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Description
APPARATUS FOR TESTING RELIABILITY OF SEMI-
CONDUCTOR SAMPLE
Background Art
[1] 1. Field of the Invention
[2] The present invention relates to an apparatus for testing reliability of a semi-

conductor sample and, more particularly, to a reliability test apparatus for reliably
performing an accelerated life test of a semiconductor device.

[3]

[4] 2. Description of Related Art

[5] Together with development of mobile communication and semiconductor
technologies, semiconductor devices, in particular, high frequency devices and
components are being miniaturized and integrated. In addition, in order to increase
competition against goods of other companies and foreign countries in global
competition and reduce a great quantity of time, equipment and cost consumed for de-
velopment and production test, necessity of reliability is being continuously increased.
The accelerated life reliability testing is performed to develop a high reliability of new
semiconductor device, which is essential to estimate a lifetime of new RF semi-
conductor devices and components under severe conditions.

[6] In particular, it is necessary for the test to estimate the lifetime of semiconductor
devices such as a power amplifier module (PAM), a surface acoustic wave (SAW), and
compound semiconductor device and component of microwave band, in which a
package used in a terminal is formed as a surface-mounted device (SMD).

[7] Such a conventional semiconductor test apparatus is disclosed in Korean Patent
Registration No. 1990-3611, entitled Apparatus for evaluating semiconductor sample
under high temperature environment and its operation .

[8] The apparatus includes a heating block and a cooling block thermally isolated from
each other by interposing an air space therebetween. Since the semiconductor sample
is directly attached to the heating block, heat generated from the heating block can be
directly conducted to the semiconductor sample through a negligible quantity of
insulating resistance. Meanwhile, a micro strip, matching circuit boards, and related
connectors are attached to the cooling block to prevent their temperature from rising.
The cooling block has an air space therein to provide spatial isolation so that the heat
from the heating block is almost not conducted to the components. Eventually,
preferably, the micro strip matching circuits and connectors disposed in a setting
apparatus are protected from the temperature increase, and a ground means is provided
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[9]

[10]

[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

to ground the semiconductor sample and related matching circuits.

However, the conventional reliability test apparatus could test only the semi-
conductor sample including the matching circuit, a temperature of which is increased
up to 65°C, and not including external evaluation circuits. In addition, since the semi-
conductor sample is directly attached to the heating block to have a negligible small
insulating resistance and control a temperature using a thermocouple installed in the
heater itself, it is impossible to measure a real temperature of the semiconductor
sample.

In addition, in order to test a plurality of same semiconductor samples, troublesome

operations should be repeated.

SUMMARY OF THE INVENTION

The present invention is directed to a novel type of integrated reliability test
apparatus including an evaluation circuit and related matching components.

The present invention is also directed to a reliability test apparatus capable of
precisely adjusting a temperature of a semiconductor sample and separately adjusting a
temperature of an external evaluation circuit from the temperature of the sample.

The present invention is also directed to a newly improved semiconductor test
apparatus capable of estimating a lifetime of a semiconductor device through a re-
liability test using a plurality of samples.

In an exemplary embodiment of the present invention, an apparatus for testing re-
liability of a semiconductor sample includes: a sample mounting part for mounting the
semiconductor sample on an upper center part thereof, and mounting components
having an evaluation circuit board at an upper peripheral part thereof; a heating block
formed to have a tip shape and mounted on a lower part of the semiconductor sample
to maintain a test temperature; a cooling block separated from the heating block and
surrounding the heating block to cool the temperature of the components; and a fixing
block for raising and lowering the semiconductor sample.

"Semiconductor sample" is referred to as a various kinds of semiconductor devices
known in the art, for example, an RF semiconductor device and components.

Preferably, the heating block and the cooling block are separated from each other
by a back lite formed of thermostable plastic to maintain a thermally isolated state. As
a result, when the semiconductor sample is maintained at a high temperature of about
250°C, an evaluation circuit and a matching circuit are maintained at a temperature of
less than 40°.

Meanwhile, the heating block may include a cartridge-type heating tip, and a
resistance temperature detector (RTD) sensor installed at a lower part of the semi-

conductor sample.
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[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]
[31]

[32]

[33]

The sample mounting part may further include a matching circuit board; in this
case, when the matching circuit board and the evaluation circuit board are connected to
each other using a bonding wire such as gold, it is advantageous to transmit an RF
signal and a bias signal and block common potential and thermal conduction.

Preferably, RF connectors are connected to both upper ends of the evaluation circuit
board.

Meanwhile, contact between the semiconductor sample and the matching circuit can

be finely and simply adjusted using the fixing block.

Brief Description of the Drawings

The above and other features of the present invention will be described in reference
to certain exemplary embodiments thereof with reference to the attached drawings in
which:

FIG. 1 is a perspective view of an apparatus for testing reliability of a semi-
conductor sample in accordance with an embodiment of the present invention;

FIGS. 2 and 3 are a partial perspective view and a plan view of the apparatus for
testing reliability of the semiconductor sample of FIG. 1;

FIGS. 4 and 5 are cross-sectional views taken along lines A-A and B-B of the test
apparatus of FIG. 3; and

FIG. 6 is a schematic perspective view of a fixing block of the semiconductor
sample of FIG. 1.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will now be described more fully hereinafter with reference
to the accompanying drawings, in which preferred embodiments of the invention are
shown. This invention may, however, be embodied in different forms and should not
be construed as limited to the embodiments set forth herein. Rather, these em-
bodiments are provided so that this disclosure will be thorough and complete, and will
fully convey the scope of the invention to those skilled in the art.

FIG. 1 is a perspective view of an apparatus for testing reliability of a semi-
conductor sample in accordance with an embodiment of the present invention.

The test apparatus 1 includes a sample mounting part 12, a heating block having
elements 11, 21 and 26, a cooling block 31, and a fixing block having elements 41, 42,
43, 44, 45, 46 and 47. The sample mounting part 12 is provided with an upper center
part for mounting a semiconductor sample, and an upper peripheral part for mounting
an evaluation circuit board 16, matching circuit related components 19, a bonding wire
18, an RTD sensor 11, a fixing tip 14 and so on.
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[34]

[35]

[36]

[37]

[38]

[39]

[40]

[41]

In the test apparatus, in order to maintain the temperature of the evaluation circuit
board 16 and the matching circuit related components 19 under 40°C while the test
temperature is maintained at about 250°C for a long time, the heating block having
elements 11, 21 and 26 and the cooling block 31 are separated from each other. The
heating block having elements 11, 21 and 26 is formed to have a tip shape, thereby
applying heat to a lower part of the semiconductor sample 20, and the cooling block 31
is formed to surround the heating block, which will be described later.

The fixing block having elements 41, 42, 43, 44, 45, 46 and 47 is in contact with an
upper surface of the semiconductor sample 20 to raise and lower the semiconductor
sample 20 along a z-axis. In addition, contact between the semiconductor sample 20
and the matching circuit 19 can be finely and simply adjusted using the fixing blocks,
and therefore, the semiconductor sample 20 can be easily exchanged.

The reliability test apparatus includes the heating block, the cooling block, and the
fixing block, which are thermally isolated from one another. The heating block has an
RTD sensor formed of a ceramic material disposed between the heating block and the
semiconductor sample to precisely control and maintain the temperature, which is to be
measured simultaneously with the heat conduction.

Meanwhile, the evaluation circuit, the matching components, and the related
connectors are located on the cooling block, which are thermally isolated from the
heating block, so that heat from the heating block is almost not conducted to them.
Eventually, the external evaluation circuit, the matching components, and the related
connectors disposed in the test apparatus are protected from the temperature increase.

Hereinafter, specific constitution and operation of the test apparatus for a semi-
conductor sample of FIG. 1 will be described in conjunction with the accompanying
drawings.

FIGS. 2 and 3 are a partial perspective view and a plan view of the apparatus for
testing reliability of the semiconductor sample of FIG. 1, and FIGS. 4 and 5 are cross-
sectional views taken along lines A-A and B-B of the test apparatus of FIG. 3.

Referring to FIGS. 2 to 5, the heating block includes a cartridge-type heating tip 26
disposed in the test apparatus to concentrate heat to the semiconductor sample 20, a
support member 21, and a resistance temperature detector (RTD) sensor 11. The
heating tip 26 is preferably formed of copper or brass. The heating tip 26 is a cartridge-
type heater. The heat from the heating tip 26 is controlled by a computer using a
thermostat employing the RTD sensor 11, and the RTD sensor 11 has a detection part
having a width of 1.5mm and a length of 2.5mm and a use temperature range of -100 ~
500°C.

Meanwhile, the heating block is spaced apart from the cooling block 31 by a

backlite 22 formed of an easily treatable and thermostable plastic and securely fixed by
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[42]

[43]

[44]

[45]

[46]

[47]

[48]

screws 23 in order to fix the heating tip 26. This is to reduce heat conduction to the
cooling block 31 from the heating block. Meanwhile, the support member 21 is fixed
to the backlite 22 by a screw (not shown).

The sample mounting part 12 is connected to an upper part of the cooling block 31.
The sample mounting part 12 may be formed of a material that heat can be easily
conducted, e.g., a metal. The evaluation circuit board 16 and the connector 19 are
connected to an upper part of the sample mounting part 12 and spaced apart from the
heating tip 26 by the air space. A heat sink 32 is closely attached to a lower surface of
the cooling block 31 using a screw 33 and a radiating compound to maximize the
cooling effect.

The matching circuit board 13 mounted on the sample mounting part 12 is formed
of a ceramic, alumina or Teflon substrate. The matching circuit board 13 formed cor-
responding to the size of the RTD sensor 11 is connected to a lower surface of the
semiconductor sample 20 to be fixed by the fixing tip 14. The evaluation circuit board
16 and the matching circuit related components 17 are fixed to the sample mounting
part 12 by screws 15. The matching circuit board 13 and the evaluation circuit board
16 are connected to each other by the bonding wire 18 so that the same ground
potential can be provided to all of the blocks. The RF connector 19 may be connected
to both ends of the evaluation circuit board 16.

Meanwhile, the ground potential for high frequency power can be obtained by
connecting an integral body formed of aluminum and a substrate using the bonding
wire. As a result, it is possible to reliably estimate the lifetime of the RF semiconductor
device and components by heating the heating block for a test period, without damage
of the matching circuit related components 17 and the related connector 19.

FIG. 6 is a schematic perspective view of a fixing block of the semiconductor
sample of FIG. 1.

The fixing block having elements 41, 42, 43, 44, 45, 46 and 47 is fixed to the
cooling block 31 by fixing screws (not shown), and uses a toggle clamp 41 to raise and
lower the semiconductor sample 20 to press the matching circuit board 13. In addition,
a vertical adjustment screw 42 adjusts and fixes the semiconductor sample along a z-
axis using a compression coil spring 43 to enable to test various semiconductor
samples 20 having different heights.

A pressure pusher 44 formed corresponding to the size of the semiconductor sample
20 and the matching circuit is in contact with an upper surface of the semiconductor
sample 20 to press the sample, thereby protecting the bonding wire and blocking the
heat. A z-axis slide block 45 and a z-axis slide guide 46 are fixed to a z-axis slide base
47 which is a central axis of the apparatus, to be adjusted along a z-axis.

As described above, the heat generated from the heating block is effectively
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[49]

[50]

[51]

conducted to the sample and monitored, but not conducted to the cooling block and ef-
fectively radiated. For example, as a result of test measurement, when a chip is
maintained at a temperature of 250°C, the evaluation circuit board and the matching
circuit related component are maintained at a temperature of less than 40°C.

As can be seen from the foregoing, the test apparatus of the present invention can
obtain reliability of the test by precisely controlling the test temperature of the sample
using the RTD sensor and thermally isolating the evaluation circuit and the driving
components. In addition, it is possible to simply modify the setting apparatus by
forming the heating tip, the matching circuit, and the evaluation circuit according to
various samples, and easily mount and test numerous samples in order to estimate a
lifetime of the semiconductor device.

Meanwhile, it is possible to finely and simply adjust contact between the chip and
the matching circuit.

Although the present invention has been described with reference to certain
exemplary embodiments thereof, it will be understood by those skilled in the art that a
variety of modifications and variations may be made to the present invention without
departing from the spirit or scope of the present invention defined in the appended

claims, and their equivalents.
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Claims

[1] An apparatus for testing reliability of a semiconductor sample comprising:
a sample mounting part for mounting the semiconductor sample on an upper
center part thereof, and mounting components having an evaluation circuit board
at an upper peripheral part thereof;
a heating block formed to have a tip shape and mounted on a lower part of the
semiconductor sample to maintain a test temperature;
a cooling block separated from the heating block and surrounding the heating
block to cool the temperature of the components; and
a fixing block for raising and lowering the semiconductor sample.

[2] The apparatus according to claim 1, wherein the heating block and the cooling
block are separated from each other by a back lite formed of thermostable
plastic.

[3] The apparatus according to claim 1, wherein the heating block comprises a

cartridge-type heating tip, and a resistance temperature detector (RTD) sensor
installed at a lower part of the semiconductor sample.

[4] The apparatus according to claim 1, wherein the semiconductor sample is a chip
having an RF semiconductor device.

[5] The apparatus according to claim 1, wherein the sample mounting part further
comprises a matching circuit board.

[6] The apparatus according to claim 5, wherein the matching circuit board and the
evaluation circuit board are connected to each other using a bonding wire.

[7] The apparatus according to claim 1, wherein a connector is connected to both

upper ends of the evaluation circuit board.



1/5

WO 2006/065073 PCT/KR2005/004299
[Fig. 1]
o 12
4 45
0 ®
O
= ®
)
i L
15 >4
19 D L T 45
10 = 18| L
1 et TN A
14~—gris et |
R—1 TS A |
e 4
20 \/Z
31
N 33




2/5

PCT/KR2005/004299

WO 2006/065073




3/5

PCT/KR2005/004299

WO 2006/065073

[Fig. 3]




4/5

WO 2006/065073 PCT/KR2005/004299

[Fig. 4]

Qb

-1~

— 32

[ J TR




PCT/KR2005/004299

=
)
|

46

T ,////UHJHUHH MU

5/5
[Fig. 6]

WO 2006/065073

IPV/V/bWV/VKV/V

| %

T
]

O O O

41

f—1~



INTERNATIONAL SEARCH REPORT International application No.
PCT/KR2005/004299

A. CLASSIFICATION OF SUBJECT MATTER

HOIL 21/66(2006.01)i

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
TPC8 HO5K 7/20, GOIR 31/02, GOIR 31/26

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean Utility models and applications for Utility models since 1975
Japanese Utility models and applications for Utility models since 1975

Electronic data base consulted during the intertnational search (name of data base and, where practicable, search terms used)
KIPONET, ESPACENET "semiconductor test and heating and cooling"

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y KR 2004-47948 A (TOKYO ELECTRON LTD., et al. ) 05 June 2004 1

A see p. 5and Figs 2-7 2-7

Y KR 299554 Y1 (DAEWOO ELECTRONICS INC.) 16 December 2002 1

A see p. 2 and Figs 2-5 2-7

Y US 4884027 ( Daron C. Hoderfield et al.) 28 November 1989 1

A see Fig. 1 2-7

|:| Further documents are listed in the continuation of Box C. |E See patent family annex.

* Special categories of cited documents: "T" later document published after the international filing date or priority

"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

"E" earlier application or patent but published on or after the international ~ "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art

"P"  document published prior to the international filing date but later "&" document member of the same patent family

than the priority date claimed

Date of the actual completion of the international search Date of mailing of the international search report
15 MARCH 2006 (15.03.2006) 15 MARCH 2006 (15.03.2006)
Name and mailing address of the ISA/KR Authorized officer
i » Korean Intellectual Property Office
920 Dunsan-dong, Seo-gu, Daejeon 302-701, MAENG, Sung Jae
T Republic of Korea
Facsimile No. 82-42-472-7140 Telephone No.  82-42-481-5727

Form PCT/ISA/210 (second sheet) (April 2005)



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No.

PCT/KR2005/004299
Patent document Publication Patent family Publication
cited in search report date member(s) date
KR1020040047948 05.06.2004 CN1575514A 02.02.2005
EPO1455388A1 08.09. 2004
EP1455388A1 08.09.2004
EP1455388A4 19.10.2005
EP1455388A1 08.09. 2004
JP15168709 13.06.2003
JP2003168709A2 13.06.2003
US20040183561A1 23.09.2004
US2004 18356 1AA 23.09.2004
US2005253575AA 17.11.2005
WO03046976A1 05.06.2003
W02003046976A1 05.06.2003
KR 299554Y1 16.12.2002 none
us04884027 28.11.1989 US4884027A 28.11.1989

Form PCT/ISA/210 (patent family annex) (April 2005)




	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

