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pin electronics. Each -copy of the pin
cs Testexns| fyer BregraEmeblgs Fast! at"ﬁ!ﬁy can ReRFRERcthe

dlfferent tests required. A test "pattern,® consists of a

serles.oizﬁvectors " Each vector spec1f1es_the signals

> applied to the leads of a semiconductor
cest ("DUT"). The vector also specifies the
51gnals that:;re to. be expected from the leads of the DUT.
The test pettern ig stored in memory in the tester and is
ne -vector per cycle. The data values are

that are.to

read out,

he DUT and the responses are compared to the
;_sponses in the wvector.

Iﬁ ahy cycle, the data provided to or read from each
lead of the'DUT might change Thus, the tester must
1ndependent1“}generate and measure signals for each lead of
the DUT. To'io this, the tester has multiple "channels® or
"pin electronlcs * PEach copy of the pin electronics,

usually refefred to as just a "pln" is connected to one
lead of the DUT. Based on information contained in the

“"”1n drives a signal to the lead or measures a
Eiead and compares it to an expected value.

The amount of data needed to spec1fy a test pattern is
very 1arge
each pln M”ltlple bits are needed to convey whether the

_Each vector contains control lnformatlon for

pin is to drlve or to receive data and to descrlbe what
data valuesishould be driven or read. A typlcal tester
might conta1 hundreds of pins, but testers with thousands
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| ead of the DUT:..: Based on information contained in the vect or, each
pin drives a S|gnal to the lead or neasures a 30 signal at the |ead and

conpares it to.an: expect ed val ue. The amount of data needed to
specify awcmw«msttern is very large. Each vector contgiffssmebdpO!
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15 test is run

tester is connected to a workstation.

cludes a mass storage device. Before a

he wﬁrkstation transfers the test pattern

from the ‘mass Storage to the tester. In many instances,

a fage device is stored in a compressed
format. The work statlon decompresses the information
before it 1s sent to the tester. Inside the tester, load

20 control c1rcuitry'loads the test pattern into memory.

 _' £ loading billions of bits of data into

memory canibe veryfslow Load times of fifteen to twenty

minutes axe 10

Long load times are undesirable
because théﬂ s not in use during the load time.
25 Whenever equlpmen an not be used in a manufacturing
process, ' 1t§”otent1ally decreases throughput of the
manufacturlng oper ;1on, which is very undesirable.
Varlou . iques are used to increase the speed of
the loading foées" In general, the speed of the loading
y the rate at which data can be
workstation to the tester. One way
. the rate at which vectors are loaded

lata rate of the connection between the

30 process is'llm te
transferred fro_
which mlght 1n
is to increase’th
workstation "fan th

35 1link mlght be usf
bus. In some- -'?i'ns,""t ice_s, increasing the data rate of the

zhester. For example, a fiber optic
nstead of conventional twisted pair



fromthe mass storage to the tester. In many instances, data in a nmass

st or age deV|ce |s stored.in a conpressed format. The work station
deconpr essgg, Wi ton before it is sent to the tesj mﬁﬁhpe
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norease Lig bRkl GHiGROLRSEONA Rr8nbREHedd overScha hifkegge the data
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is not pe formed by the tester. Rather, compressed data on
the maés storage dev1ce is partially decompressed by the
work statlon ;The resulting data has more bits than are
mass: storage device, but has.fewer bits than
';ll the nonvolatile memory on the tester.

stored ‘on’ tk
15 are neededft_
FIG l‘ﬁliustrates a tester equipped for receiving
partlally decoﬁpressed data which is still compressed with
a method ai_  delta coding. Tester 110 is shown
connected to"_pﬁmlllz ~ Numerous pins 114 are shown.
20 Operatioh of tester 110 is controlled by test control
circuitryfiJ est pattern stored in LVM memory 118 is
t contrdl circuitry 116, which sends the

read by test

approprlat"control signals to each of the pins 114. Test
control - clrc 1try 116 also reports results of the test to

25

Workstat“on 128 is connected to tester 110.
Workstatlo_

128_prov1des an operator interface and controls
the 1oad1ng ofithe test pattern into tester 110.

Workstatlo'ﬁlzs has ‘associated with it mass" ‘storage device
30 130, whlch 'toree the test pattern.
To loa_ a 'est pattern, workstation 128 reads the test
pattern from i s storage device 130. Workstation 128
partially: decomhresses the information, 1eav1ng it in its
delta coded_form Workstatlon 128 then sends data about
35 each vector?t fbe stored in LVM 118. However, the data
sent from workz atlon 128 to tester 110: for 'each vector




link alone will not increase the |oading speed. If there s a
bottleneck in the workstation, either in retrieving data froma mass
storage device. or- “processing t he data, the speed of the workstation
wi || al sowesreissrs-be increased to 5 have an inpact on thepdRashriobdse.

An alternative way to increase the speed is to reduce t he amount of
I nforma n r b p. lally conpressed
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sends tHely a aﬂﬁgnzarpahe conktel isi gnal suér ge&kp%oﬁ headd 3)%::114 Test
control_circuitry:116.also reports results of t st.to 2 wor kst ati on

128,  These gL@uRS, iLiBW 39 PLncHRNBE RACEESEAART AkKPW AV kst at i on
128 propatlesranoﬁpvazmes ‘tot bef apecafiledontrol s “the | oadi ng of the test
pattern intog rkst 2 S.as e it mass
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deyisce \}gﬁuesvﬁigﬁﬁaheéﬂ €38be sent to tester 110 in order to

20

Various mess _es ‘are sent by workstation 128 to indicate
what data 15
The messages in _ude a pJ.n lndex, indicating wh:Lch pins

) 'e___wrltten into each of these locations.

25 should rece:.ve the ‘data in that message.
Once a'-"vec or'ls written to LVM 118, the value of that
: conta:.ned in CDL latch 122. The messages
specifying the next vector specify which locatz.ons in the
CDL latch 122 should be changed and the new values for
30 these locations '

vector is s

: Once these locations are changed CDL

latch 122 conta:.ns the value of the next vector.

Load contr ircuitry 126 receives the messages from

workstatlon_,___ 12-§ S‘ad control circuitry 126

data portioh.__? oi_:'_

£ CDL 122.
35 The pin index pértion of the message is provided to pin

message to the data inpu

index key, __O__If__""'___QP_:I:'K,: » 124. PIK 124 is a memory used as a




partially deconpresses the information, leaving it inits delta coded
form Wrkstation 128 then sends data about 35 each vector to be stored

in LVM 1184y lboMgMer + ~the data sent fromworkstation 128 ltcol‘/ﬁfﬁfo%llo

for each vector . . - 3-
97/ 44678 PCT/ US97/ 09050 cont ai ns
i nf or mat 2RIy - abbae PEROPY nds wheadedrwith infeymatinn tindicacing

prteVI ous mem@rpm% have baenrfggsg?éaetb@dcﬁlﬁﬁs,gfdswpplt rlsmrfz@rgam zed
into oups .and.contr informatio up at_a finme is
transn1tté&FpVH%a?I?°nFﬁ%f bﬁ$s£%F nhe ?%%tf d@h Iy 122 Wﬁ#ﬁhthai

of ten recenallésetsaveloeatioh fof osvering data. Thad, oD r1B2 i m(‘jor mat i OR
for | ti NSy ga o] t S smtted over the
| i nk Det we &l:g Qé End’ éa{g%t?%ngég%d%% ?%%%?iﬁio'g%n%éé }55 groups contain
10 only ess¢©gabe@|m1thTﬁbeepis ndexubh gheupessageach pin. These
groups a"0“/a@MepHHtEOBEEtESEGéEeghénﬂeéség&/ﬁﬂ&ht inCBLde D QinyPdues to

be specifjed cause there m e severa pins or groups of

pi ns datR vRivper fﬁﬂmo st%e%%\xet‘mm Hasn beprovwided e CBL val ues
n ght neelR2ofbe &&ch pint£at he 1gHoup. orzdemessage with|shepagdy the

d'ffiben953t£e£¥§e§vg v 3%8t25 aqgré&p is called a "group same”
message. Slgnallng bits in the message 1nd;cate that it is
a group same message and specify whlch grouvp of pins is to
receive the data value.

An alternative form of coding has been suggested. The

15 data portion-of the message might include one value for
every p1n ln the group. Such a message is called a *"group
dlfferent" message Signaling bits in the message indicate
that it Ls-grqup different message and specify which group
of pins is‘tofteceive one of the data values in the

20 message.

A hybrid approach might also be used. The message
might include some control bits that are common to all of
the pins in-a group and control bits that differ. Load

control 126 constructs the appropriate control value for

25 each pin in the group and sends those values to CDL 122.
Such a messege,ls called a "group numeric" message and is
indicated by signaling bits in the message. N

Writing one vector into LVM 118 typically requires a
series offmeSseges. Workstation_128 sends-messages until

30 CDL 122 stores the required data for every pin. At that
point, workstation 128 sends another message indicating
that the data transfer is complete. Load cdhtrol circuitry -
126 then transﬁers the information in CDL legch 122 to LVM
memory 118. The:process then repeats untilééll of the

35 vectors in the pattern have been transferred to LVM memory
118. '



next. In the |oad process, data for one vector to be stored in LVM

menory 118 is built .up in CDL latch 122. Once the data for one vector
is built up in CDL latch 122, it is 20 transferred to the next location in
LVM rrermrqumatlms .. CDL latch 122 contains a | ocati on POT/USSRO90%0 N.
Various nessages ‘are sent by workstation 128 to indicate what data is

to be wittenmdlos _&fsé&@éﬁcé%ﬁtm&geages toT*a& RS e éhc%&ude apin

i ndex, indicatin shoul d recel ve the at _nessage.

onee s RN THETrE L A MetArined i GEVancenes Dart, 63 6he o oli |

cont ai nesrddedsDikndue hasl 22orfhiel ARF'S agRs vect D Elilly isterede inemhsKect or .
specify i.ch | ogation t he CDL | atch 122 shoul d be changed, and the
new val lf\g] Pxe Vjt%ee?éjq]ocat i ons. Once these | ocations are changed, CDL

| at ch 122 cdresm:ens 111@ alsocintludes reexsepnears oy memory, SVM memdryontr ol
ci v ou E(ﬁ;ﬁ"iég S8 RS 0P [ st i¥eI0E By €8 pabBl rn
i nput mbl@zexe;gxtxpgb qff VeGHRSS poBacVss testerssyegaire provided to
pin 1&ﬁ@ﬂ?¥nﬁ6&htcﬁf H%g? ‘spet méﬁd%15%4'i% %xﬂﬂﬂp&%a%ﬁﬁﬁ'as a
PgT/USQﬁWRﬁﬂﬁive toELave afi of the vector memory to be random
10 access memory Rather, LVM memory 118, which represents
most of the memory, is sequential access memory.
Sequent1a1 access ‘memory is memory that has a shorter
access tlme_when.addresses within the memory are addressed
in seQuenceNQather than when they are accessed in a random
15 order. gﬁ_ | ;
SVM ﬁemdry-Izo is random access memory. However, it
is much smaller than LVM memory 118. LVM memory 118
typically;eﬁore5~eround 16M vectors. SVM memory 120 _
typically'sto}ee:around 1K vectors. Therefore, the higher
20 cost does ﬁot‘significantly impact the overall cost of the
tester. o
Those?pOrtions of a test pattern which can be executed
sequentially:are stored in LVM memorj 118. Those portions
of the teSt'paétefn which require non-sequential execution,
25 such as branches, jumps and subroutines,” are stored in SVM
memory 120. Wheneve* a nonsequential portlon of the test
pattern is. to be executed test control c1rcu1t 116 pauses
retrieving: vectors from LVM 118 and begins retr1ev1ng
vectors from_SVM.lzo. When the non-sequentlal portion of
30 the test pattern has been executed, test control circuit
116 resumes retrieving vectors from LVM 118.
sSvM memory 120 is not loaded through load control
circuit 126. - Rather, the vectors to be stored in SVM 120
are stored in LVM ‘118. BRefore, or even durlng, execution
35 of a test sequence, vectors are transferred f;om LVM 118 to
SVM 120. / |



decoder. The nenory is |oaded with inf ormation i nd| cating whi ch pins

have been assigned to each pin group. Pt §§éﬂ gk a control line
for each | Ok N CDL 122 which LQE ocalon ﬁg_,ﬂ,r g
dat a. Thusw 19‘{12535 5 stores the datajlin_ e g bet-eryi ng ,{&:,? alr)%up
associated with the pin index in the nessage. The data portion of

t he message ni ghtterpative stethpimues fomt Foading vequnss dinte vehtele woul d

then be prudulad 110 Gdve bedrididdd. e%& F&:Ehrhﬂé hq_tgrltglrbossﬁgfésage with
the same 1Q data for: ever pinin a group Is called K: qurougoosarre

message. HnAHSMNE st? (PRERIRS (e kRt AMaR rmat iR oup
sanme Nessagminskisyse f‘qmyww&l‘ksﬁanﬂbmfarm Nche tdster careds weddrediat a

val ue. £ fa s, been..su ed. The 15
dat a p%rt |b(¥n ozfa"f%éﬁlh% é%a‘téﬁ %41%{% %%‘%eg‘l ue sn_%gl ‘%Fer’gf Btnin’
t he group.seqmericen oﬁassaﬂgaes sfanldreal win "while a veaj:td‘n‘ erserarie nesslamge.
Si gnal i ng %ixt SIN 6{:\% ?ﬁgée i ndi cate that it is group different

y grou

message and specl f of- pins is to receive one of the data
val ues in the mwmgag%egard ess of\ ¥herlerAing kesmigee. s ovarldised.

The messag@e highliydes¥dBIe &0 Fediitl e Hdal had G B tH al | of

t he p%]s in a roup nd contr o) ﬁ?lts that differ. Load control 126
constt¥ct % e PRFARE - val ue for 25 each pin in the group and
sends those values to CDL 122. Such a nessage is called a "group
numeri c" message and is indicated by signaling bits in the nessage.
Witing one vector into LVM 118 -typically requires a series of
nmessages. Workstation 128 sends nmessages until 30 CDL 122 stores the
required data for every pin. ‘At that poi nt, -workstation 128 sends .
anot her nessage indicating that the data transfer is conplete. Load .
control circuitry 126 then transfers the information in CDL |atch 122
to LVM '

T



menory 118. The process then repeats until all of the 35 vectors in the

pattern have been transferred to LVM rrem)ry 118.
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PCT/ USQ?/%Q@EI@“’B ' . The requi red sequence of nessagePATAISMHNS0 ONe
vect or into LVM nenory 118 is deternmined in advance as part of the

process known as: "conpili BgimiRe ¥PCERE filEwsi@ged in mass storage
devi ce 130. ='Tester 11 al.so i nc] udes a separate nmenpry, SVM

menory Q@.th §&m } rpvad, 1%, ingn  d& Ao 2RaPPIBCKave
f1 exi bl efemewmrmemﬁoxﬁﬂiw&teducaectwt:.inesh:eq&lﬁ:edutbelaad a tasge anount

of high ul d expensive to have all of the

vect or %%%%%r{qq%re g‘ﬁdw Cfb?s ﬁéﬁﬁr’y Rat her, LVM nenory 118,

whi dh represditt &is alsman o] ecite teeporovides ﬁge:qaeduneld dcedstimenory.

Sequent wme%eee wr»g 's?.g?ﬁ’f?.@égtthﬁhd *oBainBblBlare 1CEASS 1} Me when

addresses w thin-t'he nenory are addresse I n sequence rather than when
t hey ar é'-eﬁé'@é'ssed |n a random 15 order. SVM nenory 120 is random

access nenoryrhe v _':.ng fand otherMéb3 ctFR el Hedieldd Apmary 118. LWM
Tenory %ester hav1ng a load control which keeps a vector cache.
10 For each new vector loaded into memory, one of the vectors
in the cache 1s selected as the starting point
leferences between the selected vector and the desired
vector are transmitted to the load control circuit, which
constructs a new vector That vector is'loaded into memory
15 in the tester.__ ‘ '

In one embodlment, each new vector is also loaded into
the cache.; In an alternatlve embodiment, only
predetermlned new vectors are loaded into the cache.

In a preferred embodlment, the vector cache is

20 1mp1emented u31ng memory already present in the tester for
random access of test vectors durlng test execution.




typically stores around 16M vectors. SVM nenory 120 typically stores
around 1K vectors. Therefore, the higher 20 cost does not significantly

I mpact t hew@yei@kts cost of the tester. Those pochineagosdse 2
test pattern which can be executed sequentially are stored in LVM

menory 118. Those porL}L t est . _pat l.ch require

non- sequenti al executibﬁ?g§5DE§Eg%PQESHrQﬁcﬂgg,bﬁéﬂﬁgegnd subroutines, are
stored in SVM The imwenyidBOwillhbeebettarnundegsépbidabypeefesencé t he test
pattern i t S evi ng
vectors ?on?f%Nf%?gswiggb%L?%sd§g§?i§§ ﬁéggyibt%égoggaf%éﬁ?@ﬁﬁ#gééb When
t he non- s@a@@hﬂgalleWhiﬁh of 30 the test pattern has been executed, test
contregl circuifrg. 1118 seﬁagmsléat ébﬁémaa;&easagiaﬁr en av&;ag art

SVM nenory 120 is not | oade thr h | o gﬁgontr gircuit 126.

Rat her, the vectors §Hhé& 1§%w vectox, doadingy CixcuiEYis.

Bef ore, or eveRIQur2nds axeitupmﬁlaa sohematget diaguamces weebkges are

Eg?nsferred from LVi 1%8 t%ccord%XM 2 the invention showing

1mproved vector loading circulpry, ' .

10 FIG. 3 is a diagram showing a stream.of messages used
for transmitting a vector between the workstation
and the tester of FIG. 2;
FIG. 4 is a flow chart showing the compilation process
for a test pattern ﬁsed.in conjunction with the
15 invention; and
FIG. 5 is a flow chart showing an alternative
embodiment of the compilation process.



Al'ternative techniques for |oading vectors into the tester 110 have been
used. For exanple, it is possible that for sone test patterns the
total ampunt of information sent bet ween the workstation and the
tester ca$OEM€Buced by transnitting the data by "pin- PCHUSBO050Th| s
technique is disclosed in European Patent Application no. 0 474 275, which
5 discloses a tcBESCRIPEIONV OF PHEI PREFERREDREMBODIMENTe. Whereas a vector,

o valvea forPiSE 3, shoh8’a Mdsle ' Ifo Pl RSB ik GRI0E 9363 00 "0
t echni q@rqq1WI£2%@mmmm@ rhig elnvention. remﬁrs@etrhélooual |l oad tine -
to the grieatlst @d‘tt?égt&sﬁd)lc?f ‘the prior art. It is connected to
5 workstatlon 128, whlch retrieves a test pattern from mass
storage.130 The test pattern is loaded 1nto LVM memory
118. ‘ _ S
The tester has pln circuitry 114 for numerous
channels. A typical number of channels is between 256 and
10 1,024. Test control circuitry 116 retrleves ‘vectors from
LVM memory 118 and_SVM memory 120 and, in aqcordance with
the information in those vectors, generates appropriate
signals to pin circuitry 114.
Tester 210 differs from prior art tester 110 in that
15 load control circuitry 226 has been enhanced to use SVM
memory 120 as a vector cache during loading. The vector
cache stores several vectors previously loaded into LVM
memory 118. When a new vector is to be transferred to LVM
memory 118, one of the vectors in the cache is loaded into
20 CDL latch 122. 'The{most similar vector in the cache is
selected for loading into_CDL latch 122.
Instructions are required to be sent by workstation
128 to loaa control circuit 226 to specify which of the
vectors in the cache should be transferred to CDL latch
25 122. However, we have discovered that the total amount of
information which needs to be transmitted by workstation
128 is actdally reduced through the use of a vector cache.
The savings comes about because, on average, one of the
vectors in the cadhe w111 bée more similar to the word that
30 needs to be written- 1nto LVM memory 118 than the prior
vector in CDL latch 122. Because delta codlng is used to
specify the vector, fewer differences requlre less
information to be transmitted. . t
The number of vectors stored in the veetbr cache
35 influences the amount of information which mpet be
transmitted to specify a new vector. Largeriéaches require

- 10 -
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PCT/ US97/ 09050 SUMVARY OF THE | NVENTI ON
Wth the foieapisps background in mind, it is an object of prSsdrp¥ggt | on
to reduce the tinme required to |oad a test pattern into the nenory of a

tester. ; s,al so ect to provjde for reduced |oad tine
wi t hout r%%%?r?ﬂﬁ°§?@ﬁ+??cﬁﬂ?gﬁ ¥ thgrﬂaﬁiﬁ taadpBg @ tegkier.
The foregeatgenid oibchavdj disSoaeeedchhaved tache of &S8Sfew havisy a

| oad CO”trQétﬁ@éCQaKGSEanﬁfXS&AQiycéécrease load time. Larger
caches Qrov;de.better load times. _
5 Hoﬁever, the size of the cache also influences the
amount of time it takes to compile a'testipattern When a
" cache is used, it is necessary, when the pattern is being
complled to determlne which of the vectors in the cache
should be loaded 1nto CDL latch 122. ThlS determlnatlon
10 requires that each vector to be loaded muét be compared to
each vector whlqh will be in the cache;at,the time that
vector is loaded. We have found that .a yeétor cache larger
than 1;024 vectors leads to cqmpilationé_which are very
long. Further, for larger caches,:mbre-bits of
15 information must be sent by workstation 128 to spec1fy
vector. In general, the data 11nk between.workstatlon 128
and load control circuit 226 is a data bus which handles
fixed length words. If the number of bits needed to
20 specify a vector in the cache increases to more than can
fit in a word, an extra word is required to descrlbe a
vector. Thus, 1ncreas1ng the cache too much mlght actually
decrease the transfer rate.
Preferably,_the cache will hold between 16 and 1,024
25 vectors. 1In a preferred embodiment, the cache holds 1,024
vectors. '
In the preferred embodiment shown in FIG. 2, the cache
is implemented using SVM memory 120. As in the prior art
SVM memory 120 is random access memory with 1,024
30 locations{ Thus, the cache fits within SVM memory 120 and
does not reguire that additional memory be added to tester
210. The cache can’ therefore be s1mply 1mp1emented by
adding a few control functions to load control circuitry
226. _ . o
35 | In particular, tester 210 includes, a data path from
the output of SVM memory 120 to the data 1nput of CDL latch

- 11 -



10 For each new vector |oaded into nenory, one of the vectors in the

cache is selected as the starting point. D fferences between the

sel ected vector and the desired vector are transmtted to the | oad
control owooaMKEg78whi ch constructs a new vector. That veelies97050d00aded
into nmenory 15 in the tester. In one enbodi nent, each new vector
is al soqleaded | s way hea Q?{Jkeo (# eﬂ'ﬂéatéac% enbodfbgent only
predetern1ned new vectors are [oade e cache. In a

pr ef er r d@3&ash dinfh tCPL Heatdr 112 -cadﬁe;qcs tmse addyiesse inpitution§VNenor y
al r eady p2i@3811120" ddif & Yetleddled by RN ASATite oAb BECIOrs during -
test exec%%d%%ry 250 as well as by test control c1rcu1try 116. |
5 During vector loadlng when SVM memory 120 is used to
1mplement a cache,_the addresses come from .cache read/write
control 250. During a test, the address inputs to SVM 120
come from;test control circuitry 116.
In addition, the output of CDL latch 122 must be
10 routed to ‘the data input of SVM memory 120 in addition to
the data input of LVM memory 118. Thisfcénnegtion allows
vectors to be stored in the cache.
Iniéssence; the preferred embodiment of the
invention makes use of SVM memory 120 in different ways at
15 different iimes. It is used as a cache during vector
loading prior to test execution. During test execution, it
is used to;executéénon-sequential vectors. Various circuit
techniquesicould_bé used to allow a memory to be used for
different functions at different times. For example, if
20 the data iﬁputs ahdﬂbutputs are connected to a bus, the bus
can be routed to the different circuits that need to use
the data from theﬁ@émory. Those cémpbnents are controlled
to only reéd data from the bus -at the appropriate times. 2
bus structdre could also be used to allow SVM memory 120 to
25 derive address inputs from different sources at different
times. As én alterhative, a multiplexer can . be used at the
address 1nput to. SVM memory 120 to ensure that an address
is provided from: the correct source.
The operatlon of tester 210 might be better understood
30 by reference to FIG 3, which shows the stream of messages
to load one’ vector 1nto LVM memory 118. Message 310 starts
with a code field 350A. The value in code field 350A
indicates that meséége 310 is the first méssage in the
process of loadlng & vector and that -a vector from SVM
35 should be loaded into CDL latch 122. Load control
circuitry 226 decodés_this message and generates the

- 12 -
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PCT/ US97/ 09050 BRI EF DESCRI PTI ON OF THE DRAW NGS
The invent i‘ggg lshdgbe better understood by reference to tpg ;Ugg.},@%dm
nore detailed description and acconpanyi ng drawi ngs in mhlcﬁ .
FIG 1 is sinplifjed schematjc diagramof a prior art t est
system shmwnw%&mt#%oﬁw%smtqyse a transfgys fron SW

si npl i fi eGheisdO et b aPERMLicH 125! system according to
the invention s i n " . | nprove ector,loading circuitry; 10
FIG 3is a dia%&%%?§%o§}ﬁﬁaa§§%rﬁ%ﬁ?%ggﬂ%ﬁsgb%§p¥% e the address f or
transm tt ol Ghe amatronhecimeziM oy KE2Gitteorncransfer to CDL latth he tester

of FIG 2123 cachd!fBadyiite AALLIRIISE AL Rn O RIGAL PP OCESS
for a test gattern used 1n conjunction wth t o I'nventi on;
and SVM megpoxy k2% f1 ow chart showing an al ternative

enbodi ment of (MEs£aHR 3G | P BWLEEY  contains SVM write address
field 354. Write address field 354 specifies the address
in SVM memory 120 where the prior vectorfis to be stored.
10 When message 310 is received by load cpntiol circuitry 226,
CDL latch 122 contains the vector previouéiy loaded into
LVM memory 118.';This value is transféfred&to the address -
in SVM given by address field 354.
In a preférred'embodiment1 no write address is
15 specified. Rather, the prior vector is stored in the next
address in SVM mémory 120. When the last'address is
reached in SVM memory 120, the next address used is the
first address, writing over the vector préviously stored in
that location. -The next writé address in SVM memory 120
20 can therefore be COﬁputed by cache read/write control 250.
It is not necessary, though, that every vector be
stored in the cache. For example, if the dache stores
1,024 vectors and a particular vector will not be used
before 1,024 other vectors are written to the cache, that
25 wvector will be overwritten in the cache before it is
reused. Therefofe, that vector need not befplaced in the
cache. Write address field 354.might be used to only

indicate whether the vector needs to be stg?ed in the
cache. 1In the piefe;red implementation, the write address
30 field 354 is a Singlé bit. When the bit is set, cache
read/write contrél circuit 250 provides thé1next address in
sequence for SVM memory 120. |
In a prefer%éd embodiment, message 310 is transmitted
over a data'bus-ﬁgvihg both address_and;daﬁg_lines (not
35 shown). The variéus“memory and_regiStéi ié&étions within
tester 100 are aésigﬁed to aadresses on ‘this bus. Though

- 13 -
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DESCRI PTI ON OF THE PREFERRED EMBODI MENT FIG 2 shows a tester 210
i ncorporating inproved | oad circuitry 226 according to the invention.
Tester 2Mo0i9osid678 simlar to tester 110 of the prior art. pdriSoreessgect ed
to 5 workstation 128, which retrieves a test pattern from nmass

st or age . est ' a i atq. LVM. nenor 118.
The tengg'thL%?W%c?rg%%%%éEglziFgg %%ﬁ%r%ﬁglcayaeﬁaﬁnéng £Q typi ca
nunber Sransderels vedueefwornSY¥613Ad a0transfaer fwom S¥Micah circuitry 116

retrieVﬁ&tﬁ%ﬂh?rﬁefﬁ?ﬁﬁcﬁteﬁvﬂ&”ﬁﬂgr¥aiﬁ§ 8AdeRYMLARIBEY 120e8Nds 1N

accordance t e information in those vectors, generates appropriate
signalstps fR-circuitry 114, Tester 210 differs fromprior art

tS estger 110 imltda:ag fild 332 aeedr ﬁbrt]:ChgﬁlthﬁhyFtQZbeéiubﬁeada&EQQCGd to Uf]e
VM ry s a.,vector cache_.during.loadi ng, The_ vector cache
stores §g§g$315§§b?8?§ prByRoHEP eFBﬁGeﬁmkﬂame faghenEﬁ%Pﬁ 8. Wen a
new vecaddriesst fikdd B&dsfier amdoffseVMor relehibve. addresae ohAst he vectors

in the 4.5, 4l [ ; 2 The sSLMlar vector in
t he cacﬁgg?§%b§d ggﬁgg?egkggggfogg%nggggggﬁcﬁft?a$§ﬁ8§§§+ e
| nst r uclPEASigRs ABqSVMememarleldBnt B} REARSt 5O bAeP track €6 | oad control

ci naui t wR3eht asspael hexehiebatiohhecacheVeehaywrifet B8nepse shoul d be
transferred t Sgb | at,.ch ﬁgﬁ_lZZ.. However, we %ﬁyeﬁghscov red that the
total affbBAELS 250 TRIPGARAE BnvhFENPREBUET, o BBt PUMhPRted by
wor kst aaddmess in field 352 is actually specified as an offset

from this pointer. '

Message 312 is sent next. Message 312 is a delta

15 coding message as in the prior art. It contains a code
field 350B containing a value indicating that the nessage
represents changes that should be made to the wvector stored
in CDL latch 122. PIK field 358A indicates which pin group
should be changed. Data field 356A indicates the value to

20 which those pins should be”changed. This message might be
in any one of the prior art message formats.

"Message 314 is similar. It gives values for another
pin group. Any number of delta coding messages are
transmitted in this fashion until the :equired changes to

25 the vector in CDL latch 122 are conveyed.

The final delta coding message 316 containsg a code
field 350D with a value signaling that the message contains
the final change t6 the vector. Upon receipt of message
316, load control circuitry generates control signals to

30 write the vector in CDL latch 122 into the next location in

' LVM memory 118. The transfer of one vector is therefore
complete.

In a preferred embodiment, the code fields 350B, 350C
and 350D are not actually separate from the PIK fields

- 35 358A, 358B and 358C. Rather, certain values in the PIK
fields 358A, 358B and 358C are used to indicate that a data

- 14 -



128 is actually reduced through the use of a vector cache. The savi ngs
cones about because, on average, one of the vectors in the cache wll

be nore si Rjdatuadedst he word that 30 needs to be witten intoPéfﬁ%#ﬁ@mgy
118 than the prlor vector in CDL latch 122. Because delta coding 1s

used to %C|fy the vector, fewer differences require |ess

|nfornat|GﬁaP§ B £PakonPer made. As descyibeqpboVeof theseomessagesd in
t he vect oareachansmiticetl voegea bhe wm_:; %thnhaa&%tsisoanwa%ftaﬁust be

Erigs?1tt31neg sp§%%2¥ggfne§% %%E%rSp%%& v lBAENERe & dsage is
PCT/ US97/ datsaded to mffectnfbindeaiteh 122be Plansmbecatsshithe addieng a

test 5  jRABLR! E e% '3?,‘3% Qbiﬁ%‘i&&e‘i Elfi%%t%sc %C 1eafls S ff"r‘gc Aeptd

vectors can S|gn| decrease %ﬁé es provide
better |o&d2 tFﬁe§VM 313 rathﬂ6m§héﬂ atﬁénsgiﬁuém ac £319ddaBS6C A8l uences
t he agednuisel.tine it takes to conplle a test pattern. Wen a

ot orm newhi oot SRBEROL GLFou] tohe 2R A8 IMPIHBRAPDAn SHed | ni o DL
| at ch 122prefhrxedeEmbmanmbnonuéﬂngrennlbesmbhatag@ﬂhcﬁtﬁb@rsb@cﬁ@:boaded
”“StJR? C?HE%&%Qt%a circuits (ASICS) which have been programmed to
perform the functions described above. Such ASICS
implement a state machine which keeps track of the state of
the load operatiép and generates'the appropriate control
signals based on ﬁhe messages sent by workstation 128.
15 Implementation of a state machine controller using ASICS is
well known in the art.

In a preferred embodlment the wrlte from CDL latch
122 to SVM 120 and the read from SVM 120 happen in the same
clock cycle. These operations are implemented as a *"swap.”

20 However, the timing of the read and write operations is not
essential to the invention. '

To operate the load process as described above, it is
necessary that workstation 128 determine, at the time each
vector is loaded ipto LVM memory 118, what information is

25 stored in the cache. In the preferred embodiment, this
information is determined in advance as part of the
compilation of a test pattern, which is performed by work
station 128 or on some other similar computer. FIG. 4
shows a flow chartféf the portion of the compilation

30 process that determines how each vector is coded.

At step 410, a table is set up in memory that will
hold values emulating the values in the cache as each
vector is loaded.  As the cache contains né values when the
first vector is loaded, it is initialized to be empty. A

35 write pointer. for this table is set to the first location
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each vector which will be in the cache at the tine that vector is

| oaded. W have found that a vector cache |arger than 1,024 vectors

| eads to conpilations which are very | ong. Further, for |arger
caches, nwoeBM#eysof 15 information nust be sent by wor kstatu:'nussﬂﬂmosoo
specify whi ch vector 1n the cache shoul d be used when | oadi ng each
vector. jnl RRERSIAle. ttﬁléjm é h&t%e%]%réég | 0@:::% | oad )
control J“(rzli rcult 226e a.data v??m ch han the %él gr?lphig%ords | f

the nunt® <gchs t@ﬁ’i’e’é’ﬁ‘é&q G%r%"-pé'é-lrﬁ}“é'— \?é@tleIlGn ?he cache i ncreases to
more than camt stépt4iz aodesl fan the rensiyel ve%trcequrreed to describe a

vect or re |n “the . cac ht actual decr ease the'
tragjsqf egep%ﬁfgte'dc h%s refse:regblz\(}z;;%w a(ﬁ’fé’q%sl Ses h%ﬁ& Eéﬁﬁ@en 16 and

1, 05 2%ecteat dns the rt%bppeftmemd iEnno prdoravieetbal de ise24
vectors Lef er G cache

Is inpl g&%?gds&gf%rg}%o%en%m ﬁ?%gen%s@éﬁré}%e%%?w%lsbgﬁls sagbl\ﬁ%em)ry 120
i s randéhlad®es 3 Liedsiey gﬂnerarafe@zuech thea BIEnFieldisus sucheasache fits

Wi thin S¥amamey 33513%0 %j_ﬁéc:.fyl@@e%dMgHWub% tteatmeti@ate' goglymenory be
added to,tester .= _ The ctgihe can therefore be sinply inplemented by

addi ng RiFe® SEnt ré‘?‘%‘ 9 FEPS &R AT PERPEURELY 226. 35
| n YGr t icompdlattiest gro&ﬁssescl udes a data path from t he out put of SVM

menory 120 t%tt @té@tﬁd ”F{-}He Qufec%r lﬁ'}rc thlch codes have just been
generated :Ls compared to some number, N, of future vectors
in the test pattern to see if that vector is more similar
to any of those vectors than vectors that will be in the
15 cache when those vectors are processed.

To- s;.mp]_.:.fy_ pro_c_ess1ng, the number N is, in a
preferred:embodimEhtf taken to be the same as the number of
vectors that the cache can held. To further simplify
process:mg, it is- assumed that every future vector will be

20 stored in the cache "Thus, the next vector after the
current vector is- compared to all N vectors 1n the table,

which emulates the cache The next vector is compared to
only the flrst Nel vectors in the table. The next vector
is compared to only the first N-2 vectors in the table; the

25 vector after that to the first N-3 vectors in the table;
and so on. = i;: . '

Two vectors are:compared by determining the number of
delta coded messages that would need to be séent to specify
the first vector i'"ihe 'second vector were already in CDL

30 latch 122 (FIG. 2) . Fewer messages implies closer
similarity. f L f

At step 416,-a{decision is made based on the results

of the comparison made at step 414. 1If the chrrent vector

is closer to any one of the next N vectors 1n the pattern
35 than the vectors :Ln'__ he table, it will be added to the
cache. ’I'hus, process:.ng proceeds to step 420 and 422. On
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In this way, a vector stored in the cache can be | oaded into CDL | atch
122. Al so, lgg,gress i nput to SVM menory 120 can be g
cache read/“v(/Ir)ir}?’e control circuitry 250 as well as by tes?ei@%%ﬁ%om

circuitry 116. 5 During vector |oading when SVM nenory 120 is used to
i npl ement the ather thandddifsthe werkors i veady irdthewrtache areont rol

250. Duridypded asd - tﬁ@%wrﬁ%é%ltlon%ﬂ%%rent éfO“Eﬂé?St

control circuitr e out | atch 122

nust be 16’“?%&%&?‘6“?*@”%% DeRE bR usAR Nkt ﬁ‘fi%l %e dhe o

the data igguhe of wmmasél&eciﬁmwméd@r&mém to segpors to be
stored m&%;i cache. In essence, the preferred enbodi ment of the
mvent?on es use of SVMnenory 120 in different ways at 15 different
tinmes. It is vdednestionedhabovei ngtepcd2P is executed tphenrtha t est

execut | on quiddl) YEStof B8 W W ddded td St hdife EX LS LAB-GAEIEN! |
ci/ toallowa ne

vect ors. ar i OUS clrcult t echni ques cou d used nory
to be used fxRcord that khatvehrt i bhstatb %.ad@@rﬁomh@scam e®ise, if

t he dateedrdPWs @é@legggdng@ Sép cpyected to a bus the bus can be
routeg to the er ent 5% ts t t negd tp use daéa fromthe
menmor¥® Those cutrﬁ‘rp heRt & %n'f‘? pofﬁt%:ﬁl?r?e 584 $Pom the bus
at the apprafkectt etha.tmasheArectozbum]sI rhe tadded ogo el seadiee UseThd 0 al | ow

SVM Memor . hife s 2padid 6 AEE Sind e O A6 Sl g 08 1

di fferent ve, a nul exer can e used at the
addr ess | MRslates S\eEYRetoN 25 ta-ewrdirat tml%lrﬂ-m#m pointed grwvi ded

fromthe q@Fragd @@r The poidt¥r Opﬁrﬂ’iér?rh.ﬁgrén?é{@éd 210 gright be

better understoo by_reference to whi ch shows f he, stream of
messages valyg ’r%aﬁil’B Y, % o?@%t%?i%%rﬂ)ﬁytllﬁstab%s%e’—%ﬂi’%ﬁ arts

written. When the pointer comes to the end of the table,
it is reset to the first location in the table.’

Whether or not the table is updated, execution
proceeds to step 424, which répresents the start of

20 processing of the next vector in the pattern. A comparison
is made between that vector and all of the vectors in the
table at that time. The closest vector in the table is
selected. Because the table emulates the cache, the
address in the table of the selected vector is the same as

25 the address in the cache of the closest vector.

The address of the closest vector is used as the cache
read address for the message 310 (FIG. 3), which is
generated at step 426. Message 310 also includes a field
354 indicating whether the prior wvector in CDL latch 122

30 (FIG. 2) should be transferred to the cache. Field 354 is
filled in if information stored at step 420 indicates that
the prior vector should be stored in the cache.

Once the closest vector is identifieﬁlin the table,
appropriate delta coding messages are génerated at step

35 428. The delta coding messages are generated as in the
prior art. However, instead of being baséd.on the
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with a code field 350A. The value in code field 350A I ndi cat es t hat
nmessage 310 is the first nessage in the process of |oading a vector and
that a vector from SYM 35 should be |loaded into CDL |atch 122. Load
control WOHEMW try 226 decodes this nessage and gener at epcir/ig97/09050

- 12 - WO 97/ 44678

/U ; ' Lopals. t t fer f
o oT808y yer 8B OBhED! £-E0HhL8 SHORALSHARLCE SRR LITST e (10T
310 provfHEER ﬁééoaddress of the vector in SYMnenory 120 to transfer to

CDL latch 5 ohé&d thea e it I Op ' this address to
SVM neno 4 theaget s egamhglgegg??%%aﬁ%é ggg?g?ggdSVN1mﬁite addr ess

ry 120, - Message :
field 35§¥evvgfgna8398§§d?iEPdeQE 438ci fPEsStRR 43Qr eastransfer SYM menory
120 her eoiinang| | suckessOhesSaye bzsstprsd-310isY$£ﬂﬁ£§g§age f;?ngsthe
ngfgyegrgziL%%ggﬁﬁgérgghgh%%gégé¥E€E$ﬁﬁﬁﬁpySE%B.é'ﬁi§t9ﬁl i® transferred
to the adleeksis mafe @wethevealbyveddorssihi thd 884t pattern haver a -
5;§Ig;r$§e§?2§€68§ﬁ§? godgﬁiéﬁefgdéfésnésm3§e'§Q§€$£ékaro£ggégﬁg the prior
is completed. If more vectors remain, execution proceeds
10 to step 414 wheré the processing'repeatSJWiﬁp the next
vector in the test pattern becoming thehpﬁf;ent vector.
In this way{ all messages'depicted_iniFIG. 3 are
generated for every vector in the pattern.f:Those messages
are stored in the data storage device 130 (FIG. 2). The
15 generated messages can be stored-directl&lﬁr they can be
stored using data compression techniques as in the prior
art. | .
FIG. 5 shows an alternative compilation process which
is less time conspﬁihg than the process in FIG. 4. At step
20 512, a cache pointer and cache table are initialized as
described above for step 410. At step 510,:a SAVE-CDL. flag
is also initialized by clearing it. Other initialization.
steps are also performed, such selecting the first vector
from the pattern file being,processéd as the current
25 vector. | _
At step 512, the current vector is compared to some
number of Vectorsfin_the cache. As can be seen in FIG. 5,
step 512 is within a loop. That loop is fegéated once for
each vector in the test pattern. The firét'time through
30 the loop, the current vector is the first oné.
At step 512, a vector is compared by simply counting
the number of pins in the two vectors that have the same
data values. The vector with the most pigséﬁaying the same
data values as the-current vector is the élééést.
35 Selecting the vector with the moé@;data vélué?'the same
will not necessarily result in the fewest delta coded
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address in SVM nenory 120. When the |last address is reached in SVM
menory 120, the next address used is the first address, writi ng over
the vector ey ly stored in that | ocation. The next §5S

i n SVM nenory 12 0 can therefore be conmputed by cache read vvrlte control

250. I.S not necessar t hough, that every vector stored
in the ca@?ﬁass"ﬁtﬁs BermeEe th et#%%c?féd%‘?d?%%sages B &mﬁ%ﬂ and a

parti cul arba/sﬁah @n \r/:i;lhé mmbéne oS astin grw@rtﬁ;a]r, 3 adiwersamef ors are
witten tq. the cac vecti o |nthe he

bef ore ith WeVer e%%]é%g tél?‘%)r o%?FV\{.r x(/%%oof j%é%’f#o in the
cache. Wlai'a:erddremsltlm¢lﬂ§4fewgﬁn del tes ezbdesi dssages. |w1rh1taae whet her
t he vegtor i%?ijﬁ c%%gfln f

i mpl errent at %&@f?’te a e;bs&%ﬂ'? M:slo% q‘gét?g‘cﬁen t he
bit is setit sk be demlvn:ettéo ceedyes @ne cceampiiss igro v inee even rict

address i Rthe 16£3UEHRE i@rnﬁ/'\émtyeﬂ:@%lnmlzed In a preferred
enbodi ment, nessage 310%#2 transmtted over ‘a data bus havi Elg bot h
t

address and datB&F|$HER g8e CRELAHt VEREOR MRS bR RegP i ster
| ocati ons eddlivector t bt the Ificlts £ abt @rreak ivee 136 d repatr or MhisgHIs.

yc]:?_f%}ggw (}b%gve?de to only some number, for exa?u’fli:le 64 of vectorswg. 7/ 44678
the cache.

Execution then proceeds to step 514. Step 514 is a
decision block which checks whether the SAVE-CDL flag has
been set. This flag is used to remember whether a vector

15 in the CDL is the same as one already in the cache. 1In the
initial pass, there are no vectors in the CDL and the SAVE-
CDL flag is stilléin its cleared state. Therefore, in the
first pass and in subsequent passes when the SAVE-CDL flag
is cleared, execution will proceed to step 522.

20 Step 522 is-another decision block. "At step 522, a
check is made whether the closest vector is the same as the
previous vector. If so, there is no need to generate any
command to locad CDL 122. As step 522 is executed only when
the SAVE-CDL flag is not set, there is also no need to

25 generate a command to save the CDL contents in the cache.

' Thus, execution proceeds directly to step 526. In this
case, message 310 is not generated.

When, as determined at step 522, the closest vector is
not the same as the previous vector, it is necessary to

30 generate a command to load the closest vector from the
cache into CDIL 122. Executlon proceeds to step 524 where a
message 310 is generated with the address of the closest
vector identified at step 512 in field 352 As step 524 is
only executed when the SAVE-CDL flag is clear, the contents

35 of the CDL 122 are not saved, and the field 354 of that

' message indicates accordingly.
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FIG 3 shows a separate field 350A indicating a code to transfer a
val ue from SVM 120, a transfer from SVM can actual ly be indicated by
the value on the address |ines of t he bus. 5 Al so, field 352
need not ¥YhPH4E7&n absol ute address wi thin SVM 120. | ®CIgsoanenso ed
enbodi mrent, the value in address field 353 is an offset or relative

addr ess. AS A colipienidfargoae, oEeﬁhQE%u%EQOWE'EE@n?bﬂﬁgaiﬁﬁpﬁﬁ

Iocatlon [ 120. I n _order to,keep track S the
next Ioc ﬁ§¥y CHE Fé&glﬁFlﬁé conFPOFgl gé?rc&?ﬁ°§§é°ﬁaPﬁP§?ﬁ§Sa wite
poi nter. tﬁhsteEVBESeaWhlch isddr deeikstiohi BlecR5@hiehaakyakmynegeci fi ed as

an OffsegEgtherfE Eﬂbﬁfgﬁ'eégEor 1s he saMSS ggﬁgélgrééeéent n?xt

Message I's a £85e°5¢
cont & nsvgcEede If SpheEKeQEOBOnopracaedg tovatep’ BmﬂLcaInnghibat t he

t d C st ored
o enl’| GhrpubBBRASEN! 1 cORANARSCERALy 0O  LivRS LB EohOehtE YECLAg o1 T

changed. CE&t&%S ép GEaFHGPCHPES1Fhé5v&PGen?665§§erﬁPcE°Pﬁo§en9Wns

shoul d bgattiangadtheTlDs.. ”E@ﬁéﬁéfakﬁhtsﬁép 518 §BnaP¥t88€aOhekbggRr i or art
message ives values for

sim
anot her 32b W%FﬁthBEﬁlfAﬁﬁ ﬁuﬁﬁgﬁ B%éﬁﬁFFalEogFﬁﬁdnéégagé§déF§ ting
t raddni t thati not trestbashisohoaded! £rbm thqucacHechntigesheocDR5 the vector

in CDL |ﬁ5ﬁ@ve22 giglﬁpgggyfgdsggo 1nd%ﬁat1h &hQ@ltﬂgléarE%ﬂﬁng message

316 contains | ue "si gnal at the nessage
contalnsValue %ﬁetPPnQPLchﬁnséaﬁﬁdthé VB@tEFXCLB@ﬁrﬁééeipttbe nmessage
316, | ocadaenatrol circuitry generates control signals to 30 wite the

vector in CDL latch,122.into the next,locati ' menory 118. The
transfer of oWé P bbS: CLOSERL, ¥PGERT is ne%nﬁﬂstﬁame as the

15 previous and the SAVE-CDL flag is set, it 1s necessary to
save the value in the CDL and load in a new value.
Therefore, execution proceeds to step 520. Step 520
generates a message 310 which includes in f1e1d 352 the
address 1n the cache of the closest vector. Field 354 is

20 also set 1nd1cat1ng that the contents of the cache are
stored in the next write location in the cache.

It w111 be apprec1ated that during the compllatlon
process, cpmmands are generated to be sent to tester 210
during thé actual loading operation. The cache pointer and

25 cache table in workstation 128 are updated to emulate the
corresponding hardware in tester 210 as it responds to the
generatedfbommande, If necessary based on the hardware
within teSfer 210 to send commands to alter the state of
read or write pointe:s, those commands can also be

30 generated as part of the compilation process.
Regardless of which path is taken as a result of steps
514, 516 and 522, execution proceeds to step 526. When
execution reachesfSCep 526, the appropriate.command has
been generated to load a value in CDL 122. Step 526
35 determines whethex[ihis value is an exact match to the
current vector. |
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In a preferred enbodi nent, the code fields 350B, 350C . and 350D are not
actually separate fromthe PIK fields 35 358A, 358B and 358C. Rather,

certain vawwesnisrs he Pl K fields 358A, 358B and 358C arrCTussy/oveso
i ndi cate that a data - 14 -
WO 97/ 44678 If the valpe e)ng %%.%yho%05q:he

DH)%§2 is no%
transfer is to be Tade. escr abové hese messages
transnitt EUryest yesforhagregusdon Byoceedsate s&ew 530 Iﬁﬁe§tephe addr ess

lines speehiy iinat stm:-m,s%qa §s set,' &h@&é&@m@ %h&%ctth@ledﬁem 122.
Al so, because the vuh I n PTK flﬁg cgc C actual Ly indicates a transfer
n

from CDL Vectes,shg af"&fihéP t £n BFeG H]§1°El‘a P Bre
not usgd. to step 53Road control circuitry 226 is inplenented in the

f d enbodi t ' o] I r i | O cific 1Q integrated
EirrGCﬁirig (ASI C%tn%%e&u%?%e %‘%@%aag%g?%d 3t%?ﬁ' I}%g‘ff (?rtlﬁ 't ﬁ%? unctgl ons
describedg&hemateéucb ABecsfy thenpleguimredadeliac codehicogmanidsh kasps track
of the-stape t?xfe g“%ﬂttfog‘éhgﬁér ebinfidnaRd w&i'ie 'i:%%ﬁ%f%% R opri ate

control e nessages sent wor kstation 128. 15
| npl enent &9n&ﬁn&ﬁ afstbaeecpa:cﬁnﬁe &bst F@msntuyeﬁgom C8xesutionne| | known

in the arthen proceeds to step 534 where command 316 to transfer the
value from CDL 122 into LVM is generated{

When, -as determined at step 526, the value in CDL 122
is an exact match for the current vector, no delta code
commands are generated. Moreover, there is no need to save

15 the current vector in the cache because it is Ehe same as a
vector already in the cache. Thus, execution proceeds to
step 528 which clears the SAVE-CDL flag. There is no need
to generate delta coding commands and execution proceeds to
step 534 where méssage 316 is generated.

20 Execution then loops back to:step 512 and the process
is repeated with the next vector. Vectors are processed
one after another until all vectors have been processed.

The stream of messages produced in the compilation
process is captured, such as in an output file. The stream

25 of messages represents the partially compressed data which
is sent to tester 210 durihg the loading operation. If
desired, this partially compressed data can be further
compressed béfore:being stored in data storage device 130.

Having deécribed one embodiment. numerous alternative

30 embodiments or variations might be made. 'Eqr example, FIG.
3 indicates that the prior vector stored i CDL latch 122
is transferred to the cache at the same ti@e that a vector
is transferred from the cache to CDL latch 122. Various
alternatives are possible. A vector mightibe transferred

35 to the cache at the same time that it is transferred to the
LVM memory 118.
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In a preferred enbogi+er he wite fromCDL |atch 122 to SVM 120 and
the read from SVM 'Uﬂﬁdﬂmgn'ﬂ ojane clock cycle. These operations
are inplenented as ja "SWRBP[ A gver, the timng of the read and wite
oper at | on¥O44gI8 r-al—t0 tHe invention. RETHSH0 ¢ he
| oad process as descri bed above it 1s necessary that workstation 128

de]'Eerm ne, atAshanbthEre&ablatloﬂeCiﬁr1§Snbﬁaﬁédeé§?ﬁth’gﬁﬂ'engﬁéy 118, V\ﬂat
I nf or mat 5 ln_the pelerred e nt, ‘this
i nf or rratél:%r;lhlé:b% %@%&q‘ggtén ,}é%g%éa%gg SEAPEY ot t test q’g?{% of a

test patusenofwsnch msmpEYfDsnhdghyywéeklrablstb@¢au5628todoeSInmme ot her
sinilar conputer ené! gaaﬂuon 390&9&1&9& xﬁ&ﬁéﬁyOfoEﬂ'@rpﬂéﬁéﬁg dﬁt the

COI’TpI | at i.on 30 gl’ ocess_ t hat deterni nes, how eac vecior is co

At sPep #® teg ?’éb‘?‘égpg Reiuspd or nekRey Bemery:right berdded) trs

errulhatl nghé heeseéteforNnthée paehes@s each vector is |oaded. As the
cache containg_n irst yector

initialized t% b% gﬁ%#éarmogglag}?Pé bg Yiedr ?8?rfh?é %ﬁ%g 1¢s£§%t to the
first | gpoefernred embodiment the cache is a first-in, fifrst-out WO

97/ 44678type cache. It was also described that Pigﬂ-é L@Jﬂ@%&e
10 address might be specified for each vector to be stored in

cache. This arrangement allows the length of time each
vector stays in the cache to be controlled. Those vectors
that are to be used by many future Vectors'are not written
over and therefore stay in the cache for a long time. A

15 third possibility is that a portion of SVM memory 120 might
be dedicated to a first-in, first-out cache and another
portion of the SVM memory 120 might be dedicated to a cache
which stores a vector until it is overwritten. In this
way, a vector used by many future vectors would be

20 retained, but less frequently used vectors would be cleared
from the cache after a while.

It should also be appreciated that various fields in
messages were shown to indicate a way to transmit messages
from workstation 128 to tester 110. The same information

25 might be encoded in any number of ways.

Further, it should be noted that workstation 128 is,
in a preferred embodiment,-a'workstation as sold by Sun
Microsystems Computer Corporation. Any similarly powerful
computer could be used as the workstation. It is not

30 necessary that the workstation be a stand alone computer.
A networked computer might be used.

Therefore, the invention should be limited only by the

spirit and scope of the appended claims. |
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in the table. The wite pointer enul ates the Mﬁlte p0|nteL_ I n cache
read/wite control circuit 250 (FIG ZﬂhlsSthaSBeenW pNél\lZ codes for

t he entire waebalsrar € gener at ed. first PERARRSHESMSS he
first 5 wvector in the test pattern, the

r to use as
the starting pojnt ;P aetles of nessages, ‘such as 312 and 314
are generated, WReH t'ﬁec eHet88, such. as 358A and 358B, speci fying

enoughigralps tAutembuile eestyequipmentoofetheThiypeserpcusihfeasaemstas in

prior grt 10 QEPEL?L'88mB£9§Eﬁ§e§ series of 6%c§5§8f4lﬁe tlgevector for

whi ch Codes have Jus ar.e onme nunber, N, of
future3vect ors equipmenkebeiny pﬁttbﬁntYQGSEblp isaconnecsedi sonsr e

simlag to @6¥k§£a€ﬂ9ﬁeh&€§ﬁ9rﬁoﬁb@ﬂaﬁiiboﬁémbb9tf&k'stgﬁlha ghe 15

cache when those vectors are processed: To sinplify processing,
the nulber N istefk Batterp, ccemPEdSIRGsdiment, taken to be the sane as the
nunber gof vaptora mhnbryheoeaeheriag hhbdtesfopéutbhﬁr sinplify

processing, it assu hat cever r ect e 20 . stored in
the cadhe. Thu h81%§?5%6¥CF8F 5%? #R=wv% g&?ﬁ% 335?0?t|§e80npared
to all 8N vectors in themembiy, and geneca;emglasss Shgnaashe The next
vector of S cOTPPd 18 daradbhiubiBobly sk Pria’e6tokinhBetiitn! 88 8 The

next vector I's conpared t0 on Tirst . .vectors in the table; the
25 vadbtor after thaW°F55Fﬁ§1PPrst N-3 vectors |n the tabl e: and so on.
Two ve@gtors arecgonpabad bbndeber&nmunatkbe auﬁhebtea to thel Gatgoded

s that would need.to b

nessag§ €5 83 o speci f - the.first vector if the
second®vector were’ aFP@&&y PPRtRpd3Ghe AltCn- cheﬁpéﬁsi? *Fewer nessages
i mpl i @8 cl oser: siiri | aa tpche memory Ekusweprihﬁ aapdexiadiity iof made

basedlgn the results vectors; and L

15 ii) control loglcgﬁct“ieceiving a message from
16 the data inputtﬁcrﬁ,_retrieving a vector
17 from the cache memory in response to the
18 received message, rece1v1ng change messages
19 . from the data 1nput port and producing a
20 composite vector from the combination of
21 the vector ret?"eved from the cache memory
22 and the rece1ved~change messages and
23 storing the comp051te 'vector in the memory
24 for storing a test pattern
1 2. The automatic test equlpment of clalm 1 wherein the
2 cache memory comprlses random access memory and the
3 memory for storlng a tes;ip -tern comprises sequential
4 . _

access memory.

3. The automatic test equipﬁé

'fqﬁfclaim 1 wherein the
control logic comprises: L”f“ o '
dtéﬁﬁ;ccnhected to the
ﬁattern, the latch
tgns and a plurality

a) a latch having a data
memory for storing th

mn b W N

having a plurality d;
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of Zt1e -Sahpakt. n made at step.414 I f t k&hkeavect or is closer to
ah? E‘g np %éi@ xt Nvectors mth@“ ﬂ%t? anthe vectors in the

t abl é added"'t’-_o " "* L ﬂ““ I ocessing proceeds to
step 420 WRPHH78 L - PCE/USIT/09050

WO 97/ 44678 PCT/ US97/ 09050 t he
ot herg hand, if the a@cﬁnmelnrrgmts I Qaa{d"tﬁ eifiﬂHl@.r@f StorageL B Hatk0 the next,

N vectors than t he qur ent t or rrent; vector woul d never be
usedc)ff it were add"%.d‘{ Q#e/et%e p]t'“}f Lty I"r#c 2208 e B8t i on proceeds

\d\/lnrecﬁ Ihy to stdp Eamkup table anmnma)zmd; ab@letrﬁue:g@ﬁ) is exEcut ed -
en e Cur r endy, MeGLor es
a rec%rd t hat the \r};ector sIQS éta;d-{) Ag'g’(}ae?to t cac%q'%h'erltﬂps%tt%oc’?%@%ad S

accdded at step 42atcly: In step 422, the tabl'e and pointer are
updated to refl ect that the vector w I be: added to the cache. The

tabl g is,updated in . the sa nner.,that th cchels . updated: the
vect§T i 8- sto?’.lg’t? Autompts: n%@%t%l c&o ialmb PRYIPGi Ater. The

poi nter is t h@iurt@:myemfemﬂsf amdl&herelme eashakre_ctd}t &bnth&hs| egati on of
the table, it dis /¢y eachwbﬁxt 9% a%%ubh%fpga'ﬁi: BikETeR4H0 the end of

the 2Fb| wherein th fnnmber of locatlons in: the plurality of
s locations 1n*the 1atch matches equals ‘the number of
6 pins in the. group ‘ : :
1l 5. The automatlc test equlpment of clalm l wherein the
' control logltﬂaddltlonally 1ncludes means for storing
the compositf;vector into: the cache memory
1 6. The automati’ftest equipment of.claim'i wherein the
2 control 1og1_}add1tlonally lncludes means for
3 selectlvely storlng the comp051te vector into the
4 cachie memory
1 7. The automatic*test equipment of.c1aim'6 wherein the
2 composite vector is selectlvely stored in response to
3 ~a data value'provaded at the data input port.
1l 8. -Automatic test equlpment of the type executlng a test
2 pattern with . a plurallty of vectors, compr1s1ng
3 a) sequentlal access: memory for storlng at least a
4 portlon of a test: pattern, _ _
5 b} random access memory for storlng a portlon of the
6 test pattern, T . -
7 c) test control c1rcu1try for exec ng a test
8 pattern by executlng vectors sequentlally from
S the sequentlal access metory and'nonsequentlally
10

from the random access memory,_

% ¢ L M 0§ *x



This Sheet Has Been Replac wet her or not the

It is reset tothe first location in the t
tabl e i s updated, execution proce ﬂ Hﬂﬂﬂtl' ch represents the
start of ZWOSHV‘U&@SSl ng of the next v cfor PCHURIY090500nN

i s made between that vector and all oflthe- vectors in the tabl e at that

tinmegqThe cl osgst vgcbg&algnbﬁg bebte Laa sel ected. Because the table
enulates t he cache, _th gre ss In the table_of the selected vector is

the 3#me as 2591 he 4Q8FeSEREROLHELEGRRET B MERRS (Fo% 9T iEkIG Vectors The
addregs of the cl os€zxbomvénEormasivAacpresidé® &actise daztzaé eﬁ%gﬂdctsd:aglg orI t he
messgage 310 (FIG 3 genera _ e ssa al so
I ncl 3ges a fi(el d th\éﬁ ﬁdFeﬁP’Fﬁb %ﬁ?ﬂéeg'h%l%‘% TR HY i eqaﬁ | at ch
122 36 (FIG 2) shdéokduséngr thef Eanédmtaccéesaaexmy &% & &Sy s

fillgg in if infornmaii.ga &h?%ﬁg eﬁﬁsiggdﬁgg b;qéqéh t hat the prior

ce the closest vector is

vector should be stored in the cac

identified in the table, appropriate delta codi ng nessages are

gener atedoat strae abtofdBic Eé&@%ﬁﬁfﬂﬁdﬂ&f@ﬁiﬁﬂ@ ﬁé&'ﬁ@f‘% ed as in
on

Ehi7 2 pri or 2654 9@%@ 14%#%3&1t el les. éyarlte control logic

PCT/ U397/ 09050for the random access memoryﬁ;o operate the random
4 access memory as a cache. =

1 10. The automatic test equipmenﬁ;of claim 9 wherein the
2 test control circuitry includé$ nmeans to operate the

w

random access memory as a sqbﬁoutine,memory.

11. The automatic test equipment of claim 8 wherein the
load control circuitry inclﬁdes:.

a) a latch having a plurality of data fields and an
enable input for each of the plurallty of data
fields; ' ' _

‘b) a look-up memory havingfa plurality of outputs,

' each connected to one of the enable inputs of the
latch. B

@ 3 o B bW N

12. The automatic test equipment of claim 11 wherein the
latch further comprises a datalinput, the look-up
memory has a data input and ﬁﬁg load control circuitry
includes means for applying é}first field of a message
at the data input port to théjﬁata input of the latch
and a second field of a mességg at the data input port

S oo W

to the data input of the look%uézmemory.

[

13. The automatic test egquipment of claim 8 wherein the
2 load control circuitry comprlses
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precedi ng vector, they are based ctor selected at step 424.
Once the delta codi ng nes g'@;ﬁ@‘?@%? , execution proceeds to
step 430. whlnadeop 430, a ltransipgpLABED connAnd, such as nes

3) is generated. ++ofm The proceeds to step 43?9 E% ep 432
a check is made whether al| vectors in the test pattern have been

processed. O &her & akateh hayiag & Pduralitycefsingependrstdynpl eted. | f

nore yectors renai necdEEiBlO Fiieeeeds 10 to step 414 where the

' t ith t t t st Lt b '
Phe. chrront viBl or Heads 'e6 Tohaing SR ¥ne Rafigh. .38 RapPerRacrn 7l G 3

are 6 generated fa)rf:iam;:we&am. ms{pteeqfa.leﬁemctﬁhofeomesheges are
storefl in the data sl 0§30 e]r%q:y( FIG 2). The 15 generated nessages
can be stored directly or t ey can stored using data corrpreSS| on

techrB ques as 9)n t Heeans dror altgning, in respppge £osBo®ecandal ternati ve
conpid ati on processmedigde, selictte®® Fild1dR G.ﬁn%h@ matbhanaﬁae process in
FIG 4. At step 20 512, cache oi,nter and cach & le are initialized
10 gescrifHd aftRARs oﬁ°%tsé:;? inpk @E%‘f@tlé SROESRBL fl ag i s
aI sainitialized bymerhear, nn |xtespo@§eeltd @ thdbkdz aesgage, théeps are al so
per fof med, such sel I, vect or fromthe pattern file being
procfegssed as the cu?%é%%ef t:o%:tr"'l.‘ At step 512, the current
vector is conpared to sone nurrber of vectors in the cache. As can be
seen 4 n hG Ahe autthiitidlidst \thhlibﬂleﬁtl B2Pc1alfiai3! 2881t Soh ted once
for each vector,  in the test tern e first tine_throu t he
| oop,2 the cur IRHPTASTS “}es”mtshéoﬁ" BECTARE. the contenpg gfcphe gat%lhvector
I's cagmpared byrSigHY W=@AoM idt@ess mehorpunber of pins in the two vectors
t hat have the sane data val ues. The vector with the nost pins having
t he sane : ,
1 15. A method of manufacturing a semiconductor component

2 using the automatic test eguipment of claim 1, the

3 method comprising the steps of:

4 a) operating the load control circuitry to store a
5 test pattern in the mémory for storing a test
6 pattern; ) '

7 b) executing the test pattern.

1 16. A method of manufacturing a semiconductor component
2 using the automatic test equipment of claim 8, the
3 method comprising the steps of:

4 a) operating the load control ciréuitry to load a
5 test pattern into the segquential access memory;
6 b) executing the test pattern. '

Thllsllsiiint |iliilni|e|n ﬁﬁll
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data values as the current vector is the closest. 35 Selecting the vector

with the val ues the sane Wi I not necessarl | y the
035 offils il ari LY &Ml

f ewest del

97/ 44678 " PCT/ US97/ 09050

nmessages because the delta coded rres%é@;es are generated based on the
nunber of pin groups that are the sane. However, selecting the cl osest
vector in this fashion wll often result in the fewest delta coded

nmessages wWith a 5 significanty_reduced conpilation tine. In sone

I nst ances, it will be destap blcﬁ %o reduce the conpilation tinme even if
the load tine is not conpletely At step 512, the
current vector might be conpaLed#7 \-:.«.. ector in the cache.

Al ternatively, conpariso / 0 b Q\\\?--- orre nurrber for exanple
64, of vect-ors-+f~-- oo » o m e o - ’ oceeds {-0- .st ep

514. Steps &;4 | 58 #Ci 2l on bI ock Wmch C AVE-CDL
flag has | Tleen]set Th 5 fllag is used to renggbé¢ ae r.a. Vect pry 15 in

ﬂb
the CDL is't At ap eady cache] 2 f} &h z' iz L& pass
there are r-10Q %tq% net -m g étﬁe AVE- | Z ¢PZ fill & igs.ig n its
cleared statef ThHdrefpre, |§n the o |ja o e :
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first pass and in subsequent passes when the SAVE-CDL fl ag I's cleared,
execution wll proceed to step 522. 20 Step 522 is anot her decision
bl ock. Atwobadd2, a check is made whet her the cl oseseCrussmpos0s t he
sanme as the previous vector. If so, there is no need to generate any
command to |oad CDL 122.. As step 522,iLs executed only when . the SAVE- CDL
flag is not set, there is also no n to 25 generate a command to save the
CDL contents in the cache. "Thus, execution proceeds directly to step
526. In this messa@e 310 is._nat

- case,

determ ned at step 52.2,
previ ous vector,
cl osest vector fromthe

It

t hev-c

S necessaf

gener at ed.

O@by.ect Qr is

When,

as

not the sane as the

nerate a command to | oad the

Executi on proceeds to step

= n?s§5;%
f#her at ed \\:;\

524 where a nmessage:. 3£ ddress of the cl osest
vector identified at s¢€p. iA field 352 :"t\ is only
execut ed heh™ The  SAVEACDLATT 20" TS "Cl€ar’, " The™s S o] AECDI; 122
are not saveﬂ:, ot e r=ieglre4354 of t hat e Fere6 (reaf @s—ppeet di ngl y
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the SAVE-CDL flag is set. In this case, execution proceeds to step 516,
whi ch is a dea®rdasrsbl ock whi ch det erm nes whet her the cl osest vector

is the sane as the preceding 5 vector. |If so, execution pr&I&EI70W58t ep
518. In this circunstance, it is necgzgary to save the contents of the
CDL 122 in the cache, but it is not neces y to load a new value in

the CDL. Therefore, step 518 generates a nessage 310 which specifies a
NULL address in field 352, indicating 10 that no vector is |oaded fromthe

. cache into the CDL. However /) fi el ket , indicating that the
current value in the CDL i ¢ pl ace next address in the
cache. When t he cl osgist] vect the sanme as the 15 previous

it{is nqcessary fo save the value in the
COL and load in a neg val ue. Ther 4§f or & expcution proceeds to step 520.
Step 520 generat @ a nepsagej 310 i des in field 352 the
address in the cachef bSt  vdctor. d 354 is 20 also set

i ndi cating that thec&& 9 stored in the next wite
| ocation in the cache. reei ated that during the

conpi |l ati on process, c $ arejgeneratgd to be sent to tester 210
during the actual |oadijng @peralifon. |The cachlle pointer and 25 cache table
in workstation 128 are jupdated g q enul at e<t he correspondi ng hardware in
tester 210 as it resporlds to t ;endEatec co nds. |If necessary based
on the hardware o \tfhin testjer] 210jto Send ppormaNds to alter the state
of read or 'teg@c' Hose fommands

part of the conpiy at iodr ) Regqrd@dl ess}of which path is taken
14 and . @8 proceeds to step 526.
526, f[he ap priata)connand has been

and the SAVE-CDL flag is set,

as a result of stgps \_
When execution a(
generated to | oad a va
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35 determ nes whether this value is an exact match to the current
20 - WO 97/ 44678

vector.

PCT/ US97/ 09058 7744678 If the value in CDL 122 is not an exg&m%@%to

t he current vector. execution proceeds to step 530. At step ,
vector should be

the SAVE-CDL flag is set, indicating that the current
saved in the cache. Execution then proceeds 5 to step 532. At step
532, nessages 356A, 356B, 356C, etc. are generated to specify the '
requi red delta code conmands. As int prior art, these commands w | |
transformthe contents of the CDL into The current vector. Execution 10 .
< val ue from

oot r als a N
eterm ned at jstep 526,

then proceeds to step 534 [where cormmamt—3t6—t+e-+t

CDL 122 into LVMis gener#ted. When, as d

the value in CDL 122 s an exact match for the current vectfjor, no delta
brated. Moreover, there is no needcgc save 15

code commands are gen
in thelcache because it is the same as a pyf vector
step 528]which clears

execution proceeds to
eferat e delta codi g commands
er at ed.

ssage 316 |Ss @
i 4

<

the current vector
al ready in the cache. Thug,
the SAVE-CDL flag. There |s no nee

and execution proceeds tojf. stepq.34 W
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20 Execution then | oops back to step 512 and the process S

repeat ed W Wo dIpsext vector. Vectors are processed one after anot her

until all vectors have been processed. The stream of PORESHALEso
such as in an out put

produced in the conpilation process is captured,
file. The stream 25 of nessages represents the partially conpressed data
| f

whi ch Is sent to tester 210 during the | oading operation.

desired, this partially conpressed datg_can be further conpressed
Havi ng descri bed

before being stored in data storage d ce 130.
one enbodi nent, nungrous alternative 30 enbodinents or variations mght be
3 1T ndrcares 'abi.at tre—p+-of—vect or_stored in

made.- For exanple, {FIG
CDL | atch 122 id transferred to the che at the sane tine that a
vect or is transfierred fromthe cache({&) CDL latch 122. Various
alternatives are pogsible. A vector m ghTf pe tyansferred 35 to the cache
at the sane tine that it is transferred tmé’ue LVM nenory 118.
- 21 - As anot hgr ifation, it is not necessar)
that the cache be ifplenmented usi ng SVM c%/< menory in the tester. Wilfe
use of such nenory {s highly desifﬁ ‘egla%e_it does not
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2 OMAY. -18 98{M0N) 15750 - A
require the addition of expensive nenory, ocher nmenory in the tester m ght

.be used or - ot her nmenory m ght be added to the tester for that
purpose. 5 As a further variation, it was described that in the
preferred enbodi nent the cache is afirst-in, first-out type cache.
It was al so desecribed that the cache wite address m ght be

specified for eagh vector to be.stored in cache. .Thi s arrangement | ows
the | ength of &?‘w&%te‘é@éﬁﬁlg’ﬁ%ﬁm&ﬁi@“i“ﬁot%FFemfﬁrcH Hage Pren ok ﬁ'JBfI ed.
Those vect oesamplatit inipessiti that fos suinstpst patierns thetgtal anmtawneofisforroationae® not

Wi tten ovemediidn taorek@hfonSindYnd Bek18n 8638 dddy rﬁmkzﬁﬁ&;gt:hé@maég{ i;%.t third
: ] to

Frrotoin,  shee ffs el s BcBes i Komrmitacst AP IR R L KOG y 120
m ght be5dedisclasasc e spstem with aqiresiiee atchitdetise.oMsreas ¥ estardefimtsione vilug S
OVer wri tten ol g &f%énﬂ‘@!girﬁsl?é@ﬁéﬁés y&a\ge&ex ofPdhles for one ght/t ur € vectors would

be retained, but._.]ess fr ntly. use ectqors woul d bé cleared from

the cache after -Wy?regeg%%ss ofthe ﬁm&'@ f".‘“é"ﬁ‘&ﬂﬁ el Wy dsEilatoed t hat
various fi elatince thereablogdimewey the ghuatast dxcent possiblel ndi cate a way to transm t
messages fromworkstation 128 to tester 110. The sane i nformation

m ght be encoded in any nunber of ways. Further, it should be
noted that workstation 128 is, in a preferred enbodi nent, a

wor kstation as sold by Sun M crosystens Conputer Corporation. Any simlarly
power ful 20 conputer cduld be used as the workstation. It is not

L

necessary that the workstation be a stand al one conputer. A networked

conmput er m ght be used. : What is clained is
Automatic test equi pnent (210) of the type that is connected to a
wor kstation 2 (128) having a nonvol atile nenory (130) for
storing a test pattern, and that is used -

AMENDED SHEET
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3 to execute a test pattern including a series of vectors, :
.conmprising 4 - a sequential access nenory (118) for storing the
Yest pattern, 5 a random access nenory (120), 6 a data
i nput port connected to the workstation, 7 test control

circuitry (116) coupled to a plurality of pins (114), the sequential 8
access nmenory, and the randpom access nenory for executi the test
patterns stored ixﬁmﬂc’r‘lgﬁé’@'aad@ﬁtlf am%ws&m\%%beycaa%m@%ﬁeww%évﬁ
signals, 1m@mory in the tester, While usanfisuch inemory is highly desieatleceodusolt doesmoti try
(126) coupl Feq & RBaittad Bt Eve%%r:ﬁo’ry toﬂfér ac ‘r:)p n@é te?tgrfxﬁ%?t belu%gd or

menory, and the ran macce menory, eri ze
t he random SEELAETORY BN e Qﬁﬂéﬁtﬂ&)‘eﬁé‘r fopthat pigPesecache nenory for storing a

14 ol 5 Asa ﬁﬁlﬂdf @driatiyn, &f waseiebdpibed thatid thelSreferred embodimérdi ehd cAdtk f
contro cir | | I’ 06ll_C Lvin e rom
16 1 W e A A0 e ST B oW g t*?f%g&%ﬁ% ofhD PR 0° L

cache menor¥e jpeeiiigdyfor each vector to be stored incogphen JRhis asranprsmank allawsdhe egtb afle, for
recei ving Cdi&él gehessages ib etatieao b&8ontrolled Those vectors thad aie&o 'b@ﬁwd wgort,

for pr oduci ‘?fﬂHEXVVé/C ﬁr%%e IIO'E % gﬂ gﬁ @81% egore 5ta§3nht%e 83]C?I LOI.'

retrieved vectior and. t recei ve t’he new

20 10 third possibility jsthetay portion crféi\é‘émon 510 m@é&dmﬂw 2 fulst-m, | The

automatic t&@towemahnahe@m& m@svm o Maﬁ tBeHélﬁc&ta%raolt | fgi c
conpri ses: J%s havi n ata out pu
connect ed t%"c{l%gh?gaﬁﬁ’é?‘?ﬁ v&f:mﬁu&ﬁ it is overwrmen ay, "a"@t@E §=eﬂm, t he

| at ch havi niyture peatonsiwonld befretainedittiupless faequientlysised vectors would be cleared from
plurality ohegadBlaftel HpHlesS, e€ach enabling storage of data in one of 6

t he pl ugsal ity of decoder (124)

| oc
having & pl ural |1E§h%‘?3 n%ﬂpgfw@aeéﬁh%daawd&{dawaﬁéﬁ)ww shown to
enabl e i npuindicat attay to sagdmit mdssage8 from wotksation B%at itester 340. Thrkapwent of

claim2, 2 mfomuonm;gﬁ@mneo&aqgaﬂzm SORLRI NS one field (312, 314, 316)
in i d wherein the

for each pinin r oy
nunber of | ocat |%ﬁ§e’f’ r\tp Rwd %F aetss MWBFKST"SE%[”'Q)Hsmé Ppargm‘d cmbodimert, & in
the latch eyokseriomss soldiyetund¥licpispsemnnCotmputer Guperation. Any similarly powerful

20  computer could be used as the workstation. It is not necessary that the workstation be a

stand alone computer. A networked computer might be used.
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\2172\%1 ¥R i")”)gl 4. The automatic test equi pnent of claim1, 2P J%
wherein the control logic additionally includes neans for storing t he new
vector 3 into the cache nenory. 1 5. The
automatic test equipnent of claimi1, 2 wherein the control |ogic
-selectively stores the new vector in the cache menory. 1 6. The
automatic test equipnent of claim5, 2 wherein the new vector is
sel ectively l‘séﬂ‘“ﬁnﬁdfsesponse to a data val ue provided at 3 t he
data i nput port.
L i. Automaric st equipment (210) of ihe rype that is connscted to & worksiation
2 (128) having a nonvolatile memory (130) for storing a test pattern, and that is used
3 to execute a test pattern including a series of vectors, comprising |
4 a sequential access memory (118) for storing the test pattem,
5 a random access memory (120),
8 a data input port connected to the workstation,
7 test control circuitry (116) coupled to a plurality of pins (114), the sequential
8 access memory, and rthe random access memory for executing the test
9 patterns stored in the sequential access memory and generating test signals,
10 and . ' '
11 load control circuitry (126) coupled to the data input port, the sequential access
12 memory, and the random access memory, characterized in thac:
13 the random access memory is adapted for use as a cache memory for storing a
14 plurality of vectors, and
15 the load control circuitry includes coatrol logic (250) for receiving a message from
18 the dara input port, for retrieving a vector from the cache memory in
17 response to the received message, for receiving change messages from the
18 dara input port, for producing a new vector from a combination of the
19 retrieved vector and the received change messages, and for storing the new
20 vectar in the sequentiai access memory.
T2 The automatic test equipment of claim 1,
2 wherein the control logic comprises:
3 (3) 2 latch (122) having a data output connected to the sequenr.ial'
4 access memory, the latch having a plurality of lacations and a
5 plurality of enable inputs, each enabling storage of data in one of
8 the plurality of locations, and
7 (b)  adecoder (124) having a plurality of outputs, each coupled to the
8 enable inputs of the latwch.
1 3. The automatic test equipment of claim 2,
2 wherein each vector contains one field (312, 314, 316) for each pin in a group.of
3 said pins, and wherein the number of locations ifl’the plurality of locations
4 in the latch equals the number of pins in the group.
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1 4. The automatic test equipment of claim 1,

wherein the contrel logic additionally includes means for storing the pew vecter

3 into the cache memory.

1 5. The automatic test equipment of claim 1,

2 wherein the coatrol logic selectively stores the new vector in the cache memory.

1 6 The automatic test equipment of claim 5,

2 - wherein the new vector is selectively stored in response to a data value provided at

3 the data input port.
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