wO 2020/042879 A1 | NI 0000 KO0 Y A 0

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
05 March 2020 (05.03.2020)

(10) International Publication Number

WO 2020/042879 Al

WIPO I PCT

(51) International Patent Classification:
GOIR 31/28 (2006.01)

(21) International Application Number:
PCT/CN2019/099432

(22) International Filing Date:
06 August 2019 (06.08.2019)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
201810986599.9 28 August 2018 (28.08.2018)
201821397381.1 28 August 2018 (28.08.2018) CN

Applicant: CHANGXIN MEMORY TECH-
NOLOGIES, INC. [CN/CN]; Room 630, Haiheng Build-
ing, No. 6, Cuiwei Road, Economic and Technological De-
velopment Zone, Hefei, Anhui 230000 (CN).

CN

(71)

(72) Inventor: HSU, Chia-Chi; Room 630, Haiheng Building,
No. 6, Cuiwei Road, Economic and Technological Devel-

opment Zone, Hefei, Anhui 230000 (CN).

(74) Agent: SHANGHAI SAVVY INTELLECTUAL PROP-
ERTY AGENCY; Unit 606, Shenergy International Build-
ing, 1 Middle Fuxing Road, Huangpu District, Shanghai
200021 (CN).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ,DE, DJ, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT, HN,
HR, HU, ID, IL, IN, IR, IS, JO, JP, KE, KG, KH, KN, KP,
KR,KW,KZ,LA,LC,LK,LR,LS,LU,LY, MA, MD, ME,
MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ,NA, RW, SD, SL, ST, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,

(54) Title: DATA COMPRESSION CIRCUIT, MEMORY DEVICE AND IC TEST DEVICE AND METHOD

120

v

110 111 130

S

1

O g---g ﬁ T uw

(Y N L

|
N
112

Fig. 1

(57) Abstract: There is a data compression circuit, a memory device and an integrated circuit (IC) test device and a method. The data
compression circuit (110) includes a data-writing circuit (111) and a data-reading circuit (112). The data-writing circuit (111) includes a
first input interface (220), a plurality of first output interfaces (230) and a data-writing module (210), and the data-reading circuit (112)
includes a plurality of second input interfaces (320), a second output interface (330) and a data-reading module (310). The data-writing
module (210) may be configured to write out-going data into an I[C (130), and the data-reading module (310) may be configured to
read incoming data from the [C (130) and generate a test result based on the incoming data. In this data compression circuit (110), the
combination of the data-writing circuit (111) and the data-reading circuit (112) may bring a multi-fold increase in the number of ICs
(130) that can be tested simultaneously, which substantially improves the test efficiency and reduces the cost of a test.

[Continued on next page]



WO 20207042879 A | [IN 1]} 00 0000 OO 0 O

TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN, GQ, GW,
KM, ML, MR, NE, SN, TD, TG).

Published:
—  with international search report (Art. 21(3))



WO 2020/042879 PCT/CN2019/099432

DATA COMPRESSION CIRCUIT, MEMORY DEVICE AND IC TEST DEVICE AND

METHOD

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application is based on and claims priority of the Chinese Patent Application No.
201810986599.9, filed on August 28, 2018 and entitled “DATA COMPRESSION CIRCUIT,
MEMORY DEVICE AND IC TEST DEVICE AND METHOD.” The above-referenced

application is incorporated herein by reference in its entirety.

TECHNICAL FIELD

[0002] This invention relates generally to the field of electrical technology and, more
specifically, to data compression circuit, memory device and integrated circuit (IC) test device

and method.

BACKGROUND

[0003] The semiconductor industry has experienced rapid growth with the advancements in
technologies. IC testing is an essential component of the IC supply chain, and various automatic
IC testers have been developed for large-scale centralized IC testing.

[0004] Since an automatic IC tester usually has a fixed number of test channels, the number
of ICs that can be tested simultaneously is limited. For example, a 1024-channel automatic IC
tester may simultaneously test 128 8-pin IC dies or 64 16-pin IC dies. Thus, the number of IC
dies that can be simultaneously tested is limited by the number of test channels, which leads to
low test efficiency. Therefore, there is an urgent need to increase the number of ICs that can be
simultaneously tested and hence increase the test efficiency.

[0005] The information disclosed in this Background section is only for facilitating the
understanding of the background of the invention and therefore may contain information that

does not form the prior art already known to a person of ordinary skill in the art.
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SUMMARY

[0006] To address the limitations of conventional IC test devices and methods described
above, this disclosure presents a data compression circuit, a memory device, and an IC test
device and method that may bring a multi-fold increase in the number of ICs that can be
simultaneously tested, which substantially improves the test efficiency and reduces the cost of
a test.

[0007] One aspect of this disclosure is directed to an electronic device comprising an
integrated circuit (IC) and a data compression circuit for testing the IC. The data compression
circuit may include a data-writing circuit and a data-reading circuit. The data-writing circuit
may include a first input interface for receiving test data, a plurality of first output interfaces
coupled to the IC, and a data-writing module configured to write first data derived from the test
data into the IC via the plurality of first output interfaces.

[0008] The data-reading circuit may include a plurality of second input interfaces coupled to
the IC, a second output interface coupled to a sender of the test data, and a data-reading module
configured to read second data from the IC via the plurality of second input interfaces, generate
a test result based on the second data, and send the test result to the sender of the test data via
the second output interface.

[0009] In some embodiments, in the foregoing device, the plurality of first output interfaces
and the plurality of second input interfaces may be both connected to a plurality of data channels
of the IC.

[0010] In some embodiments, in the foregoing device, the plurality of data channels may
comprise two data channels. The data-writing module may be configured to write the first data
into the two data channels via the first output interfaces, and the first data written into each of
the two data channels may be identical. The data-reading module may be configured to read the
second data from the two data channels via the second input interfaces and determine whether
the second data read from the two data channels are identical.

[0011] In some embodiments, in the foregoing device, the data-reading module may include
a plurality of XNOR gates each having input terminals coupled to the plurality of second input
interfaces, and one or more AND gates each having input terminals coupled to output terminals
of the plurality of XNOR gates and an output terminal coupled to the second output interface.
[0012] In some embodiments, in the foregoing device, the test result may be pass if an output

signal of the one or more AND gates is a high level.
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[0013] Insomeembodiments, in the foregoing device, the test result may be fail is the second
data read from the two data channels are different.

[0014] In some embodiments, in the foregoing device, a number of the first output interfaces
may be equal to a number of the second input interfaces.

[0015] In some embodiments, in the foregoing device, the data-writing module may include
one or more demultiplexers.

[0016] In some embodiments, in the foregoing device, the data-reading module may include
one or more multiplexers.

[0017] In some embodiments, in the foregoing device, the IC may be a dynamic random
access memory (DRAM).

[0018] Another aspect of this disclosure is directed to an IC testing method. The IC testing
method may include receiving test data via a first input interface, writing first data derived from
the test data into an IC via a plurality of first output interfaces, reading second data from the IC
via a plurality of second input interfaces, generating a test result based on the second data, and
sending the test result to a sender of the test data via a second output interface.

[0019] In some embodiments, in the foregoing method, the plurality of first output interfaces
and the plurality of second input interfaces may be both connected to a plurality of data channels
of the IC.

[0020] In some embodiments, in the foregoing method, the plurality of data channels may
comprise two data channels. The writing first data derived from the test data into an IC via a
plurality of first output interfaces may include: writing the first data into the two data channels
via the first output interfaces, wherein the first data written into each of the two data channels
are identical. The reading second data from the IC via a plurality of second input interfaces may
include: reading the second data from the two data channels via the second input interfaces, and
determining whether the second data read from the two data channels are identical.

[0021] In some embodiments, in the foregoing method, the plurality of second input
interfaces may be coupled to input terminals of a plurality of XNOR gates, the second output
interface may be coupled to an output terminal of one or more AND gates. Output terminals of
the plurality of the XNOR gates may be coupled to input terminals of the one or more AND
gates.

[0022] In some embodiments, in the foregoing method, the test result may be pass if an

output signal of the one or more AND gates is a high level.
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[0023] In some embodiments, in the foregoing method, the test result may be fail if the
second data read from the two data channels are different.

[0024] In some embodiments, in the foregoing method, a number of the first output interfaces
may be equal to a number of the second input interfaces.

[0025] In some embodiments, in the foregoing method, the first input interface may be
coupled to an input of one or more demultiplexers, and the plurality of first output interfaces
may be coupled to outputs of the one or more demultiplexers.

[0026] In some embodiments, in the foregoing method, the plurality of second input
interfaces may be coupled to inputs of one or more multiplexers, and the second output interface
may be coupled to an output of the one or more multiplexers.

[0027] In some embodiments, in the foregoing method, the IC may be a DRAM.

[0028] In the data compression circuits according to the embodiments of this disclosure, the
combination of the data-writing circuit and data-reading circuit allows simultaneous testing of
a plurality of ICs as well as a plurality of data channels or data transmission nodes therein. That
may address a limitation of conventional techniques that one IC may occupy multiple test
channels of an automatic IC tester. Thus, for the automatic IC tester which is expensive and has
a limited number of test channels, the data compression circuits according to the embodiments
of this disclosure may bring a multi-fold increase in the number of ICs that can be
simultaneously tested, which may substantially increase the test efficiency and reduce the cost

of a test.

BRIEF DESCRIPTION OF THE DRAWINGS

[0029] The accompanying drawings, which are incorporated in and constitute a part of the
description, illustrate embodiments in accordance with this disclosure and, together with the
description, serve to explain the disclosed inventive concept. It is apparent that these drawings
present only some embodiments of the present inventive concept and persons of ordinary skill
in the art may obtain drawings of other embodiments from them without creative effort.
[0030] Fig 1 is a block diagram of a data compression circuit in accordance with one
embodiment of this disclosure.

[0031] Fig 2 is a block diagram of a data-writing circuit of a data compression circuit in
accordance with one embodiment of this disclosure.

[0032] Fig 3 is a block diagram of a data-reading circuit of a data compression circuit in
4
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accordance with one embodiment of this disclosure.

[0033] Fig 4Ais a block diagram showing an application of a data-writing circuit of a data
compression circuit in accordance with one embodiment of this disclosure.

[0034] Fig. 4B is a block diagram showing an application of a data-reading circuit of a data
compression circuit in accordance with one embodiment of this disclosure.

[0035] Fig SAis a block diagram showing an application of a data-writing circuit of a data
compression circuit in accordance with one embodiment of this disclosure

[0036] Fig 5B is ablock diagram showing an application of a data-reading circuit of a data
compression circuit in accordance with one embodiment of this disclosure.

[0037] Fig 6Ais ablock diagram showing an application of a data-writing circuit of a data
compression circuit in accordance with one embodiment of this disclosure.

[0038] Fig. 6B is a block diagram showing an application of a data-reading circuit of a data
compression circuit in accordance with one embodiment of this disclosure.

[0039] Fig. 7is a flowchart of an IC test method in accordance with one embodiment of this
disclosure.

[0040] List of Reference Numerals in Drawings

[0041] 110 Data Compression Circuit

[0042] 111 Data-writing Circuit

[0043] 112 Data-reading Circuit

[0044] 120 Automatic IC Tester

[0045] 130 For-Test ICs

[0046] 210 Data-writing Module

[0047] 220 First Input Interface

[0048] 230 First Output Interface

[0049] 310 Data-reading Module

[0050] 320 Second Input Interface

[0051] 330 Second Output Interface

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0052] Exemplary embodiments will now be described in details with reference to the
accompanying drawings. However, these exemplary embodiments can be implemented in many

forms and should not be construed as being limited to those set forth herein. Rather, these
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embodiments are presented to provide a full and thorough understanding of the present
inventive concept and to fully convey the concepts of the embodiments to others skilled in the
art. In the drawings, like reference numerals may indicate the same or analogous elements, and
duplicate detailed description thereof will thus be omitted.

[0053] Although relative terms such as “upper” and “lower” may be used herein to describe
a spatial relationship of one component to another in a device shown in the drawings, they are
used merely for the purpose of easy description based on, for example, the exemplary
orientation depicted in the drawings. It is to be understood that if the illustrated device is turned
upside down, then the component described as being “upper” may now be a “lower” component.
When a certain structure is described as being “on” another structure, it is possible that the
specific structure is either integrally formed on the other structure or disposed thereon “directly”
or “indirectly” via an intervening structure.

[0054] As used herein, the terms “a”, “an” “the”, “said” and “at least one” are intended to
mean that there are one or more elements/components. As used herein, the terms “including”
and “having” are intended to be used in an open-ended sense to mean that there are possibly
other element(s)/component(s) apart from the listed element(s)/component(s). The terms “first”,
“second”, “third”, etc. as used herein may refer to labels rather than a quantitative limitation
upon the amount of the mentioned items.

[0055] In one embodiment of this disclosure, a data compression circuit for testing an
integrated circuit (IC) is provided. The data compression circuit may be an IC sub-block
packaged in a test chip together with the IC, or a separately-packaged standalone IC unit to be
connected to a test chip and an automatic IC tester, or a functional unit incorporated within an
automatic IC tester and coupled to a test channel thereof. Detailed configuration of the data
compression circuit of this disclosure is not limited in this regard.

[0056] Referring to Fig. 1, to test an IC 130, the data compression circuit 110 according to
one embodiment of this disclosure may be arranged between an automatic IC tester 120 and the
IC 130. The data compression circuit 110 may include a data-writing circuit 111 and a data-
reading circuit 112. The automatic IC tester 120 may be configured to write test data into the
IC 130 through the data-writing circuit 111, read a test result from the IC 130 through the data-
reading circuit 112, and determine whether the IC 130 passes the test based on the test result.
The automatic IC tester 120 may have a plurality of test channels and thus can test a plurality

of ICs 130 simultaneously. The IC 130 may be an unpackaged complete IC with a plurality of
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data channels, or a packaged standalone chip with a plurality of data pins, or an IC sub-block
with a plurality of data channels incorporated within a chip. Detail composition of the IC 130
is not limited in any particular way in this regard in this embodiment.

[0057] Referring to Fig. 2, the data-writing circuit 111 may essentially include a data-writing
module 210, a first input interface 220 and a plurality of first output interfaces 230.

[0058] The first input interface 220 may serve as an interface which allows the automatic IC
tester 120 to input data into the data compression circuit 110 and may be configured to receive
test data for the IC 130. The test data may be either directly received from the automatic IC
tester 120, or indirectly processed or transmitted by other means. The automatic IC tester 120
may provide a desired test result associated with the IC 130 and the test data, which may be
compared with an actual test result returned from the IC 130 to determine whether the IC 130
has passed a test.

[0059] The first output interfaces 230 may be coupled to the IC 130 and may act as an
interface allowing the data compression circuit 110 to write out-going data into the IC 130. The
out-going data written into the IC 130 via the first output interfaces 230 may be either exactly
the same as the test data received via the first input interface 220, or related to but not identical
to the test data received via the first input interface 220. Each of the first output interfaces 230
may write identical or different out-going data into the IC 130. The out-going data to be written
may be selected and distributed depending on the test requirements. The first output interfaces
230 may be coupled to the respective data channels of the IC 130 so as to allow writing of the
out-going data into the IC 130 via these data channels. The first output interfaces 230 may also
be coupled to respective data transmission nodes within the IC 130. In this case, the data-writing
module 210 may write out-going data into the IC 130 via the respective data transmission nodes
so that a test on individual data transmission node becomes possible. Other than the data
channels and the data transmission nodes, the first output interfaces 230 may also be coupled
to other locations in the IC 130, and this disclosure is not limited in any particular way in this
regard.

[0060] The data-writing module 210 may be configured to perform data processing based on
the test data received via the first input interface 220 and write the processed data chunks
resulting from the data processing into the IC 130 via the respective first output interfaces 230.
Therefore, the data-writing module 210 may be considered as a single-input multiple-output

(SIMO) device capable of receiving the test data from one test channel of the automatic IC
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tester 120 and synchronously or asynchronously writing multiple data chunks into the IC 130.
The data-writing module 210 may be implemented by, for example, a data distributor, a
demultiplexer (DEMUX) or any other electronic component or combination of electronic
components capable of data allocation or data splitting, and this disclosure is not limited in any
particular way in this regard.

[0061] Referring to Fig. 3, the data-reading circuit 112 may essentially include a data-reading
module 310, a plurality of second input interfaces 320 and a second output interface 330.
[0062] The second input interfaces 320 may be coupled to the IC 130 and may function as
interfaces allowing the data compression circuit 110 to read incoming data from the IC 130.
The second input interfaces 320 may read the incoming data from the IC 130 synchronously or
asynchronously, and the incoming data may serve as a basis for generating a test result. Similar
to the first output interfaces 230, the second input interfaces 320 may be coupled to the
respective data channels of the IC 130 so as to allow reading of the incoming data via these data
channels. The second input interfaces 320 may also be coupled to the respective data
transmission nodes within the IC 130 so as to allow reading of the incoming data from these
data transmission nodes. Other than the data channels and the data transmission nodes, the
second input interfaces 320 may also be coupled to other locations in the IC 130, and this
disclosure is not limited in any particular way in this regard.

[0063] The second output interface 330 may be coupled to a sender from which the data
compression circuit 110 receives the test data, and a test result may be returned to the sender.
In some embodiments, the sender may be the automatic IC tester 120. The test result may be
directly or indirectly transmitted to the automatic IC tester 120, or be processed by other means.
The automatic IC tester 120 may be configured to compare the returned test result with the
desired test result and thereby determine whether the IC 130 has passed the test.

[0064] The data-reading module 310 may be configured to read the incoming data from the
IC 130 via the plurality of second input interfaces 320, generate the test result based on the
incoming data and send the test result to the sender of the test data via the second output
interface 330. Therefore, the data-reading module 310 may be considered as a multiple-input
single-output (MISO) device capable of utilizing only one test channel of the automatic I1C
tester 120 to read data via the plurality of data channels or data transmission nodes of the IC
130, and to obtain a test result to complete a test on the IC. The data-reading module 310 may

be implemented by, for example, a data selector, a multiplexer (MUX) or any other electronic
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component or combination of electronic components capable of data selection or data
combination, and this disclosure is not limited in any particular way in this regard.

[0065] In the data compression circuit of this disclosure, the data-writing circuit 111 may be
a single-input multiple-output component, the data-reading circuit 112 may be a multiple-input
single-output component. The combination of the data-writing circuit 111 and the data-reading
circuit 112 may allow simultaneous testing of a plurality of ICs 130 as well as a plurality of
data channels or data transmission nodes in ICs 130. That may address a limitation of
conventional techniques that one IC may occupy multiple test channels of an automatic IC tester.
Thus, for the automatic IC tester which is expensive and has a limited number of test channels,
the data compression circuit according to the embodiments of this disclosure may bring a multi-
fold increase in the number of ICs that can be simultaneously tested, which may substantially
increase the test efficiency and reduce the cost of a test.

[0066] Referring to Fig. 4A, in some embodiments, the data-writing circuit 111 may include
four first output interfaces and one first input interface, and the data-writing module may
include one demultiplexer DEMUX. Therefore, in some embodiments, the data-writing circuit
111 may be a single-input four-output component capable of writing data at a compression ratio
of 4:1. Accordingly, a one-pass test of an IC with 16 data channels DQO, DQ1,DQ2, ... , DQ15
may require four test channels 100, 101, 102 and 103 of an automatic IC tester 120. The sixteen
data channels may be paired into eight data channel pairs. When receiving test data from the
automatic IC tester 120 via a corresponding test channel and the first input interface coupled
thereto, the demultiplexer DEMUX in the data-writing circuit 111 may divide the received test
data into four data chunks and write them into the IC 130 via the four first output interfaces and
the corresponding four data channels. Data that was written into the two data channels in each
of the data channel pairs may be identical to facilitate a comparison on the corresponding data
read by the data-reading circuit.

[0067] Referring to Fig. 4B, in some embodiments, the data-reading circuit 112 may include
four second input interfaces and one second output interface, and the data-reading module may
include two XNOR gates and one AND gate. Each of the XNOR gates may have two input
terminals coupled to two corresponding second input interfaces. The two corresponding second
input interfaces may be coupled to the respective data channels of a corresponding data channel
pair. The AND gate may have input terminals coupled to output terminals of the XNOR gates

and an output terminal coupled to the second output interface. In one example, when reading
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incoming data from the IC 130 via the second input interfaces and the corresponding data
channels, each of the XNOR gates may compare the two data chunks coming from the
corresponding data channel pair. In one example, a data channel pair may include the data
channel DQO and the data channel DQ1. When the data chunks from the data channel DQO and
the data channel DQ1 are identical to each other, the XNOR gate connected to them will output
a high level. When both XNOR gates in the data-reading circuit 112 output high levels, the
AND gate connected to the XNOR gates may also output a high level. In other words, when the
AND gate outputs a high level, it may be determined that the data chunks from the
corresponding data channel pairs are identical. That is, the data chunk from the data channel
DQO is identical to the data chunk from the data channel DQ1, and the data chunk from the data
channel DQ?2 is identical to the data chunk from the data channel DQ3. Therefore, when the
test result for the test channel 100 is a high level, the corresponding four data channels DQO,
DQ1, DQ2 and DQ3 will be determined as normal (“PASS”). Otherwise, the determination will
be abnormal (“FAIL”). When the test results for the four test channels 100, 101, 102 and 103
are all high levels, it can be determined that the IC 130 passes the test.

[0068] Since the data compression circuit according to some embodiments is capable of
compressing data at a ratio of 4:1, a test of an IC with 16 data channels may only require 4 test
channels. In one example, by using the data compression circuit of this embodiment, an
automatic IC tester with 1024 test channels may simultaneously test 256 such 16-channel ICs.
Therefore, the number of ICs that can be simultaneously tested may be substantially increased,
which results in an improvement in the test efficiency and a reduction on the cost of a test.
[0069] Referring to Fig. 5A, in some embodiments, the data-writing circuit 111 may include
eight first output interfaces and one first input interface, and the data-writing module may
include two demultiplexers DEMUX. Therefore, in some embodiments, the data-writing circuit
111 may be a single-input eight-output component capable of writing data at a compression
ratio of 8:1. Accordingly, a one-pass test of an IC with 16 data channels DQO, DQ1, DQ2, . . .,
DQI15 may require two test channels 100 and IO1 of an automatic IC tester.

[0070] Referring to Fig. 5B, in some embodiments, the data-reading circuit 112 may include
eight second input interfaces and one second output interface, and the data-reading module may
include four XNOR gates and one AND gate. The AND gate may have input terminals coupled
to output terminals of the four XNOR gates and an output terminal coupled to the test channel

100 or IO1 via the second output interface.
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[0071] The data compression circuit according to these embodiments may operate in a
similar way to those of previous embodiments, and a detailed description thereof is thus omitted
here for the sake of clarity and brevity.

[0072] Since the data compression circuit according to these embodiments is capable of
compressing data at a ratio of 8:1, a test of an IC with 16 data channels may only require 2 test
channels. In one example, by using the data compression circuit of these embodiments, an
automatic IC tester with 1024 test channels may simultaneously test 512 such 16-channel ICs.
Therefore, the number of ICs that can be simultaneously tested may be substantially increased,
which results in an improvement in the test efficiency and a reduction on the cost of a test.
[0073] Referring to Fig. 6A, in some embodiments, the data-writing circuit 111 may include
sixteen first output interfaces and one first input interface, and the data-writing module may
include four demultiplexers DEMUX. Therefore, in some embodiments, the data-writing circuit
may be a single-input sixteen-output component capable of writing data at a compression ratio
of 16:1. Accordingly, a one-pass test of an IC with 16 data channels DQO, DQ1, DQ2, . . .,
DQI15 may require one test channel 100 of an automatic IC tester.

[0074] Referring to Fig. 6B, in some embodiments, the data-reading circuit 112 may include
sixteen second input interfaces and one second output interface, and the data-reading module
may include eight XNOR gates and three AND gates. Two of the AND gates may have input
terminals coupled to output terminals of the eight XNOR gates, and the remaining one AND
gate may have input terminals coupled to output terminals of said two AND gates and an output
terminal coupled to the test channel IO0 via the second output interface.

[0075] The data compression circuit according to these embodiments may operate in a
similar way to those of previous embodiments, and a detailed description thereof is thus omitted
here for the sake of clarity and brevity.

[0076] Since the data compression circuit according to these embodiments is capable of
compressing data at a ratio of 16:1, a test of an IC with 16 data channels may only require one
test channel. In one example, by using the data compression circuit of these embodiments, an
automatic IC tester with 1024 test channels may simultaneously test 1024 such 16-channel ICs.
Therefore, the number of ICs that can be simultaneously tested may be substantially increased,
which results in an improvement in the test efficiency and a reduction on the cost of a test.
[0077] This disclosure further presents a memory device including an IC with a plurality of

data channels and a data compression circuit according to any one of the aforementioned
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embodiments. The plurality of data channels of the IC may be coupled to the plurality of second
input interfaces and the plurality of first output interfaces of the data compression circuit. In a
test of the memory device, the data compression circuit within the memory device may assist
an automatic IC tester to test the ICs in the memory device. The test may be carried out in a
same manner as those discussed above, and a detailed description thereof is thus omitted here
for the sake of clarity and brevity. The memory device according to this embodiment may be a
dynamic random access memory (DRAM) or any other IC-based memory device, and this
disclosure is not limited in any particular way in this regard.

[0078] This disclosure further presents an IC test device including a plurality of test channels
and the data compression circuit according to any of the aforementioned embodiments. The
plurality of test channels may be coupled to the first input interface and second output interface
of the data compression circuit. In some embodiments, as a functional module of the IC test
device, the data compression circuit may assist the test of the ICs with compressed data, which
may increase the number of ICs that can be simultaneously tested. The test can be carried out
in a same manner as those discussed above, and a detailed description thereof is thus omitted
here for the sake of clarity and brevity.

[0079] Based on the data compression circuits, the memory device and the IC test device
according to the above embodiments, this disclosure further presents an IC test method
including the following steps S710 through S740, as shown in Fig. 7.

[0080] In step S710, test data may be received via a first input interface.

[0081] In a data-writing phase, the data compression circuit may first receive the test data
for an IC via the first input interface. The test data may be directly received from an automatic
IC tester which may additionally provide a desired test result associated with the test data for a
subsequent comparison.

[0082] In step S720, based on the test data, out-going data may be written into the IC via the
plurality of first output interfaces.

[0083] The plurality of first output interfaces in the data compression circuit may be coupled
to respective data channels of the IC, or respective data transmission nodes in the IC, or any
locations of the IC other than the data channels and the data transmission nodes. Based on the
test data, multiple data chunks can be simultaneously written into the IC via the first output
interfaces.

[0084] In step S730, incoming data may be read from the IC via the plurality of second input

12
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interfaces.

[0085] In a data-reading phase, the data compression circuit may read incoming data from
the IC via the plurality of second input interfaces. Likewise, the second output interfaces may
be coupled to the respective data channels of the IC, or the respective data transmission nodes
therein, or any locations of the IC other than the data channels and the data transmission nodes.
[0086] In step S740, a test result is generated based on the incoming data and sent to a sender
of the test data via the second output interface.

[0087] Upon the completion of the data-reading phase, the data compression circuit may
generate the test result based on the incoming data and send the test result to the sender of the
test data via the second output interface. The sender of the test data may be the automatic IC
tester. The test result may serve as a basis for determining whether the IC has passed the test.
[0088] The IC test method according to this embodiment may deploy a data compression
circuit according to any one of the aforementioned embodiments. The procedures of a test may
be the same as those disclosed in the aforementioned embodiments, and a detailed description
thereof is thus omitted here for the sake of clarity and brevity.

[0089] The IC test method according to this embodiment may bring a multi-fold increase in
the number of ICs that can be simultaneously tested, which may substantially increase the test
efficiency and reduce the cost of a test.

[0090] Other embodiments of the present invention will be apparent to those skilled in the
art by considering the specification and practicing the invention disclosed herein. Accordingly,
this present invention is intended to cover all and any variations, uses, or adaptations of the
present invention which follow, in general, the principles thereof and include such departures
from the present invention as come within common knowledge or customary practice within
the art to which the invention pertains. It is also intended that the specification and examples
be considered as exemplary only, with true scope and spirit of the present invention being

indicated by the appended claims.

13
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CLAIMS

1. An electronic device, comprising:
an integrated circuit (IC); and
a data compression circuit for testing the IC, the data compression circuit comprising a
data-writing circuit and a data-reading circuit,
wherein the data-writing circuit comprises:
a first input interface for receiving test data;
a plurality of first output interfaces coupled to the 1C; and
a data-writing module configured to write first data derived from the test data into the
IC via the plurality of first output interfaces,
and wherein the data-reading circuit comprises:
a plurality of second input interfaces coupled to the IC;

a second output interface coupled to a sender of the test data; and

a data-reading module configured to read second data from the IC via the plurality

of second input interfaces, generate a test result based on the second data, and send the test

result to the sender of the test data via the second output interface.

2. The device of claim 1, wherein the plurality of first output interfaces and the plurality of

second input interfaces are both connected to a plurality of data channels of the IC.

3. The device of claim 2, wherein the plurality of data channels comprise two data channels,
wherein the data-writing module is configured to write the first data into the two data
channels via the first output interfaces, and the first data written into each of the two data
channels are identical,
wherein the data-reading module is configured to read the second data from the two data
channels via the second input interfaces and determine whether the second data read from the

two data channels are identical.

4. The device of claim 3, wherein the data-reading module comprises:
a plurality of XNOR gates each having input terminals coupled to the plurality of second

input interfaces; and
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one or more AND gates each having input terminals coupled to output terminals of the

plurality of XNOR gates and an output terminal coupled to the second output interface.

5. The device of claim 4, wherein the test result is pass if an output signal of the one or more

AND gates is a high level.

6. The device of claim 3, wherein the test result is fail if the second data read from the two

data channels are different.

7. The device of claim 1, wherein a number of the first output interfaces is equal to a number

of the second input interfaces.

8. The device of claim 1, wherein the data-writing module comprises one or more

demultiplexers.

9. The device of claim 1, wherein the data-reading module comprises one or more

multiplexers.

10. The device of claim 1, wherein the IC is a dynamic random access memory (DRAM).

11. An integrated circuit (IC) testing method, comprising:

receiving test data via a first input interface;

writing first data derived from the test data into an IC via a plurality of first output
interfaces;

reading second data from the IC via a plurality of second input interfaces;

generating a test result based on the second data; and

sending the test result to a sender of the test data via a second output interface.

12. The method of claim 11, wherein the plurality of first output interfaces and the plurality

of second input interfaces are both connected to a plurality of data channels of the IC.

13. The method of claim 12, wherein the plurality of data channels comprise two data channels,
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wherein writing first data derived from the test data into an IC via a plurality of first output
interfaces comprises:
writing the first data into the two data channels via the first output interfaces, wherein
the first data written into each of the two data channels are identical,
wherein reading second data from the IC via a plurality of second input interfaces
comprises:
reading the second data from the two data channels via the second input interfaces;
and

determining whether the second data read from the two data channels are identical.

14. The method of claim 13, wherein the plurality of second input interfaces are coupled to
input terminals of a plurality of XNOR gates, the second output interface is coupled to an output
terminal of one or more AND gates,

and wherein output terminals of the plurality of the XNOR gates are coupled to input

terminals of the one or more AND gates.

15. The method of claim 14, wherein the test result is pass if an output signal of the one or

more AND gates is a high level.

16. The method of claim 13, wherein the test result is fail if the second data read from the two

data channels are different.

17. The method of claim 11, wherein a number of the first output interfaces is equal to a

number of the second input interfaces.

18. The method of claim 11, wherein the first input interface is coupled to an input of one or
more demultiplexers, and the plurality of first output interfaces are coupled to outputs of the

one or more demultiplexers.

19. The method of claim 11, wherein the plurality of second input interfaces are coupled to
inputs of one or more multiplexers, and the second output interface is coupled to an output of

the one or more multiplexers.
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20. The method of claim 11, wherein the IC is a dynamic random access memory (DRAM).
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