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FAST VECTOR LOADING FOR AUTOMATIC TEST. EQUIPMENT
Thls 1nventlon relates generally to automatic test
'd more specifically to qulckly loadlng test

equlpment
patterns 1n he internal memory of automatlc test

Automatlc test equipment is w1dely used 1n the
semlconductor_manufacturlng 1ndustry Automatlc test
'alled a "tester," is used to test semiconductor
. various stages in the manufactur1ng process.

equlpment
components:
szferentatests might be conducted at dlfferent stages or
for dlfferent _components..

Teste 'ere programmable, so that they can perform the
different\te ts required. A test "pattern,® consists of a

series of "vectors." Each vector specifiés_the signals
that are:t -be applied to the leads of e_semiconductor
device;gnae; test ("DUT*). The vector also specifies the
signalsﬁtﬁe‘ are to be expected from the leads of the DUT.
The teétipaftérn ig stored in memory in the tester and is

'on vector per cycle. The data values are

read out,

applled to e DUT and the responses are compared to the
expected respenses in the vector.

In any_ZYcle, the data prov1ded to or read from each
lead of the:DUT might change. Thus, the tester must
1ndependently*generate and measure signals for each lead of
the DUT. fT” do thls, the tester has multiple "channels" or

"pin electro 1cs Each copy of the pin electronics,

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

vector, eachﬁpln drives a signal to the lead or measures a
‘th iead and compares it to an expected value.
The amount of data needed to spec1fy a test pattern is
very 1arge 'ch vector contains control lnformatlon for
each pln Multlple bits are needed to convey whether the
pin is to drlve or to receive data and to descrlbe what
data value should be driven or read. A typlcal tester

might contaln hundreds of pins, but testers with thousands
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of plns are not'unusual Each test pattern might require
tens of- mllllen ff cycles to execute. Overall, billions
of bits of data are typically used to code a test pattern.
Maesﬁetorag ﬁdev1ces, such as tapes and disks, are
widely-géea to. store such data. However, they can not be
used within

_j”ester because the access times for mass
storage: dev1ces are too long. The tester must provide a
*'ia every cycle, which could as short as a
Therefore, the tester includes a large

few nanoseCO s

-amount of volatlle_memory The test patterns are stored in

']tester is connected to a workstation.
igludes a mass storage device. Before a
:6rkstation transfers the test pattern

} _torege to the tester. In many instances,
data in a mass“storage device is stored in a compressed
format. The “Wor station decompresses the information
before it 1s sen fto the tester. Inside the tester, load
control c1reg}ﬁry,;oads the test pattern into memory.

STot %,loading billions of bits of data into
slow. Load times of fifteen to twenty

memory can be've":
minutes are ‘no ommon. Long load times are undesirable
because thie tester is not in use during the load time.

Whenever equlpment can not be used in a manufacturing

process, ' 1t'potent1ally decreases throughput of the

process 1is. llmlted by the rate at which data can be

transferred from 'he workstatlon to the tester. One way

which mlght 1nerease the rate at which vectors are loaded
is to increaseithe aﬁa rate of the connection between the
workstatlon andﬁthe tester. For example, a fiber optic
link mlght be us' nstead of conventional twisted pair
bus. 1In som@h;nstéﬁces, increasing the data rate of the
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11nk alone ll,not increase the loading. speed If there
is a“ bottlen ck 1n the workstation, either in retrieving
data’ from a mass :storage device or processing the data, the

speed. of the workstatlon will also have toc be increased to

'oh ‘the load time.

An alternatlve way to increase the speed is to reduce
the amo_nt of information transmitted over the link by
sendlng;partlally compressed data to the tester. Because
the teste:'generally has less sophisticated data processing
capabllltlesﬁthan the work station, the full decompression
is not performed. by the tester. Rather, compressed data on
the mass”storage dev1ce is partially decompressed by the
work stat h' ”The resulting data has more bits than are

stored on he- mass storage device, but has. fewer bits than
are needed-to,flll the nonvolatile memory on the tester.
"strates a tester equipped for receiving

, e _mpressed data which is still compressed with
a method called delta coding. Tester 110 is shown
connected o a.

] ~ Numerous pins 114 are shown.
Operatlon yo) tester 110 is controlled by test control

clrcultry est pattern stored in LVM memory 118 is

read by testﬁ trol circuitry 116 which sends the

approprlat con rol signals to each of the pins 114. Test

control - c1rcu1tryf116 also reports results of the test to
workstation 128000

Workstat _n:l28 is comnected to tester 110.
Workstatlo .
the loadlng.o ,the test pattern into tester 110.

128mprov1des an operator interface and controls

Workstatlon 128 has ‘associated with it mass" ‘storage device

,stores the test pattern.

l:_ 'est -pattern, workstation 128 reads the test
pattern from mass storage device 130. Workstation 128
partially: decomlresses the information, leaving it in its
delta coded_form'_ Workstation 128 then sends data about

~each vector't be stored in LVM 118. However, the data

sent fromﬁworkstat;pn 128 to tester 110ffotfeach vector
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contains 1nformation only about the pins whlch are
dlfferent“than__n_the previous vector.

To reduce the'load times, the pins are . organized into
groups and .ontrol information for a group at a time is
transmltte

ally, the groups are selected to contain
= Eequlre the same control information so
that control 1nformatxon for multiple pins can be provided,
but the datau ransmltted over the link between
workstatlon" nd tester 110 once. Some groups contain
. There is one such group for each pin.

pattern ofhgalues to be specified.

Because there might be several pins or groups of pins
that dlffef"r h_one vector to the next, multiple data
b d to be sent to tester 110 in order to
fully specifﬂ the differences between one vector and the
next. In the loaddprocess, data for one vector to be
stored 1n LVM mem;ry 118 is built up in CDL latch 122. Once
the data fo,_ ne Vector is built up in CDL latch 122, it is
transferred to the next location in LVM memory 118.

CDL latch '
Various meé' g

Eycontalns a location for each pin.
;re_sent by workstation 128 to indicate
what data“;s t “beiwritten into each of these locations.

The message{ 1nclﬁde a p1n lndex, indicating whlch pins
should recelve _he data in that message. S

Once a’ ve oY 1s written to LVM 118, the wvalue of that

vector 1s-s 1 ontalned in CDL latch 122. The messages
spec1fy1ng'the nexthvector specify which locatlons in the
CDL latch 122 sheuld be changed and the new values for
these locat‘ T, "Once these locations are changed CDL

latch 122 con_a s-the value of the next vector.
Load control ircuitry 126 receives the messages from
workstatlon 128 Edad control circuitry 126¥ﬁrovides the

The pin index portlcn of the message is prov;ded to pin
index key, gr,ﬂPlK(” 124. PIK 124 is a memory used as a




10

15

20

25

30

35

»

WO 97/44678 ' PCT/US97/09050

decoder. The memory is loaded with information indicating
which pihsyhAVe been assigned to each pin;group. PIK 124
outputsfezcbﬁtrol line for each location in CDL 122 which
enables that location for storing data. Thus, CDL 122
stores thetdéta in each pin belonging to the group
associated'with the pin index in the message..

The data portion of the message m;ght ‘include a single
data value. Thls data value would then be prov1ded to CDL
122 for each pln in the group. A message w1th the same
data for every pin in a group is called a "group same”
message.’ Slgnallng bits in the message 1nd;cate that it is
a group samemessage and specify whlch grouvp of pins is to
receive the data value.

An alternative form of coding has been suggested. The
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‘tofreceive one of the data values in the
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

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

Writing ohe vector into LVM 118 typically requires a
series offmeSseges. Workstation_128 sends-messages until
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 transfers the information in CDL letch 122 to LVM
memory 118. The process then repeats untll all of the
vectors in the pattern have been transferred to LVM memory
118. ' '
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The: requlred sequence of messages to write one vector
into LVM memory 118 is determined in advance as part of the
process . known as "compiling” the vector file stored in mass
storage dev1ce 130.

Tester 110 also includes a separate memory, SVM memory
120. SVM memory 120 provides a cost effective way to have
flexible executlon of vectors. Because testers require a
large amount of high speed memorles, it would be very
expensive ‘to have all of the vector memory to be random
access memory._ Rather, LVM memory 118, which represents
most of'thegmemory, is sequential access memory.
Sequentiaiféédéssgmemony is memory that has a shorter
access time{wnenfaddresses within the memory are addressed
in seQuendeﬂrather than when they are accessed in a random
order. f _: ;

SVM ﬁemdry-Izo is random access memory. However, it
is much smaller than LVM memory 118. LVM memory 118
typically;store5~around 16M vectors. SVM memory 120 _
typically'stores:around 1K vectors. Therefore, the higher
cost does nOt‘signifiéantly 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'pattern which require non-sequential execution,
such as branches, jumps and subroutines,” are stored in SVM
memory 120. Whenever 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
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 sthed in sVM 120
are stored in LVM ‘118. Before, or even duriné, execution
of a test sequence, vectors are transferred'frOm LVM 118 to
SVM 120. / |
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Alternative technigques for loading vectors into the
tester 110 have been used. For example, it is possible
that for some_test patterns the total amount of information
sent bétween the workstation and the tester can be reduced
by trah?mitting the data by "pin-slice." A pin-slice is a
sequence of values for one pin while a vector is one value
for alli of the pins.

However, regardless of the loading technique, it would
be highly desirable to reduce the total load time to the
greatest extent possible.

Sheet Has Been Reﬂlaced
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. SUMMARY OF THE INVENTION

Wlth the foreg01ng background in mind, it is an object
of the 1nventlon'to reduce the time required to load a test
pattern 1nto the memory of a tester.

It 1s also an object to provide for reduced load time
without requlrlng 51gn1f1cant additional. hardware in the
tester. f _

The fore901ng and other objects are achleved in a
tester hav1ng a load control which keeps a vector cache.

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
in the tester.._ '

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

In a preferred embodlment, the vector cache is
1mp1emented u31ng memory already present in the tester for
random access of test vectors durlng test execution.
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BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be better understood by reference
to the,ﬁbllowing more detailed description and accompanying
drawings in which .
S FIG. 1 is simplified schematic diagram of a prior art
test system showing the vector loading circuitry;
FIG. 2 is a simplifiéd'schematic diagram of a test
system according to the invention showing
'improved vector loading circuipry; ' .
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.
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DESCRIPTiON OF THE PREFERRED EMBODIMENT

FIG. 2 shows a tester 210 1ncorporat1ng improved load
C1rcu1try 226 ‘according to the invention. Tester 210 is
similar to tester 110 of the prior art. It is connected to
workstatlon 128, whlch retrieves a test pattern from mass
storage.130 The test pattern is loaded 1nto LVM memory
118. | _ B

The tester has pln circuitry 114 for numerous
channels. A typical number of channels is between 256 and
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
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
CDL latch 122. ‘The most s1m11a* vector in the cache is
selected for loadlng 1nto_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
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
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
influences the amount of information which mhet be
transmitted to specify a new vector. Largerieaches require

- 10 -
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less information to be transmitted while loading a test
patternf We have discovered that a cache of as few as 16
wvectors can s;gnlflcantly decrease load time. Larger
caches prov;de ‘better load times.

However, 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
each vector whlqh w111 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
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
specify a vector in the cache increases to more than can
fit in a word, an extra word is required to describe a
vector. 'Thus, ihcreasing the cache too much might actually
decrease the transfer rate.

Preferably,_the cache will hold between 16 and 1,024
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
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. 5 . o
| In particular, tester 210 includes, a data path from
the output of SVM memory 120 to the data 1nput of CDL latch

- 11 -
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122. In thls way, a vector stored in the cache can be
loaded 1nto CDL latch 122. Also, the address input to SVM
memory 129.can be generated by cache read/write control
circuitryEZSO'as well as by test control circuitry 11s.
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
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
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
the data iﬁputs ahdﬂbutputs are connected to a bus, the bus
can be routed to the different circuits that need to use
the data ffom 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
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
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 message 310 is the first message in the
process of loadlng ajvector and that -a vector from SVM
should be loaded into CDL latch 122. Load control
circuitry 226 decodés_this message and generates the

- 12 -
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appropriate control signals to cause a transfer from SVM
memory 120 to CDL latch 122.

Address field 352 in message 310 provides the address
of the vector in SVM memory 120 to transfer to CDL latch
122. Cache read/wrlte contxrol 250 applles this address to
SVM memory 120. .

Message 310 optionally contains Svneﬁrite address
field 354. Write address field 354 specifies the address
in SVM memory 120 where the prior vector”is to be stored.
When message 310 is received by load control circuitry 226,
CDL latch 122 contalns the vector prev1ous1y 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 address is
specified. Rather, the prior vector is stored in the next
address in SVM memory 120. When the last'address is
reached in SVM memory 120, the next address used is the
first address, wrltlng over the vector prev1ously stored in
that location. The next write address in SVM memory 120
can therefore be computed by cache read/write control 250.

It is not necessary, though, that every vector be
stored in the cache. For example, if the eache stores
1,024 vectors and a particular vector will not be used
before 1,024 other vectors are written to the cache, that
vector will be overwritten in the cache before it is
reused. Therefore, that vector need not be'placed in the
cache. Write address field 354 might be used to only
indicate whether the vector needs to be stered in the
cache. 1In the preferred implementation, the write address
field 354 is a Singlé bit. When the bit is set, cache
read/write contrél circuit 250 provides thednext address in
sequence for SVM memory 120. |

In a preferred embodlment ‘message. 310 is transmitted
over a data bus hav1ng both address and: data lines (not
shown). The varlous memory and reglster locatlons within
tester 100 are ass1gned to addresses on: thlS bus. Though

- 13 -
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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. '

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 sﬁccessive
locations in SVM memory 120. In order to keep track of
which is the next location, cache read/write control
circuit 250 maintains a write pointer. The SVM read
address in field 352 is actually spec1f1ed as an offset
from this pointer.

Message 312 is sent next. Message 312 is a delta
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
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
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
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
358a, 358B and 358C. Rather, certain values in the PIK
fields 3583, 358B and 358C are used to indicate that a data

- 14 -
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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 affect CDL latch 122. Also, because the value
in PIK field 35&¢ actually indicates a transfer from CDL
122 to LVM 118 rather than a pin groﬁp, data field 356C is
not used. _

Load control circuitry 226 is ihplemented in the
preferred embodiment using one or more application specific
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 operatién and generates'the appropriate control
signals based on fhe messages sent by workstation 128.
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.”
However, the timing of the read and write operatlons 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
stored in the cache. 1In 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
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
write pointer. for this table is set to the first location

- 15 -
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in the table. The write pointer emulates the write pointer
in cache read/wrlte ‘control circuit 250 (FIG 2).

At step 412, codes for the entire vector are
generated Because step 412 first- processes the first
vector in: the test pattern, there is no prlor vector to use
as the startlng pornt. Thus, a series of, messages, such as
312 and 314 are generated with the PIK flelds, such as
358A and 358B, spec1fy1ng enough groups to. 1nclude every
pin once.- This step is the same as in prlor art
compllatlon processes. :

At step 414, the vector for which codes have just been
generated 1s 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
cache when those vectors are processed.

To- slmpllfy proce351ng, the number N is, in a
preferred . embodlment{ taken to be the same as the number of
vectors that the cache can held. To further simplify

processrng, it is- assumed that every future vector will be
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 Nkl vectors in the table. The next vector
is compared to only the first N-2 vectors in the table; the
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;hthe 'second vector were already in CDL

latch 122 (FIG. 2) Ffrewer messages implies closer

similarity. o _

At step 416,-a3decision is made based on the results
of the comparlson made at step 414. 1If the chrrent vector
is closer to any one of the next N vectors 1n the pattern
than the vectors 1n the table, it will be added to the
cache. Thus, proce331ng proceeds to step 420 and 422. On

- 16 -
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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 directly to step
424. |

As mentioned above, step 420 is executed when the
current vector is toc be added to the cache. Step 420 makes
a record that the vector is to be added to the cache. This
record is accessed at step 424. | .

In step 422, the table and pointer 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
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 répresents the start of
processing of the next vector in the pattern. A comparison
is made between that vectbf 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
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
(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
428. The delta coding messages are generated as in the
prior art. However, instead of being baséd.on the

- 17 -



10

15

20

25

30

35

WO 97/44678 PCT/US97/09050

preceding vector, they are based on the vector selected at
step 424. .

Once the delta coding messages are generated,
executioh'proceeds to step 430. At'stepa4§0, a transfer
command, such as message 316 (FIG. 3) is éénerated.

Execution the proceeds to step 432. At step 432 a
check is made whether all vectors in the test pattern have
been processed. Of there are no more'vectors, processing
is completed. If more vectors remaln, exetution proceeds
to step 414 where the process1ng repeats w1th the next
vector in the test pattern becomlng the current vector.

In this way, all messages deplcted_ln:FIG. 3 are
generated for every vector in the pattern.f:Those messages
are stored in the data storage device 130 (FIG. 2). The
generated messages can be stored-directl&'or they can be
stored using data compression techniques as in the prior
art. .

FIG. S5 shows an alternatlve compllatlon process which
is less time consumlng than the process in FIG. 4. At step
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,processed as the current
vector. |

At step 512, the current vector is compared to some
number of vectors 1n the cache. As can be seen in FIG. 5,
step 512 is within a loop. That loop is reQeated once for
each vector in the test pattern. The first'time through
the loop, the current wvector 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 plns hav1ng the same
data values as the-current vector is the closest
Selecting the vector with the most data values the same
will not necessarily result in the fewest delta coded
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messages beéause the delta coded messages are generated
based on the number of pin groups that are the same.
However, selecting the closest vector in this fashion will
often result in the fewest delta coded messages with a
significantly reduced compilation time. In some instances,
it will be desirable to reduce the compilation time even if
the load time is not compléﬁely minimized.

At step 512, the current vector might be compared to
each vector in the cache. Alternatively, comparison might
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-CDL flag has
been set. This flag is used to remember whether a vector
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.

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
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
generate a command to load the closest vector from the
cache into CDIL 122. -ﬁxecution proceeds to}step 524 where a
message 310 is generated with the address of the closest
vector identified at step 512 in field 352?f As step 524 is
only executed when the SAVE-CDL flag is éleér, the contents
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-~ CDL flag is set. In this case, execution proceeds
to step 516 which is a decision block whlch determines
whether the closest vector is the same as the preceding
vector. If so, execution proceeds to step 518. In this
clrcumstance, it is necessary to save the contents of the
CDL 122 in the ceche, but it is not necessary to load a new
value in the CDL. Therefore, step 518 generates a message
310 whichQSpecifies a NULL address in field 352, indicating
that no vector is loaded from the cache 1nto the CDL.
However, f;eld 354 is set, indicating that the current
value in the CDL.lS placed in the next addrees in the
cache. |

When the closest vector is not the same ae the
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 520. Step 520
generates a message 310 which includes in f1e1d 352 the
address 1n the cache of the closest vector. Field 354 is
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, commands are generated to be sent to tester 210
during the actual loadlng operatlon The cache pointer and
cache table in workstation 128 are updated to emulate the
correspond;ng hardware in tester 210 as it responds to the
generatedféommande, If necessary based on the hardware
within teSfer 210 to send commands to alter the state of
read or write pointers, those commands can also be
generated as pert'ef 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
determines whethex[ihis value is an exact match to the
current vector. |
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If the value in CDL 122 is not an exact match to the
current vector. execution proceeds to step 530. At step
530, the SAVE-CDL flag is set, indicating that the current
vector should be saved in the cache.Execution then proceeds
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 commands will transform the
contents of the CDL into the current vector. Execution
then 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
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.

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
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
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
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 necessary that the
cache be implemented using SVM memory in the tester. Wwhile
use of such memory is highly desiréble because it does not
require the addition of expensive memory, other memory in
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
preferred@ embodiment the cache is a first-in, first-out
type cache. It was also described that the cache write
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
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
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
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
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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What is claimed is: _
Automatic test equipment of the type executing a test
pattern comprising a series of vectors, the test

equipment being of the type which is connected to a
workstation having nonvolatlle memory for storing a
test pattern, comprlslngff.f o
a) a memory for storlng the%test pattern,
b) circuitry for executzng the test pattern stored
in memory and generat;ng'test signals;
c) a data input port adapted for connection to a
- workstation '
c) load control circuitr&, ‘connected to the data
input port and the: memory, comprising:

i) a cache memory for storlng a plurallty of
vectors; and ”“

ii) control loglc for rece1v1ng a message from
the data 1nput port,_retrzev1ng a vector
from the cache memory in response to the
received message, rece1v1ng change messages
from the data 1nput port and producing a
composite vector from the combination of

the vector rettleved from the cache memory

and the recelved:ahange messages and
storing the comp051te 'vector in the memory
for storing a test pattern

The automatic test equipméht"of”claim 1 wherein the
cache memory cemprlses random access memory and the
ttern ‘comprises sequential

memory for storlng a tesid
access memory.

The automatic test equlpme't of clalm 1 wherein the

control logic comprises: o
a) a latch having a data output .connected to the
st pattern, the latch

ocations and a plurality

memory for storing the
having a plurality of

- 23 -~
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- of enable inputs, each enabllng storage of data
in one of the plurallty of locatlons, and
b) a lookup table memory hav1ng a plurallty of
outputs, each coupled to the enable inputs of the
latch. . :

- The automatlc,test equlpment of clalm 3 having a

plurallty of;plns and- whereln each 'tor contains one
field for each pin in a: group of s_1d plns. and
wherein thev:umber of locatlons in: the plurality of
locations 1n the 1atch matches equals ‘the number of
pins in the: group ‘

The automatlc test equlpment of clalm l wherein the
control loglc_addltlonally 1ncludes means for storing
the composite"vector into: the cache memory

’ﬁtest equlpment of clalm 1 wherein the
f_;addltlonally lncludes ‘means for
selectlvely storlng the comp051te vector into the
caclie memory

The automatic*test equipment of. c1aim'6 wherein the
composite vector is selectlvely stored in response to

~a data value prov1ded at the data input port.

-Automatic test equlpment of the type executlng a test

pattern with . a plurallty of vectors, comprlslng°

a) sequentlal access: memory for storlng at least a
portlon of a test: pattern, s _

b} random access memory for storlng a portlon of the
test pattern, )

c) test control c1rcu1try for exec\ ng a test
pattern by executlng vectors sequentlally from
the sequentlal access memory and'nonsequentlally
from the random access memory,.
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4a) a data input port; and _

e) load control circuitry means for deriving vectors
from information provided at the data input port,
the load control circuitry -also comprising means
for using the random aéééss memory as a vector
cache during the loading_opefation.

The automatic test equlpment of clalm 8 wherein the
load control circuit 1nc1udes read/wrlte control logic
for the random access memory_;o operate the random
access memory as a cache. o

The automatic test equipmenﬁ;of claim 9 wherein the
test control circuitry includé$ nmeans to operate the
random access memory as a sqbﬁoutine,memory.

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 Qf'the enable inputs of the
latch. B

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
to the data input of the look%uézmeméry.

The automatic test equipment of claim 8 wherein the
load control circuitry comprlses
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a)

b)

c)

d)
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a latch having a plurality of 1ndependent1y
accessible fields;

means for loading into the latch, in response to
a first message, a specified wvectoxr 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 sequeﬁtial access
memory, in response to a third message, the
contents of latch.

The automatic test egquipment of claim 13 additionally

cbmprising means for storing the contents of the latch

in the random access memory.

A method of manufacturing a semiconductor component
using the automatic test eguipment of claim 1, the
method comprising the steps of:

a)

b)

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

executing 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)

b)

operating the load control ciréuitry to load a
test pattern into the segquential access memory;
executing the test pattern. '

Thllsllsiiint |iliilni|e|n ﬁﬁll
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