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

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
15 February 2007 (15.02.2007)

lﬂfb A0 0O

(10) International Publication Number

WO 2007/019072 A2

(51) International Patent Classification:
GOIR 31/02 (2006.01)

(21) International Application Number:

PCT/US2006/029245
(22) International Filing Date: 25 July 2006 (25.07.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
11/195,990 3 August 2005 (03.08.2005) US

(71) Applicant (for all designated States except US): QUALI-
TAU, INC. [US/US]; 915 Walsh Avenue, Santa Clara, Cal-
ifornia 95050 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): ANDERSON,
Michael L. [US/US]; 466 Chateau La Salle, San Jose, Cal-
ifornia 95111 (US). MCCLOUD, Edward A. [US/US];
21724 Orange Avenue, Castro Valley, California 94546
(US). MOSTARSHED, Shahriar [US/US]; 1951 O*farrell
St., #405, San Mateo, California 94403 (US). CASOLO,
Michael A. [US/US]; 325 Lenox Avenue, # 502, Oakland,
California 94610 (US).

(74) Agents: WOODWARD, Henry K. et al.; P.O. Box 60250,
Oakland, California 94607 (US).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HN, HR, HU, ID, IL,, IN, IS, JP,
KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR, LS, LT,
LU, LV, LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA,
NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS, RU, SC,
SD, SE, SG, SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ,
UA, UG, US, UZ, VC, VN, ZA, 7ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, S, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
—  without international search report and to be republished
upon receipt of that report

[Continued on next page]

40

30

0-7/019072 A2 | V0 000 O

(54) Title: VERTICAL PROBE CARD AND AIR COOLED PROBE HEAD SYSTEM

& (57) Abstract: A probe card is vertically mounted generally perpendicular to a wafer undergoing life tests in a heated environment

to limit exposure of the probe card to heat from the wafer chuck. The probe card and probe head assembly are mounted on a support
rail which has one or more channels for the flow of cool air to a probe head assembly and the probe card, while it shields the flex
cable from the hot chuck. The cool air flow disrupts convective hot air flow upwards from the heated chuck to the probe card and
probe head and facilitates cooling of the probe card and probe head.
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VERTICAL PROBE CARD AND AIR COOLED PROBE HEAD
SYSTEM

BACKGROUND OF THE INVENTION

[0001] This invention relates generally to the testing of semiconductor integrated
circuits (ICs) and devices, and more particularly the invention relates to long term
testing of such circuits and devices in a heated environment.

[0002] In the electrical probing and measuring of electrical parameters of integrated
circuits and devices in semiconductor wafers, a probe card with multiple pins
facilitates concurrent access to a large number of circuit contacts in one or more
devices in the wafer. Typically one or more probe cards are horizontally arranged
parallel to and spaced from the wafer so that “massively parallel” measurements can
be made on a single wafer. Alternately, a single card with multiple pin probes and
multiple landing patterns can be made, but the demands on materials, manufacturing,
and planarity of the multiple landing sites makes it prohibitively expensive.

[0003] The long term testing of semiconductor devices, such as electro-migration,
time dependent dielectric breakdown, and negative temperature bias instability, is
undertaken to determine long term stability and lifetime of the device. To shorten the
time required for such tests, the tests are often performed at elevated temperatures
between 125°C - 400°C.

[0004] Major problems arise from heating of the probe card and probe head system.
The horizontal probe card is the closest component to the hot chuck which holds the
semiconductor wafer and can suffer a drastic degradation in performance due to
temperature dependent leakage current. The large exposed area of the horizontal
probe card exacerbates the degradation in probe performance. Material selection for
the probe card can reduce the temperature dependent problems, but costs and special
material processing considerations limit the practicality of using such materials as
ceramics and liquid crystal polymers, for example, when compared to conventional
materials used in printed circuit board manufacturing.

[0005] Another problem relates to heating of the cabling system necessary in
connecting the multiple pins of the probe cards to test apparatus. To keep the cabling
system within a manageable size, a custom flexible (flex) cable is typically employed.

However, convective flow of hot air from the hot wafer chuck can cause unacceptable



10

15

WO 2007/019072 PCT/US2006/029245

electrical leakage of current through the flex cable. The material used in these lower-
cost flexible printed circuits, and in particular the adhesive used therein, has low (e.g.
40°C - 80°C) glass transition temperature (Tg), and electrical leakage between traces
will render the cable useless at temperatures higher than Tg. Other materials, such as
liquid crystal polymers and high glass transition, thermally cured adhesives, have
better high temperature performance but are much more expensive in a system with
multiple probe heads and high density of signal traces.

[0006] Moreover, the probe card is typically part of a probe head which can be moved
in XYZ alignment by manual control knobs. However, the control knobs associated
with the probe head can become very hot to touch.

[0007] Therefore, a system with multiple probe heads, each having multiple pin
probes, is desirable for long term, highly parallel testing of wafers at elevated
temperatures. The present invention is directed to providing such a system which

overcomes problems associated with conventional test probe heads and systems.
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SUMMARY OF THE INVENTION

[0008] In accordance with the invention, probe cards are mounted generally vertically
or perpendicular with respect to the surface of a wafer undergoing test. Such an
arrangement limits exposure of a probe card to the heated environment of the hot
chuck holding a device under test with the only significant transfer of heat to the card
being by convective flow of air to the probe card edge closest to the heated surface
and heat conductive flow through the probe tips touching the surface of a test wafer.
However, neither channel of heat transfer prevents the use of conventional polyimide
or other similar printed circuit board material and the use of conventional techniques

for assembly of the probe card.

[0009] The probe card is part of a probe head which is vertically mounted on a rail
support above a wafer undergoing test. The flex cable which interconnects the probe
card to test apparatus is supported on the rail support. The rail support includes a
forced air cooling system which delivers cool air in and around each probe head to
disrupt convective flow of hot air from the hot check holding a test wafer upwards to
the probe head and rail support. Cool air can be emitted from the cooling system
through openings in the rail support such as holes or slits or slots whose size, shape
and placement are a function of how much cooling capacity is needed and the

temperature of the test wafer.

[0010] The invention and objects and features thereof will be more readily apparent
from the following detailed description and appended claims when taken with the

drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of a probe card in accordance with an embodiment

of the invention.
Fig. 2 is a plan view of the probe card of Fig. 1.
5 Fig. 3 is a side view of the probe card of Fig. 1.

Fig. 4 is a perspective view of a rail and probe head assembly in accordance

with an embodiment of the invention.
Fig. 5 is a side view in section of the rail and probe head assembly of Fig. 4.

Fig. 6 is a perspective view of the rail with a plurality of probe heads mounted

10 thereon and further illustrating the cooling system.

Fig. 7 is an exploded perspective view of components of a probe head in

accordance with one embodiments of the invention and further illustrates airflow.

Fig. 8 is an enlarged perspective view of a support frame in the probe head of
Fig. 7.

15 Fig. 9 is a more detailed exploded perspective view of components of the

probe head of Fig.7 showing the assembly thereof.
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DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS

[0011] Fig. 1 is a perspective view of a probe card 10 in accordance with one
embodiment of the invention and includes a printed circuit board 12 with a plurality
of slots 14 therethrough for facilitating the flow of cool air. At one end of board 12 is
a tip assembly including a plurality of metal probe tips 16 in a ceramic support 18 and
on an opposing end of printed circuit board 12 is an electrical connector and fastener
20 which is used for physically supporting the probe card in a test system and

connects the tips 16 to a flexible (flex) cable.

[0012] Fig. 2 is a plan view further illustrating printed circuit board 12 and metal
traces 22 which electrically interconnect the probe tips 16 to electrical contacts 24 on
the opposing end of board 12. The electrically conductive pattern of metal traces or
discrete wires 22 interconnect individual probe tips to one of the contacts 24. As
illustrated, ceramic support 18 with probe tips 16 supported therein is attached to

board 12 by means of screw fasteners 26.

[0013] Fig. 3 is a side view of the probe card illustrating electrical connector and
fastener 20 which engages a receptacle in support apparatus to hold probe card 10 in a
generally vertical or perpendicular position with respect to a wafer undergoing test.
Only the ends of tips 16 engage the device undergoing test, thereby limiting heat
conductive flow through the probe tips. The vertical alignment of probe card 10
limits the exposure of the card to heat emitted by the heated device chuck. Moreover,
convective flow of air from the heated chuck to the probe card and supporting
apparafus is disrupted by flow of cool air provided by the support assembly, as

described below.
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[0014] Fig. 4 is a perspective view of a support rail 30 which supports probe card 10
and a probe head shown generally at 32 above a device undergoing test and a heated
support chuck. As is conventional, probe head 32 can be adjusted manually along
three axes of movement by means of control knobs 34, 36, 38. A flex cable 40 is
supported on the top of rail 30 and interconnects probe card 10 to external test

apparatus. As noted above, flex cable 40 can degrade in performance if overheated.

[0015] Fig. 5 is a section view of rail 30 which includes internal channels 42, 44 for
the flow of air used for cooling probe head 32, probe card 10, and flex cable 40. Air
from the internal channels is emitted through openings in rail 30 with the air being
directed through probe head 32 and probe card 10 for disrupting convective hot air
flow from the heated chuck which holds the device under test. Accordingly,
overheating of flex cable 40 and the printed circuit board of test probe 10 can be
avoided. In this embodiment is will be noted that channel 30 includes a member 48
having dovetail flanges which engage mating dovetail flanges of probe head 32 as

shown generally at 50.

[0016] Fig. 6 is another perspective view of the rail 30 supporting three probe heads
32. In this embodiment, only one probe card 10 is shown on the probe heads to
further illustrate openings or slots for facilitating the flow of cool air from openings
54 in frame 30 through the probe heads 32 and through the openings 14 in probe card
10. It will be noted in this embodiment that each probe head 32 has a lever
mechanism shown generally at 56 which can be used for locking a probe head in the
dovetailed flanges 50 of rail 30. However, the locking mechanism is not part of the

invention and is not described further herein.
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[0017] Fig. 7 is an exploded perspective view of components of the probe head and
illustrating the flow of air through the probe head and probe card. In this embodiment
the probe head includes three support frames 60, 62, 64 with the first support frame
60 receiving the probe card 10 by means of fastener 20, the second support frame 62
supporting frame 60 and allowing movement of support frame 60 along a first axis of
movement by means of control knob 34, and the third support frame 64 supporting
frame 62 and allowing movement of frame 62 and along second and third axes of
movement by means of control knobs 36 and 38. Other spring biased fasteners which
attach to the support frames are not illustrated in this view to facilitate illustration of
the airflow which does constitute part of the invention. As noted, air emitted by
openings 54 in rail 30 (Fig. 6) flows directly through slots 66 in support frame 62 and
through a lower slot 68 in support frame 64 and then through an opening in support
frame 60 to the slots 14 in probe card 10. Cover 70 is fastened to the top surface of
support frame 60 to protect a horizontal transfer PC board 72 (Fig. 9) which has the

receptacle for receiving fastener 20 of probe card 10.

[0018] Fig. 8 is an enlarged perspective view of a portion of support frame 64 further
illustrating the placement of slot 68 which facilitates airflow from the support rail
through the slot and up through the probe head assembly. Holes or other openings
can be provided in the bottom of rail 30 to facilitate this flow of air. These additional
holes from the side lobes of the lower section of the rail may be at an angle ( 6 > 0°)
as illustrated in Fig. 5 with respect to the surface of a test wafer. The angle may be
determined by the temperature of the surface, flow rate of cool air coming out of the
holes and the constraints set on temperature uniformity of the wafer surface. Since

the cool air coming out of the holes may cause temperature disturbance of the surface,
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depending on flow and the angle at which it flows, these parameters will be
customized adjustments to the system depending on the maximum wafer temperature
required by a test. The purpose of this airflow outlet is also to aid in keeping the
vertically convective flow of hot air, coming from the wafer surface, away from the
manual controls of the probe heads. Again, these holes can be replaced by slots in
transverse or longitudinal directions, or a combination of slots and holes, or may be
absent all together if not needed. If the holes are present, then the cool air flowing out
of the side outlets is pushed up by the air from the outlets on the side lobes at the
bottom of the rail, everywhere except for areas of the rail where the probe head is
situated. To avoid air circulation and reflection back onto the surface of a wafer,
which can cause the local temperature of the wafer to change considerably, there are
vertical slits built into the head assembly in the direction normal to the surface which
allows the air in the horizontal direct to escape. Again, the implementation of the
airflow may not be limited to slits, and can constitute holes, arrays of holes or slits, or
a combination of both. In addition, channels or ribbed sections can be built into the
head to take the air coming out of the lobes at the bottom of the rails up and out over

the rail.

[0019] Fig. 9 is a more detailed exploded perspective view of components of the
probe head of Fig.7 showing the assembly thereof. Like elements in Figs. 7 and 9
have the same reference numerals. Here a horizontal transfer printed circuit board 72
engages electrical connector and fastener 20 for providing connection between printed
circuit board 12 and flex cable 40 (Fig. 4). A plurality of cross roller bearings 74 are
fastened to ZY traveler frame 62 for movement of Y traveler frame 60 thereon.

Likewise, cross roller bearings 76 and 78 provide for movement of XZ traveler frame
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80 on X clamping bar frame 64. Cam lever 56 and cam follower bridge and fastened

to frame 64 and provide a locking function on rail support 30 (Fig. 6).

[0020] The arrangement of a probe card and probe head aligned generally
perpendicular to and above a heated chuck for a device under test, coupled with the
use of a flow of cool air to disrupt convective hot air flow, limits the area of exposure
to the card to high temperatures and alleviates the heating of the probe card and flex

cable due to convective hot air flow from the heated chuck.

[0021] While the invention has been described with reference to specific
embodiments, the description is illustrative of the invention and is not to be construed
as limiting the invention. Various applications may occur to those skilled in the art
without departing from the spirit and scope of the invention as defined by the

appended claims.
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CLAIMS
What is claimed is:

1. A probe card for mounting generally perpendicular to a device undergoing test

comprising:
a) a printed circuit board,

b) a tip assembly including a plurality of probe tips on one end of the board for

engaging a device undergding test,
¢) a plurality of electrical contacts on an opposing end of the board,

d) an electrically conductive pattern on the board for electrically connecting

tips on the one end of the board to electrical contacts on the opposing end of the

board, and

e) a fastener for engaging a support above a device undergoing test with the
printed circuit board in generally perpendicular alignment with the device undergoing

test.

2. The probe card of claim 1 wherein the device undergoing test is a

semiconductor wafer.

3. The probe card of claim 1 wherein the tip assembly includes a ceramic support

for the plurality of tips.

4. The probe card of claim 3 and further including

f) a plurality of openings through the board to facilitate the flow of air.

5. The probe card of claim 4 wherein the fastener comprises a projecting

connector which mates with a receptacle in a support.

10



10

15

20

25

WO 2007/019072 PCT/US2006/029245

6. The probe card of claim 1 wherein the fastener comprisés a projecting

connector which mates with a receptacle in a support.

7. A probe head for mounting above a device undergoing test comprising:

a) a printed circuit board,

b) a tip assembly including a plurality of probe tips on one end of the board for
engaging a device undergoing test,

c) a plurality of electrical contacts on an opposing end of the board,

d) an electrically conductive pattern on the board for elec;trically connecting

tips on the one end of the board to electrical contacts on the opposing end of the

board, and

e) a fastener for engaging a mounting assembly above a device undergoing test
with the printed circuit board in generally perpendicular alignment with the device

undergoing test, and

f) a mounting assembly on which the printed circuit board is supported and

including a second fastener for engaging the first fastener.

8. The probe head of claim 7 wherein the mounting assembly includes means for

supportably engaging a rail support structure.

9. The probe head of claim 8 wherein the mounting assembly and the printed
circuit board include openings to facilitate the flow of cool air from the rail support

structure.

10.  The probe head of claim 9 wherein the mounting assembly includes means for
manually adjusting the positioning of the printed circuit board on the mounting

assembly.

11
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11.  The probe head of claim 10 wherein the mounting assembly includes a first
support frame for receiving the printed circuit board, a second support frame for the
first support frame and which allows movement of the first support frame along one
axis, and a third support frame for the second support frame which allows movement
of the second support frame along second and third axes of movement, and manually

operated knobs for facilitating movements along the three axes.

12.  The probe head of claim 11 wherein support frames include openings for the

flow of air.

13. A forced air cooled probe head assembly for mounting a probe card generally
above and perpendicular to a device undergoing electrical tests in a heated

environment comprising:

a) a probe head including a printed circuit board, a tip assembly on one end or
the printed circuit board, a plurality of contacts on an opposing end of the printed
circuit board, and an electrically conductive pattern interconnecting the tip assembly

and the plurality of contacts, and

b) arail assembly for supporting the probe head above a heated test station,
the rail assembly including at least one channel for the flow of air and openings for
directing the air towards the probe head whereby convective flow of hot air from the

heated test station can be disrupted and cooled.

14. The forced air cooled probe head assembly of claim 13 and further including
flexible cable supported by the rail assembly and coupled to the plurality of contacts.

15.  The forced air cooled probe head assembly of claim 14 wherein the probe
head further includes manually operated knobs for adjusting the position of the
printed circuit board, the knobs being cooled by the flow of air.

12
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16.  The forced air cooled probe head assembly of claim 15 wherein the probe
head further includes a first support frame for receiving the printed circuit board, a
second support frame for the first support frame and which allows movement of the
first support frame along one axis, and a third support frame for the second support
frame which allows movement of the second support frame along second and third
axes of movement, and manually operated knobs for facilitating movements along the

three axes.

17.  The forced air cooled probe head assembly as defined by claim 16 wherein the

support frames include openings for the flow of air.

18.  The forced air cooled probe head assembly of claim 17 wherein openings in
the rail assembly direct air to the support frames and openings therein to facilitate the

flow of air.

19.  The forced air cooled probe head assembly of claim 17 wherein openings in
the rail assembly include openings in lower portions of the rail assembly at an angle
with respect to the surface of the test station to aid in disrupting vertical convective

flow of hot air from the work station.

20.  The forced air cooled probe head assembly of claim 19 wherein the openings

in the rail assembly includes holes.

21.  The forced air cooled probe head assembly of claim 19 wherein the openings

in the rail assembly includes slots.

22.  The forced air cooled probe head assembly of claim 17 wherein the openings

in the support frame includes slots.

13
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23.  The forced air cooled probe head assembly of claim 17 wherein the printed

circuit board includes openings for the flow of air.

14
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