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(57) ABSTRACT 

For testing a device under test (“DUT”) a test speci?cation 
is converted in a computer system by a pin vector generator 
process, Which includes generating test vectors. The DUT 
has numerous input pins and such a pin vector is for a signal 
to drive one such pin. The pin vectors are compressed and 
saved. Ones of the pin vectors are loaded, upon initialization 
of a test, into a pipeline having a series of memory stages 
and extending from the computer system to channel cards in 
a test head. The pipeline is operated in data transfer cycles, 
delivering W bits per cycle. The pin vectors are decom 
pressed at the respective channel cards in decompressor read 
cycles. X bits are read per decompressor cycle, W being 
greater than X, so that the pipeline may perform its data 
transfer cycles less frequently than the decompressor per 
forms its read cycles. 
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METHOD, APPARATUS AND COMPUTER 
PROGRAM PRODUCT FOR HIGH SPEED 

MEMORY TESTING 

BACKGROUND 

[0001] 1. Field of the Invention 

[0002] The present invention concerns testing of very 
large scale integrated-circuitry (“VLSI”) devices, and, more 
particularly, concerns high speed testing of such devices 
using test patterns. 

[0003] 2. Related Art 

[0004] Referring noW to FIG. 1, a conventional test sys 
tem 100 is shoWn for testing very large scale integrated 
circuitry (“VLSI”) devices, such as memory devices, appli 
cation speci?c integrated circuits (“ASIC’s”), and micro 
processors. The test system 100 (also referred to herein as a 
“tester”) includes a main frame 120, a test head 130 and a 
product handler 140. A computer system 110 is used as an 
interface betWeen an operator and the tester 100. The 
interface is used to control the tester 100, to load test 
programs into the main frame 120, to start testing, to collect 
test results, etc. 

[0005] Referring noW to FIG. 2, details are shoWn of the 
test head 130 of the prior art test system 100. The test head 
130 includes a housing platform and Wiring backplanes 138 
for receiving channel cards 131. Each channel card 131 is 
for driving a signal pin on a VLSI chip, commonly referred 
to as a device under test (“DUT”) 136. The DUT 136 mounts 
in a socket/probe card assembly 134, Which, in turn, mounts 
on a device interface board 132 for interfacing the DUT 136 
to the channel cards 131. Each DUT 136 has numerous pins, 
including address, data, poWer supply and control pins. The 
control pins are for controlling Whether data is read from or 
Written to the device 136, among other things. 

[0006] Referring noW to FIG. 3A, further details of the 
prior art test system 100 are shoWn. Computer system 110 
generates a test program 302 from a test speci?cation 300. 
A user speci?es parameters of the test speci?cation 300 
using a programmer interface 301. The programmer inter 
face 301 is usually a custom softWare integrated design 
environment for generating device test programs 302. The 
testing performed by test system 100 is for guaranteeing that 
the device under test 136 operates properly Within given 
operating ranges. The computer system 110 compiles the test 
program 302 into a binary executable program and saves it 
into an appropriate storage media 303, such as a hard disk. 
The eXecutable test program is a compiled set of op codes 
that specify various test corners. A test corner includes a 
collection of address and data sequences at a given voltage 
and temperature for a set of timing constraints. The device 
under test 136 is tested for functionality over a range of 
voltages, timing constraints, process parameters and tem 
peratures using such test programs 302. 

[0007] Main frame 120 includes a test sequencer 314, an 
address pattern generator 316, a data pattern generator 318, 
an error detector 331, a data log 329, some output data 
buffers 328, a precision crystal oscillator 324 Which is used 
to produce a stable, high frequency reference clock 326 for 
synchroniZation, and device poWer supply 327. 

[0008] The test sequencer 314 controls the sequence of 
tests, as Well as the conditions of each test, such as the 
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particular address and data patterns, particular time set 
(de?nes test cycle times, as Well as address, data, and control 
signal edge values Within a test cycle), temperature and 
voltage to Which the DUT 136 is subjected. The address 
pattern generator 316 has at least one arithmetic logic unit 
(“ALU”) (not shoWn) to generate sequences of addresses 
necessary to access storage Within the DUT 136 for read and 
Write operations. The data pattern generator 318 has at least 
one ALU (not shoWn) to generate sequences of test data for 
Writing to the device under test. The ALU’s are program 
mable to generate a variety of test patterns. HoWever, the 
patterns are all limited by the constraints of the ALU 
architecture. The ALU can generally only generate patterns 
of a certain type. That is, although such an ALU is pro 
grammable, the patterns that the ALU can generate still are 
not Without substantial constraints because the ALU is 
designed for a certain limited set of op codes. 

[0009] The error detector 331 compares the actual data 
read back from the DUT 136 With the eXpected data from the 
data generator 318 on a cycle-by-cycle, pin-by-pin basis to 
produce fail data. The data log 329 can then be used to log 
the fails or to ignore them. The device poWer supply 327 
controls the poWer supply voltage per test corner for the 
DUT 136. Once the address and data patterns are generated 
on-the-?y, the patterns are stored temporarily in data buffers 
328 and then sent to the test head 130. 

[0010] Details of one of a number of channel cards 131 are 
illustrated in the test head 130 shoWn in FIG. 3A. Each 
channel card 131 is hardWired to represent a particular DUT 
136 signal. A timing generator 342 in the test head 130 
produces cycle-by-cycle timing data for each DUT 136 
signal. The timing data includes such parameters as the 
coarse and ?ne delays and pulse Width per test cycle. The 
timing generator 342 also produces state information such as 
Whether a particular signal has to be in a “0” state or a “1” 
state outside the signal’s active portion Within a test cycle. 
For proper results the address pattern generator 316, data 
pattern generator 318 and timing generator 342 all have to 
operate in synchronism. Accordingly, crystal oscillator 324 
in the main frame 120 generates master clock 326 in order 
to provide a reference frequency that is also transmitted to 
test head 130 on bus 325 for synchroniZing the address 
pattern generator 316, data pattern generator 318 and timing 
generator 342. 

[0011] The signal formatter 343 merges the raW digital 
patterns of the data/address ALU for a signal With the 
signal’s corresponding timing data to produce a signal With 
precise edges in relationship to the beginning of each test 
cycle. The signal is then driven to the DUT 136 by pin driver 
348 With the correct up and doWn voltage levels. 

[0012] Parametric measurement unit (“PMU”) 349 forces 
or measures voltage or current on the DUT 136 pin. Com 
parator 344 compares analog data of the DUT 136 and a 
reference voltage to produce digital “1’s” and “O’s” for the 
error detector 331 in the main frame 120. 

[0013] Referring noW to FIG. 3B, additional aspects of the 
system 100 of FIG. 3A are shoWn. The computer 110, test 
sequencer 314, data generator 318 and address generator 316 
process data for the DUT 136 on the full Widths of address 
and data ?elds. HoWever, the timing generator 342, signal 
formatter 343, comparator 344, pin driver 348, error detector 
331 and data log 329 in each respective channel card 131 
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process data for the DUT 136 on a cycle-by-cycle, pin-by 
pin basis. Thus, each channel card 131 is hard Wired to the 
address generator 316 and data generator 318 by a single, 
dedicated conductor. This arrangement results in an large 
number of cables carrying data at high speed from the main 
frame 120 to the channel cards 131. 

[0014] In recent years there has been a trend to migrate 
functions from the main frame 120 to the channel cards 131, 
even to the extent of locating ALU’s in the channel cards 
131. At an extreme, each channel card 131 becomes an 
“instrument” in itself that includes multiple cards. Moving 
main frame 120 functionality to the channel cards 131 tends 
to reduce some data path problems by moving some high 
speed operations of the system 100 closer to the DUT 136. 
HoWever, there is still a problem of synchroniZing all the 
cards 131, Which may number even in the hundreds. This is 
a considerable problem at high speed. Moreover, the prob 
lem of ?exibility in pattern generation still exists. 

[0015] In summary, prior art systems use high speed, 
localiZed, complex hardWare-ALU’s for address and data 
pattern generation operating at test speeds and use a long and 
high speed electrical tester bus. Both of these conventional 
features limit tester functionality at high speed because With 
this arrangement Write and read operations of the tester are 
highly critical all the Way from the main frame to the DUT 
and back. Also, as mentioned before, the hardWare ALU’s, 
due to their architectural limitations, can only generate 
certain types of test patterns. Therefore a need exists for 
improvements in high speed testing. 

SUMMARY OF THE INVENTION 

[0016] The foregoing need is addressed in the present 
invention. A process of the present invention (referred to 
herein as a pin vector generator or a bit vector generator) 
strips out patterns for each individual DUT signal pin 
(address pin, data pin, etc.) from conventional full-Width test 
vectors. These full-Width test vectors are from test patterns 
produced by a conventional test program. (They are referred 
to as full-Width test vectors because they have Widths equal 
to the Whole address and data ?eld Width of the DUT.) The 
slicing of the conventional full-Width test vectors by the pin 
generator produces a pin vector for each one of the DUT 
pins. The pin vectors are compressed and packaged to 
produce packets of data Which are saved in a suitable storage 
media before test. Each packet also includes the address of 
its target channel card as Well as one or more pointers to 
relevant timing and voltage data, such data being referred to 
herein as DUT vectors. This preprocessing of test vectors 
avoid the necessity of high-speed, on-the-?y, test pattern 
generation via hardWare ALUs during test. This also 
removes limitations on the types of test patterns that can be 
generated. 

[0017] At test initialiZation, the test packets and DUT 
vectors are loaded into a “pipeline” having a series of 
memory stages, i.e., data buffers in the tester, extending from 
the computer system all the Way to the channel cards in the 
test head. The DUT vectors are preloaded into register ?les 
residing in each channel card during test initialiZation. As a 
test sequence progresses, fresh packets are constantly loaded 
to keep the memory pipeline ?lled. Each channel card may 
receive all of its data packets in a sequence corresponding to 
the sequence of speci?ed tests. Alternatively, each packet 
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may include a sequence identi?er so that the packets can be 
sent out of order but processed by the channel cards for 
speci?ed test sequences. 

[0018] At the channel cards, each compressed pin vector 
is decompressed by a hardWare assist decompressor and then 
processed through a parallel-in serial-out, high speed buffer. 
Each decompressed bit is then conditioned by a formatter 
before a pin driver delivers a precision signal to the channel 
card’s respective DUT pin at high test speed. 

[0019] Because of the parallel-in, serial-out buffer mecha 
nism, the decompressor output can be at a loWer speed than 
the test speed at Which the DUT pins are driven. For each of 
its output operating cycles the decompressor outputs to the 
parallel-in, serial-out buffer a relatively Wide stream of bits. 
The formatter receives bits from the buffer at the test 
frequency, Which is higher than the output operating fre 
quency of the decompressor since the formatter receives 
from the parallel-in, serial-out buffer a one-bit Wide stream 
of bits. Similarly, since the compressed pins are delivered to 
the decompressor through the memory pipeline the speed of 
the pipeline is even loWer than the decompressor speed. 
Furthermore, since the pin vectors are delivered to the 
decompressor as compressed pin vectors the speed of the 
pipeline is even loWer than the decompressor speed, i.e., 
each input cycle the decompressor takes in X bits, and each 
output cycle the decompressor outputs Y bits, Where Y>X 
and the input frequency is correspondingly less than the 
output frequency. Furthermore, the compressed pin vectors 
are delivered for each output operating cycle of the pipeline 
in bit sets having more bits than that Which the compressor 
reads in each of its input operating cycles. That is, the 
pipeline is Wider than the decompressor input, and, there 
fore, the output operating frequency of the pipeline may be 
even loWer than the output operating frequency of the 
decompressor. All of these arrangements contribute to 
enable the pipeline to operate sloWer than the decompressor. 
Consequently, the DUT runs at very high speed While the pin 
vectors are concurrently delivered to the test head at a 
substantially loWer speed. 

[0020] Instead of a conventional high speed electrical 
tester bus, the tester of the present invention has an optical 
control bus that is relatively narroW and very fast and a data 
bus that is electrical but sloWer and Wider. The packets are 
transmitted from the computer over the electrical bus to the 
test head. In various implementations the Width of the tester 
data bus may be a function of the desired volume of data 
transmission and the desired ef?ciency of the compressor. 
For example, in one implementation the data bus is 256 bits 
Wide. This is in contrast to the prior art arrangement in Which 
data and address generators are hard Wired by dedicated, 
single data conductors to respective channel cards. The 
arrangement of the present invention is advantageous 
because each packet sent from the computer system to the 
test head during test utiliZes the full Width of the tester 
electrical data bus. That is, bits of a packet are transmitted 
in parallel on numerous bits of the data bus. In one imple 
mentation bits of a packet are transmitted in parallel on the 
entire bit Width of the data bus. Since the electrical bus (also 
referred to herein as the “data bus”) is relatively Wide and 
the pin vectors are compressed, a large number of pin 
vectors are transmitted in packets quickly at a relatively loW 
data transmission frequency. 
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[0021] A feW high speed optical control signals are trans 
mitted on the optical bus and converted by a converter into 
electrical signals. The electrical signals are then divided by 
dividers to produce secondary electrical clocks clk0, clk1 . 

. clkx at each of the channel cards. This mechanism 

advantageously produces all the necessary high speed elec 
trical signals only very close to the DUT. Also, a high 
frequency reference clock is delivered in the optical domain 
in this manner, Which provides critical high speed synchro 
nism and control of timing signals needed for high speed 
testing. This avoids the necessity of the dif?cult task of 
delivering high speed electrical signals from the main frame 
to the channel cards in the test head. Using the optical signal 
to synchroniZe the channel cards also reduces constraints 
commonly associated With high speed synchroniZation in the 
electrical domain over a long transmission line and With 
large loads such as a large number of channel cards. 

[0022] To restate the above, the tester of the present 
invention advantageously utiliZes distributed operations 
(distributed both in softWare and in hardWare domains) to 
replace functions of conventional ALU’s and utiliZes a Wider 
but sloWer electrical data bus and a narroW but much faster 
optical control bus. The buses of the present invention 
traverse only a very short path betWeen the parallel-in 
serial-out high speed buffer in the test head and the DUT for 
critical high speed operations. Thus, according to the inven 
tion, preprocessed pin vectors are transmitted over the data 
bus at a frequency that is substantially loWer than the testing 
frequency of the DUT. (This is in contrast to the conven 
tional practice of using hardWare ALU’s to generate address 
and data patterns at test speed on-the-?y and transmitting the 
patterns at high speed.) This, in turn, enables the present 
system to be used to test devices that operate at higher 
frequencies than Would otherWise be possible and enables 
the use of a softWare program Written in a high-level 
language, such as Perl, Java, etc., running on a conventional 
computer to generate the pin vectors, instead using of 
special, dedicated and localiZed high-speed hardWare 
ALU’s. This also permits ?exibility regarding the patterns 
that can be generated for the pin vectors. 

[0023] Thus, for the tester of the present invention com 
plexity is buried in the softWare portion of the distributed 
ALU-like functionality, including a pre-processor softWare 
portion for generating test patterns and a post-processor 
softWare portion for analyZing collected DUT data. The 
pre-processor has a programmer interface, a test program 
generator, and the previously mentioned pin vector genera 
tor and compressor. The post-processor has a decompressor, 
error detector/data log, and a database. The hardWare portion 
of the distributed ALU-like functionality is much simpler, 
With respect to its computational logic complexity, than the 
prior art hardWare ALU’s, and includes a hardWare assist 
decompressor for delivering the pin vectors to the DUT and 
a hardWare assist compressor to collect the DUT data for 
storage and post-processing. 

[0024] In an alternative embodiment an optical bus is 
provided for data transmission instead of the previously 
mentioned electrical data bus. This increases the maximum 
achievable testing frequency and can also support testing of 
devices With higher signal pin counts, i.e., devices needing 
more channel cards. 
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[0025] Additional objects, advantages, aspects and forms 
of the invention Will become apparent upon reading the 
folloWing detailed description and upon reference to the 
accompanying draWings. 

BRIEF DESCRIPTION OF THE FIGURES 

[0026] FIG. 1 illustrates a high level vieW of a test system, 
according to the prior art. 

[0027] FIG. 2 illustrates details of a test head of the test 
system of FIG. 1. 

[0028] 
FIG. 1. 

[0029] FIG. 3B illustrates interrelationships betWeen 
major units shoWn in FIG. 3A. 

[0030] FIG. 4A illustrates a test system, according to an 
embodiment of the present invention. 

[0031] FIGS. 4B and 4C illustrate interrelationships 
betWeen major units shoWn in FIG. 4A, according to an 
embodiment of the present invention. 

[0032] FIG. 4D illustrates an alternative embodiment of 
the test system of FIG. 4A, according to an embodiment of 
the present invention. 

[0033] FIG. 5A illustrates an example device under test, 
according to an embodiment of the present invention. 

[0034] FIG. 5B illustrates partitioning of the device of 
FIG. 5A. 

[0035] FIG. 6A illustrates a simpli?ed memory device, 
according to an embodiment of the present invention. 

[0036] FIG. 6B illustrates partitioning of the simpli?ed 
memory device of FIG. 6A. 

[0037] FIG. 6C illustrates additional partitioning details 
of the memory device of FIG. 6A. 

[0038] FIG. 6D illustrates still more details of the simpli 
?ed memory device of FIG. 6A. 

[0039] FIG. 7A illustrates, for the same simpli?ed 
memory device, an example of a ripple X (increment roW 
address fastest) address pattern and a checkerboard data 
pattern expressed in a conventional form and in pin vector 
form, according to an embodiment of the present invention. 

[0040] FIG. 7B illustrates, for the same simpli?ed 
memory device, an example of a diagonal (increment both 
roW and column address at the same time) address pattern 
and a complementary data pattern expressed in a conven 
tional form and in pin vector form, according to an embodi 
ment of the present invention. 

[0041] FIG. 8 illustrates aspects of preprocessing logic for 
producing test packets, according to an embodiment of the 
present invention. 

FIG. 3A illustrates more details of the system of 

[0042] FIG. 9 illustrates a computer system applicable for 
inclusion in the test system, according to an embodiment of 
the present invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0043] The claims at the end of this application set out 
novel features Which applicants believe are characteristic of 
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the invention. The invention, a preferred mode of use, 
further objectives and advantages, Will best be understood 
by reference to the following detailed description of an 
illustrative embodiment read in conjunction With the accom 
panying draWings. 
[0044] Referring noW to FIG. 4A, test system 400A is 
illustrated in block diagram form, according to an embodi 
ment of the present invention. For the illustrated embodi 
ment of the present invention, test packets are produced in 
computer system 420 by softWare processes before testing 
begins. In other Words, test packets are “preprocessed” by 
softWare block 402. More speci?cally, test program 404, 
Which receives test speci?cation 401 via programmer inter 
face 403, is converted by a bit vector generator 405 (also 
referred to herein as a pin vector generator) that has spe 
cialiZed ALU softWare in a conventional computer system 
420. This generates pin vectors that de?ne signals asserted 
on respective data and address pins of the DUT 136 for a 
sequence of test cycles. 

[0045] The preprocessing also produces DUT vectors that 
specify timing and voltage for the tests. That is, a DUT 
vector speci?es at What voltage level a signal on a pin is 
asserted and When the signal starts and ends relative to a 
particular cycle. One such DUT vector may apply to all the 
pins on the DUT 136 and may even apply to numerous tests. 
Alternatively, one DUT vector may apply to all address pins 
and another DUT vector may apply to all data pins. Gener 
ally a DUT vector applies more nearly to the Whole DUT 
136 and each pin vector applies to an individual pin of the 
DUT 136. There may be exceptions, hoWever, in Which a 
single pin vector may apply to a number of pins. This 
eXception usually arises because for a particular sequence of 
test patterns speci?ed by a pin vector there may be a number 
of pins for Which the same sequence of signals is asserted. 
Likewise, one DUT vector may sometimes apply only to 
selected pins. 
[0046] After the pin vectors are produced they are com 
pressed by compressor 406. Then each pin vector is pack 
aged into packets With one or more pointers to one or more 
DUT vectors and the test packets and DUT vectors are 
stored in storage 407. This may be done before testing 
begins. That is, a set of the DUT vectors and the packets 
containing the compressed pin vectors may be saved in 
storage 407 before testing of the DUT 136 begins, the set 
being for a “complete” test of the DUT 136 so that the set 
does not have to be added to by the generator 405 during the 
test of the DUT. Consequently, in this circumstance there are 
no high speed, on-the-?y test pattern generations during test. 

[0047] A “complete” test includes, for eXample, a test that 
Writes to all the memory cells of the DUT 136 and reads the 
contents of the cells back out again. A complete test may 
even include the performance of this cycle numerous times, 
in Which different patterns of data are Written each time. A 
complete test may also include performance of cycles that 
vary the voltage or timing of the data Written to the DUT 136 
pins. 
[0048] The system 420 may be a conventional computer 
system, although the test packets are specially adapted for 
the features of the invention and are produced by softWare 
that is likeWise specially adapted. Producing the test packets 
via softWare in a conventional computer system as described 
above eliminates limitations that hardWare ALU’s have 
regarding the types of patterns they can generate. 
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[0049] At test initialiZation, the test packets and DUT 
vectors are loaded into a “pipeline” having a series of 
memory stages, i.e., data buffers 408, 431, 435, and 462, in 
the tester 400A, extending from the computer system 420 all 
the Way to the channel cards 450A in the test head 440. As 
the test progresses, fresh test packets and possibly additional 
DUT vectors are constantly loaded to keep the memory 
pipeline ?lled. The “pipeline” includes bus 458 for trans 
mitting test packets from the computer 420 to respective 
buffers 462 in each channel card 450A. Data bus 458 of 
tester 400A (FIG. 4A) is electrical, but Wider than a con 
ventional high speed electrical tester bus. For reasons 
described herein beloW, the bus 458 may be sloWer than the 
data bus of a conventional tester. 

[0050] Tester 400A also has an optical control bus 457 that 
is relatively narroW and very fast. Timing for data transfer 
and other operations is controlled by signals from the master 
and timing clocks in signal sources 434, Which are delivered 
over optical links 457 to optical-electrical converters 441 in 
each channel card 450A. (The speed of operation of the 
tester 400A of the present invention, as governed by the 
master clock, is limited by technology of optical-electrical 
converters. An operating frequency of up to 12 GHZ is 
Within the capability of currently available optical-electrical 
converters, Which is suf?cient for the present invention.) The 
electrical signals from converters 441 are then divided by 
dividers 443 to produce secondary electrical clocks clk0, 
clk1 . . . clkX at each of the channel cards 450A. This 

mechanism advantageously produces all the necessary high 
speed electrical signals only very close to the DUT 136. 
Also, a high frequency reference clock is delivered in the 
optical domain in this manner, Which provides the critical 
high speed synchronism and control of timing signals 
needed for high speed testing. 

[0051] Returning noW to the description of data transfer, 
the data buffers 462 in each channel card 450A are capable 
of receiving data in parallel from the Wide bus 458 and 
delivering parallel data on demand to the decompressor 452. 
For ease of future tester enhancement the decompressor 452 
is a ?rmWare upgradeable and hardWare plugable unit. 

[0052] The uncompressed pin vectors are then fed into the 
parallel-in serial-out high speed data buffer 444. The buffer 
444 concurrently streams out serially the received parallel 
data to the high speed formatter 446, timed by one or more 
of the divided master clocks 443 at test speed, Which is very 
high. The pin driver 448 delivers a precision signal to the 
DUT 136 at test speed. 

[0053] In one embodiment of the invention, the parallel-in 
serial-out buffer 444, the formatter 446, and the pin driver 
448 are electrically very close to one another, such as 
mounted on the same printed circuit card or multi-chip 
module, or even on the same integrated circuit chip. Con 
sequently, these units are capable of a very high speed serial 
data transmission rate that is suf?cient to keep up With the 
rate of data transfer required for high speed testing of the 
DUT. 

[0054] The test sequencer 432, the DPS 437, the timing 
generator 445, the formatter 446, the pin driver 448, the 
PMU 470, and the comparator 456 for each channel card 
450A function in substantially the same manner as the 
corresponding blocks in the prior art system 100 of FIG. 3, 
eXcept in some respects, certain ones of Which are described 
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herein. The error detector 331 and the data log 329 of the 
prior art test system 100 (see FIG. 3A) are eliminated from 
the main frame 430 of the present invention. Their role is 
handled by the database 413 of the post-processor 415. 

[0055] The raW (analog) DUT 136 data that is collected by 
the testing is fed into the comparator 456 Which converts the 
serial DUT 136 data into digital Is and Os. This serial digital 
DUT data is then fed into the compressor 453 via buffer 454 
in parallel to be compressed. For ease of future tester 
enhancement the compressor 453 is a ?rmWare upgradeable 
and hardWare plugable unit. 

[0056] Compressed data is then buffered 455 and then 
transmitted over the electrical bus 458 all the Way to the 
computer 420 and saved in storage 411. The softWare 
post-processor 415 then uses the decompressor 412 process 
to eXtract the DUT 136 data and the test results are analyZed 
by a suitable error detector/data log process and then saved 
in a database 413. 

[0057] Thus, according to the above described arrange 
ment, preprocessed test packets are transmitted over the data 
bus 458 at a frequency that is substantially loWer than the 
testing frequency of the DUT 136. This is in contrast to the 
conventional practice of using hardWare ALU’s to generate 
address and data patterns at test speed on-the-?y and trans 
mitting the patterns at high speed. This, in turn, enables the 
system 400A to be used to test devices that operate at higher 
frequencies than Would otherWise be possible and enables 
the use of a softWare program Written in a high-level 
language, such as Perl, Java, etc., running on a conventional 
computer to generate the test packets, instead using of 
special, dedicated and localiZed high-speed hardWare 
ALU’s. This also permits ?exibility regarding the patterns 
that can be generated for the test packets. 

[0058] Referring to FIG. 4D an alternative embodiment is 
illustrated. In this embodiment electrical data bus 458 of 
FIG. 4A is converted to an optical bus 459 so that the data 
bus transmission is by optical means also. Correspondingly, 
converters 460 and 461 and associated data buffers 462 and 
455 are included in channel cards 450B and converters 438 
and 439 are included in the main frame 430. (It should be 
understood that in both system 400A and 400B the electo 
optical converters can be implemented in a variety of Ways, 
as is knoWn in the art.) This pushes the testing frequency 
further up and can also support testing devices With higher 
signal pin counts (i.e., needing more channel cards). By use 
of the optical data bus 459 and data compression, data may 
potentially be transmitted to the test head 440 at an even 
higher rate than the test frequency. 

[0059] Referring noW to FIG. 4B, certain additional 
aspects are illustrated of the pre-processor 415 and post 
processor 402 programs running in computer 420. FIG. 4B 
particularly distinguishes the pre-processor 415 and post 
processor 402 programs running in computer 420 as com 
pared to the programs in the computer system 110 of the 
conventional test system 100 shoWn in FIG. 3B. In the 
computer system 110 of system 100, the programs process 
data for the DUT 130 on the basis of the full Widths of the 
address and data ?elds. In contrast, While the test program 
404 running in computer 420 processes data for the DUT 
130 on the basis of the full Widths of the address and data 
?elds, the pin vector generator 405 and compressor 406 of 
the pre-processor 402, and the decompressor 412 of the 
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post-processor 415 process data for or from the DUT 136 on 
a pin, i.e., bit, vector basis. Also, the database 413 running 
in post-processor 415 processes data from the DUT 136 on 
a cycle-by-cycle, pin-by-pin basis, Which is done in the main 
frame 120 of system 100 shoWn in FIG. 3B. 

[0060] Referring noW to FIG. 4C, certain additional 
aspects are illustrated of the system 400 of FIG. 4A to 
distinguish the system 400 from the conventional test system 
100 shoWn in FIG. 3B. As previously stated, in system 100 
of FIG. 3B the timing generator 342, signal formatter 343, 
comparator 344, pin driver 348, error detector 331 and data 
log 329 process data for the DUT 136 on a cycle-by-cycle, 
pin-by-pin basis. While the data processing by timing gen 
erator 445, signal formatter 446, comparator 456 and pin 
driver 448 of system 400 differs from that of the timing 
generator 342, signal formatter 343, comparator 344 and pin 
driver 348 of system 100; nevertheless, the timing generator 
445, signal formatter 446, comparator 456 and pin driver 
448 of system 400 processes DUT 136 data on a cycle-by 
cycle, pin-by-pin basis, as do the corresponding elements of 
system 100. HoWever, unlike the system 100 of FIG. 3B, the 
system 400 of FIG. 4B processes data sent to DUT 136 on 
a pin vector basis in certain elements, namely from the pin 
vector generator 405 through the buffer 431, test sequencer 
432 and buffer 435 of main frame 430 (FIG. 4A), buffer 462, 
decompressor 452 and parallel-to serial high speed buffer 
444 of the channel cards 450A or 450B. Also, the system 400 
of FIG. 4C processes data collected from DUT 136 on a pin 
vector basis through the serial-to parallel high speed buffer 
454 and compressor 453 of the channel cards 450A or 450B. 

[0061] Of particular note, because of a variety of mecha 
nisms illustrated in FIG. 4C test packets are sent by com 
puter 420 at a substantially loWer frequency than the oper 
ating frequency of the pin driver 448 in a typical channel 
card 450A or 450B. According to one such mechanism, 
decompressor 452 output Y can be at a much loWer speed 
than the test speed at Which the DUT 136 pins are driven by 
pin driver 448 due to parallel-in, serial-out buffer 444. That 
is, for each of its output operating cycles the decompressor 
452 outputs to the parallel-in, serial-out buffer 444 a rela 
tively Wide stream Y of bits. The formatter 446 receives bits 
from the buffer 444 at the test frequency, Which is much 
higher than the output operating frequency of the decom 
pressor 452 since the formatter 446 receives from the 
parallel-in, serial-out buffer 444 a one-bit Wide stream Z of 
bits. 

[0062] Also, test packets are delivered to the decompres 
sor 452 through a memory pipeline from buffer 408 through 
buffer 462, Which has a bit Width W into buffer 462. Since 
the test packets are delivered to the decompressor 452 as 
compressed test packets the speed of the pipeline may be 
loWer than the decompressor 452 speed. That is, each input 
cycle the decompressor 452 takes in X bits, and each output 
cycle the decompressor 452 outputs Y bits, Where Y is 
greater than X, and the decompressor 452 input frequency is 
correspondingly less than its output frequency. 

[0063] Still further, the compressed test packets are deliv 
ered for each output operating cycle of the pipeline in bit sets 
having a bit Width W that is Wider than the number of bits 
that the compressor 452 reads in each of its input operating 
cycles. Therefore, the output operating frequency of the 
pipeline, i.e., the frequency With Which it delivers bit sets to 
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buffer 462, may be still lower than the output operating 
frequency of the decompressor 452. 

[0064] All of these mechanisms contribute to enable the 
DUT 136 to run at very high speed While the test packets are 
concurrently delivered to the channel card 450A or 450B at 
a substantially loWer speed. 

[0065] Referring noW to FIGS. 5A and 5B, an eXample 
device under test is shoWn for the purpose of illustrating test 
data transfer requirements. The illustrative DUT 136 is a 
nominal four gigabit random access memory (“RAM”) 
device. The RAM device 136 is partitioned into siXteen 
portions as shoWn in FIG. 5B. Accordingly, each portion has 
nominally 256 megabits of memory (actually 268,435,456 
bits). Referring again to FIG. 5A, it may be seen that the 
RAM has pins for receiving respective signals as shoWn, 
including pins for a roW address strobe (“RAS”), a column 
address strobe (“CA ”), a 28-bit address signal, a read/Write 
mode (“R/W”) signal and a 16-bit output enable (“OE”) 
signal. The RAM also has siXteen input/output pins for 
reading or Writing data to the device. Thus, the RAM device 
as shoWn has siXty-three pins. (The test system 400A of 
FIG. 4A accordingly has at least sixty-three channel cards 
450A if set up for testing the device 136 of FIG. 5A, one 
card 450A for each of the pins in the device 136.) 

[0066] Referring noW to FIG. 6A, a simpli?ed, 64-bit 
memory device 136 is shoWn, to illustrate an embodiment of 
the present invention. The simpli?ed device 136 has 16 cells 
in each of four partitions for holding data bits, and has 
strobe, address, control and data lines, as shoWn, for reading 
and Writing to the cells. 

[0067] FIG. 6B illustrates the four partitions of the sim 
pli?ed memory device 136 of FIG. 6A, I/O 1, I/O 2, etc. 

[0068] FIG. 6C illustrates additional details about hoW the 
cells of each partition of the simpli?ed memory device 136 
of FIG. 6A are accessed. That is, the cells (not shoWn) of 
each partition are accessible by asserting addresses having a 
portion representing a roW address X and a portion repre 
senting a column address Y. A bit for a cell of the I/O 1 
partition is asserted on data pin D0, a bit for a cell of the I/O 
2 partition is asserted on data pin D1, etc. 

[0069] FIG. 6D still more details are ?lled in for the 
simpli?ed memory device 136 of FIG. 6A. In this illustra 
tion, the individual cells are shoWn and it may be seen that 
the upper left-hand corner of each partition has a roW 
address of 00, and a column address of 00. The tWo bits of 
the roW address are asserted on address pins A0 and A1, 
While the tWo bits of the column address are asserted on 
address pins A2 and A3. 

[0070] In the eXample shoWn in FIG. 7B, a DUT 136 is 
shoWn ?lled With data according to a speci?ed “diagonal” 
test pattern. That is, in the DUT 136 a pattern “1010 . . . ” 

is shoWn that has been Written diagonally in the I/ O portions 
I/O 1 and I/O 2. The complement pattern, “0101 . . . ” is 

shoWn Written diagonally in the I/O 3 and I/O 4 portions of 
the DUT 136. 

[0071] (Note that the 64-bit device in FIG. 7B has only a 
four bit data bus, so for each Write cycle the four bits on the 
data bus DOD1D2D3 are concurrently Written to the four 
respective portions I/O 1, I/O 2, etc. Thus the device 136 
may be ?lled as shoWn in siXteen Write cycles. By contrast, 
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in the nominally four gigabits (actually 4,294,967,296 bits) 
RAM device shoWn in FIGS. 5A and 5B, siXteen bits are 
Written at one time, With each of the siXteen bits being 
Written concurrently to each of the siXteen portions of the 
device. Each of the 16 portions have 268,435,456 cells. Thus 
it takes 268,435,456 Write cycles to ?ll the RAM.) 

[0072] Immediately to the right of the device 136 in FIG. 
7B, is shoWn a set 710B of addresses and data according to 
a ?rst, conventional manner of organiZation, referred to 
herein as full-Width test vectors. Each roW in the collection 
of vectors 710B corresponds to one full-Width test vector. 
Conventional test programs produce test vectors in the 
format of the illustrated test vectors 710B. The ?rst such test 
vector 710B shoWn has address bits for each and every one 
of the four address pins and each and every one of the four 
data pins of the DUT 136. Hence, the name, “full-Width.” 

[0073] According to the illustrated sequence of test vec 
tors 710B, i.e., top roW to bottom roW, data is ?rst Written to 
a cell in the top roW and left-hand column of each partition 
in DUT 136. This cell has an address A3A2A1A0=0000, as 
shoWn in the one of the full-Width test vector 710B shoWn 
in the top roW. Then data is neXt Written to a cell in DUT 136 
that is over one column to the right and doWn one roW. This 
cell has an address A3A2A1A0=0101, as shoWn in the one 
of the full-Width test vector 710B shoWn in the neXt roW 
doWn. 

[0074] In the right-hand portion of the ?rst roW of vectors 
710B is shoWn the portion of the ?rst full-Width test vector 
710B for the data pins of the DUT 136. As stated above, data 
is Written in the sequence indicated by the set of test vectors 
710B to all the memory locations in the device 136. That is, 
in a ?rst Write cycle the four data bits D3D2D1D0=0011 of 
the ?rst full-Width test vector 710B are Written to the 
respective I/O portions of the device 136 for address 
A3A2A1A0=0000. In a second Write cycle the four bits 
D3D2D1DO=1100 of the second full-Width test vector 710B 
are Written for address A3A2A1A0=0101, and so on. 

[0075] At the eXtreme right side of the FIG. 7B, portions 
720B of address and data packets are shoWn. The packet 
portions 720B correspond to the test pattern de?ned by the 
set of full-Width test vectors 710B shoWn above, but portions 
720B are organiZed for sending to respective channel cards 
for respective pins of the DUT 136. That is, a ?rst one of the 
portions 720B shoWn is a portion A0 set out in the top roW, 
Which consists of information exclusively for address pin A0 
on the DUT 136. The packet portion A0 that is shoWn in 
FIG. 7B is simply the bits that are asserted on address pin 
A0 by a ?rst channel card in successive Write cycles. (It 
should be understood that What is shoWn in FIG. 7B is 
referred to as a portion A0 of a packet because according to 
an embodiment of the invention the assembled packet also 
includes other information not shoWn, as Will be described 
further herein beloW.) The left-most bit in the roW is for 
asserting on the A0 pin of the DUT 136 (via the pin’s 
channel card) in a ?rst Write cycle, the neXt bit to the right 
is for asserting in a second Write cycle, etc. Although the bits 
shoWn for packet portion A0 are for asserting in successive 
Write cycles on the A0 pin, the packet for pin A0 is buffered 
on the channel card for pin A0 rather than being sent in the 
successive Write cycles. That is, a ?rst channel card, for pin 
A0, is sent all the information shoWn in the packet portion 
A0, a second channel card, for pin A1, is sent all the 
information shoWn in the packet portion A1, and so on. 












