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FAST.VECTOR LOADING FOR AUTOMATIC TEST EQUIPMENT 
.. Thi~· illyention relates generally to . automatic test 

equipm~rit; c5i.hd more specifically to quiqkly loading test 

patterns·'·.i~. ~he internal memory of automat_ic .~est 
5 equip:ment.'~ ··.> ·. · 

A:U:tozful~ic test equipment is widely US,ed.in the 

semic6n4~ct8f manufacturing industry. . ·.Automatic test 
equipll\~n#f.~·a.11ed a "tester,• is. used tp t~st· semiconductor 

comporientS: .. at various stages in the. mailufacturing process. 

10 Differen~ te~ts might be conducted at dlff~tent stages or .. . . . 

for di-~£ $rent components .. 
··. ·. ' ... 

Teste~s are programmable, so that they .. can perform the 

different \.:~~hs required. A test "pattern," consists of a 
: ·' ·. ·· .... ·. 

series of. i ••v~etors. " Each vector specifies the signals 
-:;: 

15 that are t6'.be applied to the leads of a s~iconductor 
device,,under test ("DUT"). The vector also· specifies the 

signal$ ·that ~re to be expected from the lea,ds of the DUT. 

The te~t0:patt~rn is. stored in memory in the tester and is 

read out,· ori~'.:vector per cycle.. The data values are 

20 applied tc(··the DUT and the responses are compared to the 

expected lfes~6nses in the vector. 

Iil,-arty··cyc:le, the data provided to or -read from each 

lead of.· tBE! DUT might change. Thus, the tester must 

indepenaeritly<generate and measure signals f.or each lead of 

25 the DUT. ::To.db this, the tester has multiple "channels" or 

"pin elect~ori~Cs. 11 Each copy of the pin electronics, 
usually re:fel:-:red to as just a "pin", is connected to one ··:· .. :·: 

lead of the .OUT. Based on information cont~d,ned in the 

vector, eadi pin drives a signal to the lead or measures a 
30 signal at '·th~ ':lead and compares it to an expected value. 

The Clll\()~t of data needed t.o specify a. test pattern is 
!··'·,-

very ·1arge .: ··:Ea.ch vector contains control information for 
each pin .. , :Multiple bits are needed to convey whether the 

pin is to drivt=!: or to receive data and to de~~ribe what 

35 data value"s'sh9uld be driven or read. A typical tester 

might cont~"ir( '.hundreds of pins, but testers with thousands 

- 1 



WO 97/446'78 ·.·. 
~ ·\. . PCT/US97/09050 

of pins·arenot.l.inusual. Each test pattern might require .. :, ·:-.,· 

tens ot mill°ions·J~f cycles to execute. Overall, billions 
of bi ts :()f d~·t'fl )i~e typically used to code- a test pattern. 

Mas~ ~tC:>t~~~/devices, such as tapes arid disks, are 
5 widely used .. to store such data. However, they can not be 

used within·ci te~ter because the access times for mass 

storage 4!!vi.c.ak afe too long. The tester must provide a 
full vec::tpr ; of •data every cycle I which could as short as a . 

.. ·.·.· -· · .. · .. ,' ,: . . 

few nanosecori.¢ls: ' Therefore, the tester includes a large 
10 ·amount of>~~i:'3.tii~: memory. The test patterns are stored in 

·.- ............. · .. · .. ;:.· .. '.·. 
mass storage(ievices and then loaded into the memory in the 
tester bef~r~·'. ~s~.~ 

Typic~lly, :ia.:>.t;ester is connected to a workstation . 
. :-. · .. '· .... · ': =, ... 

The workstati9l1::fricludes a mass storage device. Before a 
15 test is·~un, tll~~6rkstation transfers the test pattern 

from the:~ss·_.it<:>rage to the tester. In many instances, 
data in a,·:~~~ .$.t:9fage device is stored in a compressed 
format. ~Th~ ·work·. ~tation decompresses the information 
before it' i~ · ~erit(_to the tester. Inside the tester, load 

20 control circilt't:fy,loads the test pattern into memory. 
The prc:>6~~-~ '·b:t loading billions of bits of data into 

memory c~n. ~ 7'/~ij-'e;low. Load times of fifteen to twenty 
minutes are ·ri.ot·\incommon. Long load times are undesirable 
because the: .. ~e~t~t>'ls not in use during the load time. 

25 Whenever ~qti.;ipzri~rit:: cian not be used in a manufacturing 
process, · it ~cit.eri~i.ally de.creases throughput of the . . .. . . . . . . . ... 

manufacturing·· pperation, which is very undesirable. 
. . . ~-

Various tedbn':i.ques are used to increase the speed of 
the loading>~rob~~j. In general, the speed of the loading 

30 process is °iiilt.it~ci;.b.y the rate at which data can be 
: < ·--·.·· •• •••• '·'·.. • 

transferred frC>n\ .. the workstation to the tester. One way 
·· ... ·-.. :· .. 

which might ·ineif!as:;e, the rate at which vectors are loaded 
is to increa~e/the·data rate of the connection between the 
workstation. :a:rid ... th~:):ester. For example, a fiber optic 

35 link might be iisep:-.:.~nstead of conventional twisted pair 
bus. In somelnst~:clces, increasing the data rate of the 

::.. . .. ·.· . ·. : : : ·,~ . : . ' 
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link- alone'_1flflf .not increase the loading E;peed. If there 

is a-· bottleneck in the workstation, either in retrieving 
data· from a---~a.ss >storage device or processing the data, the 
speed. ()f ·th:e ;,or~s-tation will also have to be increased to 

5 have· ~n imP~b~<' ()~ the load time. 

Ail;ait~~tiye way to increase the speed is to reduce 

the amouht ()~information transmitted over the link by 

send~?lg ~a.J':tially' 'compressed data to the tester. Because 

the t~s~er.: ge~erally has less sophisticated data processing 

10 capab$'iiti~s'·:~han the work station, the· full decompression 

is notpef.£b~~dby the tester. Rather, compressed data on 
the ma~·s'. stcJrage device is partially decompressed by the 

work ~:t~tion: .. · ; The resulting data- has more bits than are 

stored- on<tli~ -.1hcu:i~. storage device. but has. fewer bi ts than 
15 are needed . t:6:'£ ill the nonvolatile memory on the tester. 

F.I(3~·: r·-i:t~ustrates a tester equipped for receiving 

partialiyde~o~~:Z:.essed data which is still compressed with 

a metlioci:,¢ai.l~c:i d~lta coding. Tester _110 is shown 
conne6teci·tq a.::DiJT: 112. Numerous pins 114 are shown. 

20 Operatioµ ,()f~ t:'est~i' 1io is controlled by test control 

circuitry_,:1i6. ·A\est pattern stored in· LVM memory 118 is 

read by~test c6?ltroi circuitry ll6, which sends the 
•, : • .. . ;<. 

appropria.te C()!l'b:ol _ signals to each of the pins 114. Test 
control -~ftc:~i.:tiy :116 also reports results of the test to .... ,., . 

25 workstatiofri2a·:· 

Work~tat:i.oh i2a is connected to tester 110. 
Workstatioxi·i'.2~provides an operator interf~ce and controls 

the load..i;ri~ ()£-the>t~st pat.tern into t~ster: 110 . . ·. . . ' ··., .. 

Workstatioh't2s. ha~_-associated with it mass: storage device 

3 o 13 o , whi¢ir ~~ore~ ·. ~h.e test pat tern. 

To le>a4 a.: test;·pattern, workstation 128 reads the test 
pattern frott\_ina-~s ~t~rage device 130. Workstation 128 . . . ; . ., .. ·. 

partially deco?ripr~~ses the information, leaving it in its 
delta cod<!d-::£o:cii. : ,~orkstation 128 then s~n~s data about 

35 each vector tcf:be ~tored in LVM 118. However, the data 
sent from wor~¥.tati~n 128 to tester 110: for'· each vector 

··:.: :·, 

... ·.· ·:/, 
.·.·~· ·r·~ :- . 

- 3 -



····--------·· ______ ... __ --·---·-·---------- ----· ...... . 

contains information only about the pins which are 

different. :t.h~n 'iri, . .the previous vector. 

PCT/US97/09050 

To ::rech.lce.,the load times, the pins are .organized into 

groups ~d,:¢oI1t:t-6l information for a group at a time is 
5 transmitt~d.> ·;:~d~a;11y. the groups are selected to contain 

pins th~t :·o~teri.•: f,-~quire the same control i~formation so 
that cont:fo{:·:in.£c.>tmation for multiple pins can be provided, 

but the ·d~ta:' i~ ;tfansmitted over the link between 
workstatio~ 1·2a>·atld tester 110 once. Some groups contain 

10 only a ~ing:J.e·piri~'. There is one such group for each pin. 

These grcni~s •~,];~()W. any pin to be accessed arid· allow any 

pattern of:V'~lu~s.to be specified. 

Becau~~/~b.~r.~ might be several pins or groups of pins 
that diff.~:r :ffom one vector to the next, multiple data 

15 values might< .ri~ed to be sent to tester 110 in order to 

fully specif~·.the·d~ifferences between o~e vector and the 
next . ±Il. the. 'iqad; process, data for one vecte>r to be 

stored in.LyM.Jri~$~ lla is built up in COL.latch 122. Once 

the data fo]:.on$ vector is built up in COL latch 122, it is 
. . . . ~ .. . . . 

20 transferred .t<f t.he"next location in LVM memo:cy 118. 

CDL:. latch.l22:· contains a location for each pin. 
~ .. '. ·.. . . . . . . .. 

Vari.ous mes,sages' •:are sent by workstation 128 to indicate 

what. data i:s '16>b~ written into each of these locations. 

The mess~g~s·lnql~de a pin index, indicating which pins 
25 should receive:the.:data in that message. 

Once a~~eC:io;:is written to LVM 118, the value of that 
;.-...... ·"·;: . 

vector is s.td.11',.c6ntained in COL latch 122. . The messages 

specifyin~ .tb.~.:ri~t'> vector specify which locations in the 

COL latch 122·.~hould be changed, and the new :values for . ·. . . . . . . . . . . . -

30 these locat:i~ri~:.>. ·• bnce these locations are ch~nged, COL 

latch 12.2 . co~t,~i.ri~;..the value of the next vector. 

Load ~ont.~Jf dircuitry 126 receives the 11\essages from 

workstation -1·28}- to'ad control circuitry 126>~rovides the 

data portionof/th~'message to the data inpu,~/9f·CDL 122 . 
. ·.:. . 

3 5 The pin iµdex pbrtl'on of the message is prov±(ied to pin 

index key, or ":PIK," 124. PIK 124 is a memory used as a 
.·: . 

;"·_. 
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decoder. The memory is loaded with information indicating 
which pins have been assigned to each pin·group. PIK 124 
outputs·~ coritrol line for each location in COL 122 which 

- ' 
enables ,that·.location for storing data. Tllus, COL 122 

5 stores the d*_ta in each pin belonging to the group 
associa~ed with the pin index in the message._ 

Th~- data portion of the message might .:include a single 
data valu~. .This data value would then be provided to CDL 
122 for · each pin in the group. A message with the same 

10 data for ev.ery pin in a group is called a "group same" 
m~ssage.'. ~ignaling bits in the message indicate that it is 
a group· same.message and specify which group of pins is to 
receive the data value. 

An alternative form of coding has been suggested. The 
15 data portiqn of the message might include one value for 

every piri.in t:he group. Such a message is called a •group 
different:" message. Signaling bits in the message indicate 
that it is grqup different me_ssage and specify which group 
of pins i's ·to.receive 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 ~n a·group and control bits that differ. Load 
control 126 construct~ the appropriate control value for 

25 each pin in· 'th.e group arid sends those values to COL 122. 
Such a messi;lge·is called a "group numeric" message and is 
indicated·bysignaling bits in the message. 

Writing one vector into LVM 118 typically requires a 
series of 'mess~ges. Workstation 128 sends· messages until 

30 CDL 122 stores the required data for every pin. At that 

point, works.tat;i.on 128 sends another message indicating 
that the data tr:ansfer is complete. Load control circuitry 
126 then transfers the information in COL latch 122 to LVM . . . J 

: .· .· 

memory 118. The process then repeats un~il ·:-~il of the 
35 vectors in the pattern have been transferred· to LVM memory 

118. 
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The . r~qui;re¢i sequence of messages to write one vector 
into LVM meindry )18 is determined in advance as part of the 
process kb.o,,h:ct.s•compiling• the vector file stored in mass 

storage device· 13.0. 
. ·~ : ... : 

Tester llO also includes a separate mfi!IDory, SVM memory 

120. SVM'.:m~ory 120 provides a cost effect~ve way to have 
flexible ·exE!·9ution of vectors. Because testers require a 
large amount.of :high speed memorie~, it. would be very 

expensive \o have. all of the ~ector memC?ry to· be random 
access memory. Rather, LVM memory 118, which represents 

most of the:memory, is sequential access m,emiory. 

Sequentiai t:l,ccessmemory is memory that has a shorter 

access tin\e when :addresses within the memory· are addressed 

in sequence t:;ather than when they are acces~ed in a random 

15 order. 

~memory 120. is random access memory. However, it 

is much smaller than LVM memory 118 . LVM metnor:y 118 
typically .stores ct.round 16M vectors. SVM memory 120 

typically ~tores around lK vectors. Therefore, the higher 

20 cost does not.significantly impact the overall cost of the 

tester. 
Those: portions of a test pattern which can be executed 

sequentially, c;i.r.e stored in LVM memory 118. Those portions 

of the tes~patte~n which require non-sequential execution, 
25 such as brc3:nches, jumps and subroutines,' are stored in SVM 

memory 12CL Whenever a nonsequential porti'?n of the test 
pat tern is 'to.·. be . executed, test control c::irc\li t 116 pauses 

retrieving'vector~ from LVM 118 and begins :t:"etrieving 

vectors from SVl>! .120 _. When the non-sequentic:ll' portion of 

30 the test pattern has been executed, ·test control circuit 

116 resumes retrieving vectors fi:-om LVM 118. 

SVM m~ory 120 is not loaded through load control 

circuit 126. ·· Rather, the vectors to be stored in SVM 120 

are stored '.in LVM l.18. Before, or even duririg, execution 

35 of a test seqtience, vectors are transfer~ed f+om LVM 118 to 

SVM 120. 
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Alternative techniques for loading vectors into the 
tester:llO have been used. For example, it is possible 
that f~r some test patterns the total amount of information 
sent between the workstation.and the tester can be reduced 

5 by tran.smitting the data by "pin-slice." A pin-slice is a 
sequence of values for one pin while a vector is one value 
for all\ of the pins. 

However, regardless of the loading technique, it would 
be highly de$irable to reduce the total load time to the 

10 greatest extent possible. 
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· . . , . $'0MMARY OF THE INVENTION 

Witl'l.the>fotegoing background in mind, it is.an object 
of the il)v~~fo!l·:·to reduce the time required to load a test 
pattern .i1lto :the ~ory of a tester. 

5 It i$ al~o .ariobject to provide for reduced load time 
without reqtiir:i,.ng' ~·ignif icant additional ha;-dware in the .· ... . .. ·····:· .. 

tester. .. •. .· .. 
The for~goingand other objects are.achieved in a 

. . .. . . · .. 

tester having<~ lo~d control which keeps a vector cache. 
10 For each :new vector loaded into memory, •one. of the vectors 

in the cache.i~ ~elected as the starting point. 
Differenc;:~s .~t~ee!ithe selected vector and the desired 
vector ar~transmitted to the load control circuit, which 

.. . . . . ' 

construct;:s. a x:lew vector. That vector is loa¢led into memory 
15 in the teste;r: . . . . .. .. 

In one ein):)Qdiment, each new vector is also loa.ded into . . . . . . 

the cache.; In<an.alternative eiilbodiment# only 
predetermin:ed.ri~w vectors are loaded into the cache. 

. . . ; . . . . 

In a·pref~rred'ewodiment, the vector cache is 
20 implemented usi~g:xnem,ory already preseiit in the tester for 

random access of ·t.e$t vectors during test execution . 

.. ···: .. · 
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BRIEF DESCRIPTION OF THE DRAWINGS 
The invention will be better underst()od by reference 

to the .following more detailed description and accompanying 
drawings in which 

5 FIG~ 1 is simplified schematic diagram of a prior art 

10 

15 

test system showing the vector loading circuitry; 
FIG. 2 is a simplified schematic diagram of a test 

system according to the invent;i.on showing 
improved vector loading ci,rcui~·ry; 

FIG. 3 is a diagram showing a stream· .. of messages used 
for transmitting ~ vector between the workstation 
and the tester of FIG~ 2; 

FIG. 4 is a flow chart showing the compilation process 
for a test pattern used in conjunction with the 
inve:i;ition; and 

FIG, 5 is a flow chart showing an alternative 
embodiment of the compilation process. 
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DESCR;J:PTION OF THE PREFERRED EMa()DIMENT 
FIG. 2 shows a tester 210 incorporating improved load 

circuitry, 226 :according to the invention. Tester 210 is 
.!:· 

similar to tester 110 of the prior art. l'.t. is connected to 
. . 

5 workstati<:>n 128, which retrieves a test pattern from mass 

storage 130. The· test pattern is loaded into LVM memory 
118. 

-~; 

The tester has pin circuitry 114 for n\lmerous 
. . 

channels.· A typic~l number of channels is between 256 and 
10 1, 024. Test control circuitry· 116 retrieves: vectors from 

LVM memory 118 ·and SVM memory 120 and, in a('!cordance with 
the information in those vectors, generates: ·appropriate 
signals to pin circuitry 114. 

Test~r 210 differs from prior art test~~.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 previous~y loaded into LVM 
memory 11s·. When a new vector is to be transferred to LVM 

memory 118, one of the vectors i:p the cache is loaded into 
. . 

20 CDL latch 122. The most similar vector in ~he cache is 
selected for loading into COL latch 122. 

Instructions are required to be sent by workstation 
128 to load control circuit 226 to specify which of the . . 

vectors in the cache should be transferred to COL latch 
25 122. However, we have discovered that the total amount of 

information which needs to be transmitted by workstation 
128 is actually reduced through the use of a vector cache. 
The savings comes about because, on average, one of the 
vectors in the cache will be more similar to the word that 

30 needs to be written into LVM memory 118 than the prior 
vector in COL latch· 122. Because delta codi.ng is used to 
specify the vector, fewer differences requir.e less 
information to be transmitted. 

The number of vectors stored in the vector cache 
35 influences the amount of information which must be 

transmitted to specify a new vector. Larger·caches require 
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less information to be transmitted while loading a test 
pattern. We have discovered that a cache of as few as 16 
vectors :can si~nificantly decrease load time. Larger 
caches provide•bett~r load times. 

5 However, the size of the cache also ~nfluences the 
amount of time it takes to compile a test:pattern. When a 
cache is used, it is necessary, when the peittern is being 
compiled, to de.termine which of ·the vec~ors in the cache . ' . . . 

should be loaded into CDL latch 122. This.determination . . : . ·•. . 

10 requires_ that el!lch vector to be loaded ~nist be compared to 
each vector whiC;h will be in the cache•· at,:. the time that 
vector is loaded. ·We have found that.·· a v~ctor cache larger 
than 1~024 vectors leads to cqmpilations which are very . . . 

long. Further, for larger caches, mqre.bits of 
15 information must be sent by workstation 128 to specify 

which vector in· ·the cache should be used. ~hen loading each 
vector. In general, the data link between workstation 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 describe a 
vector. ·ir'bus, increasing the· cache too much might actually 
decrease ~he transfer rate. 

Pref~rably, .~he cache wi~l hold between 16 and 1, 024 
25 vectors. In 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 require that additional memory be added to tester 
210. The cache can· therefore be simply implemented by 
adding a few conti::ol functions to load contr~l circuitry 
226. 

35 In particular, tester 210 includes. a 0.~ta path from 
the output of SVM:rnemory 120 to the data inpµt of CDL latch 
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122. In this way, a vector stored in the cache can be 

loaded into CDL latch 122. Also, the address input to SVM 
memory l~O can be.generated by cache read/write control 
circuitry250 as well as by test control circuitry 116. 

5 During vector loa(l:i.ng when SVM memory 120 is used to 
implement' a cach.e~. the addresses come from ·cache read/write 
control 250. During a test, the ad.Clress~ inputs· to SVM 120 
come from': test control circuitry 116. 

In addition, the output of CPL latch 122 must be 
10 routed to :the data input of SVM memory 120 in addition to 

the data input of ~VM memory 118. This 'connection allows 
vectors to be stored in the cache. 

In 'essence.~ the preferred embodiment of the 
invention ~akes use of SVM memory 120 in different ways at 

15 different times. It is used as a cache during vector 
loading prior to test execution. During test execution, it 
is used to~ execute·:non-sequential vectors. Various circuit 
techniques'. could be used to allow a ·memory to be used for 
different function.s; at different times. For example, if 

20 the data inputs aricr outputs are connected to a bus, the bus 
can be routed to the different circuits that need to use 
the data from the.memory. Those components are controlled 

' 
to only read data from the bus at· the appropriate times. A 

bus structure could also be used to allow SVM memory 120 to 
25 derive address inputs from different sources at different 

times. As an alter~ative, a multiplexer can.be used at the 
address input_ to ~ ~emory 120 to ensure that an address 
is provided from tlie correct source. 

The operation of tester 210 might be better understood 
30 by reference to FIG. 3, which shows the stream of messages 

to load one vector into LVM memory 118. Message 310 starts 
with a code field 350A. The value in code field 350A 

indicates th.at message 310 is the first message in the 
:_.:. ~ 

process of loading. a .. vector_and that a vector from SVM 

35 should be loaded into CDL latch 122. Load control 
circuitry 226 decodes this message and generates the 
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appropriate control signals to cause a transfer from SVM 
memory 120·to COL latch 122. 

Ad.dress field 352 in message 310 provides the address 
of the vector in SVM memory 120 to transfer to CDL latch 

5 122. Cache read/write control 250 applies this address to 
SVM memory 120. 

Message 3l0 optionally contains SVM.:~ite address 
field 354. Write address field 354 speci~ies the address 
in SVM memory 120 where the prior vector is to be stored. 

10 When message 310 is received by load cpntl:'ol circuitry 226, 

CDL latch 122 contains the vector previoui31y loaded into 
LVM memory 118. ·This value is transferred to the address 
in SVM given by· address field 354. 

In a preferred embodiment·, no write a~dress is 
15 specified. Ratber, the prior vector is stpred in the next 

address in SVM memory 120. When the last address is 
reached in SVM ~emory 120, the next address used is the 
first address, writing over the vector previously stored in 
that location. The next write address in.SVM memory 120 

20 can therefore be computed by cache read/write control 250. 
It is not necessary; though, that ev~ry vector be 

stored in the cache. For example, if the cache stores 
l,024 vectors an,d a particular vector will not be used 
before 1,024 other vectors are written to the cache, that 

25 vector will be overwritten in the cache before it is 

reused. Therefore, that vector need not be.placed in the 
cache. Write ad¢iress field 354 might be us.ed to only 
indicate whether the vector needs to be stored in the 
cache. In the prefe]:'.'red implementation, the write address 

30 field 354 is a s~ngle bit. When the bit is· set, cache 
read/write control circuit 250 provides th~ next address in 

sequence for SVM memory 120. 
In a preferred embodiment, ·message310is transmitted 

over a data bus -having both address and.data lineS? (not 
35 shown) . The vari.ous memory and register iC>cations within 

··::' . .. . .. 

tester 100 are a~sigried to addresses on :·t}lis · bus. Though 
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FIG. 3 shows a separate field 350A indicating a code to 

transfer a value from SVM 120, a transfer from SVM can 
actually be indicated by the value on the· address lines of 
the bus. 

5 Also,. field 352 need not contain an absolute address 
within SVM 120. In a preferred embodiment,. the value in 

. /'. . 

address field 353 is an offset or relative address. As 
described above, vectors are written into successive 
locations in SVM memory 120. In order to keep track of 

10 which is the next location, cache read/write control 
circuit 250 maintains a write pointer. The· SVM read 
address in field 352 is actually specif ie~ as an off set 
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 message 
represents changes that should be made to the vector stored 
in COL 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 fonnats. 
·Message 314 is similar. .It gives values for another 

pin group. Any number of delta coding messages are 
transmitted in this fashion until the required changes to 

25 the vector in CDL latch 122 are conveyed. 
The final delta coding message 316 contains a·--code 

field 3500 with a value signaling that the message contains 
the final change to 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 ~ields 350B, 350C 
and 350D are not actually separate from the P:CK fields 

· 35 358A, 358B and 358C. Rather, certain values in the PIK 
fields 358A, 358B and 358C are used to indicate that a data 
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transfer is to be made. As described above, these messages 
are transmitted over a bus having both address and data 
lines. The address lines specify that the message is 

intended to aff~ct CDL latch 122. Also, pecause the value 
5 in PIK field 358,C actually indicates a transfer from COL 

122 to LVM 118 rather than a pin group, data field 356C is 
not used. 

Load control circuitry 226 is impleipented in the 
preferred embodiment using one or more application specific 

10 integrated 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 operation and generates the appropriate control 

~ 

signals ~ased on the messages sent by workstation 128. 

15 Implementation of a state machine controller using ASICS is 
well known in the art. 

In a preferred embodiment, the write from COL latch 
122 to SVM 120 and the read from SVM 120 h~ppen in the same 
clock cycle. These operations are implemented as a •·s~ap. 11 

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 into 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 
compil.ation of a t~st pattern, which is performed by work 
station 128 or on some other similar computer. FIG. 4 
shows a flow chart:of the portion of the compilation 

30 process that dete~ines 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 no 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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in the ti;'lb].;e. 'l'ht! write pointer emulates the write pointer 
in cache re_ag/wr:H:.e :_control circuit 250 (FIG. 2). 

At s;iep::·412/ codes for the entire vector are 
generated. Because step 412 first·processes the first 

·.· . 

vector iri;the test pattern, there is no prior vector to use 
as the stilrting pofn~. Thus, a series of ,n,lessages, such as 
312 and :J14are g;nerated, with the PIK ff~lds, such as 
358A and 358B, spedify.ing enough groups tl include every 
pin on~e. ·. · Th1s step: .. is the same as . in prior art . . .. - ·. ..:: .. ;:- . . 
cornp1lat19n proce:~ses . 

At step 414, .~he vector for which code~ have just been 
generated ls compa~~d to some number, N, of.· future vectors 
in the test pattern.to see if that vector is more similar 
to any of thoE?e vectors than vectors that will be in the 
cache when! th_ose ve~tors are processed. 

To-silnplifyp:i::ogessing, the number N is, in a 
preferred ~rnbodiment, taken to be the same as the number of 
vectors that the cache can·hold. To further simplify 
processin:gi it is ~~sumed that every future vector will be 
stored in ~the cache.' · Thus, the next vector after the 
current vector iscompared to all N vectors in the table, 
which emulates the'dache. The next vector is compared to 
only the first N-i:vectors in the table. The next vector 
is compareq to onlythe first N-2 vectors in the table; the 
vector aftE!r that to' the first N-3 vectors in the table; 
and so on. 

Two vectors ci,re c::ompared by determining_the number of 
delta coded· messages thcit would need to be sent to specify 
the first v:ector f~ ·~he ',second vector were already in CDL 

latch 122 (FIG·. 2) . ·:.Fewer messages implies closer 
similarity. 

At step 416, a decision is made based on the results 
of the comparison mil.d~ c;t step 414. If the current vector 
is closer to any one: o.f the next N vectors in the pattern 

35 than the vectors iii ::~he table, it will be ad.de¢! to the 
cache. Thus, proce~sing proceeds to step 420 and 422. On 

·.: ... _:' 

- 16 -



··-"··-··--··---···-··-·······--"····­
--······--·"··-··- "-·•• ••r••·•-• 

W097144678 PCT/US97/09050 

the other hand, if the vectors already in the cache are 
closer to the next N vectors than the current vector, the 
current vector would never be used if it were added to the 
cache. In that case execution proceeds'(iirectly to step 

5 424. 

As mentioned above, step 420 is ex!!cuted when the 
current vector is to be added to the caqhe. Step 420 makes 
a record that the vector is to be added'to the cache. This 
record is accessed at step 424. 

10 In step 422, the table and poi:pter are updated to 
reflect that the vector will be added to the cache. The 
table is updated in the same manner that the cache is 
updated: the vector is stored at table location pointed to 
by the pointer. The pointer is then incremented. If a 

15 value is already at that location of the table, it is over­
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 represents 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 vector 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 identified in the table, 
appropriate delta coding messages are generated at step 

35 428. The delta coding messages are gerie,rated as in the 
prior art. However, instead of being based on the 
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preceding vector, they are based on the vector selected at 
step 424. 

Once. the delta coding messages are generated, 
execution proce~ds to step 430. At· s'tep 4:3o, a transfer 

5 command, such as. message 316 (FIG. 3) is gf!nerated. 
Execution the proceeds to step 432. ~t step 432 a 

check is made w:hether all vectors in the t~st pattern have 
been processed. Of there are no more vect~rs, processing 
is completed. ·If more vectors remain, e.xe¢ution proceeds 

10 to step 414 where the processing repeats .witP, the next 
' . -.. 

vector in the test pattern becoming the cu7r~nt vector. 
In this way, all messages depicted . in.· FIG. 3 are 

generated for every vector in the pattern.·.· Those messages 
are stored in the data storage device 130 (FIG. 2) . The 

15 generated messages can be stored directly or they can be 
stored using data compression techniques as·in the prior 
art. 

FIG. 5 shows ~ alte~ative compilation process which 
is less time consuming 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-COL flag 
is also initialized by clearing it. Other initialization 
steps are also performed, such selecting the first vector 
from the pattern file being.processed as the· current 

25 vector. 
At step 512, the current vector is compared to some 

number of vectors in the cache. As can· be seen in FIG. 5, 
step 512 is within. a loop. That loop is repeated once for 
each vector in the test pattern. The fir~t time through 

30 the loop, the curr.ent vector is the first one. 
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 pins J:iaying the same 

. . . 

data values as the·current vector is the closest. 
3 S Selecting the vector with the most:-· .. data ve;\lUE:,s the same 

will not necessarily result in the fewest delta coded 
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messages because the delta coded messages are generated 
based on the number of pin groups that are the same. 
aowever, selecting the closest vector in this fashion will 
often result in the fewest delta coded messages with a 

5 significantly reduced compilation time. In some instances, 
it will be desirable to reduce the compilation time even if 
the load time is not completely minimized. 

At step 512, th~ current vector might be compared to 
each vector in· the cache. Alternatively, comparison might 

10 be made to only some number, for example ·64, of vectors in 
the cache. 

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

15 in the COL is the same as one already in the cache. In the 
initial pass, there are no vectors in the CDL and the SAVE­

CDL flag is still. 'in its cleared state. Therefore, in the 
first pass and in subsequent passes when the SAVE-CDL flag 
is cleared, execution wiil 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. I·f so, there is no need to generate any 
command to load 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 52.2, 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 CDL 122. Execution proceeds to'step 524 where a 
message 310 is generated with the address of the closest 
vector identified at ~tep si2 in fieid 3?2~ As step 524 is 
only executed when the SAVE-COL 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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A complementary set of instructions are generated when 
the SAVE-~DL flag is set. In this case, execution proceeds 
to step :516, which is a decision block which detennines 
whether the closest vector is the same as ·the preceding 

5 vector. If so, axecution proceeds to step· sis. In this 
circumstance, it is necessary to save the contents of the 
CDL 122 in the cache, but it is not necessary to load a new 
value in the CDL. Therefore, step 518 generates a message 
310 which' specifies a NULL address in field. 352, indicating 

10 that no vector. is loaded from the cache into the COL. 
However, field 354 is set, indicating that ·the current 
value in the CDL is placed in the next address in the 
cache. 

When the clpse~t vector is not the s~e as the 
15 previous and the SAVE-CDL flag is set, it is necessary to 

save the value in the CDL and load in a new value. 
Therefore,: execution proceeds to step 52 0 . Step 52 0 
generates 'a message 310 which includes in field 352 the 
address in the c~che of the closest vector. Field 354 is 

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

It will be appreciated that during the compilation 
. . . 

process, commands are generated to be sent to tester 210 
during th~ actual toading operation. The cache pointer and 

25 cache tabl'e in workstation 128 ·are updated to emulate the 
corresponding har(lware in tester 210 as it responds to the 
generated· commands.. If necessary based on the hardware 
within tester 210 to send commands to alter the state of 
read or write pointers, those commands can also be 

30 generated as part of the compilation process. 
Regardless of which path is taken as a ~esult of steps 

514, 516 a~d 522,· execution proceeds to step 526. When 
execution reaches step 526, the appropriate.command has 
been generated to load a value in CDL 122. Step 526 

35 determines whether this value is an exact match to the 
current vector. 
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If the valµe in COL 122 is not an exact match to the 
current vector. execution proceeds to step 530. At step 
530, the SAVE-COL flag is set, indicating that the current 
vector should be saved in the cache.Execution then proceeds 

5 to step 532. 
At step 532, messages 356A, 356B, 356C, etc. are 

generated to specify the required delta code commands. As 
in the prior art, these comman~ will transform the 
contents of the COL into the current vector. Execution 

10 then proceeds to step 534 wh~re command 316 to transfer the 
value from COL 122 into LVM is generated. 

When, -as determined at step 526, tbe 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 the 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 me_ssage 316 is generated. 

20 Execution then loops back to step ?12 and the process 
is repeated with the neXt vector. Vectors are processed 
one after another until all yectors 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 during the loading operation. If 
desired, this partially compressed data can be further 
compressed before being stored in data storage device 130. 

Having described one embodiment, numerous alternative 
30 embodiments or var:i;ations might be made. l"or example, FIG. 

3 indicates that th¢'. prior vector stored in CDL latch 122 
is transferred to the cache at the same time that a vector 
is transferred from the cache to CDL latch 122. Various 
alternatives are po$~lible. A vector might be transferred 

35 to the cache at the same time that it is transferred to the 
LVM memory 118. 
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As another variation, it is not nece~sary that the 
cache be implemented using SVM memory in the tester. While 
use of such memory is highly desirable because it does not 
require the addition of expensive memory, other memory in 

5. the tester might be used or other memory might be added to 
the tester for that purpose. 

As a further variation, it was described that in the 
pref erred embodiment the cache is a first-in, first-out 
type cache. It was also described that the cache write 

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 v~ctors 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 trequently 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 

2 5 might be enco~ed in any number of ways. 
Further, it should be noted that workstation 12B is, 

in a·preferred embodiment,· a workstation as sold by Sun 
Microsystems Computer Corporation. Any similarly powerful 
computer could be used as the workstation.· rt is not 

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

Therefore, the invention should be limited only by the 
spirit and scope of the appended claims. 

--- ~ ------·----- --------- --·----

- 22 -



·--·····---- .... -----·-···-····--·· 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 
13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

1 

2 

3 

4 

1 

2 

3 

4 

5 

·-· _________ _,. ..•.. -. ··-------··---···--·-·· 

W097/44678 

1. 

2. 

3. 

What is claimed is: 
Automatic test equipment of the type executing a test 
pattern comprising a series of vectors, the test 
equipment being of ~he,type, which is connected,to a 

workstation having nomt()lcit:ile memory for storing a . . :.·. · .. :. 
test pattern, comprising: 

a) a memory for storing,:t;:P,E!, ,~~~t,,pattern; 
b) circuitry for exec~~ins;{):'.he ,tt!~t :pattern stored 

in memory and generatirtg test signals; 
c) a data input port a¥t>"t:ec1 , for connection to a 

workstation 
c) load control circui~cy, connected to the data 

input port and the:,,ni~~~, '. com°pr,ising: 
i) a cache memory for storing a plurality of 

vectors; and .~·.· . . 
ii) control logic. for r:eceiving a message from 

the data input J:.?Ort~.retrieving a vector 
from tbe cache.· memory in response to the 

received mess~~~.;·. ~~~caivirig change messages 

from the data ~J)P';lt.port and producing a 
composite vec~or:::i:rom the combination of 

the vector retl:l.fried from the cache memory 
and the receive~i :C~~nge messages and 

storing the compdsite vector in the memory 
for storing a t~s:t pattern. 

"'-: . . 

The automatic tes~ equipmen::t .;:of .·claim 1 wherein the 

cache memory comprises raii~om.acc~s;s memory and the 
~ . . . : .. ... .. .. . ... ; .. 

memory for storing a test·p(!'.t,tt!r:~ comprises s~quential 
. . : .: ~- .: '·. ~ ·- . 

acces.s memory. 

The automatic test equipm~nt q~·claim 1 wherein the 

control logic comprises: /·'·-; 

a) a latch having a dateL .C>titput ,connected to the 

memory for storing tb.~;·;t~~k~attern, the latch 
having a plurality c:i:f)f66~ffons and a plurality 

. ··: ._.·::.:··.::.·.-· : • ... :: 
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of enable inputs, each _enabling storage of data 
in on~ :.6f the plurality of lbc~E-ions, and 

b) a lookup table. memory. havi~g"'_ a·_p].u~ality of 

outputs, each coupled to· thee~ble inputs of the 
latch. 

- The automati6_ test equipment of c:iS.irn_ 3 having a 
plurality o; pins and-_w}fer~il).. ~acl'l'yeC:tor contains 
field for. ·e~~h pin in--a-~rou~ of. said pins, and 

wherein the-riiunber of-locatidns·i~~l:le plurality of 
locations in :~he latch JQat,c)ies equal·s the number of 
pins in the.group. 

one 

The automatic test equipment of cli\im 1 wherein the 
cont;i:ol "iogfd'additionallyirie:1udes nie,ans for storing 
the compo_site' vector into the each~ memory. 

The automatic>test equipment of .clCJ,iin 1 wherein the 
control logid ::·additionall.Y. inchid~E$ means for 

selectively:s~oring theritin)pc)site vectqr into the 

cache memory .... 

The automat'l.c' .test _equipment of clai?rl -6 wherein the 
composite ve~f-or is sele~·tively stored in response to 

a data valu~~rovided at .the:d~ta ~nput poz:-t. 

-Automatic te~t:equipment of-the type executing a test 
pattern with ;a plurality o"f vectors, comprising: 

a) seq\.ient'ial access.·mem?ty:for stor;i.ng at least a 

portion:.Of a test pa.ttE;lrn; 

b) random 8.ccess memory for~<~tor,i~g ,a portion of the 

test patt~rn; 
c) test c;on~rol circti~t;;cy for exef:li_t:.ing a test 

patter~ 0~by executing_ ;~c~9rs se;$l~htially from 
the sequ~ritial access metnory and:_ 1:)6nsequentially 

. ·. . ·: ·'· ... ···: .. · .• . 

from the tandem acc::ess mernqry; 

'-·. -·· =-· -· ----·------. ....,....-~-----
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1 9. 

2 

3 

4 

1 

2 

3 

1 

2 

3 

4 

5 

6 

7 

8 

10. 

11. 

d) 

e) 

a data input port; and 
load control circuitry means for deriving vectors 
from information provided at the data input port, 
the load control circuitry.~lso comprising means 
for using the random a~ceS,s memory asa vector 
cache during the loaa.;ng_operation. 

The automatic test equipment of c:laim 8 wherein the 
load control circuit includ~s read/write control logic 
for the random access memory<to ope.rate the random 
access memory as a cache. 

The automatic test equipment:.~of claim 9 wherein the 
test control circuitry includes means to operate the 

- -

random access memory as a suhroutine memory. 

The automatic test equipment of claim 8 wherein the 
load control circuitry includes: 
a) a latch having a plura~;ty of data fields· and an 

·b) 

enable. input for each o:f the plurality'of data 
fields; 
a look-up memory having a plurality of outputs, 
each·connected to one of the enable inputs of the 
latch. 

. . 
1 12. The automatic test equipment of claim 11 .wherein the 
2 

3 

4 

5 

6 

7 

latch further comprises a dat.a·>.input, the lpok-up 
memory has a data input and th~ lQad control circuitry 
includes means for applying a 0first field of a message 
at the data input port to the( .. data input of the latch 
and a second field of a message at the data input port 
to the data input of the look7~pmem~ry. 

1 13 . The automatic test equipment ,pf .. claim 8 wherein the 
2 load control circuitry compris~s: -
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a) 

b) 

c) 

d) 

PCT/US97/09050 

a latch having a plurality of independently 
accessible fields; 
means for loading into the latch, in response to 
a first message, a specified vector from the 
random access memory; 
means for altering, in response to a second 
message, selected fields in the latch; and 
means for storing in the sequential access 
memory, in response to a third message, the 
contents of latch. 

1 14. The automatic test equipment of claim 13 additionally 
2 

3 

1 

2 

3 

4 

5 

6 

7 

1 

2 

3 

4 

5 

6 

15. 

16. 

comprising means for storing the contents of the latch 
in the random access memory. 

A method of manufacturing a semiconductor component 
using the automatic test equipment of claim 1, the 
method comprising the steps of: 
a) operating the load control circuitry to store a 

test pattern in the memory for storing a test 
pattern; 

b) executi~g the test· pattern. 

A method of manufacturing a semiconductor component 
using the automatic test equipment of claim 8, the 
method comprising the steps of: 
a) operating the load control circuitry to load a 

test pattern into the sequential access memory; 
b) executing the test pattern. 

·-·--------------
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