs pos:txve NOR logic.

'?Levels for 1 state and 0 state are 1 2 V and 0.2 v, respectxvely.
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i

2,6 THE DCTL IOGIC FAMILY

Thrs configuration s the same as RTL, except that the base
édresistors aTe omttted, A three~fnput DOTL gate ts shown in Figure
€.2 +12. Por positive lOgiC the gate funictions as a NOR gate. The
f?characteristics of the DCTL family are similar o that of the RTT
f‘family. Typtcal 1evels for brnary 0 an@ brnary l,are é¢2 V and
?iO 8 V, respectively. |

Figure 2,12 A three-input DCTL gate.

2.7 THE TAL TOGIC FAMILY

AT SR

: ThIs is the newest bipolar family. It has already made Inroads
fin important applrcatron in games and-watches, in chips for tele—v
ﬁdvrsion tuning and control, and in memory and mIcroprocessor chrps.
;izL technolOgy allows greater component densities on a chip (much»f;
jfrgrea.ter than TTL and in some cases greater than MOS) and offers
7a:varrety of speed~power trade-offs.'When operated at slow speeds

i(delays of 100 ns) IZL drssrpates less power (5 nw) than any -
'logic famrly including CMOS. A% hrgh speeds (5 ns) it only dxssm-];;
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~pates 5 mw ier gate.

The basic I%L circuit is shown in Pigure 2.1%(a). Transistor
Gy is connected as a constanf-current source which produces a
current“Iﬂdependent on the value of R,i. This resistor is nor-
mally external to Lhe IC chip and is chosen to produce the de-‘
sired value of I typxcwlly belween 1 nA and l nd. Tradsistor
acts as a switching transistor and has multiple collectors st~ |
milar to ‘the multiple emittexs of TTL. Pigure 2. 13(b) shows the
equivalent circuit model for this baste I2L circuit with QL

replaced by a constant~current source.

*i',\lcc : ‘ I
+Vee '

(b)

. Pigure 2,13 (a) Basic I%L cirouit: (b) equivalent ciroutt

The basié cifcuit operates as follows. If the input terminal
is open—circuited the current I flows into the base of Q, and
", turns b ON so that.each collector 1s a 10N~resxstance path ‘to
ground. If “the input terminal ts shorted’to ground, the current

I'lel be shunted away from G's base and will flow through the
ﬁ shorted input terminal to ground. This will turn OFF G, so that

- each of its collectors will be open circuitse.
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"f.Iﬁ practice, the tnput to this circuit is oeiné drivenzby'
f}one ‘or more collector outputs from sxmilar cxrouits in order to
~fproduce the various logic operations. An example is shown in
E;Fxgure 2.14. This cireuit functions as an OR gate if we define -
i‘our Ofand 1 levels as ohort circuit and open oircuit;'respoot;‘
ively. Tho output'wili be a 1‘(open)‘when éither,or both inputs
fare al (open) When both inputsvare 0 (sﬁorted to ground)' sz,
vand QZY‘Will be OFF so that G,z will be turned ON by I y therehy '

producxng an output of O (short)

"“Vc(‘ .

+Vee

I—Z ¥

[ Outbp T AN

' i\ALsz

e
).lQlY
. Tigure 2,14 I*L OR gate. » e
. H , R AN y Lot (-::._ . . A :;‘ . -,

Lookingvat these I*T circuits we can see & principal reason

:“Why they can achxeve hIgh component densities. It is the absence

ilfof reszstors as part of the IC chip. Resistors represent a sig-
i? nxf:cant portion of the chip area, typically requIrlng ten times

~

" more space than a-transxstor.,
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[

| In summary, the 121, family is one of the more promrsxng of
ff¢the bipolar families. Because it is still in the devglopment
}:;stage, the cost iIs still higher than’ other logi@ fam:ires, but

{this is gradually changxng. It is reasonable to predict that Ile
will have a significant impact in the LSI field. .

© 2.8 MOS DIGITAL INTEGRATED CIRCUITS

1 !
H |
|

pMOS.(metal-oxrde+semiconductor) technology derives Its name
vfrom thg.baSic MO structure of a metal electrode over an oXide'
insuiatorpoter a ssmiconductor substrate, The transistors of MOS
,ﬁtechnolOgj-are’fiéld—effect transistors called MOSFETS; Most of
~the NOS dIgItal ICs are constructed entIrely of MOSPETs and ‘no

 other components.

_The chief advantages of the MOSFET are that it is relatively

pvsimplé and inexpensive to fabricate, It is small in size;‘and it

- consumes very little pcwer. Mos devices occupy much less space

. on a chip than bipolar, transxstors, typxcally, a MOSFET requmres"
| vl-square mil,df;chxp area while a bipolar transxstor requzres
‘:_.about BO sqnare_mils; More importantly, MOS digital ICs normally

'ﬂ»‘do'not:use.the IC resistor elements.

The prrncipal disadvantage of ¥0S ICs is their relatxvely

A;ffslow operatxng speed when compared to the bipolar IC families,

:;aIn many applxoations ‘this ts not a prime consideration, so MOS

_1ogic offers an often superior alternative to bipolartlogic.
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i:'DigItal circuIts enmloylng MOSYETs-are. broan daﬁn,intO‘“

,1three categor:es- (1) P-MOS whxch uses only P-channel enhan-
5;cement MOSFETs; (2) N-MOS, which uses only N-channel enhance- |
,A ment MOSTETS, and (3) CMOS (complementary NOS),'whxch uses both

7iP- and N-chennel devices.

i

| P-MOS and N=MOS dIgItal ICs have a greater packing densxty
" than CMOS. N-XOS has about twice the packing density of P-NOS.
'In addxt:on‘to its greater packing density, N-MOS is also about
“twice as fast as P-M0S, owing to the fact that free electrons
.ére the cufrent carrier in N-MOS while holes (slower-moving po-
}sitive'charges) are the current carriers for P-MOS. CHOS has
the greatest complexity and lowest packing density of the .MOS
.: families, but 1t poséessés the ifmportant advantages 6£'higher'

speed and much lower power dtssipation.

1

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

%circﬁits'would be the same except for the voltage polarities.‘

© Afypical N-NOS NAND gate has a propagation delay time of 50 ns,

© This is due to two factors: the relatively high output resistan—

ce in the HIGH state and the capac:txve loading presented by

. the Inputs of the logtic circuits being driven. MOS logic inputs .

| have very hxch input resistance (>10' 0, but they have a hIgh
J .gate capac:tance, typically 2-5 picofarads. This combInation of
,_large ROUT and large CLOAD serves to increase sthchxng time.

N=-NOS noise ‘margins are around 1 V, which fs higher than TTL or

"ECL. Because of the extreme ly high input resistance at each
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qu:m sl

—————

Ao S uﬁ: L.g
e

(b)

Figure 2,15 (a) N-MOS inverter; (b) NAND gate;(c) NOR gate.

MOSEET input, one would expect tha® the fan-out capabilities of
5vMOS logio,wbuld be virtually unlimited. This Is essentfally true
for dc or l@v—frequency §peration. quevef, for frequencies
greater than 100’kHZ, the gate input capacitances cause a dete~
rioratfon in switching_time. Even so, MOS logic -can easily ope-
"rate at a fan-out of 50,'Which is somewhat better than‘the bi-
polar fémiliéé. MOS'log¢c circuifs drawlsﬁall amounts of pdwer

because of relatively large resistances being used.

o

" 2.9 COMPLEMENTARY MOS IOGIC

. The domplementary NOS (CMOS) logic family uses both P~ and
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;{N-channel'MOSPETs in the same circuit to realize several advan-

’ﬁfetages over the P-MOS and N~MOS famxl:es. Generally speaking,
'ei;CMOS ts faster and consumes less power than the other MOS fami-

;;}1Ies. These advantages are. offset somevhat by the increased -

'lwcomplexity of the IC fabrication process and a lower packxng _
{”Tedensxty.. , ‘ ' ‘

 Figure 2.16 shows the bastc CHOS logfc circutts.

+VDD | : '*'VDD
Ae—g— "‘j
Vi
B-- i

|

= Fig.ur.é 2.16 (a) CMOS ﬁ’cnver'bexfs (b) NAND gate; (c) MNOR g?‘te'

i q-The quxescent (dc) power dissxpatxon of CMOS loggc oxrcuxts
.:f‘is extremely low. The reason for. thxe ‘¢an be seen by EXamInIng
;%ﬂrithe circutts of Fxéure 2.16, Tor these cxrcu:ts in eibher output
'€ ?istate, there Is never & low-resistance path from VDD to .grounds
"; that Is, for any input conditton, there iIs always an OFP MOSTET

’In the current path This fact results in typxcal CMOS dc power
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zadissiﬁatibhs_of lO—éOan perﬂga%e using.V§D::10'V.

The CMOS 10gIc levels are O V for log:cal 0 and +Vyp, for .
fﬂilogical l. The +V’DD supply can range from 3V to 15 V‘Which
'f;means that power-supply regulation is not a serious cons:dera-

{l_tion for_CMOS,MV_

'Ths reéuired CEOSiinbﬁt le;els depen& on V, as follows:
‘_\'Tu_ (max) :30% X VDD |
%tmnﬂh7WmVW

{fﬂFor example, with Vbb—-5 V, Vn_(max) is 1. 5 V, which is the

ﬁhihighGSt input voltage that s accepted as a LOW, and V,, (mxn)-

9:3 5 V,'whxch is the smallest voltage accepted as a’ HI@H input.
' 1,.6 g

RISl S S Y '\ '

CMDS lxke P-MOS and N~MOS, suffers from the relatxvely

llllarge load capacitances caused by the CMOS Inputs being driven.

sach CMOS input typxcally s a SepF load. CMOS circutits, however,
have a faster switchzng rate than MOS because of the lower out-
‘_pﬁt resxstance In the HIGH state, The switching speed of the

»ff?CMOS czrcuItS'w:ll vary'thh supply voltage. A large Vop produ~

?fces lower Values of RON,'which produces faster switching, owing

.itto faster charging of load capac:tances.

| When CMOS 10gIC circuits are in a stable state for long
‘T;perzods of time or switchxng at very Low frequencxes, then the

l;}power dIssipatIonﬁwill be extremely low; As the switching fre~

¢f7quenqy-p£_ths}CMOS sircuits Increases, however, the average Po-~
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'wef)dissxpatxonﬁwill increase proportxonally. ThIs IS because
3each ¥ime the CNOS.output sthches HIGH, a transxent chargino
urrent must be supplxed to any 1oad capacmtance. These momen—
v,ftary leses of current come from the VDD'supply. Tor example,’
'??a CMOS inverter gate with a dc dissipation of 10 nWwill have

:tfan average dIssxpation of 0,1 W at a frequency of 100 kHz., This

“vIncreases tc l mW at 1 MHz.

-

- Because of the high dc input resistance of CMOS there seeme
Tiitc be no practical limit on the number of CMOS Inputs that can
?;Qbe driven by a CMOS cutput. waever, the input capac:tance of
J?;CMDS becomes a limiting factor when the total load capacxtance
?75becomes high enough to limit the switching speed of the circuit
tegThus, the fan-out of GMOS is limited by capacxtance of the inputs.

The CNDS ‘series: has the same noise margin in both the HIGH
i”and L@W states. ‘The values of Vi and Vy, are guaranteed to be
‘¥E3O per cent of the VDD supply voltage. Thus, for Vy,= 10 V, the

“y?guaranteed ncise margip is 3 V for either state.

All CMOS inputs must be tied to soue voltage level, prefe-
'{jrably ground or Vyy . Unused inputs cannot be left floating, be-

12

_fcause these Inputs would be susceptxble~to ncIse'whicﬁ,could "

o \ PR

:fbeas both the P-and 'N-channel MOSPETs in the conducting state,

;feresulting in excessive power dissipation.

: The‘high input resistance of CMOS inputs makes them sﬁscep-

Lﬂtible to stat:c charge buildup, and voltages sufficient to cause

fqelectrmcal breakdcwn can result from simply handling the dev:ces.

t
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" Some of the newer CMOS devices have protective diodes on each

inpuf‘to guard against breakdown "due to static chérgesg

2.10 -SILICON-ON-SAPPHIRE (S0S) Awh,{jﬂtflﬁb;;'s/ﬁgvf
The SOS family is a modification of the CMOS family. It uses
Sapphirevas an insulatiné material té reduce the cépaciténces
_ assoctated with each WOSFET. SOS works just like CMOS except
that it operates aﬁ;a faster speed due to the reduction of these
capacitanées. Ha#ever;‘it hasAé more couplex fabrication process

than the other MS families'and is therefore more expensive.
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2 CHAPTER 3

SOME ECONOMIC CONSIDERATTONS OF IC 1ESITNG

Although integratéd circuits are tested at several pdints
in their manufacturing cycle, a certain percentage of the devi~
ces delivered to. users are faulty. TG elImlnate all defective
‘ICs, the manufacturer must test 100% of his devices before they

!
are shIpped. This js seldom true of any oLher manufao%ured PYO~
duct and IS not true of Intcgrated c:xcuxts. Thefengééﬁs to be»
a small percentage of defective devices that evade all controls.
Unfortunately, this small percentage can cause serious trouble

in systems where many ICs are used.

Té see the effect of thesé defective-devioes,'we can calcu-—
lgte the pefcentage of néwly loadéd ?rinted circuit boards thwat
V'Wil; not function because'they contain faulty devices. Thé Pro~
bability of the total board working is the probability of all
of itsjfhdiyidual qdmpdnentS'working at the same time. This is
derived by:multiplying all the individual probabilities toget-
her. Fof example,,a bpardlcontainihg 100 ICs, each with 99%
probability of functioning correctly, would have a probability
of-functioniﬁg‘correctly of (99%f00‘, or 37%. This means that
If only 1% of the ICs used aré defective, only'dne out of three
board3‘wili'wbrk. Hence the réwork costs, which is directly

attributable to faulty ICs, can be quite sizable,
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3,1 EQUIPKENT COSTS

Severalbtypes of test equipment are available to detect.
faulty dtgttal integrated circuits. As one might eipeét, fne¥-
~ pensive testere may be used to catch some of the fatlures, where-
- as equipmenf designed to eliminatervixtuélly‘ali fatlures may be
prohibitivelyiexpensive to.all but extremely-high-volﬁme users.
Fundtional.iesting, or testing to see whether a device perforus
according to its tfuth table, can be done with equipment in the
5 1,000 prtce range@ This type of testing catches an estimated
70%. of . all faIlures. The addItIon of dc parametric testing, or /
testing to see whether a}} input/output voltages and currents
are correct and ascertaining that the device will operate under
'worst-case voltage dnd current condxtions, catches gleaL01 ‘than
95p of all faulty devxcee. A tester that performb both parauiet ~

ric and functIonal tests costs about § lO,QQO,_ o

i YR
P R A oA

To catch the last'few faulty devices It iIs necessary to add
pulse paiametricior dynamic testing to the test repertoire. Addi—e
tion 6f this test segregates those devices whose defects are
slow rxse tImes, 1ong propagatIon delays, Insensitzvxty to narrow
clock pulses, or other timxng-related phenomena. This type of
tester costs typxcally over $.100,000. Toxr most IC users, the
mwost cost-effective sdlution is a eempromise.behween the two ex-

‘tremes: a bench~top digital IC tester capable of performing dc
paramnetric and functtonal testxng thereby catching greater than

95% of all faulty devices.



3,2 SAMPIE TESTING OR 1004 TESTING

Sample testing iIs designed to catch gross defects sush as

~ high percentages of devices that do not meet specxfxcatxons or
deVIces that are mxsmarked. Small percentages of defective de-
vices may not be detected. This type of testing IsAusually done
when the lot of ICs is purchased as having an acceptable quality
level. If a lot is rejected'by the user becauee his samﬁle test~
ing réveaES excessiVe‘failu;es, the whole lot is returned to the
vendor. This‘lot'ié then feﬁlaeed by -another let that‘may pass
the same.sample test even_though it eontaihs a quite significant

percentage of faulty devices.

100% testing ix more expensive, gince it typically involves
automatic handiing equipment and requires 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 that
T ! | ~ - '

- are continuously present. Although the trend seems to be towards

100% incoming inspection of digital ICs, the user's decision

mst. be based on a careful analysis of his individual situation.

3.3 THS COST OF 100% TESITNG USING DC PARAMETRIC AND
FUNCTIONAL TES?S

The cost of testing a digital IC depends primarily on two .

things: the cost of the test equipment Involved and the cost of
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the manpower.required}to operate the equipment. The cost of tes
© ting a single IC can then be determined according to the volume
- of ICs tested and the speed at which they are tested. For equir

ment costs, let us assume that the IC tester costs § 10,000 and

the addition of automatic handling equipment to the tester cost

§ 8,000. For labor“costs, assume a § 4/hour rate with 50% over-
head for a total of § 6/hour. The low-volume uUser of'iC$, test~
ing 50,000 ICs per year, would probably choose to insert the

' ICs into the tester menually. Using five-year stratght-line dep-

reciation, the annual equipment costs would be § 2,000, or

0,04/IC. About 300 ICs can be tested per hour for § 6 or 0,02/

The total‘testing cost is 0.06/IC. The high-volume user of ICs,

1 testing l,OOd,OOO.ICs per year, would reqdire automatic handlin;
. equipment in addition to the tester for a total of § 18,000. Th

' annual equipment depreciation would be F 3,600 or 0.0036/IC.

- About 4,000 ICs could be tested per hour for B 6 or O}OOlS/IC. -
The total testing cost s 0,0051/IC. For the assumptions stated

~the high-volume user could buy testing for each of his ICs at
, Qne-¢eﬁthfthe cost of the low-volume user. Even so, the cost to

- the 1ow-volume user may prove to be a good investments .

3.4 THE-COST OF FINDING A BAD IC

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

'xtype;~Fbrfa.ty§icél failure rate of 1% for room-temperature dec
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parametric and functxonal test:ng (hxgh-temperature testing
usually produces more failures), 100 ICs must be tested to find
a bad one. For the user of.S0,000 ICs per year, the cost to f£ind
that bad »'Ic is B 6 (100x0.06). Tor the user of 1,000,000 ICs per
| year, the cost to find a bad iC is § 0.51 (100x0.0051). These
-testing dosts may now‘be compared to costs of finding and repla-
cing.a~faﬁlty IC once it is soldered.into a circuit board. An
estimate of BrlO per board repair is representative of a typical

cost.

Tor a company usiné 50,QOO ICs per year the cost to £ind
'éach bad‘Io ts § 6 for a 1% failure rate. With this farlure rate,
500 faulty devxceS'would be found per year, sav:ng an estImated
5 5, OOO in board repair costs. The costito fInd %hase'uoo bad
ICs is 5. 3,000 for a net savings of § 2,000, Since the costs are
fixed, higher failure rates than 1% mean more savings. qu a
: company usihg l}OOQ,OOQ ICs per yéar, the cost to find each bad |
IC is $ 0.51 for a'l%.failufe rate, Testing the one willion cir-
cuits &ields 10,000 bad‘ICs for a savings of § 100, OOO in board
 repaIr costs. The cost to fInd these 10,000 bad ICs is & ,100
for a net sav:ngs of § 94,900. For the two sttuations analyzed,
the savings are then § 2,000 and § 94,900. Thus, the potential

for cost'savings,is very great.
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CHAPTER 4 -

IMPLEKENTATION OF CIRCUITRY®¥

4,1 GENERAL DESCRIPTION

The te%ter is é compact’automatic test ins#rument that ine
terrogates the parametric and functional pérférmanée of a wide
variety of digﬁal ICs',‘":'mclud:tng DIL, TTL, ECL, RTL, DCTL, I*L,
CMOS and ¥OS. Almicrocbmpﬁtef;'which is part of the test system,
directs and contfqls’the testing_ppdcess aécofding to the test
ﬁrogram.’The microprocessor used is the M6800 which has an 8-Bit
data buS>and a lé-bit address bus.

The tester has been specifically designed for tésting digt-
tal iCs. Hence, it Is = dedicated‘type test system. Advantages
and disadventages of this type of test system were given in
Chepter 1. S |

-

Dﬁring testing, a referexme voltage is applied to éach'pin
of the UUT, then the current flowing through 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 piﬁ,’the’microcomputef'will instruct the system to seek
for the next test. If the meééu:ed current value at any pin is
beyond the specified limits, the microcomputer will direct the

- 58 =
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:éystem to: branch to a specifzc subroutzne, and the LED corres-'
'-ponding to the failed pin is lit. At this time the current va-
- lue at that particular pxn can be read from the.panel by push-

ing the~proper switche. This proéedure contihues 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 UUT and to measure the current for ;j
, g

each pin, and then to compare it égainst predetermined current ‘*5
limits. The refergnce-voltages and the current limits are held }
in ‘the samplefand-hold circuité as voltage’levels; For this
reason, the value of the current flowing}through each pin is
‘converted~t6 a voltage level. To compare thé measured current
against,the current limits, onlﬂ one voltage comparatér for each' 

pin is uséd,

4.2 BLOCK DIAGRAM OF THE TESTER

1 4

-

The complete block diagram of the tester ts shown in Figure

4.1,

The pin driver cirouit ts the same for each pin of the UUT,
Therefore, there are 16 pin driver circuits in the testers Any

pin can be an input, output, clock,'ground, or power supply pin.

The reference voltage generator generates necessary voltage

levels for pin driver circuits.




REFERENCE

MICROCOMPUTERI > VOLTAGE [~ PIN DRIVER K| UUT
| GENERATOR | (16 x) ‘

74\ ‘ , » AN

FRONT
PANEL
CONTROL

N

‘Aq\

- Figure 4.1 The leck'diagram‘of the tester,

/

~ The microcomputer directs and controls the testing process.

‘The front panel includes control switches, leds, and a cur- 

rent indicator.

~

4.3 PIN DRIVER . S | | | i

The pin'driver circutt is the same for each pin of the UUT.
A simplified-circuit dtagram for the pin driver is shown in
Figure 4.2. Each pih driver has four reference voltages; Vy,

~




FPigure 4.2 & stmplified circuit diagram for the pin driver.

7;»ﬁi,;V§,;andﬁVk._These voltages are generated and applied to the
n;corresponding;capacitors'by the reference voltage generator.

Td p;event,the_capécitorijrom-discharging,~they are refreshed

. pertodically, Fence, V, 5 Vy, Vg, and V, are held at their ori-

ginal velues during testing, | ‘

-V, is the "L" state voltage and V, s the "O" state voltage
Vé is*théévl" state current limit and 14 is the "O" state cur-

 rent limit,
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~ = Syy S, Sz, end S, ave CHOS anslog bilateral switches., Sg

Liroand Sg aTe CNOS analOg'multiplgxers/demultiplexers;

The pin driver can be eitﬁer in the "1" state or in the
-"O" state. vait-ié in the "1" state, the nouninverting terminal |
" of the OPAMP-1l ts connected to the capacitor C) via Sy and the
inverting terminal of the COMPARATOR is connected to the capa-
' cItor C3 via 56! and one of the inputs of the EXCLUSIVE OR gate,j
B, s put in the "1" 10gxc level. '

If the pin driver is in the "O" state, the noninverting
terminal of the OPAMP-l ts connected to the capacitbr C, via Sj5,
the inverfing~termina1 of the COMPARATOR is‘conﬁeeted to the
capacitor Cy via Sg, and the input B of the EXCLUSIVE OR gate
- is put in the wo® logte level.

As an example of “pin driver"operation, let us assume that
‘ the pin driver fs in the "lv gtate., Then, the voltage of the
. noninverting\términal of the OPAMP-L ts Vy, , the voltage of the
. inverting'terminal'of'the.COMPARATOR is V3 , and the input B of
* the EXCLUSIVE OR gate ts in the "L" logic level., The OPAMP-Ll
.- makes the pin voltage equal to ﬁl. The OPAMP~2 and four R, Te=-
'_sistoré conétitqte a differential amplifier with unity gaine
- The output voltage of the OPAMP-2, V, , can be calculated as

V- Vs=V,—257

Ve=2.5 V= (V;-V, ) o (4.1)




If we .neglect the currents Il apd'Ié, then |

=T, | | (442)

and from Equation (4.1)

1f V> Vs, then the 'éutpufc iroltage of the COMPARATOR, Vyz, will f
" be in the "" logic level. Since the output of the COMPARATOR
ts comnected to the input A of the EYCLUSIVE OR gate, the owt-
put' voltage, Vg y will be in the ,"0". logic level. This meafls
that there is no fatlure. |

However, if Vo< V3, then the output voltage of ‘the COMPARA~
TOR ,JV:A, will be in the "O" logic level, and the output voltage
of the EXCLUSIVE OR gate, Vg, will be in the "1" logic level,

"l" logic.level for Vg means that there is a failure.

The fatlure stgnal is not produced when V6> V3« For this . . -
cdnditioh, we can caloulete the limit value for,.thefp:tn current

Ip as

IP< ?.5 ;1._—?73 - (4-5)
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If " the actual direct:on of the current IP s in the same direc-

t:on as that shown in Figure 4.2, then there is an upper limtt
*for the current Ip, that s

_Pmo-;:— ) Ri (4‘6)
.80 that
1<% o (47)

On the other hand, if the actualjdirection.of the current I, is

~ in ‘the opposite direction of that shown in Figure 4.2, then

there is a lower 1imif for'the cufrent-Ip, that is . . g
V2 —-2¢5 7 ’
I, =2 . (448)
mn Rl .
so that
~I% Tpin | (449)

~ When the pin driver (in the “1¥ state) is to drive an input
pin or power supply pin of the UﬁT, it acts as a source¢\Thét
ts, the direction of the current Ip is in the'eamefdifectionﬁas
that shown tn Figure 4.2, When the pin driver is to drive an -
output pinAOf the UUT, it acts as a Sink. That ts, the direc~
" tion‘of’the current Ip is in the oppoéité direction'of}that‘"*”

‘shown in Figure-4 24 Bence;Afor an input pin or a power supply = -

pin of the UUT, there is a current lImit value of Ip £ ‘and ‘for -
“an output pin of the UUT, there is a current;limit,yalqe;ofaiaaa,=>f
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_ Until nc&,'we have aséumed th$§ pherpin driver is in the

- MY giate, wag,lef\ﬁé assume that It ts in the "O" state, When
the pin driver is to drive an input pin oi ground pin of the
UUT, it acts as a sink; ahd there s a current limit value of
I&m;'When the pig driver is to drive an output pin of the UUT,
it acts as a source. and there is a current limit value of
Tomqe These results come from the operation characteristics of

the EXCLUSIVE OR gate.

The complete circuit diagram for'tﬁe pin driver is shown
in Figure 4.3+ The transistors Gy and'qg are used to iIncrease
the output current of the OPAMP-1. The resistors r. and T¢ o
the diodes D, and D, constitute bims circutts fdr the transis-
tors G, and G,. The transistors G, énd the resistors r, and Ty
are‘used to limit the source current at 120 mA, while the tran-
ststor Q3 and the resistors r, and r, limit the sink current at
120€mAJ If a MOS or A CMOS device is to be tested, then fhe're-
sisfor r7fis Selepted vié.the BEZAY; If the UUT is not a MOS ox
a CMOS device, then the resistor rg is selected. The BUFFERgzvr
#3 is-used to avoid discharging of the‘capaéitors C, and Cye
The.BUFFER-l is used to decrease the current I,. In the sample-
and-hold ci?cuité, the IF 13741 operational amplifiers are used
Since the maxiﬁum_;nput bias'current for a IF 13741 operational
amplifier is 50 pA, it follows that with a l-nF capacitance the
drift rafg during the HOLD>period'ﬁould be less than 50 mV/s’
if-there7were no other leakage current. But this ts not true,

 because there are some leaknge currents due to the CMOS switche
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4e4 RM_EEENCE VOLTAGE GENERATOR
. Bach pin=dr£Ver requirés four reference voltages. Fach re-
-~ ference voltage can be set to differen% levels‘qn all pins,
therefore as many as 4x16=264 different voltages mey .be re~
quired. Figure 4.4 shows th-theseHVOltages aré generated. The
DAC 0808 is a current mode D/A converter. It has 8Abits 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
i 0808-is.¢onverted to a voltage which is propcrtiohal to the
~ output currént Io. For a digital input.bf ©11111111", the out-
'.put voltage, Vﬂ_, becomes 5 V, while for a dig:tal input of
{"60000001", it becomes 19 uV. The CD 4052 is a CHOS four~chan~
nel multzplexer/demultiplexer. The CD 4052 dxstrioutes the out=-

- pute lIne of the 0P-5 to four sample-and-hold circuits. The con-

’~.trol;1nputs,"aﬂ and "b", determines to which sample-znd-hold

i circuit the voltage Vyy will be transmitted. The outputs of the

-—sample-and~hold circuits are bussed to the pin drzvers so that

.. the: reference voltages for each pIn driver appear in sequence,

- At the approprzateltxme, each pin driver picks off tts referen~

ce voltages by means of its sample-and-hold circuits, The CD

"v::4514 IS a CMOS line decoder, It has five control inputs- D, C,

B, A, and nInhibit"., Vhen the inhibit Input is in the "1l" logic
. level, all 16 pin selectiqn lines‘become'LOVL If the inhi?it

'1iinputfis LOW, then one of the 16 lines becomes HIGH.
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‘been employed.
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445 MICROCOMPUTER .
B | _
The hardware design of the microcomputer has been exclud-
ed from the study, becaﬁSe of economtcal constderattons. A

microcomputer system, which was constructed beforehand, has

* .

-

The micrbprocessor used is the M6800 which has an 8-bit
U v v '
date bus and a l6-bit address bus.

{

. ] _Y )
- The microcomputer directs and controls the testing pro-

CESSe

4.6 FRONT PANEL CONTROL

\ |
The picture of the front panel is shown in Figure 4.5. It

includes switches, LEDS, and a current indicator.

The LEDs L, through L, are used to show failure at the

" corresponding pin., For example, tf there is a failure in Pin

3 of the UUT, then the LED Ly is lit. At this time the ourrent
velue at that pin can be read from the current indicator by
pushing the switch S°. The LED Iy is used to show that the UUT
s defective. Hence, if any of the LEDs I, through L, ts 1it,
the LED Lp ts also lit. If the testing s completed without
any fatlure, then the LED L, ts lit. §7 , §'% , and I; ave

used to start and to end the testing process.
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CHAPTER 5

PROGRAMMING AND TESTING PROCESS

The principle of testing is to apply a reference #oltage
t0 each pih:df the UUT and 0 measure the current at each pin,
and then tqjcqmpare it against predetermined current limits.
Any pin can be An input, output, ground, or power supply pin.

" If a pin is an ?nput or an dutpuf; then two reference voliages
f‘/are necessary: ohe for 1" gtate voltage, the other for mQw
state voltage. Since however, the currentolimits in the circuit
are controlled through comparison against.reference voltages,
we need'fwo more additional reference voltages at the input
and output pins.'We therefore have to apply 4 reference volta-~
- ges at each input and output pin. But since'we cannot be sure
‘which pins will be the tnput and output pins, we have to apply
_ the four reference voltages to all the pins in the cxroutt.

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 is followed in steps.

5.1 FLOWCHART OF PROGRAM

The flowchart of the test program is shown in Figure 5.l.

There are two subroutines in the program.-Thé“subroutiﬁes gre
- Tl -
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( START)

v

Initialize T/0 PlAs j
Point to truth table start

Y

Charge-up holding capucitors

(Subrouting)

. J

Tronsfer one line of truth toble

(subroutine)

1 N

Reset A side interrupt {lngs of PIA-2. ’

¥

Lit “Tnsert T ™ LED N

A UUTN
inserted!

Charge-up holding caopacitors -
l .

[Resex 8 side interrupt flags of PIA-Z |

&oud length of truth tabie and store i LBFR U Chorge-up holding capacitors ! ‘
|

., g
H Trans§er one line of truth table H

/

| Decrement LBFR ]

9 No

T LeER=0

: [ Remove power franm Wy ping l

Nao

ERROR 7

l"\"ur—n off "Inserk BUTY LED |

END

Figure 5.1 The flowchart of the test program.

]
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/4 )
( CHARGE-LP HQLDIN;)G CAPACITORS™ SUBROUTING )

I Save inden register and accumulator A ]

Point +o chorge-up stort

Load 410 und store in NPIRY

. L
Load 44 ond storein NRUS

A

Trans{er one lref. vol.to a capacitor |

\
l Tacrement index vegister

Decrement NBUS ]

| Give the four ref voltoaes to the corresp. pin

| Dett‘emgnt,-NPlN

No

?
‘NP\N.—_:. 0

Puli occumulator N and Index reqisker

Iitgure 5.2 "Charge-up holding capacitors" subroutine.
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P - W
(g%MM%RMEWEWTNWT%WS%Kt>

: . \
Trangfer 1-3 ”high“/ “low™ data
{rom the teuth table

O _
Increment toble pointer J

 dota Prom the trutn toble

v

Increment taule powmnter

\
|
|
|
|
|
Transfer 9-16 ”h'ugk“/"(ow n i
|
|
|
|
|
|
|
|
|
|
|

a Figure 5.3.“Transfer'one'lineAdf truth table" subrouéine.
- , B e
shown in Figures 5.2 and 5.3.
The program given in Figure 5.1 Is applicable to a;l digi-
tal .ICs. Of course each type of digital ICs require a differeﬁ
set of reference voltages and "high"/"low" data. The'"high"/ 3

"low" date rep;esentsthe nlg" gnd "Os" in a truth table.

4

5.2 PROGRAKMMING

The reference voltage levels and "high"/"low" data for an&
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type of digital ICs are obtaitned from the data sheet for that
‘JPparticular digittal IC. S

In this thesis, the test program has been prepared for only
the 7400, the quad 2-input NAND gate. The other dtgital ICs can

be tested in the same fashion.

The required informatton sbout the 7400 for programming is
given in Table 5.1 and Figure 5.4. |

L]

{
i

Table 5.1 The 7400 electrical characteristicse.

Characteristic | Rating Value ° Condttion
Vo 2.4V Minmum
..‘Inpuf and output | V,_ 0.4 V Vaxtmum
logtc levels Ven 2.0 ¥ Minimum
" Vi 0.8 V Maxtmun
Tow | =0ed4 mA | Mintmum
Input and output | Ip. 16 mA Mintmum
| current levels | Iy 0,04 mA Maximam
‘ I ~1l.6 mA Maximum
Supply voltage Vo 4.5 V Minimum
Supply éufrent Tec 22 mA MaxXImum
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Ptgure 5.4 The 7400 pin layout.

Q

At tnput p:tns, the reference voltage V will be 2.0 V (Vi )
"and the 1'eference voltage \ W:tll be 0.8 V (V. )o At output
pins, the reference voltagé V, will be 2.4 V (V,, ) and the
reference voltage V, will be O 4V (Vo )e At the supply pin,

the reference voltage Vi vill be 4.75 V and the reference vol-

L]

tage Vz will be O V. At the ground pin, the reference voltages
'V, and ¥, will be O V. - | ‘

At tnput p:tns,‘the nlv state current 1imit, Vg s can be cal-j

culated as e
U=2.57 = IyxTy:
. -5
L,=2.5V ~ (4x10°)x 22

—2.49912 V ' (5.1)
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-+ Lifat il + oy & ‘ ' L ’ .
and uhe MO" state current limit, Yq’ can be calculated as

-

VA_: 2.5V & I“_x'rg ’

V4 =2.5352 V | (5.2)

At output bins, the "1%" state current limit, VB’ can be cal;

culated as
VB‘:— 2-5 v + warg

V=257 4 (0:4x 163)><22‘

%

: \r§£2.5088 v | - . (5.3)'
and‘tbe\"O"'staté current_liﬁit, Y4; can be cezlculated as
Vq_:". 245 V = Iy X7y
V4= 2.5 V = (16X10°) x 22

V,=2.148 V : , (5:4)

The supply current given in fhe data sheet is the no load
current value. However, during the testiﬁg, the outputs of the
UUT is alweys 10aded..Theréfore, the maximm value of the |
supply current is obtained by adding thé I, given in the aata
sheet and the "1l" state output currents,lThe maximum value of

a ' "l" state output current is not given in the data sheet.
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For that reason, we have to.estiﬁate the maximum value of a !
:state'outputfcurrentvat‘2,4 V. The experiments have shown that
the maximum value df a "1l" 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

°HmUK

Iccn""Icc + 4x1I

1
i
o Iumu =22 mA 4 4x15 mA |
| =82 mA ., (5 S)i
|

- Icc may

At the supply pIn, the vl state current limit, V3, can be cal-

culated as
i

. V3=2.5V =~ (82 x10 )x22
o -—-03696V | | ©(5.6)

When the supply pin fs in the "O" state, there will be no cur—
rent. To be on the safe side, e mst set the "O" state curren1

limit equal to 5 V. ‘ | X ‘

The maximum value of‘thé ground current is obtained by ad-
ding the supply current given in the data sheet and the "O"
state output currents. Since the meximum value of a "O" state
output cufrent'at O¢e4 V is not given in the'data sheet, we have
estimafed that it ts about 40 mA. To avoid increasing the gro-—
und current,'we have intentionally devised a truth table for

the T400, such that, at cach ‘line of the truth table, only one
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output pin is in the WO" state. Therefore, the maximm value q
o |

thelground current will be

o= Tcc * Tor,, : o

I, =22 mA + 40 mA

g Ty =62 mA ‘ (5.7)
At the ground pin,'the "o" gtate current limit, VA, can be caﬂ

. |

culated as

205 v + I&m;‘h)\rg

IS
i

V, =25V 4 (62 x1G%) x 22

<
1

* VU =3.864 7

- The ground pin is always in the “O" state. Therefore, fhe nyw

state current limit, V,, is never used during the testing.

The truth table for the 7400 is shown in Table 5.2. At the
first line of the truth table, the supply pin Is in the O ‘

state, that ts, the voltage of the supply pin is O V. When the
test:ng‘begins, the ftrst line of the truth table is applied

to the circuitry until the UUT ts inserted in the place. This
prevent the UUT from getting destroyed. '

During the testing, the lines of the truth table is follow
ed in sequence. To avoid makingﬂmore than one output short cir

cutt, only one output is changed from one state to the other,
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Table 5.2 The truth table for the 7400,

o

TP T

Vee TN N OUT N g 60T NGO . WC ORD owT  me wy oot W
6 15 14 {43 12 11 .10 9 8 F 6 .5 4 3 2

‘-h

ol o ofj1jo0o of1fo opoj 1}y o oOf1 0
1} o o 2 o off 2o ofof ) o of 1o o
1o 1)1jo 1f'1flo offof 2z} o 2y1fo 1

f1r) 2 ofl 2 f 1 of 1jlo ofojf 1 o1 {1 o
1l 1 of 11 of2flo ofof 21 ofofr 1
101 off1f1 of1fo offoffl1 Of 1L oOf
1l 1 of 11 of1ffo ofoff of  2f1fh1r of
iﬂ‘l’l of 11 off 2o ofof 2|1 o)1yl o

i r-of 11 1y ofo ofof 1)1 ol T 1 o
102 ofrf1 ofljfo ofoff 1p 1 oLl O
11 1ol of1jjo ofofi-1f1r of1y1r of

when the tester goes from one line to the next line.

After calculating the reference voltages and préparing the
'bruth table, we mus} convert each number to hexadec:tmal i‘orm,to

W’I‘I'be th:ts data tnto the RAMs w::th the teletypewriter.

. The, complete test progranm and requ_ired tables j:n hexadecimal

form are given in the appendix.
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5.3 TESTING PROCESS

-
|
|

. Testing starts with the user informing the identity of the
UUT to the tester. The -tester will then find the proper test

|
program from the ROM memories for that UUT. If the proper test
program is not avatlable in the ROM memories, the program must

“be written into the RAM memories with the teletypewriter. Once

the'properftesj program is ready, the reference Goltage gene—

! ! |
rator begins to apply - the reference voltages to the corres-—
y |

pondIng capacitors. Charging the 64 capacitors takes 2 814‘ps.
Then, -the first line of the truth table is applxed ‘to the cIr-

cuttry until the UUT is inserted in therlace. To avoid des-

-troying the UUT, the voltage of the supply pIn is set to O V

before the UUT is inserted in the place. The user sends a _
signal by pushIng the switch S s In order to.Inform the mic- 3
rocomputer that the UUT s tnserted in the place. Then, :the ,i

voltage of the supply pin is set to 4.75 V by applying the

‘second line of the truth table. AT this‘time the first test

is performed. If there is no failure in the first test, the
: > : X 1

capacitcrs dkecharged again and then the second test is per-~

 formed. As long as the results of each test are'withIn limits,

the tester'will continue to charge the capacitors and then

test the next 1in; of the truth tab;e until évery test in the
go-chain sequence has been performed. At this time the testing %
will terminate aﬁd the "PASSY LED'yill l?ght. Testing one line

of the truth table takes 49 pus.
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i

HUWever, if there is a fa:r:lure in any test step, then
the capacitors are charged repeatedly without going to the

next step. At this time the LEDs corresponding to the faIledl

pins are 1:l:t’. -The current values at th,e' failed pins can be

read from the front panel by pushing the proper svr:ttches.
This procedure ccnt:rnues until the operator sends an BND sig-
nal by pushing the sw:ttch 5i8

I

The t:tme 1;'0 test an UUT can be calculated as |

P ]

t&est'—':‘ll }15 +‘(I-.TT - 1)x(49 ps + 2,814 ps) + 22 ps

LIT is the length of the truth table of ,the UUT considered.
: S:tnce the 1ength of the truth table for the 7400 is 11, then

'bhe ’l;est:!:ng time i‘or the 7400 becomes

o

t,

best = 1\1 As (1} - 1)><(49 }J.S + 2,814 As) 4 22 ps

Vet =

t'kCS‘t= 28 ’663 ]J.S
or

Jgtest: 28.663% s

?



CHAPTER 6

¢ CONCTLUSION

6.1 EXPERIMENTAL RESULTS . R |
. The program giveﬁ-rn Figure 5.1 is applicable to all digi- |
tal ICs, but each type of digital ICs require a different set ]
of reference voltages and truth.table. As described in the
previous chapter the,set;oﬁ reference voltages and the truth
table have been prepered for only the 7400, the quad 2-¢nput
NAND gate. Several 7400s have been testéh-with the built up
'tester. Testing a 7400 takes 28. 663 ms.

‘V”Testing/aeeuracy is defermined by three factors: the re-
solution of the\DAC. the *tolerance of the resistors used in
the unity gaIn differentxai amplifier (the four R2 reststors
in Figure 4.2), and the drift rate of the capacttors in the

sample-gnd-hold circuits. .

-

‘Resolution of a DAC s defined as the smallest change
that can occur in the analog output as a result of a change
tn the drgItal Inppt. Referring to ‘Tigure 4. 4, the DAC 0808
and its auxiliary circuit have been so desxgned that the re-
solution is_about 19 mV. This results from the fact that the
DAC 0808 is a 8~bit converter and the ahalog output voltage,
Vlil’ has a maximum value of 5 V. o

. es -
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To see the effect of the resolution of the DAC, let us

consider the;reference voltage wz“for an output pin. Referring

to Table 5.1, we see thatjthe maximum veltage of an output piﬁ

in the now state V@_, is O 4 V. Therefore, the n"O" state vol-

tage, Vo for that pin must be 0.4 V. To load this data into

. the test pnogram, it must.be converted to binary form. Since

the output voltage of the DAC is 5 V for a digItal input of
"11111111" (255/in decxmal), to get an output voltage of 0.4 V

the digital input mst be v
e i had
f.__g__ X 255 20. 4 : (in decimal)

9

! 10

20,4, = 00010100.011, | . (6.1)

The binary'number calculated in Equation (6.1) has an integer
part and s fraction part. Since we cannot deal with the frac-
tion parf, we must take that binary number as "00010100" or
M00010101". For a digital iﬁput of 00010100, the output
voltage of the DAC becomes 0,392 V while for a digital input
of "OOOlOlOl" it becomes 0.412 Ve Hence, if we take the bin-
ary number\as‘"00010100", there will be an error of 8 mV.

4However,‘}£'we take that binary number as "OOOllel", then
, ]
the error due to the resolution of the DAC will be 12 nV,

The tolerance of the reeistors used in the unity gain
differential amplifier effects the accuracy of testing direct-

ly. In the built up tester, these reSistora“gre carefullyase-
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lected, and they have a tolerance of 0.5 %. Therefore, the
errof made in measurfﬁent dﬁe’td these resistofsyis about
0.5 . | - | |
Discharging of the capacttors in the sample-and-hold cir—
cuits is due'to:the‘biaéfcurreﬁts of the'operatiohél émpli-
~ fiers and the leakage'curréhts of the CMOS swifches. The LF
13741 has g maximum'bias current of 50 pA while the leakage
current of a CMOS switch nay be as much as 5 nA. Therefore,
,the bias curreqts of\the_opgrational amplifiers Qan be neg-
lected. Since the maximﬁﬁ holdfperiod of the capacitors used*
insthe sample-and-hold circuits is about@B ms, we can calcu-

late the maximum. drift.voltage as

. o txdy
} C
- 3.10%5,107°
Avma).z -
10°
aE  AVan=15.10°V= 15 iy o (6.2)

This'calculated result has been confirmed experiméntally.

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
tn the unity gain dg:fferentxal auplifier.

' 6.2 CONCLUDING REMARKS

4
4 0]

Testing accuracy can be improved by'decreasing the leakage

current. This can be aéhiéved by putting additional buffers in
the circuitry, " s ﬁ
} : -

The principle of feSfiﬁg'was to apply a reference volta%e“

to each pin of the UUT and to measure the current at each pin,
- and then to compare it against-predetermined current limits.

\ .
.An alternative method is to - apply e reference current to each

(4

pin ofs the UUT and to measure the voltage at each pin, and
v ‘

then to compare it againtt predetermined voltage limits. This

alternative method has'thé advantage that the value of the

current at each pin is kncwn, so that we can calculate the

currents at the supply pin and at the ground pin for any UUT
| without making eny estimation. However, that kind of tester

requires voltage-to-current converters that cost too much.
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PROGRAM

0000 CE 8004

0003

0005

0007
0009 
 000B
000D

000F
0011
0013
0015
0017
0019

001B
001D

001
0021
0023
0026
0029
002¢C

6%
6F

6F
6F
86

AT

AT
AT
AT
86
AT
AT
86

AT

86
AT
CE
BD
BD
B6

o1
03

05
o7
7P
00
02
04
06
04
01
03
34
OS

06 .

07

0200
O06F
009E

8008

APPENDIX

LDX #8004
CIR 1, X
CIR 3, X
CLR 5, X -
CIR Ty X
LDAA #FF
STAR 0, X
STAA 2, X
STAA 4, X
STAA 6,¢X
LDAA #04
STAA 1, X
STAA 34 X
LDAA 34
STAA 5, X
LDAA #06
STAA T, X
LDX #0200
JSR

JSR
LDAA



002F
0031
- 0034
0037
0039
003C
003E
0040
0043
0046
0049
00438
OO4E‘
0051
0053 "
0056
0058
005B
005E
OO5F
0061
0064
0067
0069
006C

86
BT

B6

2B
BD
20
86
B7
BD
TA
27
B6
B6
2B
BD
20
ED
B6

3¢
8009
8009
05
006F
P6
0A
-
009E
OLFF

16

8004
800;
05
O06F,
EB. -
006F

800B

49

TP

TF
86
B7
TE

PT

8008
800A
34

8009

FOEL

- 98 -

LDAA #3C
siAA
1DAA

BMI

JSR

BRA

- LDAK #0A

STAA
JSR
DEC

. BEQ

LDAA
LDAA
BMI
ISR

- BRA

JSR
LDAA
ROTA
BPL
CIR’
CLR

4

 LDAA #34

STAA
JUMP



2~ "CHARGE-UP HOLDING CAPACITORS" SUBROUTINE

.‘.
3
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O06F FF OLFB
0072 CE 0300
0075 36

0076 86 10
0078 B7 OLFE
0078 86 04 |
007D BT OIFD
0080 46 00 '
0082 B7 8006
0085 08

0086 A6 00 |
0088 BT 8004

008B 08 |

008C TAOLFD
008F 26 EF
0091 7A 8006
0094 7A OLTE
0097 26 E2
0099 32

009A .FE OLFB
009D 39

¥

STX

LIX #0300
PUSHA
LDAA #1Q
STAAf' :
LDAA #04
stan
IDAA 0, X
STAA

_INX

LDAA O, X
STAA
INX
DEC
BNE
DEC
DEC
BNE
PULA
LDR
RTS
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3~ "ITRANSFER ONE LINE OF TRUTH TABLE" SUBROUTINE

009E
00AO
00A3
00A4
0046
COA9
00AA

TRUTH

A6 00

B7 8008
08

A6 00
B7 80OA
08

39

0200
0202
0204
0206
0208
0204
020¢
020E
0210
0212
0214

2412
2492

2DB6

36DA
33DA
36DA
1EDA
36DA |
3600
36DA
36EA .

LDAA o,yﬁu
STAA

INX

LDAA 0,X
STAA

INX

RTS

TABLE (For 7400, quad 2-input @NANDggate.)
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- 0300
0302
0304
0306
0308
030A
030C
030E
- 0310
0312
| 0314
Q316
0318
031A
031G
031E
0320

0322

0324
0326
0328

0166

2129
4181
61TE

0366
2329
4381
637E
0574
2515
456E
657F
"0766
2729
4781
67TE
0966

2929
4981

69TE
0B7A

VOLTAGES OF HOLDING CAPACITORS (For 7400)

¥

0324
032¢
032E
0330

" 0332

0334
0336
0338

0334

033C

033E

0340

- 0342

0344
0346
0348
034A

034C

034E
0350

0352

2B15
4B6E
6BTF
0100
2D00
41C0
6100

0F00

2F00
4FeT
6F00
1100
3100
51FF

7200

1374
3315
536E

T3TF

1566
3529

. 0354

0356
0358
0354
035¢
035E
0360
0362
0364
0366
0368
0364
036C
0368
0370
0372
0374
0376
0378
0374
037¢
037E

5581
T57E

1766

3729
5781
T77E
197A
3915
596E
T9TF -
1866
3829
5B81
TBTE
1D66
3029
5D81
TDTE
1FF3
3P00
5FFF
TF28
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APPENDIX B

H .
IC. TFSTER~MICROCOMFUTER INTERFACE

~ The IC tester camot be used without a microcomputer.
As far as the mxcrocomputcr is concerned, the IC tester has

32 input lines and 3 output lines. The line layout of the

IC tester is shown in Pigure B.l.

The inputs DAC-l through DAC-8 to the IC tester are teken
_from the'one side bf‘fhé'One of the PIA'units of the micro-
prceessor.,The other side of the same PEA supplies the seven .

ADD inputs to the tester.

The second PIA supplies the 16 TT inputs to the tester.
In this case, the two sides of that PTA are used for the TT

inputs. The control lines of that same PIA are used for the

input LED, and for the outputs FAIL, SW-1, and SV-2.

The input and output lines ef the tester require voltages
between O and 5 V. 411 the lines mentioned above have been

marked on the tester.
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§ DAC-l |&——
IC TESTER PAG—2 |
DAC=3 ja—
] TTA >
DAC~4 [
— TT=2 '
| DAC~5 |[e——-—o-
—— TT_
g 3 DAC—6 |«
~—r——— ]
: =4 DAC~T 4——-
—— ] TPL5 :
. DAC-8 |«
——— TT=6 '
5l T8  ADD~2 |a—
-9
———» TT-9 ADD-3 1«
—————p TT-10 ADD~yf [@—
————p IT=11 ADD-5 ¢+
—— TT=l2 ADD=6 [
———p; TT=l3 ADD-7 [*
——» TT-14
. 3 ILED <
______’ - d . .
TI-15 PATL +———»
— ! TP-16
SW-l ————»
SW-2 ———»>

¢

Figure B.l The line layout of the IC tester.



ATS

UuT
RAM
ROM
SSI
MSI
LST
DTL
TTL

ECL

RTL
DOTT
1L
MOS
CrOS
S0S

MOSFET:

Ic
CMEL
PIA
LSB
MSB

LS

*
. .

.
*

H

°
A4

*
L

NOMENCLATURE

Automatic Test System

.Unit Under Test

Random Access. Memory

Read-Only Memoil

Sméil -Séale Integration
Hedium-Scale Integration
LArge-Scale'Intégration

- Dtode~Transistor Logic

Transistor-Transistor JZOg:i:cc‘a
Emitter-Coupled Logte

Resistor-Transistor Logic

Direct-Coupled Tranststor Logic

Integrated~Injection Logic
Metal-Oxtde~Semtconductor
Complementary MOS
Silicon-On-Sgpphire S
MOS Field-Effect Transistor
Infegrated Ciroutt
Current-Mode Logic

‘ Peripheral_Interface Adapter

Less Significant Bit
Most Significant Bit - - .
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