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b

perfotm other fanctions, such as analyzing the data for failure trends.

| One other important function of the software inside work station 110 is that it aids
+ in the development of tests for a particular device or even during design of the device
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e
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IDQ:T? US98/ 115 d%fferent bursts or even within the same burst, multiple time sets are” usually specified.
ach time set must be entered and stored. This information has been traditionally entered
_ through a custom data base program designed for a specific tester. The information
30: . entered through the custom data base are stored in device data files 214.
BT Another type of information that must be entered is the specific steps that must be
- performed for one test: This information is specified in test template 220. A template is 2
_ ':-'@,.n_,,_ set of steps described independently of the values of any specific device data file. The test
1. templates have been recorded as data files in a format defined for the specific test system.

5 - These files are. generally provided by the tester manufacturer and are typically written in a
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o It is highly desirable that every device be tested as quickly as possible. Therefore,
'3 0 it is desirable that the amount of time required to execute each step in the program flow be
_ Cedy very short. The actual time that it takes tester 112 or handling device 114 to respond to,
4 88 2 gr¥eXecute,” commands is independent of the software in work station 110. However,
- #5¢ *the software in work station 110 determines the "overhead,” or the amount of time it takes
-t 4 546 setip each cornmand. Considerable effort is expended making the execution time of a

¢ 3 5 job very short. Therefore, it is very important that the overhead time also be very short.
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nmenus are ler erati ons are no refore
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nonhi er ar chi caglm Iearih rb@u&@nquﬁgl y and ea5| I y 25 devel oped..
n.work st.ation 1
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d d- 1y b
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files are loa
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Li kewi se, wher a&?’@j@&ﬁd@%’é’%@‘ﬁ%&%@%ﬁh@%ﬁ% ke fihle topnevidedy
val ues teitei With defiware thardtiows e abnHicrarchicalHfiterfacestobe emivkiyeandyeabilys, have
been takea dur&r‘l,g éest it 35 m ght be passed back over bus 116 (FI G
1) 5 lo%e _5.
PCT/ US98 111557 FIG. 2 shows other software elements that are included in work station 110. The

vectors loaded into memories 128 (FIG. 1) represent a large amount of data. They are
usually developed by software simulators or derived in an automated way. They are not
. usually entered manually by a user. FIG. 2 shows that vector development tools receive
30  simulation inputs. Vector development tools allow a user to edit the vector files, which
""" are then stored ifi vector and results files 234. The vector files are loaded into memories
e _ 128 prior to a test.

Likewise, where large amounts of data, representing for example measured values
- at the device under test for numerous successive cycles, have been taken during a test, it
35  might be passed back over bus 116 (FIG. 1),
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The vector files 234 can al so be accessed by debug and anal ysis tools 230.

Debug and anal ysis tools are used by an engi neer devel opi [ a3 t.est or
devel opi ng t EO88F118%ei ng tested. These tools do such t RTGSI8/LISST
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the vector file or superinpose expected val ues on top of measured val ues.
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i rect 1y pr ogr am ¢ hie VEROITATESATAR AK5 b2 pl ke o 8Ble Ald sty 28 24, Detg
cal |l the deviand aalysie teolp@®.used by an engineer developing st or devsloning be par being
data and devel.gpge ‘i’%xg&gﬂgblg rt]ig $8eh t{hﬁ%& a?ﬁigplgyl ﬁx\é’lvectors atnﬂt‘i‘%sgrtg Eizﬁgfzifcaﬁ)@ ghcw &S

debug and analysi's I tes ector devel opnen are
suppl i ed wi t huser tempgify thapverter filecor guparimpose expgcted yalugs onstoprafimeagired yalues.

devel oped.5 a 1h4aditibd, the'deBsg aﬂm&w&e&@m&d@tmwyalt@w?ﬁr@gﬁmBQ to
specify the cﬂgr acteristi gz O{l‘ th X ewﬁg Test grr.\d 5@2’ devel opnent
tool s 218 ni ghardwptedn festegdde. B%g‘@%imm?é“ e deyige drivers run on the
devi ce. - In a picpl seenteio, dedceatata amirdevelopmentdools B2, ttest and flogr ans ar e

ool 6 devt celoveRRR ook 2SEBbE M abeitof End BSEveclr Rcilpitbl SIE2
det ect ed or parelstzppliedwitha tester. pWiije thedeviee teing tested is Sthiheingdevelbpert; 2 user

are corr e t . s ops At the
end of tﬁ'(ebt d@%?gbénﬁ%cggr%%cﬁgvtﬁe semwg%% ugt r lg)e*\l}fg!‘ear%céc%ﬁo%lswthe

test progr am davice; (Teskand; finve developmestigelsi 28 might alsodwnsed tmspegifitspmntests ta
tested as it bhérun on the H&ALE. act ur ed. PCT/ US98/ 11557

SUMVARY OF THE | NVENTI . , Wth_the foregoi ng backgr -u- in mnd,
it is an object of E?‘%‘%ﬁ%??ﬁ’%ﬁ“?‘bfaﬂ i °t°3tpr°gg%’?§2&&F‘E‘ aﬂgrtg%@%“s&nm ng
a tester thatamiysisheolyuarecisey tacktck netthesesampleydestiews | Impheiprocess, defects in the t

aui oty 3 fapll B e detic RSt Syl b ek e PR et

achi eved i n aareeotrected shdhfjrthontests aresgengrated and raivai | abl e spreadsheet

software to devel oge %‘ég %f%t&v%br]grrﬂ%x}t g%ﬁ?&sé %ﬁo@&g&?ﬂ%ﬁ{&%m the

flow. _We have discovered that co cal, ab p. sheet saoftware
is able to  test Prggrsm ye tegpsitioped;tn praduction: tIngisedustion, fach ptistededpdbls, at a
very |'ow costmafigactagdi tionally 10 provi des the advant ages of presenting
a standard user :interface that users can |earn to use wi t hout

extensi ve training.




7 PCT/ US98/ 11557 : BRI EF DESCRI PTI ON OF THE

DRAW NGS  « The invention will be better understood ce
WO saisTI8T ! e n%}%‘wgggflﬁ%

to the foll ow detail ed description and.acconpa aw’'ngs
i n which FI G is a hardware bl ock diagramof a prior art
tester; 5 FIG 2 i1s a software bl ock diagram of software for a

prior art tester; UNIMAR WQSXEW ey di agram of software
according to the invention; : ¥ ou h 9 iII.ustrate.
devi ce data sheet s With thederegping backgroundedm mingh it is an object o of the inyentign tq provide
through 1 1C ishhwiie!faF Sorttoli E@eﬁnaeéaﬁb& mcmemmd 1i3RelyBE0Slbhet);
FI Gs. 12A andslfztB show a Sa‘g&g% W‘{S‘f &WD aé e&pé ely #(;TP 3 kla
di agram i | | ustrat i AEAE%an BYEstP p SOftWats Bﬁf?smr%ﬁt"ﬁ%frcénp y and quickly

5 leamntouse.

The foregoing and other objects are achieved in a tester using cornmercxally
available spreadsheet software to develop device data files, test templates and program
flow. We have discovered that commercially available spreadsheet software is able to
provide all of these functions at th_e__requiréd speed, at a very low cost and, additionally

10  provides the advantages of presenting a standard user interface that users can learn to use
without extensive training.




accordance with the invention; * .o FIG 14 is an optional

programm ng. i nterface that can be easily inplenented in L #
accordance WQ #8378 i nventi on; FIG 15 is an exBEPUSYNSH

devi ce data sheet inplenented using an alternative 15

commerci al ly avail abl e spr eaBREEEPESCRIPTHON OFTHE DRAWINGS FI Gs. 16A and

tlggl ' s an exanple W@# %gée]%é’e} Ghiadidbéa Wﬁféx&&‘é’t@%%ﬁ&@gmrﬁiftgg%

THE PREFERRED des@{tionEng accompanying drawings ifwltich3 shows a uni que sof tware
archi tecture that fﬂ’l@f‘?ﬂﬁﬁ&i’d@'ﬂfeﬁl -rﬁh%aﬁ)ﬁaf'arttester; most of the
of twar e

functions of customs In prior art testers can be perforned by a
cormer ci al By avai | ' d8Ce2dpt seftvarn &Ckﬁiaﬂm%?mﬁwaﬁ_@fﬁﬁé‘%m&ft?éhbodi ment ,
EXCEL from 5 MEG 3G §oﬁwmasﬂa@aﬁfgra¥wéﬂyoﬁ%fahcb§rm&d the invention; -
EXCEL . is a spreads %& rﬁ&%%tﬁ al'l.ows us}g to create, a,"workbook." A
wor kbook is a coll So o txgte devigs data sheets 01,955 Wty the inyERHQT, 04 d
sheets. Afsgread FIGs. 104 tteengh Blf(_Sillnﬁl'_ ateﬂowgrdhdshéetcﬂiﬁhxs%wﬁhcﬁbilneédtioigpl fjidng
a piece of data or e i.nin . the data val ue shou

be cal cul at ed from@ﬁié‘ ?ﬁ%@ﬁ%%"%ﬁ?gﬂ@?ﬂgt ‘W&‘%a | s appear in an 10
ordered giPd. The Q. d3ds ediggmurillistsating theroperatios of floraicontedlspfivrartan a

appears in cells that -'accordanc%r\%tﬁﬂxe%h@ﬂf;iéﬂ'wl ar row or a particular
colum. The tools for operating on each of Cells are t he sane,

regardl ess of what Flfe 14as 2n optionalqragremmyg intesface thet casdwsieasilyrignplemented in

spr ead sheets capcHAaeCHBPAR idRdigiat a i n one spread sheet can be

used in anot her. . EXCEL al so ipcluydes features for defining
the spread sheets aﬂ@&é%@‘bﬁaﬁ’glﬁﬁﬁwdaﬁa& ?ﬂtPE@PW?&“m&FP&%a‘WEen

used for applications susimmeacidbystailable gpraarteet!program; and systens. The

appearance of a spr ; . he . cifi.ed 0 at_a, user. W ll_see only
the cells relating lf[gﬁaf%ggéq gﬁ#ésrﬁte}g%’ e‘ﬂé“ 8?@ aggevtécgndaa aé‘(g t)goné” ?%‘fe 0(9?155'{

i n other ways - "detookibed in the EXCEL Application Devel opers Guide,
and Using Excel Visual Basic . .. For Applications by Jeff Webb,
publ i shed by Que.Corporation 1996 | SBN 0-7897-0269- 2 0 X each of

whi ch-i s hereby incorporat'ed by reference. ' A second way

t hat EXCEL can be used to make an application is through the use of
Vi sual , Basic. Visual Basic is a programm ng |anguage built into EXCEL. As
its nane suggests, a prinmary purpose of Visual Basic is to contro

t he appearance of the spread - sheets as they are presented to a user

to enter data. Visual Basic is generally used to 25 sel ect which of the
spread sheets is presented to a user at any given tinme while an
application is being perforned. Selections are generally based on data or

comands -t hat _ have been entered by a user so that, while any given
task is being perfornmed, the user sees the data that is relevant to
that task. Therefore, Visual Basic includes many commands that can be

used to control how a running application appears to a user. Visual Basic
al so
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30 includes programm ng commands that control the program flow, such as
condi ti onal tatenments for branching and | oopi ng.

di scovered th qgs\ﬁ'@ﬂ; Basic can be used to wite test tenpl aFEE’U%‘"Héﬂ

as to control the execution of tests when used in the workstation of a
sem conductor tester. In particular, we have discovered that a conmmerci al

spread sheet program s m@@ -F?Eqimmé)@mbmto assenbl e a
t est

test programfromdata an
-9- PCT/ B&Gg? shoysra unique soﬁq‘mr@ wchitectnye thah Bows fromr seaegaisiontthas

| oss of Spee@ndsﬂo??h@%ﬁdtiﬂﬂs&dﬁﬁ&nédﬁﬁé'%ﬂoﬂﬂt&éﬁeﬁcmb&%&ﬁﬁ%@%
executive. Wth thi,s, rec itio we have ‘been abl e achjeve nu rous
benefits. comnggg@.} ewea&%tgr%pm aw P‘l’fﬁ‘g? nty EX{ELals

In additi®sn, Mkrossft\oe!ky&dmaﬁd{ W&lnngtonlsussmeone to Iearn to use that
application becau rs are.f ar wth 5

spread sheet progW%#@Wﬂ@gf@%f% Wr?o‘?rmflewegg%f’g
advant age -of Wdlkbaukrlyafce&monsf &uathat isrdrgamizedlstb diffes @t aprtad kieeets. X epreadn

FIG 3 shons st simply St of ot AR 5P (rHANRR SR equation dsfinng by
enbodi ment, theredata value showldby uémghir@m&/vadmummhm cojfs.s Fhecalls sppesrsn mi t hi n

the Exceig 10 ordeted Etti’&o‘i(‘he detis AR éisn Gf'g[aﬂﬂ%@so fhgfxr &tfg{éﬁﬁg i Q&ﬁé@tf or.

a pin map, the Jevels 'n-an

tinme sets. THEB acR?ﬁ‘l“H'?*B APV &IRW‘CBB‘I gelgEn. %\Fé%fﬂs or operating-en gachcnf cglig are
such as: a chisaele, f@ardle?s@eﬁwhmﬁé U8R réfreséas! Wﬁuﬁe%frl?dbfokv i3 gﬂe@ge
| er

sets. There can be | i spread. sheets f each type becayse ent
dat a val ues 36 an be ‘éééfgiomﬁdﬁtwpf‘ﬁﬁgﬁ? ﬂleﬁtcf'sa“&f"“ﬁfé’s‘l‘ém‘gﬁ’ch spread
sheet is called aEXZEhabketnclhdspfeannessordéfinkithe sfredd shests and dﬁe@opi@eih ina
preferr enb 1B, 2 t Lon with,Fl.Gs

t hr oughe%I be I%\% E?(d‘ﬁLH;fsH@ﬁﬁ&ﬁfg{/ﬁﬁgﬁéﬁ%wc&ﬁgg\éﬁ?w ﬁ%coﬂmé'lgr ead
sheet wi t hi nsySiemsoFhrpprarancesaf afspraadisheet can be spocified,ise thddy userswillises ontly

steps that akige @ne HiakR t and
each step is e %ﬁtg%m-ﬁ ongla?(t)gﬁl g‘hgaﬁgﬁgg%fﬁ%eet @ﬁg%é@g{) erat i on
per f or ned 20 ‘ﬁ’ﬂg g?@lcéapl&aﬁ@ DPryelonest @nide,andfdsing Bycel ¥isu nor e

Hags. Exec utFop Applications bp Jeff Webb, cpubhmeday@etctwph Staé£1996 Islsmeoqmmg.s@
ags toype ait t. t her simlar contro
constructés) ma%h%rcge ggxﬁh@ﬁ%eb)pﬁg&ﬁgrape%byre K of t he pi eces of data that
is specified for desecandway st EXCELeanfbemsed t midiecin applidation is thraughythetse i s

to be ed ?tuggm %gv et e
W th ZUE \tmﬁgitv'ﬁtdgl's?&tldgavgua?almg %c% g k %%%Uh{ﬁ < gﬁg‘esgsclgsnnag&
descri bed "al SBBEE8tSa Blam@a{cpmposeo Yijsaak Basig s ga@pm&egppwancmﬁﬁhermdat i on

used in a pr eﬁ@wadh@me@manédwsusek Edléﬂté@da%j Visual Bakig xscgﬁbfmghg@%towet h

cproad shier S ih e Biresd shects s gm0 ARReAl 40Y Bifon e whis 8 Tre
struct ure of applichtiempisdaihg perfetmads Seleetivmschrd germpallyithyedg datd engynhandd $hag
://VSI: {Jegof o kgﬂ%% lf%ﬁ BRI BY Plset SPthat WHRE GhPbivePaSPR vRiAG PerBiid, AP usdGedat @
ah data that is relevant to that task. Therefore, Visual Basic includes many commands
- that can be used to control how a running application appears to a user. Visual Basic also
3 0 3; includes programming commands that control the program flow, such as conditional
: statements for branching and looping.
by .1 We have discovered that Visual Basic can be used to write test templates as well
s as to control the execution of tests when used in the workstation of a semiconductor
s:.tester. In particular, we have discovered that a commercial spread sheet program, such as
Excel, can be customized to assemble a test program from data and test templates so
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the spread sheets is filled in by a test engineer and their values wll
depend on the type of devi ce being tested. The tester:
contr ol softm%}o@@lordl ng to the invention will enploy debudCAfi¢f9811557
anal ysis tools and test vector devel opnent tools as in the prior art. These
itens are not ﬂadysl’mnmrers riol apprediablerlossiofippeed iirt gxechting dnestrin ebmparissn to a

enbodi nent, t he V.
°To- stk e IS rdcBGitiB, e haye bocn able o pobisve purmergus benefits,
spread sheet Pewejopmertof sudha so:ftwmpphcaﬁw isvery rapid. In addmom itrisi verpeeasy dori n
Excel .

Lfomeone to e f 38 thef? afﬂlgﬁu or{ gtgbg éﬁ’o@hgxto? %’P bRV railial/ith

station-110 pi nma el ng accessed is
shown. FI &. amwa&@rﬁ shestprozams. MQraeNst, the tester cqlﬁeo 1 spRwdR caB takes p| ayed

by Excel soft Waﬁt Boﬁﬂ{e‘?nﬁy&édtﬁl@s Buift intBaGastdm spheadiskeet brogram, such &9tdntexte

I's control |l ed a ndoﬁ\%@p trademark of M crosoft Corporation)

operating sys | n be displayed on the screen at one
skt HEIp 2B £ oty

tinme. FIG.Eastowsl dediowvdataahdflow dew@pmmftmﬂ& 8iK0. Iﬁltﬁé prefekfed s ‘

known as a tooI O is

the data cell® P%‘?‘ emlthéef%ltoi)is(f:? gnql?fgﬂit%fﬁb)f ‘f"é*lm&mz’?ﬁépmicgs eets M@ghﬁ’l g’?‘% ese

fields isL0 i nwoskhookn Stochodddevicepiata, theeslara spread sheefs fpr apin nap, thélevelsof war e

E)ger ation of g‘gﬁﬂé tmﬁ)gﬁ&@ad&%ﬁﬂ’%d%dw stan ﬂ'ﬁ?%@g%gﬁg{a%@ ons

devel oped usi Figetsderdata yeehsas: @ ohannelmnpg ppesification Qfg/anous constaptovajues and edge

i nvention, Exgqs. TRerdeftibd ﬁuﬁ@lbtitp%ad%hmm&}ﬂ E%cabﬁﬁ!ﬂﬁﬁéﬁﬂ(ﬁiﬁ vARAIre
famliar with p lv%{s(%her 1% ﬂﬁlcatl "gl rstad|n
general how t Bessigd o5 %’S’F‘t Pl testss ARrEad $GEt IS Gt ﬁtaﬁF‘o Sheets
tremendouss t i for dewide dmtusahml aygsfeired embdimemcine ﬂhst@ate&h&bﬁjﬂm&fitﬁim BIGs(st em
because it 'S4ﬁﬁh§)§§¥ oINS € - Tool bar 410 contains numnerous

t ool i.cons, I'cons 412 and 414. As will be described in
greater detai | bel &wst ﬂor\‘elstabgtrempwgtedrasﬁcpreaésheetwitmtdebrklbeolt.aT@Iﬂgow 80

speci fied by fidcified%yiaterled 6 ste?)s B #ﬁ%e&ﬁ&f afhe?@ﬁ‘?fa% askiRdted With Bsc écht .

t hat the data represents ornmation_for a sem con

tester ‘as oppé%ﬁacpétepl if EpEgsanted as Qnefaw in a sprepd sheeht Thegxack Querationpigrigrmed
conmmer ¢i ao spaeeaihsﬁpebummgnmw h@‘ﬁhie)bf'éﬁ@dr mobENEs! Bxecutidt of Retep

can T Byt Eale B BN of S nehiThel P pi e e Bl 6 o

t ool s perforﬁsmhhcoxﬁ@leoxi%mc@rmghthesaclnem ng data, deleting data or saving
the spread sheet ! Oud of MBS of b thatis specified B BExPALS AU AW RSP Y,

t he user mani pul ating (f
bal |, to sel etamplatg pﬁet@lhen@e with wmthlata set. A test template ang, ﬂmﬁ $edto Yseavith 410

can be cuss orrufae@lasmehkpm&t&nad aplmanﬁéc%st%aew& waés&med als8Qk 3 shRealle
speci fied and adde c?%a}{e desired, custo tools that &erform

30 functionsS¥ifFq HF?W“SF“feé‘s‘Pa eRLgEe WHEted o
t ool bar 410. ifFeonjunction with FIGs. 10 through 11, below.

The structure of each of the spread sheets is defined by the software in workstation
110. The structure of each spread sheet is created by specifying a template using well
30 kiiown mechanisms of the commercial spread sheet program. The data values for each of
the spread sheets is filled in by a test engineer and their values will depend on the type of
7% device being tested.
4% 2% The tester control software according to the invention will employ debug and
" ﬁﬁwis tools and test vector development tools as in the prior art. These items are not

: 5° Fi%g ﬁown in FIG. 3 for simplicity. In the preferred embodiment, the vector files are too large

4 SR - 10 -
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exanpl e, sone custom tool s mi ght execute test-prograns while others check
devi ce data for errors or inconsistencies. bar
420 incl udes Qﬁ’g’r“%’ﬁ%’ menu |tems such as 422 and 424. These itk %US%Q en
mul tiple choic rel at ed

accessed by user rovi of action

to the 35 sys‘Pé’ﬁ\eﬁ-ﬁWﬁ‘aﬁ #Emseaclﬁbaerprweﬂreifoet@g%ﬂé%ﬁé%ﬁﬁ@@h
there are chqh@mmedmﬁxca,CT/ U898/ 11557 such as save, delete or
print. There is s over bet the .tqols that can accessed
Prom ool bar 410 CARHI 10 A 4h. HEwIRyn WoRksiRR: [Dowhis» piER

appear deviceglata sheet igti€ing actessed ischbwn. TGS, M{AaatdcﬂBaumsmtametvmdeoi ces
under one of St, I tens
repr esent fun .%%ég@m‘%h%edw&%% ?r?wg k[séatb foBr":'%zmsyi!ﬁe u%(l‘l)lnatic
t est syst ens.softiwareissoatrolsdhyanVi s{ﬁtlﬁ'ﬁﬁa rademagle of kﬁcrasqibcwotatmmdi tion
for EXC@ﬂerﬁﬁg'sy&ah RRipfeWinGwd S bel ddpafRa bn M :fi2n IPBAE fif€/T. There

ar e, hOV\BVGI’ tions at are ec IC to autonntli c _test

systems. In the pr%r‘?’é@‘éﬁﬁ%‘&nﬁﬁ?ﬁmﬁﬂé%eﬁe 410 is known gristogh are Figld 429 by

a user sel ectl.h,nﬁoﬁﬂassﬂﬁnﬁlbexmmblaugmmaaathfcsmrﬁela%ﬁmxs%ﬁétabmm PRhe
cust om zg_d for ﬁpngﬁt atlgeg i n accordance wt mstruc& VI ded |n t he

above s i5,pmany instancesy sREEHISE AL ATt gLPTG § Vs ifenu
choi ces coul dconppbaork station DID. tHiewseRRhdplacenizat abgdndaal ayamdn ¢fsach of gigse or

ot co. dara, P90 SERERE for Bl septspions dylored e FR0F THIS beni Bl bR
"val i dat ed. ' taghelinventidne Bxed) tsused tdeonsrnl a sersicemductoritest systia, peepledamitianwithv e
15 ASSOC! AUt AntiEed ke U3 AR rsfg?H&‘e}L sefEz pEOFR gt on

functions can_de roper he context o
current d&ta 'EIHEeEhe ipyeption BrAYIdes al‘ﬁ‘em&“ ime Angd cost saving§ iNCOMPAESIN{Odnded t 0

hold a nu;rerl@st@ﬂxstﬁftwaesﬁtérﬁbe&a@gbms@%@%qﬁelf the input value
cont ai-ns Ietters QO her cells mght be limted to only positive val ues and

an error i:s .* - indicated if the input value is negative. However, sone
val i dation functi.dliscldapéiBicamaifOnumerois topl ieorsh arhas téalicons 40P hmd 4I¢heAk ot al

e o o hoo P Usiberte 3R Ehlk 888 BeiBfCuB S brdlPiin for ey o e BAEEC . °°
speci f i e@0f orspeeified byfiling in dath llfsvmns spread sheetsleDesm@th)ﬁacubnp@p ﬁnt} the two

sheets. Var i Ojrosents conkfdl h&?@ﬁﬂa‘?ﬁnffww&%dﬁéﬂr RSie é\»/%ﬁged’t%sﬁﬁnaﬁl dftfther

reqwrerrents and %tjé{n&q% ?"F of the tester hese va
f unct i ons:cantYBe EW ‘j’c?rﬁmerﬁﬁb‘lpﬁ?ﬂdﬁé?ﬁﬁ PFQ%ﬁ%”S normally\psedy thgdatas| v,
The 3 grre pf,uncﬂmtstm; mﬂulhtb&uﬁhé sahe@aylSTRS, ﬂﬂ@hhﬁfpd ufatibh ovls are needed but can

n addition sheet,s r e yto
execute tHeé the s{agé\érg%%%m@ﬂmpnttﬂgfs %ﬁgjﬁbgé %‘nﬁ'ﬁ@ﬁtﬁo‘s ?fg |at ed
with fl o@5s he%mstltmalas eopying ditadeleting dataor savirgthe spredd shedt @i ascnmpmerrﬁe.ner of

executi ofn. hesé ?tf?ﬂ %e abéesggdqg't th ﬁse(ii Bluﬁ m?tﬁ{ device, suc?lrag @limEBE Bk i n

t he executlon o I'ow or run ep a ch of 30
t he functi-onstragkdhell toeselegtoe specifig ta%U%PDmenu ch0| ce fromthe custom nenu or

tool bar .. but t mdition, field 410 can be customized with custom tools. Excel allows custom.
4y, . tools to be specified and added to a tool bar. If desired, custom tools that perform
30 ., . functions unique to the generation of test programs could be added to tool bar 410. For

., example, some custom tools might execute test programs while others check device data
for errors or inconsistencies.

- Menu bar 420 includes system menu items, such as 422 and 424. These items,

. when accessed by a user, expand to provide multiple choices of actions related to the
5 ..., system menu item. For example, under the FILE system menu item, there are choices
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The customnenu itens can be different for each of the sheets. Excel allows
t hat certain attributes be specified for each data she E:%lga“%%
those attri bWPIEST87 { he custom menu itens. In this way, 4

nmenu can be tailored to include only those operations 35 that are
appropriate for the speC|f|c type of data displayed in a particular sheet.

- 12 - sucfgféak@%%d&égagm There .{w‘e &féh%‘gpawg{:m&e 1ORshat geme are

descri bed t hat areﬁr’fo me ester 112.
These oper at i egess mtq@fhahé uslmmdzarém memhéhmgqé@emmnﬁem appesks

that appear on,dd\g1 6349 Fhd'E e bften td}lg]]lcaﬁataﬁ ofi€bf the 'cﬁ&xgesﬁgexctﬁﬁto? tSeydRhi

cells that are custom ze 'r'ng tester The cel I" | ayout
is provided byll@ticitﬁlms However, the nunber of rows and coI urms vi si bl e
in the wngow in dlmat&%é)mw §Eixt RifeBbns tﬁr@enaape@ﬁbmatmeas&nt a

devi ce pi nna dta sheet. Ther fo acell.field |nsr ws and
ol uesPof TP dutorpgiatest sy, Chereipie, Shteih Bopiitems pogided ets e Aub Sordion o7
I n a sem conduExcel agplicdtivns canise wied foranqgst ofivthp nenaiitgms. Thet amd, howaws, manyt he

physical 10 @bt W o) P ARG W AL, B Bl SR0kAGH %?ese

devi ce under t rogra
430 i s shown vilan¢tionsare exetuterhby afised a@leptmglchexces from cussom mcnudl:em%Eéi’mebf

430 cont angs AEREGRaindl ©P inlic Rt i cBRANEY w R kufclns PRAIEH in the abof
remai ni ng cel |@entioned Bmel fApplications @mﬁelom gaidg ?féaaum aenp shejessiceld qp@ear
Excel , certai rb:ﬁt%'s&n@ﬂﬁmb@ar@sm eﬁi m&ﬂl ifens Or\(ﬁ\'d'@ arite Cstofn théif taeader

cell's. ckln da1 n i bl e
in FIGs. 4A and 4B. For 34t as;’ﬁ%&@@?"“ 8"&?3 G Fusiotp F‘E‘F‘%F“aﬁ?rté‘éaa‘éheet
progr am ist hadheetabdbe(‘:‘mildhtedValAsc&Bﬂdacd above, ﬂlewatlomsaceﬁninerm sheetveaninavs -

cells. ?’er eggsga/c% Qﬁﬁnﬁz&&&%ﬂa ign ﬁﬁ&n&ﬁ %g&l%?ﬁiﬁaa?o% fﬂ{ictlon can ?ct

val ues en In O rcia ope
this 20 featimpsopes dem valpey igrthepontext of meaugenmmegt d‘r‘orfsxmu 1&4 pwmlar

Nonet hel ess, eﬂéd‘ls"iﬁt%ﬁ\ieﬁrte hold anuzﬁ&'t‘fcﬁ\/alu%, aSéfbricah be akéed if'tﬁlginﬁuttﬁﬁieer
sone data entgy e .and .can

Uyl SS| A
further field @F%tte"&A QP‘FB q”ggttbfr}"?‘?eélltﬁ °EB'(P°S*?*¥T)V?IV§I3&CI&HGHEBH ains a
series cihdicated ftwmbuaﬁhfbéienegldvéMHowEkaohﬂ)Jahmoemn@@eﬁ@bﬂad

oer sel 080s HEREDRE Forexambf Lol huafor SEALE iy bl fpckfieh o o A ot
tabs. |n the i¢eriainattibites nughtibe Gpecified faneach Pin orainotle sheetir Ifatjributes have been
Qg?fegbg gglp . p”ﬁ{f}e&ﬁc@fbﬂt&ﬂfe@tﬁ ?xhp $hi0 EREont %g@ﬁﬁe& ba ﬁ){}&?\#’ g ?Fé G;S&t %getg ag’aﬂgus
Tab field 440 Yqhﬂetmfa@fé@na Ran} bﬁp@ﬂﬁpargbasa don HM@@WW dignitations| of the,tester
devi ce data ashardware. TREseWRliflatidaTnctibls € el saBEtedobh thE c@to@imienhi@RiBr S i N

fovi oo daPR | SNSHTRRRBI: or e ReRp PR oL R sRsied vl PRRER. %L b G o
i n one wor kbook al | Imvalditiahafor ibwalata sheetndt i5 pequirdd stiat dicrd be alwpy trdexenutd aba
e \e/ 2]‘ g L |e ﬁ g ' gt Otegtts Abfifed b5 the filW s ffiRbnn itensPtidt i with Ho®'sh@iSc s PRI SHOW
to be executed and also the manner of execution. For example, it might be desirable to set
: bréa}c points in the execution of the flow or to run the flow one step at a time. Each of
30" “these functions might be specified as a menu choice from the custom menu or toolbar
buttons.
SR The custorm menu items can be different for each of the sheets. Excel allows that
- certam attributes be specified for each data sheet. One of those attributes is the custom
S fstu items. In this way, the custom menu can be tailored to include only those operations
© 35 that are appropriate for the specific type of data displayed in a particular sheet.
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programto’ qui ckly switch between the sheets.for different types of data.
Wi | e each t hese operations m ght have been possible if

progr anmm ng%gnw St ®Ament for a 35 tester were devel oped pro%@ﬁgﬁsﬁE%
simplicity is achieved at r.elatively |ow cost an

- 13 - Hereinafieothsomenatigpyare described thaj arnwetfompéi bydhp seSavary contrplisg ng
data from ongegatrqqhankaodefitiont Santie Uelifidd asHishictidRs that fire mapped to frénu items -

i mpl emented in a fashion that is conceptual |y easy for a programmer to
qui ckly that appeaE B thgepstom menu. Turning to FIG 5, a second

devi ce d?t a spr ead)a_weat fidld 430 ombainsdata cclls ﬂhou?\:h castornized for yomrbdlingaestthe
screen-of _work_ .stati as it ar c a.is
ot mg- ot Br ad 12 106 o6l ek €0 vidat R oot B eyt B (150 wikaRa s

di fferent thaisihie inthe Wmdow mrdmlatddtbﬁprdgkmmmg dExoeld F@S. dsanddB-repgesendrd 4B
and FIG 5 arg ver . ' | 5
hns the soms GeviEF hitmil Balabect, Theretore, data cell ek PIORERAGHR rBbBAE Y ahinSbE
sane as tool ceBs thatigye laid nut toaecehzglevice pingapdatd. as nenu bar 420. It is
possible 10 thagﬁ%ﬁm@ﬁ&mﬁt@a& e déwayg wwémﬂhﬁﬁﬂ tof the Bhi/iQs

in menu bar 410 [ d

certa i ONS_wer e
appl i cab#8, fR!FFS B3{FiFel) bgspdon Q?V(:W&Pﬁ@ﬂs Hsﬁﬁ"ma"t a devicgjug dé"" tash Wit 8 teShse,
nmenu items, ?ﬁbf i§exeutifg MDataell fidlha3e lsfsﬂm Mﬁm&'omdhdnmmta culis

renu bar 510 85,8, ignt B ke SRS eot BRSs bEREE B0 ket

dependent on
di spl ayed wi Idelldppeantains a deseriponiof the type of data that ivkerbedilled imtheremainingree B 6.

Al ternativelyg, t{.zﬂgfyﬂg{n V}fi&eﬁ'gﬁgatd G bdAga @F cOftsify E Gan be giyen a fixed

t hrough custom I'S pre erabl e ™ hat
commer ci 361 y valugi sughlas thegheades csPeet used to inpl ement the sof t war e

for the tester 'nqiméﬁfofeﬁuﬁsgemtéﬁea?ﬁgaﬁyvaﬂleotersmmweewpsnma sheet s

to be defined and also to allowt sub-nenu,ite
di spl ayed to Ié%\ﬁ%m v ga,qgretuf ﬁé:og*nerm@@prea shest progeam isdhat data can%e vahdated
Note in tab fdset lﬁeﬁtéﬂ:dtlh&hmﬁﬁe:bﬂi Alrdraatively) suneduitd celisden bcf\computzmbas‘edroat

part is an fi fop t read sh The t .of the
nane, or the t@?( ¥ @H"sﬁ e&ﬁere ‘fth%"iﬂ eommgrcxaflspd'?acgsgxp%ta E|}'at
FIG 5 sRows featiee)suchizs/feckentirmgriaps/amountp of &lﬂncmbda&adlonetheless eyerewhen the

hol di ng data m,g,}séffo}%ﬁoc}iﬂ;%ﬂ}%nqgﬁl%ﬂ%eﬁ er Sef.l] UEds fe'anﬁ@%ﬁ??é (&a.

. cnp" Ct's the speci

|dent|f|er In a pet&réhqr@aldeIGs 4A@dt9§cns 1d 44 E&Méﬁ%wrymas/aism| e
spread sheet gras ishray @A Bed 944, V4ck ¢ &bte@éhts one spread sﬁé& tﬁdt'l@W&hﬁﬁhe

application dev er, to ecify which nenu ite

appear on nent® &?&ﬁ Q_ﬂtggﬁhgiﬁt BIOSEAY &usgwg{?gs%}gch sPreagES?'ee“s active by

Tur ni ng 28w t aetivating dne of tistabs dnshecilitistfation af BIGs: 4Alund 4B, tabsdd3vbearidsthei t h
all the 30 | a and
a menu bar 6: m%}?%ﬁ# &ﬂg % ofhk} cﬁh&Réb}o%lﬁﬁgﬁ#e Jégg:e&{;?géus gn’t?

t he current stbepinomamhspread shagishewn irgilgisshaend 4Bs " | hi ghl i ght ed.

Li kewi se, the Specfipfdd h‘?@ﬂlﬁs@ﬁésaanf&x@bﬁarﬁ%@vﬂtié% df%étlfmg'ﬁ Al AR device daed sz ed

D T one A S ok Ao e Aok e L B
30 - entered into different tools, all device data is entered into one Excel workbook. Having all
the data in one workbook allows data values in one spread sheet to depend on data
L, entered into a different spread sheet. In addition, it allows a person developing a test
<1ve po-program to quickly switch between the sheets for different types of data, While each of
é _g}“tbese operations might have been possible if a custom programming environment for a
=‘3..5 12 tester were developed properly, this simplicity is achieved at relatively low cost and
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of a particular device under test. Various information is given for each
paraneter. FIG 6 - 35 shows 7 colums in each row of data field 630. In
addi ti on t o WQ8s/8i¥bol nane, each row PCT/US98/11557
- 14 - PCT/ US98/ 11557 i ncl udes a value, units for that
val ue, a textwithaitdhd mm;zie:daszfrpamgﬁatmﬁ'ommae p;oghmhmmgrtomhjmanother afutther, it

maxi mum val ue { ecause
the data ﬁ%@%@@nt&?é’rpgr#)ﬁg gspde &pﬁ?%]&s%&g?ﬁaw E%ﬁ&k} t hese
symbol s can bundesstandc ed to by - nane in the other spread sheets. Mre
inportantly, the p?ﬁﬁﬁP%tt%’HGaﬁé)éébéﬁc?&vYéetd*ataengéAd sReet isSHEWA! FIGNS Slows e

used in- other spread sheets Addi t i onal | me of fhe Spe¢ Sheget

can be ‘padksedWindow qnths sereen of Work station; 1l fﬁé‘s%té%qm Fra‘ﬁ’@peé’é‘aaneﬁé??d?ﬁs’ﬁance
i s being bei m&&aeqk is Thportaat tcprm'te tHag, thegh chﬁffal Ahedita mifaeﬁmmﬁ@pmsons
to the Spec Shee a{ﬂe such gg‘ts, 4%/%?%({1%9% V\/net he he devi ce being
tested i s opef™® Pfjﬁ'ﬁ oefern diselaysip £155- 4 d or failed
the test). 10 The scrednl displ#y in F@Gs5 hassthagﬂme&ﬂsmsfmﬂﬁs dA aldeiB. . Todl bas

possibl e hat i LRl &l RGN A0 By bar szoxf{h‘és{aﬁgy%ﬁ&ﬂxﬁaﬂhzﬁ' i £p6Rinte

types of testS Wt a sin I on

sheets cdkfl d that spregimenyitems mmud@sémwdbmﬁmfmmnmmm\bw&ﬁ wStmh Dat a

Manager 316, %ﬁlﬂ'b%'tﬁé‘éasé*iﬂeﬁ&ﬁ&%ﬁ&fon@% H&Abfe' fyr%xﬁﬁﬁ
particular ty shows her i ce @psheet used

for defining gﬁﬁel%glagcasﬁtsm%‘ﬂ’o‘ﬁﬁmr fr s-meny @“‘si}“l‘@f’g} nctigns Wold gpeear on
mul tiple pi nsméRd barf5A0nDy. Mni tﬂ@b&t&&dmﬂlbbdﬁ{eﬂt ¢hdse firctionsxahd € dependenteﬂge
P time - B e g g Frea e e i inyPa VT AR an Ghiomh et
edge sigrtd s uider cossomrmoénusitenn326. Alterpativalypthe dataaiepertentsfuncticns gambelaccessed
st oppi ng ti rre t?g‘ég‘can cﬁr?to%'iﬂﬁ"*i cead. by the pin. The tinme at whi ch each

edge is genera pr.ogranmme The tines at which each edge for one
20 pin are’ progr antdspreferaile f aleaegnmr@db'eavg&ble speead sheet ubed toj implesreniitliech

t he edges -ar es&ﬁ’ware for th® &s@i%ﬁ@ﬂ@ﬂu&?fmﬁm &Lfféféh?{tyg& of dilzgélfee@ bsBge

during a job, | tiple edge e
FIG 7 shows 993*@ SaEP t9 glow e g@m%aqemafsxy ithbANEd fmgﬁpepﬁen&wps pf
whi ch 20 tﬂaa‘eH@eum I S speci f ied is called "Qbat aP| ns Edge sets for

Col amm' 753 Shove. ¢ RGPS B B 340 s By Y holo i e L7, g G n
" LooseFunct i oidentifier fox the sprsad sheett Thendegond pret ofdhé nasoe, loytlmemglon is thaype
rows to data-g %Jrgaﬁs%gct For exarmp le FIG. ?@gmtagﬁﬁﬂ@mm gmgt I)ﬁf read

i nformation nee tg set up TR 'pi NS ener at e esi 1&g

signal . Col uniheptsdalding data yehich is ¥ pe Eakdosines ashannel g yil hath the ScamYs 30

760 and 8 Jextensicd. UBSwéwdr, 4 test dnigitieér s%IectMih&ébe&xﬂ@S&nﬁﬁB}ﬁin Q(p@éférxed
Col ums 760 and. 762 il l.ustrate %‘u eféﬂ% fiit of controllin

wth a conmer STEPRen, HECasRReCRY Sfpithle SFEshe Frolan rupuns OF gtk stafon |
aut omati cal | y 180 hilowssancapplicationaleveloper té smfﬁwhwhmmmihﬁsub-mhmnm?&

allows the ti aspe\a%ﬂ fneh bR fof §itEad ShebiS of BREIyHE ST
' Turning now to FIG. 6, a spread sheet for a spec sheet is shown. As with all the
“30° " other data tools, this spread sheet has a tool bar 610, and a menu bar 620 and a tab field
640. Tab field 640 is shown with the current spread sheet, labeled “SpecSheet.sps”,
. e iughhghtcd Likewise, the SpecSheet has a data field 630 with many data cells organized

p:tods ‘“it’it'b tows and columns. Here, each row contains a symbol for a parameter associated with
% sw" (223
e aparticular device under test. Various information is given for each parameter. FIG. 6

’».5\;

‘_55 “’“shows 7 columns in each row of data field 630, In addition to the symbol name, each row
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as an equation in relation to other constants-or paraneters which are
defined im ot‘p@ 8/51187 spread sheets. Colum 760 shows the nunpgpgisydies
that is either prograrmed for that :

- 15 - PCT/ US98/ 11557 field are cal cul ated automatically
by the spread sheet program by eval uating the equation I n colum 762.

CelI's 766, 76@chdesh vfm\sél wirdits ﬁh@t}&t g?m@ra@d\mdm%gsaedchpﬁowﬁmbmmm

usin a commercia vail a ad _shee oqr

boxes i n dat s B yalags For e SPBHERG pih At & Porie el B By

of datg <7:$I2I Sshieéts afecallduvelopedind shitfle EXdebworkibouk, these symbsls canbe seferbéd to?lﬁ‘;B

770 an are | S 1)

drop down b o xRAme mﬁ%ﬂtﬂﬁéﬁgﬂ&@%@%ﬂh&%ﬁﬁﬁ@ B?&@fa% cﬁfs(g?ﬂ aﬁ%%eﬁ%x

can have d&ne symbolca)falsniiausedumthtlmpreaﬁ shwtue&ddxffcbmﬂmethmaﬁthbSps@Shﬂetl ed
fixed |i I th

Spread sheet s pabéd b pafiafertSa specifc il AR S8 Bl blmg 1

ent ered val uedeveloped;eThis allows the test temglaﬁgpp mpke ¢<§n@@smr§ggpe StrecHheet daga,

tester 112, ngeo SSRbmin WASth& RS Hevideting tested xsmg&ﬁﬂﬁg Within spedificition B8y
r OWs. Oells 766 (g @glgg and 772 can be used to restrict the amount

of data that it®agf thetesthe tine. Cell 766 contains the nane of a
particul aro FIG (UshDWB ag! eéifitarion det. Shiispdssibletthatdifférentapedificisions

wi t hi n that grou ar 7 | ar way,
cells 768 and ?‘fgq‘ﬂﬁeg&”@ﬂ ét tygegto;jt?sbsrwgﬁﬁars{ng@dg% %%t?#"ﬂ’gm‘ﬁnpqé node and
for only a se&peciﬁeatmmsh&&s cofld belgeed. AGevill bé desdribed below dn tonjnction withddata box,

but
val ue col urm Yifeeek 318/6bikibnd B ARl toy iaDing YRMAAS s 0F 61 SOUGESAE upl0, |
Excel wor kbook. Thﬂ%ﬁe@pwsﬁﬂmt@rdevxcedateﬁhqgw@éf@radeﬁnmsredamthgﬁom is

in the sanp fPIGmlt te%ﬁerqtlf'ﬁfclmﬁ A lﬁs 12Ql tEd@ﬁ P Afthcihdes amrfple Cﬁﬁildse@k@n of
edge sets, one, for eac e tine sets areé)ten

e S OO ators At S GO g BBl RABBLV R B RS 1 8 | ob.
Flh G 8A shows.o.cmm autioa by lagin $24, wmremmeo&wﬂamtghm foteedgea signals that t:mmls&lt:h

t he OClI n OI’
each pin or g:é& 3 Y St el BBbin iR oF § pole PrefoBibotoe Blt et o O
pin group,: thwins: u@qﬂzbmm@tcaalbbmgramg@ Thq)hmgﬁraimmdmaphﬁdg&)foredges
f that t grantthélis

gn eqﬁat fyod; E‘ %ﬂ%\ al so shg\kf\g&a rasQXeE%é%Egggé;‘au%&E@ gﬂg:&%ﬁtth@&%ﬁgs e to!
box 832

progrmamed for apagticpiar B@t@g réxaeaes(bmgedo. e85 CHRG IRl
specifies theseumfo&-aaa Hpin. which all time values are displayed.

FIG 8B illustrat d t t hat |t ' .
cormeroi al |y 3. 0 T, a8k a8 SRk g e piy, Cliimh 7 5q eevts i B Podor whish
tenpl ates ca nthse‘«dgeSat isespeéified istvalied “QDataRine’. dBdge setbifri atiger ipirstrnightebet alded by es

m‘-

for the 218 i%}%nﬁi i spl yed
di fferent t o oW a Eéé?h%% v}dte’;v%% 752 st that onaﬁd%ehset f&%ougt usef ul
for ataPms is called “LooseFunctions 1. Other edge sets xmght be defined by adding

~ more rows to data field 730.
Columns 754 and 756 give other information needed to set up the pins 124 to

‘generate a desired signal. Column 758 lists edges within the pin and the adjacent columns

30 760 and 762 give values for the times at which those edges occur,
C¢roag e Columns 760 and 762 illustrate a useful benefit of controlling tester 112 witha

. éggﬁxyq;erciaﬂy available spread sheet. The spread sheet can automatically calculate a value
from an equation. Thus, column 762 allows the time value for each edge to be specified
. a8 an equation in relation to other constants or parameters which are defined in other

\\\\\\

i '3'5 spread sheets. Column 760 shows the numeric value that is either programmed for that
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what ever task the user is working on.-FIG 8B shows an alternative tenplate

for dis edge set data. It has a drop down box 83 ' op
down box 832 0|9§/ Lo Pk fisd] 16

PCT/ Us98/ 11557 _ has a data field 830B, simlar to data
flel d 830A. However, the colums in data fields 830A and 830B are

e used. for diekipeeAloplstedastotisaly i B okl bé ﬁ@é@%\f?@@% o,
tenpl ate i n FlipcoBM&2ht be used, for exanpl e, to det erm ne whi ch
edge set each pin @@sb@g%&s zg@g:%hosholg%tﬂﬁr% ﬂxaf‘&'&?ﬁs@ cmihed B)h@smg

tenplate in
9 shows yet amtdrmxenc;aﬂigamﬂahhtspreamshectﬁﬁm eQé‘PP %MP@@W“&“‘M7 Q1 a

consi st ent of or Ry, dé@fo ddidol g%sﬁﬁg%iﬂ%ﬁestmaa%eﬁs QR dé@@ﬁelarvaonpfup d&wn as
are used for rea

shows S a sheet fo
speci f yi ng |ev1atb0@§s766+’éﬁ d7 m%7@(ﬁf°u$ﬁcﬁlrmgﬁ%faﬂﬁ%d s el gnted as

parameters ar ed%#a%w BoR, mha@dsﬁhuarr@ebjeétqwkeel aBadicdre ddwn box cauvhm one
vari ous nmeasure

nts or st | us n ce l, ows .t
paraneters to ©ofafixedpumber Wéd%bg aﬁﬁgﬁe @Jﬁedgﬁpgéﬁsﬁ%?%r&ﬁm%ﬁtgo
al  ows val ues ﬂi}uésimtepar inront of thetspread sheets witldptheivwdrkbodky whichepydd then change
I ncor por at i ng o'z}F t d Val%ﬁl Turning to FIG 10A, one of
the advantla’ges © P& %an be observed. 15 FIG 10A represents a
"f1ow type" spread §iuealthe latge nuibey ofqyinsds tastes 11D anedge sat sprgadypheetmight

test "inst ancggozr;@saﬁy%ﬁfaﬂﬁﬂm{ﬁgwe s 756,168 THeHd: m cB B GRATY FRict RS

systemis gen st for. a nber o thlnf

For exanpl e, tmow@ﬁdé@éb%ﬁﬁ%@?ﬁedﬂhﬁmatm ?ﬁaén‘f"é‘%““ pape o. BLW‘W‘F&“&

burst, the tespmlor % e@&isfdrltliﬁﬂ Hﬁor@ﬁf&ﬁﬂﬂﬁ&ﬁt@x@bpwdxmmyedm '
0.

expected LeSPolesh a%f‘éﬁr?‘%ﬁ?vrvéﬂhﬁse@%%ﬂ@dwﬂvgﬁif 258 A ™

in a "vectlo
test different niodeldmd foir oplyra sleoted momberof edges. lelﬁﬂémemululasa éroprﬁomos(ahﬁ

part. However t‘saﬂsd&f’ @gﬁnﬁm vm@s thﬁéa{rgént&@?%tﬁ RhRe 6bt use a

vector fi I e. ar,e gene e specl data vaI ues

init. - FIGRA showseanother éat@ et W&WM&@EWO@Q’?’&H he gheetiy FT
through to rungg é?@stdﬁ arfo Py tifle s8¢ #d is in the Sa@#FErrAS ad ottieP tith Shets. AtiRrEpt ﬁ'fae

eaut val ent? o “plieion pielss i, onk Tkach SFiFegip e MR time RES J oy e
e e i 2,
80 S S 0 n or dat t, t

data has been. speC|
"i nstance" of pmodasmxa:céwatashasmmmaaunomarm aﬁﬂ;ea@mnsépmgmup,used

in the program r%cg?ﬁone row in the tﬁ:lé e?dr%cﬂ'ﬁﬂ‘&? %} @ﬂ t&@@ﬂe%iu‘fmﬁ&ﬁéﬂaﬂ@ﬁ the

several test te tes as par o{) re. The t
tenpl at es 3% ghPrageameedtimg rrmﬁs ofghat Rﬁfaﬂ@rﬁ?eﬂﬁ?%ﬁlﬂﬁ ¥ ggfereiice to an ed ge set or
to an equation. FIG. 8A also shows drop down boxes 832A and 834A. Drop down box

832A selects which time sets are displayed. Drop down box 834A specifies the units in
which all time values are displayed.
_ " FIG. 8B illustrates another advantage that results from using a commercially
30 avallable sprcad sheet program. Multiple spread sheet templates can be defined for the
* ‘Sathe data, Having multiple templates for the same spread sheet allows the same data to
EsplaYed differently to allow a user to view the data in format which is most useful for

:':_ 'u’akgl

Ly Whatever task the user is working on. FIG. 8B shows an alternative template for
- ." C dis_playmg edge set data. It has a drop down box 832B, like drop down box 832A. It also
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maki ng a | eakage current neasurenent, checking DC | evels on the | eads of a

devi ce under t or other tester operations. As wll I n
greater det aWP’B@{’ﬁ\?/ the tenpl ates of the preferred errbo éndtsag%e’
witten in Visual Basic, which is a programm ng |anguage

- 17 - PCT/ U898/ 11557 associ ated with Excel spread sheet
progr am Each ﬁ&qﬂdﬂ Bl B3B! ditnfit 3226 qglmA ver, the colERAERHara s 0! 2
val ues are speC| as arg e procedu FIG 10A
i|lustrates t 830 B/\HP@HE%@ n8¥: ances are created. Data field
1030 contains. a Commaaeﬁxemdm T mmq&rémpwsé &%i‘ghsplﬁﬁﬂiups

enpl ate hatta oaie dmese, die el i FIC. §1 gy uisee, Br ximple, o dptegming

shows howss peﬁrhfchedgkam ehch ;aﬁamn astlgued ko, alntagprefetrtd embudiment, el mﬂpmam

programmi ng f LgBe rﬂ? WS 09 box 1036 to be associated with a
Rt i oigh e el i cipplls

specific cell A different dialog box can be
sel ect ed dependi ngFi(h 2 thewsgktianother type o&dhﬂathﬁbcanhseasﬂyrmtateﬂdwaozsbtm aFor

exanple, in FlGeskProrflaf! Retetftt FHE38 st O VB AREP6A: A0 he gta‘:bas are usédot

1034. Cell of an’i ns
associ ating. spther spread sheets. HEG.2 showsaspreiad sheehfor speeifiving éevclssasmmtw wish|

1035. In i i ?Pﬁﬁnﬁ T8 heQfardthedér® dreliiR¥ly voltage ﬁﬁ%@rﬂeﬁt E%l@ﬁs@&ated

based on the te sted 1n cell 1035.
cont ai ns r egi tv#b variows measurEsts of stimulys signals. JExee! allowsthess neerr? ammf@rs t°dat a

val ues to be Befeirerdedd tdamemeambﬁspeeadmheaé |It B3 aliewevdlicsiofthe piegmeterskg B8
cont ai ns eﬁgrpr ed f|3§{S> gl on 8?5 E %I ns optional fields. To
create the t SR A8 &Y Br%’fl’ almng o ‘the values in dialog
box 1036 are pas s e TuasngiodtlBe 104, mtedfhmacbaqnhgase)fthemvennmmbdubser\rednal

FIG 10B k v '

for 20 eac (% |nsxfL I-éiel];t ‘ﬁo&Qﬁ%eggr@ é& 1{r%gtt @@%’éﬁ%‘i‘@pr%s-gﬁﬁoﬁehj?ﬂﬁ?%g

t enpl at e narretFSf rlmmcps)”rm deﬁne for 3 partieuler tess. ér@au@nﬂmomeﬁ&saﬁtemls generally

i nstances. Di Bée%mtdsﬂﬁkamd%ﬁ&b&rm Wdr@xéx%e,&ﬁé‘ﬁst systemﬁﬁgmphﬁr@ by
speci fyi ng dlffererléw nts in the dia box

10A and 10B aP#&R, ﬁgahrr-gt erqsgﬁr h8Pec sﬁ%’w %m&forﬁsren
that the user exptt:edfres;mnses {Tihe valaesfon thetstimulus end resperstodre spevifiddia adetetor

oqu req 46 ok Pl sy e MG i arelf o A8 RS indslch ol Br b
entered in d| diffagmb testsigtbe same mdﬁqwemebq Olmetlmm thef tesiehgoes through to
spread sheet sqf, y&kdiaie %f%eﬁﬂﬂ%‘fh%@hﬂe %ﬁ?gss%ﬁ'ﬁfé[ ecific'Hata vhIiEs G} € data

Is easily conpi ned w rogra Wl mat I on, consi derably
savi ng on soft war e The series @f §iepoibat t‘TSF pistermns £ohrOuEh tq TUH APAtteHHPYIRATE ac t

that both dev b@@dchataawmatehememgraw& 8 séties of step¥ thitcmiist BE PeFOinedl with ier ead
sheets. . 25 programming equivalent of blank spaces for a description of the specific vector file or

other data that is needed. In this way, the template can be used for any test once the

specific data values it is to use are specified. Once data has been specified for use with a

specific template, an “instance” of the template has been created. The instance can be

.+ -« used in the program.
30 A tester manufacturer generally provides several test templates as part of its
.+ control software. The test templates might be used for running a pattern burst or for
making a leakage current measurement, checking DC levels on the leads of a device under
-« tést or other tester operations. As will be described in greater detail below, the templates

«:;'of the preferred embodiment are written in Visual Basic, which is a programming language
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Q her programflow information'is entered into a spread sheet depicted in

FI G 11A. BogsHge i nstances are defined, the order in whi gpphiRSyidse
execut ed nust be specified. In addition, because the instances describe

tests within atest job, information nmust al so be provided on what events
occur if a test instance passes or fails. Al of this

- 18 - sociated Wit BRE& spkeai/sheet pr o§ram. Halh f&iﬂ]ﬂé‘zs'»ﬁmt?d%taﬁraeﬂlsﬁm Basidser
in a spread s af“leet usi a%péahv%l ace as the other fl ow and

same | nt,
devi ce data :i’&?‘@ Brean ues arespwfedasw&w‘%aﬁ%evrpmlso are several
Cgl ums hol gl ng i hrFﬁGr Im&umgtratbﬁme WAy tin Wchhn? éammlgantes@e éxeateeamtsﬁa@ in
the test jo ch row i at ol ds .i,nf.or. n, on
step in the tlggﬁ ‘36“‘5328 @%@%’%ﬁﬁ%&% &BSE“S&'%%? a‘c‘&f&%ﬁ“}‘ i%&t es
what 5 i Sest jnHﬂ&(tq:‘lmmnéO%Bleommﬂrb inente of the terhplatgdhat isaksed éacieaterthe y i n

OPCODE col u IS a test I nst ance. Colum 1134
contains a step nunber in the test. Step nunbers can be used by the

test systemto r erﬁiﬁt 10/ shoveschorw specific datads assegiated-with atemplate, Bxcelineledas@ i s
detected du r feﬁtﬁ?é that {IBwS ta"cﬁhl@é‘ﬁ@@foﬁtto B0 lagscibiag i @fﬁecif@%ell in

detected m g

1136 Qontalns pa n
nunber. As e&’éﬁﬁﬁl“/ |‘§d{f@§§“éé‘al°3h°§§?ﬁpeseli°°t° d deppading on, éf“ﬁﬁ%aler?éh
devi ce umger or@6ine athepeeéll. mrehﬁhpleqnmpmmldwgmMmsmmcmed witht he

number s CoRARRE; Gof S B pandof g el o B etned Pl aS iRt e,

QG her bin nunharmlmghﬁlthétemplatdhstequnﬂﬂﬂﬁ tlnatnsaxmpio,.tﬂefmt ofdialeg box be
usel ess. Yet 1%5{9%%&5&%%@%%@%&%3%&ﬁ&bcfﬁxtc% devi ces that do not
eci

perform within unc |onal enough to operate

to a reduced spec |Dlﬂ1@§tbi0!§ A03Greantainsregions i GR8and980.cpach with fiplds imwhish certaind
;hg: ;] nu:rl'rts)er %a%k{aﬁt}e@ #6'6€ associated the temp.'![a(t%esltﬁ:%wm%g’ﬁstb§ Régibn 8038 ddnt4i@t ai ns
190 coua cared TEldoReEI Lh3Loonins AptoRA elds T8 RErals thefest ingtapse labelcd °

shows a .f | .ow“30Nmizfunt', hheawvaliadsan ﬁmg%&n&%memdadm\gumtmmemhm of
I nformation [, £ conplicated flow control. For exanple, data
field 1 1308 EBKE ?‘ﬁgﬁ‘?‘%&g fields "1156 and 1158. Flag fiel d 1156
optional ly cont AiFgGt heB shows that dataificld d030emitainsymanyrtows! There is one nowafori s

set to éb“e eab}‘i te%@ﬁstﬁ&%tthi%ﬁéeﬁﬁ@ﬁ AL et ?&eﬂomﬁﬁ'ﬁe tenhyfbate nﬁé@ ‘ﬁxﬁcnonal”

siml ar, cont e nane I's set t he test
fails, ! 8 used o cregferiato difereptinstances b ifemnérratamcefacﬁacrﬁ%t%fvﬁbé & SARE f or

nor e corrpl | Ccabmplafe tVepetify mgdxﬁereﬁt@gmhhaédlmgmbﬁllesaew ces are tested
si mul taneously. F

devi ceq the st ep S90cHRRERS 1B die HPuimeenin et (84T gRP, Hpfereh Bore

t est. m ght betharlbé used intterfapk lis the satheeasthe user snterficedor the data spricad shebts of FiGen| y
82 '; Bﬁ g z y i d‘g'l\ﬁhc e;‘ﬁ%.\n hx?o"ﬁ:e&%ﬁ?ﬁﬁné ks re&fﬂ%\i 8 gfechﬁ ﬁ{eﬁjrogaﬂxeﬁo& eRbf oMt
that the arguments entered in dialog box 1036 are predominateiy the names of other
'spread sheets or values defined within spread sheets. Thus, the device data is easily
combined with the program flow information, considerably saving on software
development time. This benefit flows from the fact that both device data and the program
30 flow are represented in spread sheets.
: i3 2% . Other program flow information is entered into a spread sheet depicted in FIG.
._-_'Eé‘#flﬁ‘i&-k 1TA: Once the instances are defined, the order in which they are executed must be
- aLixigpécified. In‘addition, because the instances describe tests within a test job, information
g+iz#"must also be provided on what events occur if a test instance passes or fails. All of this
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failed a prior test. Col um 1154 specifies which devices the results of

the test.ar wéﬂygg?,appl ied to. Col utms ot her t pefyksipHssshown

m ght al so be use There m ght be a col umm cont ai ning condition
fields that are evaluated t.o a bool ean expression prior to the 3 5
execution of the test instance in that step. In this way, conditional

program f | opgyhdflodR entered byauserma read sheet using the same interface as the other - 19 -
PCT/ US98/ 11557 rry quilee his function m ght be conbined with

Col umm 1152 ‘I?)‘Ef"15‘1”1'6‘(/\?‘?1‘&a $Pregl sheets.  accept bool ean expressions. A bool ean
gXpresti on é hat ﬁmsﬁelaamuesmmolun?mmmmg mformatidiﬂhattrhlﬁsttbesé woul d
e perforned o vices nve i aluated to
fal se, the §p§,§{nle&&ﬂe8ce:q]%tgp B‘ethgge ﬁh‘gaéi%ﬂ?w 'W{I %ﬁim ?&f’?ons
woul d al5so e stepin thpssjob! Eolumnal 32dslabeled EQPCOPE"0 Thiscohdnbindigatesivhaed f or

each devi cey ¢ iy eﬁ&ﬁ a?ﬁfé L& ﬁtéj;e Cfnigener'fﬂr qacilggté% @bépﬁEléégmh 185 %ddf?es one

val ues t hat "hav const nt va 0 a va
t hat the telstanesierenced in that rowis to be perforned on all deV| ces

uncondi tional | y cguhﬁmrsa%maﬂ@we rumbEOH thOR teasﬁe §ézﬁ‘1rb°edsgébythe
reference fla listed in c ﬁ“rﬁ?s 154 or lg prlor rg

Addi ti onal |g¢st %‘%'@HFPQ?E)H‘E%’F?H“%P |thefest. (Fof gxample, ig detected dPEnga set
to a cearg ai testy ielitep sumter at witieh medxehscg@ametbdtaakugwbmeported The

f h F B i h h b fied
or 0gr am an exi ot PAYIECUSS sbuaigy 8 pals B Rl o8Bt kvl DS SR | 77

organi zed i generally assigrsubs dmaerundattbstradwmnnﬂwmon@spnﬂdmgm the oWtcaimad$ of

i nformati ongl.N.£a68e HRl il )t'fn?lc?tes a %a St the n@a?f' lfo? ewg]@gso%eblﬁh ers

informati on store |na organi Zzatl on

whi ch comeswill spregent rpgn&ommteuthﬁ deyicg\spedifiastien.s Pthes bingsbersy m;@rtam is

much norse i pididatel pasts bigit a&d&r&%ﬁ%m b%@él@é@y Y%Elaiﬂemﬂ nhﬁﬁeﬂr het 0
learn to elstatthe

am a ui g sec ant a
structure aﬁ%"“f"ééﬁi"é%f’é'l"tpe m W mﬁﬂ pegi 9%*09 tquchP?H%Fm A OPERh i n
FIG 1 1B i ® preducediespetificdtion. Thevsst ergirleblyassigns the bavaunited sndxpeiead sheet
program Thus...devel opnent of the software can be done quickly. 20
FIG 1 1C sﬂﬁwg “alternative way in which flow control information can be
specified. FIG ColuBusha&ds simjup-lupontains obin nooket thatt is essignbe ifithe test failspeci f y

opt i onsy¢ hat Dfataeﬁ(??cglf% dodfd CRtPOHEY cdifhsiRY géﬁdjlvha?%é Yy, . 4TS 3)-

Options are speci I neer C |ng on the

|
choi ces i'n ShAWsHh %‘P‘ﬁ@h@ )Qnthp(gi,ataeﬁ%bm@B qmendesbowm more columns of jafpEnationyses
f I ow cont r oforgfdre \bBmplichich floww Eatitrok| Forsdxamplel Aath HEIAN190B @Bhtaing'fagGeMsi f one

t f t t ed I
2 St 5], kel i i ke S0
Final" opti that saatstes“ttub’é:frtﬁtehﬁspemﬁeddta stepspiasses.0 Field 1158 ib eimiat, iutil- once t he
test jojxis &?Ep‘l' lo&'a?ﬁéﬂﬁﬂs}&ffﬂ}et&{l?ﬂsesu' ts are not printed but
un rea

are stored her” exanple, the "Do Tine" option
causes the Othqr@mumm data Seld 10208 might be ysadfor mere ¢omplisated flowstinrt  of

a job and atfeeveh ﬁtabﬁmmp;b &vicas hrellestéll siditankebadly, LG dxﬁﬁﬁrem&m ifys2t he job
t ook can be, recordq15 <§5 | Ses des |bed bel.o %L the flaq @ et is
converted i H'ldﬁ’ fesprhich eftbe, %t‘creﬁ P‘fﬂée PSRV |aPP d°; ﬁfﬁ’%ﬁg@ t he
exact . test might be applied to all of the devmes Other tests might be run only on the devices
30 that have passed all previous tests. Other tests might be run only on devices that have
failed a prior test.
adydv.-... Column 1154 specifies which devices the results of the test are to be applied to.
. Columnns other than those shown might also be used. There might be a column
_ containing condition fields that are evaluated to a boolean expression prior to the
35  execution of the test instance in that step. In this way, conditional program flows can be
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way in which that conversion is nade. - FI Gs. 12A and 12B show
a sanpl e of enpl ate. The test tenplate is witten | ual
Basic, a pro‘ngﬁlﬁf HZ; | anguage that can be used to wite mcrggg{$g/é¥#2 to
a . P . . . - - A
PCT/ US98/ 115mplemented. Thisduprtion might be sembingd wish Coliren 5 yloing B ocedure
in a programaépt mgresﬁidns A boolegexpheasion thatevatuatesed tras wodd indicate

céul

S a3 @spaﬁ?mﬁ‘%n%l%@%’ g S B BRI latedfp,

12A and 128, et test
as is used t dalss) tiey testnfauldnadi erperformédonanyi desicesat Hybrid situatimhsfwanld slse bad

heet h
Tnotead of o Ayl e Rpsiont bt e WpeHineflor becteDE, bithe F%&%‘“@e PR oy
pr ogr am code.11B, column 1152 mowehsortmeal@s tlpatbg\reeamaet@etwczf “gll. | Sushieeyalne
procedures d%@%ﬂ%ﬁgaﬁﬁgwg?r&&éﬁc%ﬁmtha roW@EWS@%éerrﬁéd 8h alMakvit@n by the

user. Lines represent cal tion rovj ded by
the tester nawegnditionally. Oher rown howeyer; shopihool ?%ewrﬁswgﬁfﬁf?fﬁé‘feéﬁ%esses

ﬁo ] otne of tRAGEVbIERNSiSHEES1 1388 priidrPows) Additlondllysit gmcbnmh Pedlomhén a
igh s

St ort e ¢ HE nopishiBE oA Bl b setp & ehih YT R st iy & aobuBemB brrlppune ™" | !

FI Gs. 12A -and 12B Riesnfoshationcshbwe it BIG. lerxs dighar. to\ﬂmrwlﬂcmustézerspmmﬁnﬂmt or
device is fir d hatiy [neer to
measure the fié%fgﬁa?’%xg?%gkﬁg%?ng cgv%rf h? eV c%tgc{% Oftﬁsess &gﬁﬁ%l has -
been desi gnedowsopith £ach roweentaining eodumns thh kinds efdafoomatipn in kachmoluron In

engi neer Wantcgugyﬁnaﬁ (8'Hafink thd AIGH iforatliof X f i a\fgﬁgﬂé"@ﬁth@G%lumn To

do this, the I ce englneér uses the tester In The devi ce
engi neer 15 organizatiop wéhighromes {rog} using emmreawhevaée‘ﬂ? sreashsheet RIOgLaRES 5 o

that the res Uhiich xﬁére@ﬁlﬁﬂw@lﬁf&f ﬂogfamrmr, ther@BylerlABlid ¥hk Y i!@ﬂamﬁebmdrﬁ%

bar 1232 cont ai_ns t oo hat ar ed du debugnigp er at |qon Is i Debug
Cool bar 503 DB Ady et A dctrent iifudsits ok the B g o6F

avail abi-e sprmmb\fldtmgtthpﬂognnﬁmnatmn shown in FIG. DB iyproweided bﬁthel:@ﬂﬁnamaﬂ)al ns
tools that p f 4
sets a br eake}{)md’rll’?g %%dtd%ﬂéet&g% &éig 1"1:;%& fﬁ‘“ sﬂ{t%g‘%{% 8%’@%[131&189
that a bRBakpoi nt” FIS. &€ shews amltqmaﬁ:e«ewwmwgwb ewpntmheﬁonaatu@sqanqsn or to
the execut i ofyppdific. 2 FIG. 11|c %mﬂ%%wﬁd%n@b&m%aa%%ed@@e&ry iohik EHas -

e SevT e e St oo bASare 5 B, Otbp sb%qxéﬁé bych Bapan

t ool sI on deb Jugsttengineérauy chal&ﬁg on the choitedlinrthe dilog/bex.eFui ¢xample) thel ‘DeeAll” For
exanpl e, too

procedure ‘th ?&iﬁglgf‘%g\%%? ggﬁ ast ef’l[4h rﬁrﬁ %P?tggalfll‘%vymgoce%dr’gg&\i?xﬁ

ski pped 8Ber steghfalle YWaen thineptiondohet selerted; thetestofia Ml@iﬁ;‘ pat smsmaww@lf I n
this vay, tNhahe tests filond RURRGKARSE, “PRE ARICOYRIRA samé&uﬁm @R REsR 100N

of the device. The sane debug s can. al so_be used a te(ﬂ)
engi neer devé?“’cﬂSF\‘ngi ‘&‘cﬁéléﬁteﬁdf’b isrromplaiede di pefcielectedthe results are n°t printed but

are stored until read by a user. As a further example, the “Do Time” option causes the
~ flow control software to record the time at the start of a job and also at the end of a job so
30  that the length of time the job took can be recorded. As is described below, the flow data
sheet is converted into a flow data structure. The options specified influence the exact
way in which that conversion is made.
¢ - 1 5% FIGs. 12A and 12B show a sample of a test template. The test template is written
in Visual Basic, a programming language that can be used to write macros attached to a

=,
N P
ki
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Significantly, all of these capabilities are provided at a very |ow cost by

using a , .comercially avail abl e spread sheet program hayi
associ at ed V\}Vﬂpsf)sgls& programming 35 | anguage with debug to?@ﬁswnsm

- 21 - PCT/ US98/ 11557 Once the datg and flo
i nformation f gpread shest- Hash masro-eauld Renssg aga peacedwrdp ﬁ@@gwmgqmg%ﬁé?gv

;JSG[ pf bt he s%;&g&gﬂg@mga\ﬁ%smgmmws, SE at onf 110 can be. run to COPt rol a
est job. own, i n . execution,o e

by flow control sof %ﬁ\ﬁgﬂg"fﬁwf‘mm canxgeeé%gwggqgﬂéﬁgﬁq Jl%g%’[ Fﬁftﬁa{%%ew
IC I+I+u;$ (r) Sﬁ :d e%?ghagﬁg%gi ?Iifmmﬁmn's thelsame s isased ®1ehtersnfoﬁnat1qng1)ltmg®cﬂm a

TP shaRts. Y1t bttt S it b 1310, mon bar 1200 bl e 1240,

flow chart exrﬂngl & operat ron o w control /
Fl ow control sniteadofa daa fieldathoughy the test templatessgreen inglugles s wf pergram|code.

ft 314 f | ' \
sof twar e can  EachIé of p{og}d@gs%dgtc_ohiaf&n o%&@gcgc%a&:e@eéw@sd bgeuzaeﬂa_@kwg on

i nputs to the softwar | lgn flow c iﬁo softwa;rﬂgt &nght
take is to orgamufacturpronwriers by thy users dinesd 250, angd 1254 represent gallsitp Juqctiods  pay
E?gsbelgccez S%}odfd&tl Bﬂ%h’é_t&é%&_tmam Eactuher. CiQtSlﬁiéd iltzs? _“Piﬁm%)isjalpﬂ@deﬁ ore thattdecesses

: an , est ,jop. is i s.ali of instanc and,.
i nst ances ¥ e %‘}iégiﬂﬁ &p&sﬁwers 3392&@95 GE‘?Qettﬁ" Wc’iitled Ba &9 Eg‘fgg's(?%%\/?‘ggn%g%"
with certain t«SytRitgm” id asiadldd function thitestartsctzning and sequenoity citeuitHEOFEG. )i ¢
i nstances are executed m ght be influenced by conditions entered into

the program f I BWM&t a sheet. 15 I n response to a user comrand,
fl ow control softwaFiEs312A aud 12B alsp show dehugdpol bar 123213 When a ngwisgmiconfugtor

LS S AL il by S ol g b

for execution 0 C eret ) execution of the
tenpl at es Ian pesformance ofshexdaviagdal assessvhaikerdohagibesndesigned praperigs ¢ defect

before the tenglsieRdame devieCaikinedt Wahts €0 bORble to ﬁ%uré ot Gattgaha Wit wrbn%.e.
However, where_the or dqeairj of, execution Q{e t he .t g&@Pat es I”STEO 20 tesol ved
until the test 1988 ths the,deviceRNSinger Yses the Spstefip 2d<bg madgy e ?hf)‘f'?f' Meteties
i nformation  controlythé Bstet 06 execuerohe wipbration aa tma lsol dtat thetresudes tof eadhnapetation

order in which_ the tenplat 8 : | . ta
structure coul 83::2\)69 de];%bggltlggltt{aﬂt}za? %éﬁ‘%ieﬁrg?&l? Eﬁ?#ﬁp%%ﬁ@%ﬂ&ﬁ%ﬁ > are
possi bl e. 20  operations. Debng tool bati 1232 tisprefessbly-providet agparh ofthe gemmescially

execution procg&@ eif 1.@;,3 raf 25 step 1312, the first tenplate is
det erm ned. The §bl&?%te iﬂxg et é&rm ned frq(iﬁmthe I rst ' stancenén t he

e , |
f1 ow data sheet. THBWW&?% 1232 gentaing tpall that pestosm; vadpus Aebug funglions. Fqre g
from the inst agggngieteold84 kets A brsak Poindin the todd) eLine 15 4is dighlighted ev indicar 0

the job control data structure. JAn.a preferr ' 16
notation indi c @b b{eﬁgp%trf@ s%fayftwgﬁne. b“‘%%%?%‘gﬁna%tgﬂbb%ﬁrqﬁgﬁ ee‘;({eegﬁttmél ?fhae
tenpl ate. 3% line marked withta lreakppdift] dxectitien stapsa Theadevics epgineas¢an then chegk g |

of the sel ect e a{eemh@fegterorthedﬁgp@.r ogramis identified. Wich data to use
I's determ ned Tromthe 1 nstance

_ ter : 2 ata_sheet. . AL ste 1393 an
i dentification.of tRaceexesution isstoppedjalabrealypoint, other tools ?‘b@?bugéﬂ‘ﬁlb&’fi 2
control how execution continues. For example, tool 1236 allows execution to go step by
step into every procedure that follows. In contrast, other tools allow procedures to be
30 skipped over, while yet other tools allow certain values to be examined. In this way, the
device engineer can observe much about the operation of the device. The same debug
- tools can also be used by a test engineer developing a test for the device under test.
e :S;igrniﬁcantly, all of these capabilities are provided at a very low cost by using a
m;v_c_o_i,mnercially available spread sheet program having associated with it a programming
35, language with debug tools.
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I's added to the job control data structure. As shown in FIG 3, data
manager pas fromthe Excel workbook to the dewSoushs) s for
applicati onéﬁga?ﬁieﬁt ester 112 (FIG 1). 35 As will be descr?/ébed ély’rtli}1 etail
bel ow, data manager 316 assenbles paraneter data

- 22 - PCT/ US98/ 11557 structures that hold the specific

data passed tO t @5ic@ineldats 414" ﬂd%ﬂinli’orgﬁﬁc}innftogﬁes? iflédtarelt 'Bg'griﬁg speipgeror,

paraneter data structure Is Qrgani z contal ners

data can beother user&f thecsystams thespRware imwarkstetiondd0.£28 be m tgrcontspl piestjobi ng
the data wi A} shb@n RPFKS. 3 exdattion lithe test job is peSoimed 8y fow dotralseRtwWRIRI F4tiRat
are to be added to the flow if(‘)ﬂ}&r' I daéa Et@g}gt ube spem% 5 #é{_he
correct "coRSRPPRETO ausel mpiily H@ﬁgﬁt" smbadiment, dow coptrelsoftware 3k gata
structurg. di:nplenlentwwam-_ﬁ-fprﬁghﬂnoﬂ\dorg@ aiﬁcgﬂ;f,&tris eDLEbodi nent, is ]
represented as aggxf, str4qng.sel ecte se . on_the n nto the
Gata sheet. The St Baadpet Siplabingdfe Shoraion gt A orntBLARtadats
However, ot Fow sentol softwane3il# tarta offamidle sater 1336uRbva tontral seftwate\3 I8eanised.

I n addition SRS l;dE@r s e y jhers”,

argument s tﬁ%‘?"% are data ?/xgﬁggetgﬁt%gr%‘so g%tsgésgﬁ%gg@ particul ar

t enpl at e an@®nedgtion 80w goptsolaafiwaret3d 4imight take is to prganirethe datadfora tast jebrintoe.

t@hgej | nf @ MadafbtivRrircial bdribel st RRE Aesh b, (ARG UL HncRbR yadded t 0

contraql data structyre, execylion proceeds to step 1318. At
step 1318, FH@s- Qi ohtestigh s specified dsalistof Ffaioes RLIREIApeSS FOSRCIGBABY 1 | od
ijnt t he f1 owafi hestiatio® ot ula'trmedice dire txxﬁmméﬁtﬁh wﬁplﬂtéﬁt %Eatdditmlmgu%e&?ﬁm t
eterm ne ever ossi bl e instance_in e flow shee at .coul d-.be e nex
i nst ance to‘”z’iééc‘@%&’“ Inshfices ,eX?GHECdch'ﬁ%ﬁqei anﬁiobé'rcoﬂﬂﬁ‘c‘?ﬂs NG 90, e

i nst ances wehe program flow detatshestnext is expressed as a | ogi cal equation.

Var i abl are us t R fHmatH alifd ' t est

j ob. Th:gge | 0gi cgﬁréesgé;r}ségéggﬁeswgre en’tsﬂéorvgﬁmltrr?% %of}%agt\!?%g contasg?b%g{%
structure ada@styctisothat iseeach fmplate thahisda dr sresutedand Saerlata thabisde be gsed t o
what can. be’fclzr' EkecutRAUTIRA tdriplire 2 Wi ééqxe ioftﬁz?'] bﬂ_sie%cﬁmﬁ; (%ﬂ’th@tefh{p?ﬁéiéﬁ'b%' Con
progranm ng J anguage. e s e i pf or ion for qQne row e
f1 ow contro l‘i""SFFgB’Fg ffgmethf gongitions, it lefpsrogxﬁdtbet%re 8’5 F‘nga@& a.lie(??%q:g H'%?L §l§’2’.°8 St ep
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1322 checks coitedldata stiueture.aHowavidj where ttie arderofiexecution 6f thevtemplates isamot r ol
data s t. | 1 0aps _t . -1 1 onal
1212 Sre" rboRS e el 8 4 ABPDe'S S0P L Gkl Mg PGl
returns to iodithe eonditions which apgevaluated to detexapion tiie ayderde mthich)the templatessarg 14 i s

in its idleegbcutéd. THe job Btitrdl AaiskActRreCONRBRGN indexed fist Bht deneger L0 run a
test job.or. it ., receive start signal from handling device 114,

test jof m ght .
i ndi cati ng {mplemsttgtionsace pos§le- t est has been | oaded and is ready for
testing.. Wien t hdn building the joteeushtiobdata strictire séxefutioniptodeedsiostsp 1326 Att | on
Cont 1 ol Sat AR N 0F G ool i obfemingly mhe sopetik en iR o ey 0 1 o
with the spdesténcein the flowedatasheeto iihetiemplate assoniated| withnthis instange tisdetermihea
tenpl at e Sulgioge B ide Ba SR ASnoRdtibn'sH tE Bngifte i AANrEPRS B jo0ESMRT S 314.
N , ” data structure. In a preferred embodiment, the notation indicates the name of the
N subprogram to call to execute the template.

30 ¢ ' At step 1314, the data that is passed upon the call of the selected template
"' " sibpfogram is identified. Which data to use is determined from the instance data sheet.
et ‘; At step 1316, an identification of the data to be used for the specified test template
5 miﬁhﬁaed to the job control data structure. As shown in FIG. 3, data manager passes data
+from the Excel workbook to the device drivers for application to the tester 112 (FIG. 1).

. 3_5_5:' - As will be described in detail below, data manager 316 assembles parameter data

—
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Each tenpl ate subprogramthat represents a test indicates whether the test
passes or fwedss7TI®Ne way that the results of the tests coul gchrshfisspt ed
is if the tenplate subprogramis coded to return a value to the
calling programthat indicates the results of 35 the test conducted by
that subprogramtenplate. Alternatively, the tenplate, or a device

- 23 - structupesthaidwdl the 5perific data passedt to\testeri tleaiupng;prtesajtﬁ) Therdatainl the:
function w t Ysparhdisy %Eah‘ew&gaxﬁfb% r to
determ ne wh? her th&edttest passe or ﬁgﬁ%l ‘ggﬁaii{zﬁ;’?oﬂfaﬂ@gugh ﬂatatcgrgﬁg of the
t est j olselested Stom the dlata stracipsg bsepmerdurgnb@ldﬁy withsthe geme pfthelright

that was | ustecemtaingg, Ttelar ment@maméﬁ, bé Aiflell €5 the Holw cdn?l‘é! 8&5%@&6&?&@

test tenplLate, execu Qd Wit Q error

t ect
passed) o b FRrrect neqntaipgr \t@s ggfét%gaé'lf‘g‘g ag gelecisir WHQ? R#amster dpfa supetyre

will - haftds inforamiion|in u prefersed digbiodimet,| i foptcdembd aé mexeétﬁhg §el€c§t¥d Bided
under test. the new sst .ate of is used to

{.,St 8
eval uate the 9% tB? aape g‘%ﬁ’rlgb gﬁ%gﬁ& ShEEL T, b SameteRt; {%xs %%CFFW l%?r coptaipet-ur e
at step 1328.Hdwsved athertways t(exdahmfguarcontmrbhmuibzltematwely bea@d.ate is

| ected, b d 1320, 1
Execut | on_t hen pr ahedf ???@“H‘%%ﬂ‘@?&mﬁb o b RABRR Y Agimetis et | <
anot her 28nplase data 631@?%@311@3180 ¢ wsed bj}'@mamcelautempiatb anpeouidako be addedto 1824 .

If there afeﬁﬁfhmetcrdat@éi‘ﬂictdrena' t enpl at es flow control software 314

returns to its idl ugf preferred enbodi nent, the
results of a test (?’5’5 pEmation tB%Ethéﬂtwlﬁeﬁﬁ’értb@ﬂata values ate added thaheijobng

device 114 as:ohﬂneldmttrucmmexéaﬁmnlﬁ@&edﬁtb%&a poiest8. Q 1@[8’%& toRHi®dnsthe 15

test job. Th r.ef er sul'ts t he execution
of each test %5( %}%Ethe neg %‘Tﬁ 9&%%3‘%8’%@6‘?& ffd ér jons are
made. Th&5r. ecfgmputeﬂdo detesuine svempessﬂ:le mstancetholw ftoown klieat tlﬁﬁédtﬁdib@th%héxt 0

f. dl t | t
be i spl ayed Pupe enteht, K8a34oh, 1 Copdfiong iy ikhabloh e aph i °"

results be thgnaxs isrexpressades alegical pgtrﬂtey Vrarlablm sseddfonvanésahat mustbeus e r
or appropri ategaliigted dufisgaltestjob2 Thesedspital 8x ;gressmns are cntered in'td AR46% c&ﬁkﬁf{dkt
consi st's

Data Ma N

a sgr i egagfe r ééﬂ%g ﬁ?ﬁe@g\%&%{ﬁ%g’éﬁ‘ Rﬁ???mﬂg%rga “gggﬁsé{"édﬁpﬁ’g@a‘ﬁ%‘aéﬁ%é? at ed

with 20 t nqmtecrtuelyramﬂnﬂgmn-mpenmramntiumrmmﬁmng hngegeests from ot her
t th th

DR athod can bieEBRARIEARRE Snb B of AE MR BT SRR SRRt S |

access dat a ﬂQﬂCe@ tQistap 1322h Step 1322 ebecks whether there are zoditichal roved indbsflomn be

cal | ed di recichriiand dhekr. Gso, Bﬁ&ﬂﬁ@ﬁ'ﬁm pfofdpiaty. 1 apRRE B kiBhal Thi i

devi ce dri ver e@%sse are
can call the! %8%“ &%}E"léﬁﬁﬂaﬁe@1ﬂﬁ§“§§ttal%ﬁa@elr31916
di rect | y25 TARhdnxftoay cmfdibawarels@# iSIR e & State; it miglR Gl &Dduﬁand

oL o oo FRHPERAT LY (R0 b Mo g B R
indicating that a device under test has been loaded and is ready for testing. When the
- -,command to run a test job is received, execution proceeds to step 1324. At step 1324, the
R first template from the job control data structure is read. The template is called as a
30, - subprogram vrith the specified arguments from the job control data structure. The
template subprogram then executes and returns to flow control software 314.
- ;4.5 Fach template subprogram that represents a test indicates whether the test passes
. of fails. One way that the results of the tests could be indicated is if the template
.. ‘subprogram is coded to return a value to the calling program that indicates the results of
35 - the test conducted by that subprogram template. Alternatively, the template, or a device
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are well known progranm ng structures. Data is passed between the Excel
progranms,  wobg g7ly,d| ng Visual Basic nmacros, and data nanagepcpiSodnissy
format terned a SafeArray A SafeArray is part of the Mcrosoft OLE
(Obj ect Linking and Enbeddi ng Language) t hat “can be used with

M crosoft Excel commercially avail abl e spread sheet program

- 24 - driver if app: @Bﬁk@&inlckﬁ?uncuon within the ﬂow DLID&iaacMmrstaselenha

I er| emented as a S rres O struc 'con i ners"
The for mat o@sﬁeﬁ? %‘@?eqﬁ% f9%L RS ﬁé%ﬁe%fmaé{’%ﬁ the gateof thetest -,
exanpl e, pi njobdpupstated basedsémthe daliereturnedibpihe est véniplata ticht ffae justtalledr Fot t han

cont ai ner. 1 <o G Wi wAstfes o VR gt ek USRI ho bl eior 1

i nf ormat iSon (ileatheitest passtd) artwhethdr an error was detected. I[iflseme instancescthe erzons will

nested. For gammhRricithy b@bﬂmﬁ‘uﬁ & Hifdin S’fthé‘d?\t]&ﬁlﬁgrt ere m ght
be several p| n groups. I'n each pLn ere_m ght be several pins.
In this exAhHER 1338:éh6cn9mswﬁ9f t stﬂwsgétq evalyate the logloal pxpyessighever
any |evel of stﬂﬁ‘&tlhﬂ& b fib¥ dﬁ& structure atQEb?Sl&BeBaseh(bn that evahatxenTh& fiekt STL
(St andard Te te L| rar’;é% ﬁd$ hat are usefLi

mani pul at i ngt a&ewsp t WB’BFg toR. stQErRdat step 18 P and

“VECTORL0 I n Exeogﬁaemh ,prooemsttalsteprlsso aSepaBBOevmmesl \mhdtlliw thersiaut er
rrem)rylnthe cli n_whi c

h
than in | ogi &ﬂ X} ggplate%%e(;gg Eif%o #&(%:ewoﬁléélfs}&e? ﬂ?ege;nﬁ:r&%tooﬁr
easier, a seaddltﬁonakegnp'.lamssﬂcweamadsbﬁwméi4trttamsamts1dﬁstaﬂ¢e cont ai ners and

15 their physi CH th Lﬁﬁé&&éﬁhﬁ%d cf)febrel@ Jlﬁet&ct t;%t%i{s nbi éﬁsé?{bd. (0 %Ese B

that desired data can e corr

The MAP net histhe hapdling dgvisel14ys th%gcﬁt ttometr% fBF%’ﬁE%@P"a plows cxeqy %ﬁ&ﬂ?tl’{er ee.
The 15 Vé@frj@R ﬂﬁé&ﬁﬂe%&@tﬁ@feﬂéﬂ ¢rﬂﬂanméd1a£es¢1fs dfrtﬂeeéxesuudnl df%aéh iels. job The

advant age of nmet hod .S th
ot okl o The it sTorRG B fompates Ahepaogy RS s riest B gt TS ISR T ERAS SRS | ost
For exanpl e, floweontrolsoftofrgB1dtoipassdrm idlosaedB20 edstep 1332. At step 1332 et ant

that order bECRE TBOE il B piad feer if byl Yarlihy GO, BBl

uses a | emm Tormatted for displey imapmanner canEeNiFnt T B yserer appropriate forca handling t s
of each.29- device, In addition to store and retrieve functions, data
manager 316 contains ot met h t, e formth ui red ta
managenerit functi GfReater EaﬂcPF’ %%L@Hﬂﬁef%gag‘iﬁngw "'P“Tsﬁ'ﬁﬁ‘fé mnanager.

DEFAULT f unctomists ofa sdficeaf Geid “chiases?, Classes do@anhdve astdté diagram associated efith of

rmpe i o e ey peftiin Bhertiid sy deBborRE B Wnfestd 5 1% Rrpbfufiire,  Cn "o
of data is t elementssElhsses have “methadsy assaciated vHdy thema Batlemethpd gan be called fiktias
two pin F@PS, cfhiin W&Pw Wﬁon% %ces%chata'\éegﬂ:d%mmp a%%& to the

defaul t. Any useo ction retrreve pirn nmap
he C+-+ methods can be called dxrectly by other C-H- programs In the

embodmlent of FIG. 3, device drivers 328, because they are implemented as C++
- procedures, can call the methods to read or change data in the data manager 316 directly.
The Excel workbook, not being in C++, requires APIs - Applications Program Interfaces -
30 to ¢all the methods that store or retrieve data from the data manager 316. However, APIs
are well known programming structures. Data is passed between the Bxcel programs,

k S o

mcludmg Visnal Basic macros, and data manager 316 in a format termed a “SafeArray”.
A SafeArray is part of the Microsoft OLE (Object Linking and Embedding Language) that

2 Eén be tised with Microsoft Excel commercially available spread sheet program.

RN
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P
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woul d get the data from PIN MAP1 unl ess PIN MAP2 were expressly indicated
when the operation was performed. A SELECT ACTVE 1. ght
bl RSt

al so be included Tn data nanager 316. That nmethod woul d be si
SELECT DEFAULT, but would specify the container that- 35 would be used.
- 25- PCT/ US98/ 11557 Anot her net hod that could be

ol uded voul o be" pfEPitfiger 986 ifplefiupd as a 4123 5 GRRred BB N 20T

316 is a serles of, cont I ners far test Jo

particul ar deveangaingr it of ghe; qoatsiner dependsionithedypaafdata torbestored: Foob,
or between teéﬁ@zﬁ%z mmbﬁdﬁtaﬁs’iitbteﬁlit &Eoritaifler With & BRRAGt Rt Han tEcdRdifer’ OF

t he devi.ce. a Io one set, of data to be replaced
by anot her. ﬁ&cglsg&ftrhgtausﬁ}efmg cgaipmegis defined ysing knowns pr ead

sheﬁt ﬁs B t.p w‘grmhmngd RMeQBasdd?uEtmmﬂBﬁnﬂlxdlnﬁﬁétsmeﬂoﬁﬂcr 0 Cgssocihat ed
with the pin m t_a tica ACE, net ho
ensur e thgt ' ?hgc%g\%%%'g?ggp%n Eeéid Oh &xem % ‘b’gmf‘? L &0in wap- t ese
Rat her than buiighy basevsralpircgrohps. Within eactepin igemhpythere nhghabe seveishpipe.din thie
REPLACE et ho to
& User i nput . Rt Borkthic il e S kel HolveveEil Mot AT RIS, .
manager i s chE‘Pﬁﬁ@P by one of the device drivers 328. As has been
descri bed,p dat a mmﬁgwm es&ﬁﬂ@id?éxﬁpiatléi i ﬁk&axs%thodsf(hg Su‘%fhs i fort hat

is separate from ta that is k Excel wor anges
within the EXE’QP‘PRE RW%‘F‘%%%%W‘ aF"?raWeranBy

met hod. 15 génerzﬂe“cdmraﬁaeri”tai‘ﬁl mouaed ﬁﬂh&cﬂiﬁpﬁﬁﬂhemé amg@d_emtwmbﬁﬂie aI'e.he
ri ver  changegeaiedBy e progral FlS thap itgmfordef‘*i%e%v%?ﬁgftaﬂeﬁet%ﬁ%néite;e
manager, the m&mananags@r arsﬁjjlatf“kfa{s’t ist dreatEd-BitiveAiTie metmboalf the comtamer@R| CATE
net hod c S %l t
manager :?1% %ﬁgﬁg&?@%@ﬁ@%ﬁeﬁ&? *%h&g%p%%?‘%é‘? ﬁde;; Fﬂ%sprea dg%e be
which 20 d by finding thegorreghkas: ons associ ated with the workbook to
recal culate any. dau"neMAPmeﬂxtQmeB%ratsepérlée?@uﬁhﬁmh mﬁeaBBﬂPytr&élerﬁéta

in any spread was chan placed in the
manager. Tédt V?S‘f@% Qtdtf’é?at?eﬁnf“g‘f%%%ésr WF@HM b gdvaptage 0%%“’ MAR;t a
stored by t hemsthod istthatia eandomdtetrean e RhundAbickiye t Tiedlividdeantagecof tha VAP -
conpl ete T, ructure
of the so Ot vvar e Oﬁ?@gﬁ)@gwg 8 IOstt eg?r exg@?%g\l%%eog Pﬂ’é&? pgtg&p (%ganéxe
uses of the smmném&;maaoxb@rpogs@ Program.Oblsingijist the MAP rsthodh souldresidoint war e
will be used that order f)élﬁéiosi Orﬂéerﬁéth% f@r %t@ﬁﬁ B4R i dfa z(l}re} gIGiﬁ?e%% e that
test job repeat d.I%/P urd r od uct| Ogsemcon duct evices. A likely
use woul d be £y g"em@# %BISFIFS‘PS“P igye the bengfits of each.
In addition to store and retrieve functions, data manager 316 contains other-
25  methods to perform the required data management functions. One of the additional
functions is a SELECT DEFAULT function. As described above, there can be multiple
. sets of data for a specific class of data. For example, there can be multiple pin maps in
one test job. The SELECT DEFAULT method indicates which set of data is to be used as
- adefault. For example, if a test job has two pin maps, PIN MAP1 and PIN MAP2, PIN
3 0 +.: MAP1 might be set to the default. Any use of a retrieve function to retrieve pin map data
* . . would get the data from PIN MAP1 unless PIN MAP2 were expressly indicated when the
- b retrigve operation was performed.
3 Liugwr - A SELECT ACTIVE method might also be included in data manager 316. That
- method would be similar to the SELECT DEFAULT, but would specify the container that
would be used.
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tenplates 320, if required. It is intended that a very small nunber of test

t enpl at es cap st many ki nds of devices. Therefore, edi t
tenpl ates |s 7lgfy to be required. The next step that a i&@@ﬁg%leltrs?’;f a

sem conduct or test device m ght take would be to enploy the device data
and fl ow devel opnent tools 310 FIG 3). These tools are 35 accessed by

openi ng an Excel A@c;thaq%héd)thatMn&wﬁblhasqdemacaeaumfrm@sy&ﬂm%

-26 - U89 /11557 Speci . e t ool ent
ro spread sHeESAHRGYe, Sp8 TBRER AL it MRerel Coptingry (s Hata Tof £ 5t kiR FGES oy
wi zards m ghparﬁﬁlﬁrdébﬁd elt rhightsel désirdbleduringrdevdlommei ofbme;dbpomtween tests

compl ot ed o oty K e SRR of Bt Bt he 0l TRBEEACE RE 1

be det ectsed zlhd/smnelsetcdfddta tb e reglaced &y angther, Rorpxan;ule,rﬁmusene@utﬁdzedﬁvme dat a
val ues for

I nput woul dayxﬂgiai:s iééagrl:ﬁh%#roéi}?&tpggr&ggggg@g%%@ Qtest Obsal nagvertenﬁ]y

| ef t owith e pimmap idatarsheet nightautamasicallyccaili BbAGEth;b@rmw@dhator a
oded such | ape dua s used wher) o RefRo8 UEAeRRRLNA pellg QuBRMMY % or
changed and %“@@@’E‘eﬂﬁ#tﬁé%?}@ﬂgedvg}el%éﬁrﬁm iw\ﬁadwammt & user
fromt hqocusémaweﬁuedpansem a user input. Once the data is entered, a user
woul d select a "c i.on r.ef.er

conpile option i sRs : "{arflggpqdr%ﬂ?etdﬁg@ﬂ r@gﬁmﬂw ﬁggﬂﬁegﬁgahﬁm%?ﬁm

t he flow datdevideatriversB28. Asrhas beencdemrmndtdat@magen‘smmsmﬁaﬂy)keepmabmef 314
to construct oy Elhgé

wi thin the dgllt? éiatr?’atﬂélthg? 8%%&#8}”{@9&&?%%%?& ?{‘Sﬁ}“}l at fc% 51&'@[1 vvork
book to the Withi theyBxggbworkbook are reflected mﬁhqmamebbm%t md,- t he

test engisneeys tw&atﬂ “&thmh@a&h Mﬁ@r@i&ﬁﬁ@ﬂ it within the %ﬂmk NOREPEIGAPEr am
Possi bly the e?:gl neer e to,tester

Al't er nati vel JFethPA & negds %.%@P T#gm avqrﬁeaqgsg?"ﬂ%aataquﬁgh%

si mul at'or. Acontainers i thel Bwamlanageraths @htamgwmghtazﬂlttlmkEBLlﬁA’m awtlode

The cngroar e gnfiy REFLGATE frofh g 1 s & prcoE RRNREL gl Be chren qip b from

t hr ough 't he data manpgeggiérﬁl‘hméata tinte il mmpm Bxnebspeeadmbecti whxche

-O

prograngg t h@au@é!ﬂh@ﬁ%el mxﬁﬁbnsea‘ikécdt ththew @%&ﬂme atiPg4se the
t est terrplates are witten in Vi sua aSIC I'S an- nterpreted
| anguage, t hEeRAGATEB thehpagadata. e?heec&heﬂmmmwd smtﬁ@atwaﬁéﬁ B IS ng

the 25" teste Iaﬁ&i in the data manager. A¥dsefefiplatesahat peifbain bpérhtiGiRghftRBingdithert need

to change so t in _one of .t ev at ruct ur The
test ongi noclRASFH S8 Saa g u8e i EHRNICATE SHRBS y7En ey veve bomitied o
shown in FI csxecuaom The validation process would then be run again. As
part of o the validation process, the REPLACE tool is run automatically.
Aut omat i cal | E usi ng the 3 0 REPLACE t ool ensures that data manager 316
provi des up ta.
" The structure of the software for controlling tester 112 has been described. Many
& uses of the software could be possible. One likely use is that the software will be used
-first to develop a test job and then to execute that test job repeatedly during production of
- 3083 semiconductor devices. A likely use would be that a device engineer would first edit test
o "+ templates 320, if required. It is intended that a very small number of test templates can
-4 test many kinds of devices. Therefore, editing of test templates is unlikely to be required.
- #0380 The next step that a developer of a semiconductor test device might take would be
J&i’i toeinploy the device data and flow development tools 310 (FIG. 3). These tools are
-35  accessed by opening an Exce] workbook for the specific device being developed.
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If, as part of debugging, the test engi neer changes the programflow, the

flow . V\ﬁ ;8 e to be reconpiled such that a new job fl & ki €
coul d be bui tﬂlsk)ﬁﬁ Once the required changes are made to t%hge%/%e
date, test tenplates or device flows the test job could then be run

again. The tine required to nake the changes to the 35 test programcan be

very short. |gpd ket tovld repiesdnt e, spedad e hatare A¢pioted & FIGIT®! throu:
27 §CT; / US98 11§ P B gh
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the compui@eri gsithediRl ko gt ation be physically separate fromthe tester body.
It mght, for- exanpl e, be built into the tester bod

: . O her
configurations ar eThogRgingepmi P%ﬁﬁ‘?‘&g_mg t_°°15 as d§5§8 3boye ﬁf%tenghreu@ thgi n
fr almé gnd . a. t pfgrdigads tHECtlést (;m i?é&@&te@fs ei'ﬂl?tﬁnltﬁyﬁﬂbfgt@ﬁs. tlfefbﬁghe&txﬁgfht é’clﬁt the f
cou e in ope, or ver, i Tferent ckages... . < . . Exanpl es o
speci T1c dat araHpRiRR Eibuts trivtt tBlales AFwrtten o Viru) Paslt: veHighY &
wi th a speci f interpretdddanguge; thechangeswould telecdffecimmediately; without gecompiling the ¢
type of o5 ipkpipetion about an itemor step in the flow Depending on the
types that are t0 be run, the hardware of the tester or |
requi rements of -a Adieimatively thetestenginger might Raerte change sppp akthe datagn ong pf the
I n}‘ ormation t Gédicerdata Stifchiies dThe tet @R Piner Wi hébebithe dhta ehdifh tHYipfead shédtsS
cotums . screens shown in FIGs. 4-11. The validation process would then be run again. As part of
.1,. the validation process, the REPLACE tool is run automatically. Automatically using the
30 REPLACE tool ensures that data manager 316 provides up to date data.
v 4wy U, @s part of debugging, the test engineer changes the program flow, the flow
+ 3, Would have to be recompiled such that a new job flow structure could be built.
w.m% .. Once the required changes are made to the device date, test templates or device
:,.~ flows, the test job could then be run again. The time required to make the changes to the

_' 35?%.?.,;,\,3,.:;@;%' program can be very short. In some prior art systems, any changes, even very small
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coul d be avai | abl e. One possibility irs to have a super set of possi bl e

col ums for r%’ {82 of spread sheet. A user could then ' }ﬁ: "
col umns wer e"Op6®nt to the particular job. A Wzard could be provi ed to
gui de a programmer through the selection process. A Wzard is a nmacro

that pronpts a user to make choices. Those colums in the super set 35

whi ch wer e Nfyo5qhatd Rk 168 redbirsibsipletd rdcoRfyihdidt! AY a REGIE Sy CRMgH gk t

entirely fr
PCT/ US98/ 1 155w to an hour. Withdhe pventionsehangesdp teraplatgs e nefrrequirs any recomapilation.

di spl ayed. és fohRivicsRER requiRs Mat Bity thdhanged datdbeSloRd&T 10U ﬂiaen

ei ther be ignore |ve default rlbed
fl ow control B8 ‘é"g %& oeich 4#?‘%‘?1“3@ Begause fh"'lcé’“%vlﬁﬁ%?"yg
bel i eved lshatwﬁtthequ hﬁdﬁammmhedats,ut can'Beperfothetkih W nidtwet ofsezunds. BaSI c,

Commercial Iy avai 15 SPEREdelowRRl satas, e frt cheliitn vl paniely Reppgt te
recogni zed t habeess obcipngingdhef testjols umtil tied tesiéh perfoarms eeexpieeted. Once completed, i f
written in Chp, tééxgobtvl/ dﬁ@&aﬁ&érf‘édfta wé’%‘{f’ﬁ ﬁkb‘?m?f r@&%n%h QXYtIHEtt?e :M.”F:Jt

using the program1s slo | nstances
be pref er abl edeviseidatacang|flow developmentrfopls resaot nops: ele |acomstorp intarfce/iss ual

Basi c or 30t hedev%?éd) PRSI infiiac S PRIAIS ohl§ Me ééatrolsln%edartbreﬁtﬁehester to
comercially avai descri bed

ead eet
i n conj unct i JRShA RAKE ‘ﬂdés i ays PRYtDasie SQWEE’H?WH%HWP\?{%W@mW that testing
control | ing sispfsiressing. mhatguae&mr Carshev@ine and klore mAcH édta, hiedy liklk of it ihas

there are endiBiROS hsoperRtinfih Brobfiion dborelelf = °° POSTer 112 ar the

sane tine. |n thi sWheredhe softwase issmplemegted using ExoeloVissal Basic'pragrempiings i n 15

each sit et SRIEL L SUTB Y f one
site . 1% dlaﬁ%lﬁgé%?ﬁaﬂelé}?%tr %%baﬁ?érené}ﬁgr oces(g?i?l1 w;n ght hkelquwggndthgn

that site. Thigtcafes are afqopiiol to start tegting; fatop @FW% aydisp %ﬂd’éﬁt@é the awmber ed
to run tests gndetidesitiidt Bave ol Sertain tkagieousl! y. However, if any site

failed, that gite ul.d be tested separately. To performthis function,
step 1326 mﬁ@b@&w&&&ﬁ to track the state of the sites separately. Step
1328 could -t hen 2 Havinpdeseiibeth @@ etbodinieat; hutnergub altarnativerenbadiments ar,
dependi ng 0N c d
some tesd n YRR mieiEp AAE o exdififie, i oot is ekitbed iR 25nclon i) £2,
the test systt@pﬁptm %@ﬂy@@dmpmte@gmpmn@mdswork station. Qilnnptanccss;mmbate

m ght be enplam%dmb@ceﬁ%mhc stdtivhy b'é%bﬁ}'m y 5&fardté ﬁaﬁﬁﬁe felstef Bbdy. bu.@%ﬁ

ot her devi ces. | een descr] be g:t a ihe use

_ t °h
of a commerci %?‘IaF’Pleap%tPWgB’l“@ té‘p?”é‘&ﬂ"" y. Others‘}? ggurﬁ?@ﬁraﬁﬁmlﬁ?r oreggmple,
software to ceonietete® HaeSh najiskans ind Hiestdichd: KFor putpdsessithiddnvention, the tester

another 25 ColyEfs e of AT RN okaB”*H o 14 shows & tool that fs
primarily intendedExamgies afsperific data and:fiova shietsugve becargitens iBach ooy wabighayn a
data input s %ﬁﬁ B sheétiftd Yakfiber SPEISRAE With! edch column containing a specific type of
¥ information about an item or step in the flow. Depending on the types that are to be run,

o ' the hardware of the tester or requirements of a device to be tested, the number and kinds

30 of information that are included in each row could be different. More or less columns
' could be available. One possibility is to have a super set of possible columns for each type
* of spread sheet. A user could then pick which columns were important to the particular
ot Job "A Wizard could be provided to guide a programmer through the selection process. A
“Wizérd is a macro that prompts a user to make choices. Those columnns in the super set

%"Which were not selected for display on a particular screen could be omitted entirely from

—...u
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3 I npl emented as a di al og box using Visual Basic rather than as a spread

sheet. The articular exanple of FIG 14 relates to t
setup of a g’ﬂ-?&(%l%i n 124 (FIG 1). The di al og box contai ns9 se&ZraI
fields into which data can be entered. The data represents val ues

that are passed to the hardware in the tester. Wien this dialog box is

EZFFS Icltew ce I’Isg §§%§o§'ﬂ§ulﬁ%§ﬁé g%g‘bg@o?%m%ster g%/\s/g%é%t%g

- 29 - M@gg@;xgnored 01' given defauliyalyast her exarrpl e of a
possi bl e vari at ' Onweime%mmwebn&mdfa#&resw WﬁﬁénmC-H- Rr@e;wp
m ght be ot he tha &e(‘i:_\l+ or ve Il ons of Excel o e‘g‘é B‘gg

m ght be tQ FRECRISIRPIE QfC & uls ?,’

i npl enent ez WB @m&ig la&ilagathatlspaxtaffﬁm?Emellbé abhhblerspmd shdsetet
program sol d

t hr ough t he ugé)%qxﬁ%%etve@??%ﬁ{?cgg%%ﬁ&ouﬁgw ﬁ &5‘3} ’&9?‘%‘%? ay

controls. V\hefastm lift virgititen indUvst, she timiom&rfacmgltmﬂbhbmaanﬂ flow ldp:a it udingghery

CEn g o1 RSP Y B S AR PR 01

1514 are al | P@Fltt‘QiéOﬁWﬁ@ igwlemeataddn ‘\flsgaéBesw oppther macro prgramoyRg m@agnm
and the gwupwmtﬁe&@nﬁ@ W aRble SPRUA\EBEet prdgriinOup di splay 10

control 1510 i s us s,l ngle row ho for Even
Chough t ho o fiups Jestudbedin® @anog.%% 15 B e atrol Polbedt 3l Sron
by any oper at coutrglbg @tesejbb that testsis singletplaﬂ da‘st@r e ﬁkﬂﬁh&fs&ﬁxﬂd&ﬁsﬁi thouddnds

o et T eat U ol 3o T MneptofkBhs S tndy Thett B dndfieh' B X crmhect ol ohes 1o

in cell 1516 kasterd13iat thersame tibke. Inahpeaseaﬂt@mshm groupedimta “sites. €The [ifdig.

ddr ess BhS. AR RE SE{R safbo Yiia an ks 17 o4t ag&?f%ﬁ%ﬁ%"?%qﬁ“ﬁ%%f” "

data bus. Makidpigetsien eorordifferant propessing mighttbe rvqmélqnyhmssm @rneﬁqe,rﬂm@s t he
sof tware easi @bntrol softwhafe 3fFeould b ﬁmcuﬁréd\t@ﬂﬁk té&?oh bluitidd SfeS SiniifaRéously.

Ts oxpanded Homeer fny ste e et shefraa B tsiedsern e”Fy” LD ek
t [

L]L 2 u SX Fﬁgi gat srpd326 adglavtel altereldao track tieasite afthe siieosepaatsly.r Slep 1828 could then
g el 4, SR R o R PR e S

advant age of” passedjpofaied sgrpetest in the tesjobual | y di stinctive. For exanpl e,

fields 1614 and 161§ RPeabeth B&Eﬁﬁéﬁthﬁetﬁ@%%ﬁsﬁlbﬁm&é sem{éBH&ﬁ:'t neits.
different types feature s I n ) nd, 16B

he
i s the navi ga%FBﬁlPIfseg‘t"ﬁeenuglhhb? FF@PI")"’ to gontrobisat Wgteg;sgmrgged ‘f"t’%‘!tmé’f
accessed by seotlegidevigest abs on the bottom of the screen. Fl Gs. 16A and

By cl | oI B8 on t ho thaeiRa. L A et Abkcfieq (AR ob 8 Sfmitialy aplank' sl o
t he screen 3 Gheet grogramenablissthe softwareitg sontool a testsystem to beguickly itnplementedadn a
are useful fominhadhiCean WeakilyithdeRtcbd by a user. FIG. 14 shows an example of another
tool that can be implemented. FIG. 14 shows a tool that is primarily intended to be used
‘as a debug or analysis tool. Here, a data input screen is shown. The screen is
30 . implemented as a dialog box using Visual Basic rather than as a spread sheet. The
ﬁ'éiticular example of FIG. 14 relates to the hardware setup of a single pin 124 (FIG. 1).
The dialog box contains several ficlds into which data can be entered. The data represents
véll_;es that are passed to the hardware in the tester, When this dialog box is used, it
‘bypasses the normal data path through flow control 314 and calls device drivers 328
35  directly to access the tester hardware.

- 29 -



screen. Navigation tool bar contains-tools as mght be found in an Internet
navi gat or . t ool s perform such operations as nove to n or
LRk CatspSisso

go to a pre-s I'ed favorite Anot her advant

Excel "97 is that it is an object griented | anguage. h data, screen
is an obj ect. E&w%lnﬁr@é@mplgaéﬂpaﬁsﬁ&e wtaaoadh@ewmm&salua& speeadshested

- 30 - o gram might’6e 6M§19Mh i Enéel o ver versions oﬂ?idél béher l‘ﬂah tisb3t pickied hiightdr b?
gi ven a ase c i ch _defines erations omon to
any data <Hed k-"f]tlsi‘olr:" \iﬁg&'ﬁﬁpé" ?BFaH%’ﬁ& &fem %‘r‘%‘a ﬁ’ﬁ‘?‘mg?t?ng can
be - cdmﬁmﬂlly avdilakle bpraad sHeetsprogfainwald by Mitrosefs, Severdl additiondli dat e dat a

Sheet s coefusdes Phdibie bronghBRBSGE Bl 67, ShRrARiG TPl 1 1
V\kl'::]ly, ﬁl |t hodxsplh;emtmtqa;mwn miktiplerows of data deswithin the satmrau[sch@énglayeatmd t
E)r O]‘ﬂlgow d:% @Jlﬁps%ﬁ%géﬁ ﬁh@?oﬂl#'ﬁ%mgﬁ‘iéw zf@éh?éa'téﬁ fo'BisplidyAtRhd gfouﬁaﬁfFﬁ?Vl'SCf‘or ata

vari ation WI%MPMS@CPWMHSQ@QE%IW%FE%@W%ﬁ@@@%?@@f‘%ﬁﬁn%
is to havethb&é&@%@ﬂ@@ﬂandaielgﬂaip BRaito b@&ﬁém&élﬁeﬁoﬁﬁf&r:é;\igdﬁﬁé y on rul es

can be spec d data s chec s, enter al i;dation
routi fd !to h%f‘lln géf&‘s 1"’6‘%‘| PRY @rsinele ropy Wﬁ@ﬁie sﬁown ﬁllfet{"@\t)e%ﬂ i G,

ts
m ght be -séthet rove areimiot visible, they would siilhbé aéted apori beanyoperdtionpesforméd! be

limt e'd. Jq‘nnlxéfn'gbéﬁetdgt% e%priyrgi:rtce&gﬂ,ﬁqg.e of the appended cl ai ns.
' ~ Another feature that might be employed through the use of Excel '97 is making
- data look different based on its type. For example, the data in cell 1516 has a different
15 . appearance that the data in cell 1518. That is because the data in cell 1516 has been
o aésigned a type for an address bus and the data in celt 1518 has been assigned a type for a
data bus. Making the different types of data visually distinctive makes the software easier
" to use.
w57 FIGs, 16A and 16B illustrates other enhancements that might be made. Group
20 * “control element 1610 is shown in its expanded state, Thus, there is a list of elements
~shown for the group indicated as “General Info.” In contrast, group control 1612 is
-. shownin its unexpanded state. Thus, no entries are shown for the group *“Digital Setup.”
FIGs. 16A and 16B also emphasize the advantage of making groups appear
. “visually distinctive. For example, fields 1614 and 1616 appear different because they
25  contain data of different types.
Another feature shown in FIGs. 16A and 16B is the navigation feature. In the
o preéeeding examples, tools were accessed by selecting tabs on the bottom of the screen.
FIGs. 16A and 16B demonstrate that the screens can be linked together with “hot links.”
- By clicking on the name of a screen from another screen, a user can change the screen
30 - display. Also, a navigation tool bar contains tools that are useful for finding a desired data
screen. Navigation tool bar contains tools as might be found in an Internet navigator. The
f-’fbéﬁﬁﬁeﬁom such operations as move to prior screen or go to a pre-specified favorite

: " % Another advantage of using Excel "97 is that it is an object oriented languagc
"35 ‘Eachi data screen is an object. Each object, such as a data screen, has a class associated
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- 31 - - What is clained is 1 1.

sem condyc est. system of the type having a body ( 112) hal d| n

el ectroni CW698§71 7 circuitry (120, 122, 124 126, 125?3% 11557
generating and neasuring a plurality of test nals and a

conput er Wishi¢t. sAlhdata sheelsiem begivands brse elass wbmhudnﬁmsﬁh@ pmra@mt @t are 4

el ectroni ﬁxﬁ'nbﬁw hriy/dath Ehet) F&lfbxlﬂﬂﬂlé; errbiChah Bl QA Gh ank ¢
addi tion cont roI I Ialﬂ softvvare corrput er

wor k st ati“?%‘edt"hgeéé-?ﬁ?l%ﬁsi .‘%Be ions, such as v {data-and;sg éﬂ?ﬁ%dﬁtapl urality

o:‘ devi cemdﬁagﬁﬁrwlﬁemgewmhmw all %a’ie Reetspomibe defified as “public meﬁfodﬁf ﬁm od

el ement cgntrol Lin ortio t he tronlc o it thin the body,
¥ OOy IF Ry Al o shése Syl B croviade t ol fotkishtets 6% v e

f urther i thohghi dey aﬂcﬂspecxﬁed Just once. Equally anpootantly, cacti dgvicedata aibflew dptacad

sheet. pro ity of types 11 of
spr ead sh&?gb%%?&hgs%#%k rst portlon of the plurality of types 12
of spread sheeﬁsoﬁ@hﬁmém Prssitle thaoughstho use of ehisat osentadiprograyaming] 3

and a sec {r;bd;%aﬁéoﬂs%hﬂddh &-%ettéffbpé Vghcﬂ%ﬂ §£‘£ﬁ§%fléﬁed

confi ure rmation |n uenci.ng the step orrre
duri r?% t?@tp heckedias itfa entered,, ) ¥alidation rougﬁa tk@gchec S for inconsistent data

pr ogram neaa@eﬁméale;ﬁﬁetsaﬁ t BeQutilltRGaR,vi Ng data fromthe second portion 17

of the plurality o B‘?s of .s rea&h‘g‘ﬁ“@&'@hd@'c ntro.l lﬂ‘Fg&'PP fapygg ig

of atest job
t 0o sel ect eppendedclaiinst he pI urality of program el errents i n an order 20
dictated by data in spread sheets of the second type. .
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1 2. . The test systemof claim I 2 wherei n the coomercially
avai l abl e spread sheet programincludes an | nterat ed

programm ng WOM§EEHE i ntegrated-to re qree Ei{f‘ead sheePCTHSPMIAY 4.
c

program nmeans includes flow control so H in the integrated 5

progranm ng | anguage 1 3. The t gt el laim2, 2
wherein the inte ed Prog& anm ng | anguage is VI SUAL BASI C 1 4, The
rest system of cl wherein the plurality of types of

spread sheets, ar eAcslegﬁuondlmﬂon testsystemafiieotylie havingha Body holding electronic circuitipt a

anotner - Sor ead snibectir b At Rt OtteR SR8 & cbBifef work

-32- "3 statidn pro¥iding contrel infesmatigrstocthe elecirorit piranitry within the body,

wher ei n tjhe comrepgigll &'%@6 I ﬁzﬂﬁﬁfa

6. The4 t est sy{sht%em c‘)%6 Ht@é}sﬁmé@ afifto vag%gtlonaﬁsfy COITpI’tIhénI rlllé a

plural ity of testCOmPRETMORK siation; the conwolling sqftwarp comprising:

representgs a funcgy on Qeérfnﬁfefm QAviilaBlk sPRRId Shadp ﬁfgrﬁrﬂfha gh#ﬂ\ﬁﬂxt 6f'§'peh t
rea eets

\gher ein % spread sheet %asn gehgeﬁég{} tlon. Ofofilggphgmﬁmfmyeﬁy?mre%m

with at lgeast a port | ogheets&onﬁgured to hold data aboutaf dévive unterrtastiang a@écdnﬂws each

i ncludin 7 . ref erence to a [ el e and
8 £ an i na?’é‘sPP&H‘eﬁ I°£ Pt%qr?%iﬁégts Egl%gé’?mg o t he
devi ce urider test if th\ﬁormaﬁoninﬂuencingthestepsperformedduringﬁ@ss&yubmnaest when
perforrraq. i ndi cates agq ,Pwl 7. The test systemof claimb®,
wherein at° st a on of the plurality of rows in a flow
sheet edéh additibhall 9p1ur§1ty of device driver program ¢lgmentgeaach controlling a portion of

the namgpf a flag to g ekRirohR chblitryRAthid e boly;amanced test fails, and -

14 ) program means for receiving data from the second portion of the plurality
" 15 : of types of spread sheets and controlling execution of a test job by
16 -~ - providing data from spread sheets of the first type to selected ones of the
17 : - plurality of program elements in an order dictated by data in spread sheets
18 of the second type.
19
1 2. - The test system of claim 1 wherein the commercially available spread sheet
2 - program includes an integrated programming language integrated to read data
3 from spread sheets and the program means includes flow control software written
4 in the integrated programming language.
1 3 The test system of claim 2 wherein the integrated programming language is Visual
2 Basic.

1 4 The test system of claim 1 wherein the plurality of types of spread sheets are

2 organized into a workbook, with data in one spread sheet within the work book
R being accessible from another spread sheet within the work book.

D
e

1 5. The test system of claim 1 wherein the commercially available spread sheet

2 program is Excel.
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5 a cell representing a Boolean expression that indicates
whet her the referenced test should be

6 >
perforned, t ol.ean expressi offs;
M8 a7

eeh H; en Replaced
i ncluding t of flags incl ygHM KNk rows. 1 8. Pcrq‘ﬁgs'{lggt
’ it il w sheet additionally has
9

a1

systemof claim?7, 2 wh

associated with it neans for entering 3 argunent s that
nodi fy the execution of the test job. 1 The test system of claim
6, 2 wherein each of the rest programel enents conprises a test

tenpl ate &nd6a spridwdey system of claim 1 additionallyicemprising eiplurality ofi tespBrogram of
the pluragity Spreadnshe@hch éfSwiilch fepﬁteaﬁs:s fifhction performed during one §I3QF thehi ch

conprises a plurality of rows, .wWth | eqst., a portion of

plurality3of rows e#doP@8¢ Wherein 3 spreadshestan ther secprd portipn Pééhslepél?féﬁ%mamed

i ncludingg? sheets is a flow shedt WhichicompisdsQ flutabitiofirows) witleat 1843¢ a Yortion of
an identi ier.forvéélelu}‘ﬁﬁt %nstanclia .

- 338 - "tge P Y OLTOWS rac WE’P&’HEE sheet additionally conprising
means foreéspeci f yia)gaseferentetd otestprogiameldfent; and spread sheets
configured to bol d,d ' : .

conbi ned ?\A tht heqpeg{' ﬁ}dgc%g%?ga Wﬁ%@%ﬁq{&e@?ﬁ ?&r@ttgﬁg%&%en%d\%grs %allfrtlhet he
12 8 referencediess, whenperformedyrindjeaten afaleent in the fl ow sheet
conprises the 13 identifier for a test instance. 1

10. The test systemof claim9, 2 . wher ei n. each of }he t.est
t enpl at esli s %ar it t B te5t systempf glann fvderein atjeast Aipagtion of the plurality of rows in a
Itﬁnguage- 2 1 IYow shethéachaafitisidlyamohgdesc! ai m o 2 | wher ei n

€ program neans GgoQpri ses ow._control_.program nmeans
for calli Sllg sel ecta@dgg’rfg'g‘eo‘?f att%g 1 B setbedet Yhen theﬁeéé\i'ence%tm& fadls;
program edenent s ib) acelbrapeesentingen biobead espresdien that mdicates eiheiher the referenced
spread shget in the. seeQniPRl fdrfPmdd, thi'Bodibat KbhdstioRtn $a616% REim3Rp 2R

6 .. .+ names of flags included in other rows.

1  8..:::The test system of claim 7 wherein each flow sheet additionally has associated with
it means for entering arguments that modify the execution of the test job.

w N

9. =zx .The test system of claim 6 wherein each of the test program elements comprises a
: test template and a spread sheet in the second portion of the plurality spread sheets
i - 1s an instance sheet which comprises a plurality of rows, with at least a portion of
the plurality of rows each defining an instance of the test template and including:
a) areference to a test template;
-"1.. b). an identifier for the test instance,
~ '+ ¢ the instance sheet additionally comprising means for specifying selected ones of the
~ spread sheets configured to hold data about a device under test to be combined
with the test template to form the test instance and wherein the reference to a test
a';'i’v‘s program element in the flow sheet comprises the identifier for a test instance.

S WO NV s WP

£1  10. . The test system of claim 9 wherein each of the test templates is written in an
52 interpreted programming language.
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6 sheets, and 7 data retrieval
program neans, called by the dthg@etng@ﬁR@ra&gram 8

SN U AERLREE 11T TTHERR R

sheet s.
34 - 3
1 - 11.  The semiconductor test system of claim 1 wherein the program means comprises:
2 - a) flow control program means for calling selected ones of the device driver
3 " program elements in an order determined by the information in a spread sheet
4 - in the second portion of the plurality of types of spread sheets;
5 b) data retrieval program means, called by the device driver program elements,
s - for returning values determined by information in a spread sheet in first portion
7 ~ of the plurality of types of spread sheets.
8
"% 12. Software for controlling automatic test equipment for testing semiconductor
2 devices comprising: a plurality of data input screens, each of the screens
3 comprising: :
4 Coa) a data cell field having a phirality of data cells organized in rows and
5 -+ columns, each column holding data of a common type, with datacellsina
6 first portion of the screens holding data on a semiconductor device under
-7 test and data cells in a second portion of the screens holding data on the
8 - - flow of test program execution for the semiconductor device under test;
9 . B) - atool bar field, having a plurality of tool icons;
10 c) a tab field, each tab being selectable to access a different data input screen;
11 and '
12 d a menu bar field, having a plurality of menu items thereon, each of the
i3 : menu items being selectable to reveal a plurality of sub-menu items, the
14 sub-menu iterns under at least one of the menu items being selected in
15 response to the selected tab field.

1 13.  The software for controlling automatic test equipment of claim 12 wherein the
‘software is implemented as an application in a commercially available spread sheet
3 . program.-

Jeste o

(M

‘4 14.%%ThHe softiwdre for controlling automatic test equipment of claim 13 wherein the
2 commercially available spread sheet program is Excel
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