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(57) ABSTRACT

A system for testing a semiconductor device and storing
device test results in nonvolatile memory elements on the
tested device, in which the semiconductor device includes
logic circuitry which allows test results to be determined on
the device. Test results are stored temporarily in one or more
latch elements on the semiconductor device and are subse-
quently stored in nonvolatile memory elements. The inven-
tion eliminates the need for device testing equipment to
perform a determination of test results and thus may sim-
plity the design of test equipment. In one embodiment of the
invention, passing test results are stored in a mixed code of
set and unset nonvolatile memory elements such that the test
results contain information about correct application of test
signals as well as correct functioning of the semiconductor
device.
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SYSTEM FOR STORING DEVICE TEST
INFORMATION ON A SEMICONDUCTOR DEVICE
USING ON-DEVICE LOGIC FOR
DETERMINATION OF TEST RESULTS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application is a continuation of application
Ser. No. 10/794,696, filed Mar. 5, 2004, pending, which is a
continuation of application Ser. No. 09/651,858, filed Aug.
30, 2000, now U.S. Pat. No. 6,829,737, issued Dec. 7, 2004.

BACKGROUND OF THE INVENTION
[0002]

[0003] The present invention relates to integrated circuit
test circuits and methods. In particular, the present invention
relates to storage of test result data on an integrated circuit
device in nonvolatile memory elements and, most particu-
larly, to the inclusion of logic in the integrated circuit device
for determining the results of device tests and enabling the
storage of test results in the nonvolatile memory elements.

[0004] 2. Statement of the Art

1. Field of the Invention

[0005] Semiconductor integrated circuit devices are
manufactured on wafers or other substrates of semiconduc-
tor material. Conventionally, many devices are manufac-
tured on a single wafer and individual devices or groups of
devices are cut from the wafer and packaged. The devices
are tested at various points during the manufacturing pro-
cess, e.g., with electrical probes while they are still on the
wafer, in die form (after singulation but prior to packaging)
and after packaging.

[0006] During testing, a particular signal or combination
of signals is input to the device and the output value or
values read from the device are compared with values
expected to be obtained from a properly functioning device.
Tests may involve a particular signal or combination of
signals being delivered repetitively, perhaps under extreme
environmental conditions (temperature, voltage, etc.) in
order to identify a device which would fail after a shorter
than usual period of use (“burn-in” testing). Other tests may
involve a number of different signals or signal combinations
delivered in sequence. One method for testing a memory
device is to deliver the same signal/signal combination to
multiple identical subsections of the device simultaneously
and compare the values read from the subsections (“com-
pression testing”). If all of the respective, read values match,
the test has been passed, while a mismatch between respec-
tive values read from any of the subsections indicates a
device malfunction and failure of the test.

[0007] A particular test or test sequence often includes
multiple test steps. Moreover, a complete test flow will often
require that devices move from one piece of test equipment
to another. For example, a first piece of test equipment and
test fixtures may be utilized for probe testing, another for
burn-in testing and yet another for packaged device testing
after burn-in.

[0008] After a particular test or test sequence has been
completed, devices which have failed some or all of a test
may be separated from the good devices. However, a device
which has failed one portion of the test sequence may pass

Jul. 13,2006

subsequent test sequences, so if it is erroneously placed into
the “good” bin and then passes subsequent tests it may
eventually be classified and sold as fully functional. One
way to avoid this type of error is to store information
regarding the test history of the device on the device itself
in nonvolatile memory elements. One example describing
storage of test results in nonvolatile memory on a semicon-
ductor device is co-pending U.S. patent application Ser. No.
08/946,027, the disclosure of which is hereby incorporated
herein by reference.

[0009] Test equipment used for testing integrated circuit
devices conventionally transmits a test signal and then
receives an output signal from the integrated circuit device.
The test equipment then compares the output signal from the
integrated circuit device with the value expected to be
obtained from a properly functioning device and sends an
instruction to the device which causes a specific nonvolatile
memory element to be set to indicate either pass or fail of the
test step. A series of nonvolatile memory elements may be
set to indicate the results of a series of tests or test steps. The
tester thus must include detectors and comparators so that it
can read the output signal and perform a comparison to
determine passage or failure of the test.

[0010] It would be advantageous to decrease the cost and
complexity of the tester by eliminating the need for detectors
and comparators on the test equipment.

[0011] It would be advantageous to eliminate the need for
intelligence in device test equipment, by instead placing
intelligence on the device being tested.

[0012] 1t would be desirable to provide for the storage of
information concerning correct application of test sequences
to the device on the device itself.

[0013] These and other advantages are provided by the
invention.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention includes a method and sys-
tem for storing semiconductor device test results on a tested
device, using on-device test circuitry for the determination
of test results and control of test result storage. The semi-
conductor device, which may be a memory device, a micro-
processor, or other semiconductor device, includes a plural-
ity of nonvolatile memory elements which are set to indicate
the results of a series of multiple tests or test steps. The
semiconductor device may also include comparator cir-
cuitry, which compares test signals sent to the semiconduc-
tor device from a tester with data values read from the
semiconductor device following receipt of the test signals,
or which performs a comparison between data values read
from multiple regions of a device, to determine correct
functioning of the device. The semiconductor device
includes a latch which is set to indicate passage or failure of
the test. The latch enables circuitry which causes a nonvola-
tile memory element to be set upon receipt of an instruction
from the tester. The latch, and subsequently the nonvolatile
memory element, is set to represent the test results according
to a predetermined rule. Typically, one logic level is latched
to represent passage of a test and another is used to represent
failure of the test. For example, logic high could represent
pass and logic low would then represent fail or, alternatively,
logic low could represent pass and logic high represent fail.
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Similarly, the nonvolatile memory element is set to one state
to represent passage of a test and another to represent failure
of the test.

[0015] By locating the circuitry that controls setting of
memory elements to represent test results on the device
being tested, the tester equipment does not need to receive
values from the device being tested, perform a comparison
between test values and received values to determine the
outcome of the test, or determine whether a memory element
should be set to store the test result. The tester needs only to
transmit test signals and set signals to the semiconductor
device, without receiving any values back from the semi-
conductor device. Accordingly, the design and construction
of the test equipment can be simplified considerably.

[0016] In one embodiment of the invention, a rule used to
determine the settings of latches and nonvolatile memory
elements to represent pass/fail status is dependent on the test
or test step being performed. That is, for certain tests/test
steps a first state would represent pass and a second state
would represent fail, while for other tests/test steps the
second state would represent pass and the first state would
represent fail. Therefore, a device which had passed all tests
would be expected to have nonvolatile memory elements set
in a predetermined pattern of first and second states. The
pattern of first and second states corresponding to a known
good device is obtained only when the device has been
properly connected to the test equipment, received appro-
priate test signals and passed all tests.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

[0017] FIG. 1 is a block diagram of an integrated circuit
tester and an integrated circuit according to an embodiment
of the invention;

[0018] FIG. 2 is a block diagram of an integrated circuit
having a plurality of subsections, each including comparator
and set circuitry, according to an embodiment of the inven-
tion;

[0019] FIG. 3 is a block diagram of an integrated circuit
having a plurality of subsections but a single comparator
circuit and set circuit according to a further embodiment of
the invention;

[0020] FIG. 4 is a flow diagram of the basic operation of
an embodiment of the invention;

[0021] FIG. 5 is a flow diagram of the use of an embodi-
ment of the invention in performance of a burn-in test;

[0022] FIG. 6 is a flow diagram of the use of an embodi-
ment of the invention in performance of a compression test;

[0023] FIG. 7 is a block diagram of an electronic system
including a semiconductor device having test circuitry
according to the present invention; and

[0024] FIG. 8 is a diagram of a semiconductor wafer
having test circuitry configured according to an embodiment
of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0025] A schematic diagram of an embodiment of the
present invention is shown in FIG. 1. An integrated circuit
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device is indicated at 1, and the integrated circuit device
tester used for testing the integrated circuit device is indi-
cated at 2.

Integrated Circuit Device Tester

[0026] Integrated circuit device tester 2 may be used for
testing integrated circuit device 1. Integrated circuit device
tester 2 is configured for sending a test signal on test signal
line 21 and a test address signal on test address line 22. The
test address signal specifies the address on integrated circuit
device 1 to which the test signal is to be sent. Integrated
circuit device tester 2 is also configured for sending a set
signal on set signal line 23 and a set address signal on set
address line 24. Lines 21, 22, 23 and 24 may be single lines
or may be buses that carry multiple signals or bits of data.
The set address signal indicates the address of the nonvola-
tile memory element which is to be set to indicate whether
the device has passed or failed a particular test or test step.
Integrated circuit device tester 2 has the capability of being
programmed to perform multiple test steps, at each test step
delivering a particular test signal to a particular address or
set of addresses and subsequently sending a set signal and
set address signal to select the nonvolatile memory device
address memory which is to store the results of the test step.
The set signal does not cause the nonvolatile memory
element to be set directly, but enables setting of the non-
volatile memory element by circuitry on integrated circuit
device 1.

[0027] Integrated circuit device tester 2 performs similarly
to testers currently used in integrated circuit device testing.
However, integrated circuit device tester 2 does not need to
perform many of the functions conventionally performed by
prior testers. For example, without limitation, integrated
circuit device tester 2 does not need to perform the functions
of reading values from integrated circuit device 1, compar-
ing these values with expected values and, based on the
results of the comparison, generating an instruction for
setting a fuse or other nonvolatile memory element on
integrated circuit device 1. Thus, integrated circuit device
tester 2 used in the practice of the invention could be a
conventional tester programmed to omit unnecessary func-
tions, but still including the detectors, comparators and other
hardware which may be used in reading and comparison
steps, or it could be a redesigned tester which did not include
the detectors, comparators and other hardware rendered
superfluous by the present invention.

Integrated Circuit Device

[0028] Integrated circuit device 1 may be a memory
device such as a Dynamic Random Access Memory
(DRAM), Static Random Access Memory (SRAM), or
Video Random Access Memory (VRAM), FLASH or other
nonvolatile memory devices, a microprocessor, microcon-
troller, memory controller, Application Specific Integrated
Circuit (ASIC) or other device which is to undergo a test
sequence. Integrated circuit device 1 may include various
elements depending upon the type of the device. However,
only those elements relevant to the functioning of the test
circuitry of the present invention are shown in the Figures.
Referring now to FIG. 1, integrated circuit device 1 includes
test circuitry 106 (surrounded by a dashed line) which
includes send/receive locations 10, comparator circuit 11, at
least one test latch 12, set logic 13, and nonvolatile memory
elements 14. The comparator circuit 11, test latch 12, and set
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logic 13 may be included in integrated circuit device 1 in
order to carry out the invention and may not be involved in
its regular operation. However, it is contemplated that circuit
elements used in the regular operation of the integrated
circuit device may also be used in the practice of the
invention. Test latch 12 is a latch element capable of latching
at least two voltage levels (“logic high” or “logic low”).
Various types of latches and latch circuits are well known to
those of ordinary skill in the art. One example of a latch
suitable for use in the present invention is an S-R NOR latch.
Nonvolatile memory elements 14 used in the practice of the
invention may be existing nonvolatile memory elements
already present on integrated circuit device 1 or may be
included in integrated circuit device 1 specifically for use in
the invention.

[0029] Send/receive locations 10 may be memory loca-
tions if integrated circuit device 1 is a memory device, or
they may be inputs and outputs to an integrated circuit if
integrated circuit device 1 is something other than a memory
device, for example, a microprocessor, microcontroller,
memory controller, ASIC, etc. Send/receive locations 10 are
employed in the normal functioning of integrated circuit 1,
whereas other components of test circuitry 106 are included
for testing purposes and may not be used in routine operation
of the integrated circuit. Integrated circuit device 1 may
include multiple send/receive locations 10. At a given test
step, the send/receive location to be tested is selected
according to the test address signal sent on test address line
22 by the integrated circuit device tester 2. Alternatively, it
would be possible to access a given send/receive location 10
by means of a direct line without the use of addressing. Each
send/receive location 10 may contain one bit or multiple bits
(for example, a byte or 8 bits). A test signal is sent to the
selected send/receive location 10 on input line 101, and the
resulting output signal is received by comparator circuit 11
on corresponding output line 102. Input line 101 and output
line 102 may be ecither the same or separate lines. If
send/receive location 10 contains multiple bits, input line
101 and output line 102 may be either parallel or serial lines.
Comparator circuit 11 performs a comparison between the
value received from the selected send/receive location 10
and the value expected to be obtained from a properly
functioning device. For example, if the addressed send/
receive location 10 is a memory location, the value read
from the memory location should be the same as the value
written to the memory location. If a device other than a
memory device is being tested, it may be the case that the
output value from a particular address will not be the same
as that input to the location. However, if the device is
functioning properly, a particular output will always corre-
spond to a particular input. The comparator circuit 11 may
store (e.g., latch) the current test value for use as the
expected value if a memory device is being tested or it may
receive an expected value sent from integrated circuit device
tester 2 separate from the test signal. As a further alternative,
the expected value may be preset in the device according to
a predetermined design rule. In this case, comparator circuit
11 may not truly perform a comparison between the output
and the expected value. Since the expected value is always
the same, comparator circuit 11 need only be configured so
that one output value causes the latch to be set and the other
causes it to be unset. This approach would have application
primarily in the testing of memory devices.
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[0030] Test latch 12 may be set depending on whether or
not the output from the send/receive location matches the
expected value. The latch setting preferably represents the
pass or fail status of the test. Test latch 12 is connected to set
logic 13 via latch signal line 15. When test latch 12 is set to
a logical high value, set logic 13 receives an enable signal
on latch signal line 15. At the end of a test step, integrated
circuit device tester 2 sends a set signal on set signal line 23
and a set address signal on set address line 24. If both an
enable signal and a set signal are received by set logic 13,
the nonvolatile memory element 14 addressed by the set
address signal is set by a signal on line 140, thereby
providing a permanent record on the integrated circuit
device 1 of the outcome of the test step. The nonvolatile
memory elements 14 remain unset (i.e., set at its original
value) if no enable signal is received at the time a set signal
is received by set logic 13. It would also be possible to
configure test latch 12 so that an enable signal is sent on
latch signal line 15 when test latch 12 is set to a logic low
value.

[0031] Nonvolatile memory elements 14 may include,
without limitation, laser or electrical fuses, antifuses,
FLASH memory cells, FERAM memory cells, or other
nonvolatile memory elements, which may be set to at least
two states (e.g., blown or unblown in the case of fuses or
antifuses, programmed or unprogrammed in the case of
FLASH memory cells, or logic high and logic low for other
types of memory elements), one of which may represent a
passing test result and one of which may represent a fail test
result. Existing semiconductor devices conventionally
include enough nonvolatile memory elements for storing
data regarding device test results according to the method of
the invention without adding additional elements. However,
it is preferred that additional, dedicated nonvolatile memory
elements be added. Integrated circuit device 1 may include
multiple nonvolatile memory elements. Nonvolatile
memory elements are preferably addressable, being
accessed with the use of an address signal sent from inte-
grated circuit device tester 2. However, in the alternative,
nonvolatile memory elements could be accessed by dedi-
cated lines or by other means, rather than being addressable.

[0032] By first setting test latch 12, and subsequently
setting nonvolatile memory element 14 based on the value of
test latch 12, the steps of performing a comparison and
obtaining a test result are separated from the step of storing
the test result in the nonvolatile memory element 14. It may
be advantageous to separate these steps because the same
inputs or signal lines may be used in the different steps; thus,
separating the steps allows few inputs or lines to be used.

[0033] As discussed above, the setting of test latch 12, and
subsequently the setting of a selected nonvolatile memory
element 14, represent the result of a given test step. The
relationship between the test result and the setting of non-
volatile memory element 14 will generally follow a prede-
termined rule. In the simplest case, the rule will be that for
a particular test result, the latch will always be set to a
particular value. For example, comparator circuit 11 may be
configured to set test latch 12 to a logical high value if the
value on output line 102 matches the expected value, i.e., the
test step is passed, and a logical low value if the value on
output line 102 does not match the expected value, i.e., the
test step is failed. Alternatively, comparator circuit 11 may
be configured so that test latch 12 is set to a logical high
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value if the output does not match the expected value, i.e.,
the test step has been failed, and to a logical low value if the
test step is passed. The value to which nonvolatile memory
element 14 is set then corresponds to the value to which test
latch 12 is set, so that nonvolatile memory element 14 is
blown, set or programmed, depending on the type of non-
volatile memory element when test latch 12 is set high and
left unblown, unset or unprogrammed when test latch 12 is
set low. Alternatively, nonvolatile memory element 14 could
be blown, set or programmed when test latch 12 is set low,
and vise versa.

[0034] In one embodiment of the invention, comparator
circuit 111 and set logic 13 may be configured so that the
setting of a nonvolatile memory element 14 is a function of
both the result of the test step and the particular test step. At
certain test steps a nonvolatile memory element 14 may be
set to a first state if the test is passed and a second state if
the test is failed, while at other test steps a nonvolatile
memory element 14 may be set to a second state if the test
is passed and a first state if the test is failed. For example,
passing results for sequential test steps could be represented
by a pattern of alternating first and second states. In this
embodiment of the invention, a device which has passed all
tests is expected to have nonvolatile memory elements set in
a predetermined pattern of first and second states. The
advantage of this approach is that the pattern of first and
second states corresponding to a known good device is
likely to be obtained only when the device has been properly
connected to the test equipment, received appropriate test
signals, and passed all tests. In contrast, if pass results are
represented with a single nonvolatile memory setting, false
pass results may be obtained if a device has all nonvolatile
memory locations set to the same value prior to testing and
the original settings are not changed during testing because
the device is not properly connected to the semiconductor
device.

[0035] Although it is preferred to include the step of
setting a latch intermediate the steps of determining a test
result and storing the test result in a nonvolatile memory
element for the reasons noted previously, the concept of
storing test results as a function of test step and test result
could be applied in a system in which test results were stored
directly in nonvolatile memory elements without the inter-
mediate step of storing the results first in a latch. The general
concept of storing test results in nonvolatile memory ele-
ments without intermediate storage in a latch is already
known in the prior art.

[0036] As described above, the results of each test step
may be represented in the setting of a selected nonvolatile
memory element 14 according to a predetermined rule.
Either one or both of comparator circuit 11 or set logic 13
may include circuitry which implements said predetermined
rule.

[0037] In the embodiment of the invention depicted in
FIG. 1, integrated circuit device 1 includes a single test latch
12. At each test step, test latch 12 temporarily stores the
result of the current test step and, as described above,
enables the setting of a nonvolatile memory element 14 to
permanently store the result of the test step. Thus, test latch
12 stores the result of one test step at a time, but stores the
results of multiple test steps in sequence. It is contemplated,
however, that in other embodiments of the invention, inte-
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grated circuit device 1 may include test circuitry 106 (sur-
rounded by dashed line) which is divided into a plurality of
subsections or quadrants 1a, 15, 1¢, and 14, as depicted in
FIG. 2. Each subsection may include a plurality of send/
receive locations 10a, 106, 10¢ and 104 accessed by corre-
sponding input lines 101a, 1015, 101¢ and 1014 and output
lines 102a, 1025, 102¢, and 102d. Each quadrant also
includes a comparator circuit 11a, 115, 11¢, or 11d; a test
latch 12a, 125, 12¢, or 12d; a latch signal line 154, 155, 15¢
or 154 communicating with set logic 13a, 1354, 13¢ or 134d.
Each subsection may include a plurality of nonvolatile
memory elements 14a, 145, 14¢ or 14d set by lines 140a,
1405, 140¢ and 140d, respectively. Each test latch 12a, 125,
12¢ or 12d stores the results of the current test step for a
particular subsection. Test, test address, set and set address
signals are sent on lines 21, 22, 23 and 24 as noted
previously. Thus each subsection may be tested indepen-
dently. Although four subsections are depicted in FIG. 2,
this is merely exemplary, and the invention may include a
larger or smaller number of subsections. If multiple test
latches are used, each latch may be independently address-
able or may be accessed by means of a dedicated line.

[0038] Inyet another alternative embodiment of the inven-
tion, as depicted in FIG. 3, test circuitry 106 (enclosed by
dashed line) includes a plurality of subsections 310a, 3105,
310c¢, 3104 (four are shown here) each containing multiple
send/receive locations 10a, 1056, 10c¢ or 10d, which are
accessed by input lines 101qa, 1015, 101¢ and 1014, respec-
tively; output lines 1024, 1025, 102¢ and 1024, respectively;
a single comparator circuit 311; test latch 312; latch signal
line 315; and set logic 313. This permits a comparison to be
made between the values received from send/receive loca-
tions in the different subsections of the device. Multiple
nonvolatile memory elements 14 are also included acces-
sible by lines 140. Test, test address, set and set address
signals are sent on lines 21, 22, 23 and 24, respectively.

[0039] The different embodiments of the invention are
particularly suited for different types of device testing, as
will be described hereinbelow. It will be appreciated that the
embodiments of the invention depicted in FIGS. 1, 2 and 3
may be implemented on a single semiconductor device, with
the send/receive locations 10 connected to one or more
embodiments of the comparator circuitry 11, 11qa, 115, . . .
, 311a, 3115, . . ., etc., in order to facilitate testing of the
integrated circuit device 1 in a variety of test modes.

[0040] In yet another embodiment of the invention, mul-
tiple latches may be provided on integrated circuit device 1,
or on each subsection of integrated circuit device 1, so that
results of multiple test steps may be stored in latches prior
to being stored in nonvolatile memory elements. Thus,
multiple test steps may be presented in sequence, and the
step of storing the test results in nonvolatile memory ele-
ments may be carried out after a sequence of test steps has
been presented, rather than after each test step. Each latch
may be independently addressable or may be accessed by
means of a dedicated line.

Testing Procedure

[0041] During testing of an integrated circuit device 1, a
variety of test signals may be sent to the device in sequence
by the integrated circuit device tester 2. Values received or
read from the device are compared with expected values.
The results of the comparisons are ultimately stored on the
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device in multiple nonvolatile memory elements. Each non-
volatile memory element may represent the results of a
particular test or test step. Nonvolatile memory elements
may be configured to represent different time points or read
points in a test sequence or to represent test results for
particular regions of the integrated circuit device. An advan-
tage of storing test results in nonvolatile memory elements
on the device is that the nonvolatile memory elements can be
checked later to determine results of tests as well as whether
a test was carried out properly; the device thus carries its
own test history.

[0042] In some cases, whether the result obtained at a
particular test step may determine whether a subsequent test
step should be carried out. Therefore, in such cases it will be
necessary for test equipment, such as integrated circuit
device tester 2, to read test results stored on integrated
circuit device 1 so that an appropriate subsequent test step
can be determined.

[0043] Prior art integrated circuit device testers include the
intelligence for determining whether to set a nonvolatile
memory element on the integrated circuit device by evalu-
ating the results of tests performed on the device. With the
present invention, the device being tested includes the
intelligence to determine whether to set a given nonvolatile
memory element to represent test results. The tester sends a
set signal and a set address indicating the address of the
nonvolatile memory element associated with the current test
step for each test step. However, the nonvolatile memory
element is set only if the set signal is present and the latch
storing the result of the comparison indicates that the
nonvolatile memory element should be set. The following
examples describe the process by which test steps are
delivered, test results are determined, and storage of test
results on the semiconductor device in nonvolatile memory
elements.

EXAMPLE 1

General Testing

[0044] A flow diagram for the general test procedure used
with the embodiment of the invention in FIG. 1 is shown in
FIG. 4. This procedure may also be used for testing indi-
vidual subsections of a device as in FIG. 2. In this example,
a total number of R test steps are applied, with r representing
the current test step. N is the total number of send/receive
locations tested, with n representing the current send/receive
location. The general testing procedure begins at 401 and is
carried out for values of r=1 to R (step 402) and n=1 to N
(step 403). The integrated circuit device tester sends the
address for send/receive location n and test value r which is
then stored in send/receive location n of the semiconductor
device 1 (step 404). The comparator circuit for the semi-
conductor device or semiconductor device subsection then
performs a comparison between the value received (read)
from send/receive location n and the value expected to be
obtained from that location in a properly functioning device
(step 405). If the values do not match, the test latch is set
appropriately (step 406). If the values do not match, control
goes directly to step 407, in which the integrated circuit
device tester sends a set signal and a set address signal to the
semiconductor device. At step 408, set logic on the semi-
conductor device determines whether a set signal is present
and the test latch has been set. If so, nonvolatile memory
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device r,n is set at step 409. If not, control goes directly to
step 410, in which the device tester checks whether the
send/receive location being tested is the last send/receive
location. If not, control returns to step 403 and the tester
delivers the test step to the next send/receive location. If at
step 410 it is determined that the last send/receive location
has been reached (that is, all send/receive locations have
been tested with the current test step), the tester checks
whether the last test step has been reached (step 411). If not,
control returns to step 402 and the next test step is delivered.
If the last test step has been delivered, testing is ended (step
412). It is preferred that a separate nonvolatile memory
element is used at step 409 to store the result of each test
step. At each test step, a single latch is used to store a value
indicating whether setting of the nonvolatile memory ele-
ment associated with that test step is to be enabled. On
subsequent test steps, the same latch may be used to enable
setting of different nonvolatile memory elements associated
with the different test steps. There may be a single latch for
each device for storing test step results, as shown in FIG. 1.
Alternatively, it may be desirable to test several sections of
a semiconductor device (e.g., subarrays of memory) sepa-
rately and store test results in a separate latch for each
section, in which case the semiconductor device as a whole
would include at least as many latches as there were sec-
tions, as shown in FIG. 2. Although the flow diagram for the
standard test in FIG. 4 shows the tester cycling through all
send/receive locations for a given test step before moving on
to the next test step, it may also be preferable to cycle
through all test steps at a particular send/receive location
before moving to the next send/receive location, that is, to
place the loop beginning at step 403 outside the loop
beginning at step 402.

EXAMPLE 2

Burn-In Testing

[0045] A flow diagram for burn-in testing is provided in
FIG. 5. This test procedure may be used with a device as
depicted in FIG. 1, or subsection of a device as depicted in
FIG. 2. During burn-in testing, a particular data value is
written repeatedly to a particular send/receive location,
typically under extreme conditions of temperature, voltage,
timing, etc., in an effort to cause the failure of a device
having some flaw that would cause it to fail early in its life
cycle. Data are read from a given send/receive location at
each repetition or at specified intervals in order to determine
if and when failure occurs. Multiple nonvolatile memory
elements may be used to store the pass/fail information for
the different read points, with each nonvolatile memory
element representing one read point. Read points may be
used to represent specific time intervals throughout a burn in
test such that, for example, a nonvolatile memory element is
set after each hour of burn-in testing. Nonvolatile memory
elements may also be used to store the number of the current
read point, so that a record of the number of repetitions is
stored on the device at all times during testing. In FIG. 5, R
represents the total number of test steps, r the current test
step, N represents the total number of send/receive locations
tested, n the current send/receive location, P the total number
of repetitions, and p the number of the current repetition.
The burn-in test procedure begins at step 501, and is carried
out for values of r=1 to R (step 502), n=1 to N (step 503),
and p=1 to P (step 504). At each repetition p, the tester sends
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a test value r to send/receive location n (step 505). The
semiconductor device compares the test value with the value
read from send/receive location n (step 506). If a mismatch
occurs, indicating a failure, the test latch is set at step 507.
If the values match, step 507 is bypassed. The tester next
sends a set signal and a set address corresponding to the
nonvolatile memory elements designated to store the test
result for the current repetition p (step 508). If a set signal
is present and the test latch has been set (step 509), the
semiconductor device causes the selected nonvolatile
memory element to be set (step 510). Control returns to step
504 from step 511 until a total of P repetitions of the test
signal have been delivered. Testing continues until all send/
receive locations have been tested (step 512) and all test
sequences have been delivered (513).

EXAMPLE 3

Compression Testing

[0046] Compression testing is used to shorten test times by
simultaneously testing several identical subsections of a
semiconductor device, or several regions on different
devices of the same type. The block diagram of FIG. 3
depicts a semiconductor device having multiple subsections
(four in this example, but any number greater than one could
be used) and comparator circuit and set logic configured for
use in compression testing. The same data values are simul-
taneously written to multiple subsections of the device (for
example, to memory cells in multiple subsections of the
device) and then data are read back from each subsection
and values read from all subsections are compared. Match-
ing values indicate that the test was passed. If a mismatch is
detected, this indicates that some of the tested areas are not
functioning properly and the test has been failed. If the test
has been failed, a latch is set to enable or disable setting of
a selected nonvolatile memory element. A flow diagram for
compression testing is given in FIG. 6. R represents the total
number of test steps, r the current test step, N the total
number of send/receive locations tested in each subsection
of'the semiconductor device, and n;, n,, n; . . . n,, the current
send/receive location in subsections 1 . . . m of the semi-
conductor device. In FIG. 6, a semiconductor device with
four subsections is depicted, so m=4, but it will be appre-
ciated that this is merely exemplary, and a larger or smaller
number of subsections could be used in the practice of the
invention. Naturally, at least two subsections must be
present in order to perform a comparison. The test procedure
begins at step 601. The test procedure is carried out for
values of r=1to R (step 602) and n=1 to N (step 603). At step
604, test value r is simultaneously sent to send/receive
locations n;, n,, ny . . . n_. At step 605, the semiconductor
device compares the values received from send/receive
locations n;, n,, ny . . . n . If a mismatch is detected, a test
latch is set (step 606). If all values match, step 606 is
bypassed. The tester then sends a set signal and an address
signal for nonvolatile memory element r,n (step 607). If a set
signal is present and the test latch is set (step 608), the
semiconductor device sets nonvolatile memory element r,n
(step 609). Control returns to step 603 from step 610 until a
total of N send/receive locations have been tested in each
subsection with test step r. Testing continues until all test
steps have been delivered (611).

[0047] FIG. 7 shows a block diagram of an electronic
system 700 which includes components having one or more
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test circuits 106 configured according to one or more
embodiments of the present invention. The electronic sys-
tem 700 includes a processor 704 for performing various
computing functions, such as executing specific software to
perform specific calculations or tasks. Additionally, the
electronic system 700 includes one or more input devices
708, such as a keyboard or mouse, coupled to the processor
704 to allow an operator to interface with the electronic
system 700. The electronic system 700 also includes one or
more output devices 710 coupled to the processor 704, such
output devices including but not limited to a printer, a video
terminal or a network connection. One or more data storage
devices 712 are also conventionally coupled to the processor
704 to store or retrieve data from external storage media (not
shown). Examples of conventional storage devices 712
include hard and floppy disks, tape cassettes, compact disks
and optical memory. The processor 704 is also convention-
ally coupled to a cache memory 714, which is usually static
random access memory (“SRAM”), and to DRAM 702. It
will be understood, however, that the test circuit 106 con-
figured according to one or more of the embodiments of the
present invention may be incorporated into any one of the
cache, DRAM, input, output, storage and processor devices
714, 702, 708, 710, 712 and 704.

[0048] As shown in FIG. 8, test circuit 106 may be
fabricated on the surface of a semiconductor wafer 816 of
silicon, gallium arsenide, or indium phosphide in accordance
with one or more embodiments of the present invention. One
of ordinary skill in the art will understand how to adapt such
design for a specific chip architecture or semiconductor
fabrication process. Of course, it should be understood that
the test circuit 106 may be fabricated on semiconductor
substrates other than a wafer, such as a Silicon-on-Insulator
(SOI) substrate, a Silicon-on-Glass (SOG) substrate, a Sili-
con-on-Sapphire (SOS) substrate, or other semiconductor
material layers on supporting substrates.

[0049] As will be clear to one of ordinary skill in the art,
the principles of the present invention may be used in
conjunction with any number of the various semiconductor
test methods known in the art and is not limited to those test
methods described herein, or to the testing of memory
devices. By including at least one latch circuit within a
semiconductor device to indicate whether a nonvolatile
memory element should be initiated, testing devices may be
simplified. Additionally, by storing passing test result data as
a mixed code of two different states rather than merely as a
series of entirely the first state or the second state, the
success of a series of tests may more accurately be deter-
mined.

[0050] While the present invention has been described and
illustrated in terms of certain specific embodiments, those of
ordinary skill in the art will understand and appreciate that
it is not so limited. Additions to, deletions from and modi-
fications to these specific embodiments may be effected
without departing from the scope of the invention as defined
by the claims. Furthermore, features and elements from one
specific embodiment may be likewise applied to another
embodiment without departing from the scope of the inven-
tion as defined herein.
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What is claimed is:
1. An integrated circuit comprising:

a location configured to receive a test signal and provide
the test signal to an input of a logic function; and

comparator circuitry coupled to both an output of the
logic function and an expected signal and configured to
set a state in a nonvolatile memory element in response
to the output and the expected signal.

2. The integrated circuit of claim 1, wherein the nonvola-
tile memory element comprises a fuse.

3. The integrated circuit of claim 1, wherein the nonvola-
tile memory element comprises an antifuse.

4. The integrated circuit of claim 1, wherein the nonvola-
tile memory element comprises a FLASH memory cell.

5. The integrated circuit of claim 1, wherein the integrated
circuit is a memory device.

6. The integrated circuit of claim 5, wherein the memory
device is selected from a group consisting of a DRAM, a
SRAM, a VRAM and a FLASH memory.

7. The integrated circuit of claim 1, wherein the integrated
circuit is a microprocessor.

8. The integrated circuit of claim 1, wherein the integrated
circuit is a microcontroller.

9. The integrated circuit of claim 1, wherein the integrated
circuit is a memory controller.

10. The integrated circuit of claim 1, wherein the inte-
grated circuit is an application specific integrated circuit
(ASIC).

11. A memory device comprising:

at least one memory location, the at least one memory
location configured to receive a test signal and provide
the test signal to an input of a logic function; and
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comparator circuitry coupled to both an output of the
logic function and an expected signal and configured to
set a state in a nonvolatile memory element in response
to the output and the expected signal.
12. The memory device of claim 11, wherein the non-
volatile memory element is a fuse.
13. The memory device of claim 11, wherein the non-
volatile memory element is an antifuse.
14. The memory device of claim 11, wherein the non-
volatile memory element is a FLASH memory cell.

15. An electronic system comprising:
at least one processor;

at least one input device;

at least one output device;

at least one storage device;

a test circuit incorporated into at least one device of the at
least one processor, the at least one input device, the at
least one output device, and the at least one storage
device, the test circuit comprising:

a location configured to receive a test signal and provide
the test signal to an input of a logic function; and

comparator circuitry coupled to both an output of the
logic function and an expected signal and configured to
set a state in a nonvolatile memory element in response
to the output and the expected signal.



