1 PROBE HEAD OF VERTICAL PROBE CARD AND MANUFACTURING METHOD OF COMPOSITE
BOARD OF PROBE HEAD FIELD OF THE INVENTION 5[0001] The invention relates to a probe card
for electrical testing, especially relates to a probe headlof a vertical probe card and a manufacturing
method of a composite board thereof. BACKGROUD OF THE INVENTION 10 OOO%]HA vertical probe
card is generally @éﬁ%%&%%ﬂ%%&%%lp%B%E&AMW%APAW ALt §Wﬁulti dies
surrounding a pad. As showiER QD10 Grodd¢rE@AHIE BOARI2(PFAR@BI HEAIposed under a
circuit board (not shown), so that the top end and the bottom end thereof are electrically connect to an
electronic device under test and the circuit board, respectively. The probe head includes a top 15

guide plate 1, afaptigymoguidepiate Enandm plurality of probe pins 3. The probe pins 3 are penetrated
through the top guide plate 1 and the bottom guide plate 2, so as to be supported and positioned. Due

to the densgly digpobEthel ectrmticndelacestandevbestatt éqprabetpiat Bsare tleepebipliy ratges tightly .

During the testingppseeassdie ipscdacal fieHrebrining 3 aienalignedwith andicentacied jesadlurality
of electronic deyjggs gQungier test 4, thus are electrically connecting to the electronic devices 4. [0003]

In a known conventional vertical probe card, the top guide plate and the bottom guide plate are made
of plastic material. The thermal expansion coefficient of the plastic material is much larger than that of

silicon, which isgé%eg?{&%g%%rjﬁiﬁslﬁ\ym%ﬁonic devices under test 4. Therefore, during the

electrical testin
10 [0002] A vertical probe card is generally used in testing of dies of flip chip packages,

and in the parallel testing of multi dies surrounding a pad. As shown in FIG 1, a
probe head of a vertical probe card is disposed under a circuit board (not shown), so
that the top end and the bottom end thereof are electrically connect to an electronic
device under test and the circuit board, respectively. The probe head includes a top
15  guide plate 1, a bottom guide plate 2, and a plurality of probe pins 3. The probe pins
3 are penetrated through the top guide plate 1 and the bottom guide plate 2, so as to be
supported and positioned. Due to the densely disposed electronic devices under test,
the probe pins 3 are thereby arranged tightly. During the testing process, the tips 3a
of the probe pins 3 are aligned with and contacted to a plurality of electronic devices

20  under test 4, thus are electrically connecting to the electronic devices 4.

[0003] In a known conventional vertical probe card, the top guide plate and the
bottom guide plate are made of plastic material. The thermal expansion coefficient
of the plastic material is much larger than that of silicon, which is the primary material
25  of the electronic devices under test 4. Therefore, during the electrical testing in a
higher or a lower temperature, the deformation of the guide plate, especially the
deformation of the bottom guide plate, is larger than the deformation of the electronic
devices under test 4 due to the difference between the thermal expansions of the
different materials. And this indirectly leads to the offset of the probe pins 3, and

30  thus causing the probe pins 3 to not align with the electronic devices under test 4.



higher or a lower temperature, the deformation of the guide plate, especially the deformation of the
bottom guide plate, is larger than the deformation of the electronic devices under test 4 due to the
difference between the thermal expansions of the diffeeent materials. And this indirectly leads to the
offset of the probe pins 3, and 30thus causing the probe pins 3 to not align with the electronic devices
under test 4. 2 [0004] In another known conventional vertical probe card, the top guide plate and the
bottom guide plate are made of the ceramic material. The thermal expansion coefficient of the ceramic
material is similédGo43iliconotlver dndsvineopriensionah atatiedSubtivecetd cthorip deviceplmelendebt 4, so as
to improve upon the disadvantageous offset of the probe pins 3 caused by the above described plastic
guide plate in tiRPHRIREEIEBIE Wt B eesERg i HBNeval, thEhfriksomdsanrieintor the ceramic

guide plate, with eéfe%glgl&fﬁl%fglctlon coe |C|<?nt af t grt%ottﬁrg ui éﬂate is larger, so that during the

) . coetfict .ceramic material is Simi 0 s1l1 1ch 1s the pryutiagry material
electrical testlng 0 e electronic device unaer ESIUR Yy using ﬂﬁé\?( pro%e card, g ruEbBlng contact

between the cegmic guidfmatk &l fiad ebePids:3 e AR e i Ming Qs ARUIHSFRRYTS, thus
causing problems relating to poor probe pin mobility and stuck probe pin. Therefore, the guide plate
made of ceramicfiaigrishdgaveSoaaiting thwoibdee ki deisise ghl 45 SHMMARY i@ thd Hilghd \VENTION

lower temperature testing. However, the friction coefficient of the ceramic guide

plate, with especially the friction coefficient of the bottom guide plate, is larger, so

that during the electrical testing of the electronic device under test 4 by using the

10 probe card, the rubbing contact between the ceramic guide plate and the probe pins 3
leads to the forming of the powder debris, thus causing problems relating to poor

probe pin mobility and stuck probe pin. Therefore, the guide plate made of ceramic

material leave something more to be desired.

15 SUMMARY OF THE INVENTION

[0005] One aspect of the present invention is to provide a probe head of a vertical
probe card, so as to stabilize the position of the probe pins, for ensuring the mobility

of the probe pins, and preventing the problem of stuck probe pin.

20  [0006] Another aspect of the present invention is to provide a manufacturing method
of a composite board of a probe head of a vertical probe card, which has advantage of

easy processing and simpler assembling.

[0007] To achieve the foregoing aspect of the present invention, a probe head of the
25  vertical probe card is provided. The probe head includes a guide plate, a composite
board, and at least one probe pin. The composite board is disposed under the guide
plate and includes a first board layer and a second board layer which are laminated
together. The composite board further includes a through hole which is passed all

the way through the first board layer and the second board layer. The friction



[0005] One aspect of the present invention is to provide a probe head of a vertical probe card, so as to
stabilize the position of the probe pins, for ensuring the mobility of the probe pins, and preventing the
problem of stuck probe pin. 20[0006] Another aspect of the present invention is to provide a
manufacturing method of a composite board of a probe head of a vertical probe card, which has

advantage of eagyfpicesssingcanainpEragssamMaingaiaae flidwadiayritie éprageirgmppect of the
present invention, a probe head of the 25vertical probe card is provided. The probe head includes a
guide plate, a compdsitech@artiharbeanid astpans probefhimeTid bermposidebbaal thisdispessed under
the guide plate and includes a first board layer and a second board layer which are laminated together.

The composite BBard fRtFERsherRIssianRrsHiHeaRb RS WsitksidpaskBa N ¥ qaytRiche RieRs first

board layer and the second board layer. . The friction 3 coeffici f the first board layer is less than
the ficton ool SP N SLBb i Pgr i Tl SR B o B A A AL second

board layerss legg W%F‘tﬂ?&fﬁl?fﬂéach?&g,ﬁ{’%@@&%%g% ShahEirst baald JaxsleiQne&nd aidhe probe

pin is supported by the guide plate, and another end of the probe pin is penetrated all 5 the way

through the thropgbdgile iokthallep mposite haattridieleutabdigirmetebofiibe prpbsitibdargémaller than
the diameter of the through hole of the composite board. By this, the position of the probe pin is
stabilized. By this, the position of the probe pin is stabilized.

[0008] To achieve the foregoing aspect of the present invention, a manufacturing

10 method of the above described composite board is provided. The manufacturing
method includes the following steps. At first, a first board layer is provided. Then,
a second board layer is provided. The friction coefficient of the first board layer is
less than the friction coefficient of the second board layer, and the thermal expansion
coefficient of the second board layer is less than the thermal expansion coefficient of

15  the first board layer. Thereafter, a joining operation is performed so as to laminate
the first board layer and the second board layer together. A drilling operation is
performed so as to form at least one through hole which is passed all the way through
the first board layer and the second board layer. Therefore, the composite board of
the vertical probe card is then formed.

20

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] FIG 1 is a diagram of a conventional vertical probe card.

25 [0010] FIG 2 is a diagram of a vertical probe card according to an embodiment of the

present invention.

[0011] FIG 3 is similar to FIG 2 and shows the joining method between the first board

layer and the second board layer.



[0008] To achieve the foregoing aspect of the present invention, a manufacturing 10 method of the
above described composite board is provided. The manufacturing method includes the following steps.
At first, a first board layer is provided. Then, a second Board layer is provided. The friction coefficient
of the first board layer is less than the friction coefficient of the second board layer, and the thermal
expansion coefficient of the second board layer is less than the thermal expansion coefficient of 15the
first board layer. Thereafter, a joining operation is performed so as to laminate the first board layer and
the second boatf0ayeFtogéihermilariiting@Beradichdw pehédimebiosodds yter fordntiat keashdhedtirough
hole which is passed all the way through the first board layer and the second board layer. Therefore,
the composite HE%FEISIHE Yt HreiedafiPRdthen formed. 20 BRIEF DESCRIPTION OF THE
DRAWINGS [0009] FIG 1 is a diagram of a conventional vertical probe card. 25[0010] FIG 2 is a
diagram of a vertical probe card according to an embodiment of the present invention. [0011] FIG 3 is

similar to FiG 2 @%ﬂ?rﬂ‘@%t%eaj? REMINOGREMRER DGR BARHE 'Y SN WRmRERRA, Rpard

layer. 4 [0012] is similar to FIG 2 and shows the first board layer and the second board layer
joining by the adieprgemsihedtion.

[0014] FIG 6 is a sectional view along line 6-6 in FIG 5.

10  DETAILED DESCRIPTION OF THE INVENTION
[0015] FIG. 2 is a diagram of a probe head of a vertical probe card according to an
embodiment of the present invention. The probe head 100 includes a guide plate 10,
a composite board 20, and a plurality of probe pins 30. The guide plate 10 has a
plurality of through holes 12.

15
[0016] The composite board 20 is disposed under the guide plate 10 at a
pre-determined distance. The composite board 20 includes a first board layer 22 and
a second board layer 24. The first board layer 22 faces the guide plate 10. A
plurality of through holes 26 is disposed on the composite board 20. The through

20  holes 26 are passed all the way through the first board layer 22 and the second board
layer 24. According to the embodiment, a manufacturing method of the composite
board 20 includes the following steps. At first, the first board layer 22 and the
second board layer 24 are laminated together. Then, a joining process is performed
so as to join the first board layer 22 and the second board layer 24 together.

25  Thereafter, a drilling process is performed so as to form the through holes 26. The
joining process is performed by inserting the joining unit 27 into and joining the first
board layer 22 and the second board layer 24 together as shown in FIG 3. Or the
joining process is performed by using the adhesive 28 or other adhering method as

shown in FIG 4. In another embodiment, a liquid plastic material is coated on the



5[0013] FIG 5 is a top view of vertical probe card according to another embodiment of the present
invention. [0014] FIG 6 is a sectional view along line 6-6 in FIG 5. 10 DETAILED DESCRIPTION OF
THE INVENTION [0015] FIG 2 is a diagram of a probeshead of a vertical probe card according to an
embodiment of the present invention. The probe head 100 includes a guide plate 10, a composite

board 20, and acptuhaility ®sprebe i Idgiegitigataieader hiasoandratity efethstidgichedesot2. 15
[0016] The composite board 20 is disposed under the guide plate 10 at a pre-determined distance.
The composite Boalid @0 Meltidesatefiadt bdditdridyepl2faandtmsetddhe Wastrd layar d4. fitsetimtdboard
layer 22 faces the guide plate 10. A plurality of through holes 26 is disposed on the composite board
20. The through®6héie©vBesre Jdss@boys tHesaiRFt dagPrivethsERSQMERET 95 Hid RRSE¥cond

board layer 24. /I}\l%gg{ding lo th?lem ﬁcgjigtiggent a iﬁé}ﬂufacturin method %f the ¢ mqutsjﬁge b%?&ed 20

includes the follbwmgl(%]ileps. Atirst 75t Boar a%)rr?fnén MHe S8chid board ayer VLTS

laminated t%“Eﬁ&eﬁ'@%n%f?@ﬂHg YOG SRS IS R TRIMEH SQAS SRR RS IS, Roard layer 22 and the

second board layer 24 together. 25 Thereafter, a drilling process is performed so as to form the
through holes 26. The joining process is performed by inserting the joining unit 27 into and joining the
first board layer 22 and the second board layer 24 together as shown in FIG 3. Or the joining process

is performed by[(8ig Pecauiidesivibe2probapie BEdhengiatednbaoashs Hswhripn ehdhaesnl AredtHisr

embodiment, a liquid plastic material is coated on the 5 ceramic substrate, and an engineering plastic

layer is formed &REERBENMYiARA LT BIHY rpmechisd i th e sicwkbearbobidsaroRa s il plastic
layer, the first board layer,is formed.. T bove description is only the embodiments of the present
ivertion and naied s Tt B B e s B g B e
any form gud isRk|ERIIRE I SINPRIRCHAS S Rposite board 20, and is aligned and contacted

with the electronic device under test A, whose primary material is silicon. Be noted

that the outer diameter of the probe pin 30 is slightly less than the inner diameter of

the through hole 26.

15 [0018] The above mentioned embodiment describes the fundamental structure of the
probe head 100 of the probe card. In addition, further description of the detailed

structure of the probe head 100 are as follows:

[0019] In the embodiment, the first board layer 22 is made of the plastic material, and
20  the second board layer 24 is made of the ceramic material. The material property
differences between the first board layer 22 and the second board layer 24 cause the
physical differences thereof. For example, the friction coefficient of the first board
layer 22, made of the plastic material, is smaller than the friction coefficient of the
second board layer 24, made of the ceramic material. Furthermore, the thermal
25  expansion coefficient of the second board layer 24, made of the ceramic material, is
smaller than the thermal expansion coefficient of the first board layer 24, made of the
plastic material. The thickness of the first board layer 22 is smaller than or equal to

the thickness of the second board layer 24.



[0017] One end of the probe pin 30 is penetrated through the through holes 12 of the guide plate 10,
and electrically connected with the circuit board of the probe card (not shown). Another end of the
probe pin 30, i.e. the probe pin tip 32, is penetrated 10&hrough the through hole 26 of the composite
board 20, and is aligned and contacted with the electronic device under test A, whose primary material

is silicon. Be nofegihlatAtheieuigbBéamaterobthe prebersie 2arts sghily essodiarinadnneddiameter of
the through hole 26. 15[0018] The above mentioned embodiment describes the fundamental structure
of the probe heattdidoafthegprubelsardettraniditibavidartatedewstiptiorund thecdesaildw striatione of the
probe head 100 are as follows: [0019] In the embodiment, the first board layer 22 is made of the

plastic material SRH19h& B RANY IKYSF 24 iBsngdBlieinE Rerimmaieatelial. stidlendbenal

property differe esﬁt}e een the first hoard layer 22 and the second board |a 4 cause the physical
differences therrgel%a{ ort éa“xg?ﬁgeg, &105 rlcﬁgﬁrec%g icient of the first board %?/lgrlgg,% r}hea{ & of the plastic

material, is smafigrihan s, liglom6ae tigiantpt %%lﬁﬁg%ﬂtg&a&é’t\@é%rtﬁép'i‘&%@‘?iﬂfib%l‘fﬂﬂ@“c

material. Furthermore, the thermal 25 expansion coefficient of the second board layer 24, made of the
ceramic materiairis boaadlesyierethadpestlahsxeainsigndocpedigateoithembbshioard saysr gépsade of
the plastic material. The thickness of the first board layer 22 is smaller than or equal to the thickness of
the second boapdnaszer 24 bs J00RBHAS Tihe probecheagao®ofamnd prisbehcarchie thivsedhibydibgent is

used in electrically testing the electronic device under test A, and because the friction coefficient of the

first board Iayert?‘?PB@ﬁﬁerﬁga%ng S mﬁt@ﬁ%ﬂgs}’&ﬁ%ﬂferﬂﬂﬁ%%tt@ fﬁ@r%(ﬁ’f@%m%ﬁr 24,
being made of A atCrgl Ao SR aLARUI depiin .8 e Al contac

between the pr and e problems relating to poor probe pin mobility
and stuck pyobeRinicamalde pmordad. phheutharpakRxpangien¥d sRIdchripkRas Gaugegdy.the

temperature changes during the testing process, therefore, the thermal expansions of the probe head
100 of the probgicasd andoakectinslcdbgemicadtnde riesidAdikelg4emdsganade of ceramic material,
whose thermal expansion coefficient is close to that of the electronic device under test,
so as to preserve and ensure consistent position of the probe pin 30 and make the
probe pin tip 32 being aligned with the electronic device under test A. In other
15  words, the offset tolerance of the probe pin will be limited by the gap size of the

through hole 26. Therefore, the probe head 100 of the probe card does not have the

problem of the powder debris, and the accuracy of the electrical testing is ensured.

[0021] In order to reduce the deformation of the ceramic second board layer caused by
20  the thermal deformation of the first board layer made of plastic, the first board layer is
made with smaller total area than the second board layer. As shown in the
embodiment in FIG 5 and FIG 6, the first board layer 23 is divided into a plurality of
parts 23a which are fastened on the surface of the second board layer 24. A shallow
groove 24a is formed on a portion of the surface of the second board layer 24 which is
25  not covered by the parts 23a. By this, the deformation of the second board layer 24

caused by the deformation of the plastic first board layer 23 can be reduced.

[0022] Although the description above contains many specifics, these are merely

provided to illustrate the invention and should not be construed as limitations of the



10 the first board layer 22 to produce the offset of the probe pin 30. However, the probe pin 30 is
constrained by the second board layer 24 being made of ceramic material, whose thermal expansion
coefficient is close to that of the electronic device undet test, so as to preserve and ensure consistent
position of the probe pin 30 and make the probe pin tip 32 being aligned with the electronic device
under test A. In igthekidh weasiss. tTaeffaethivlesangp gt thaprabs pikinsd b limitee hdhegapsize of
the through hole 26. Therefore, the probe head 100 of the probe card does not have the problem of
the powder debnmdnchthmaeudreoyatbtivecefebtricalde stitiaeis ysrsura] [002d5ses ofdbe toresthice the
deformation of the ceramic second board layer caused by 20 the thermal deformation of the first board
layer made of pla¥eetitReVirROWOGRAIAPE TS h At Dl Unichi fbiRedreSRHER the second board layer.
As shown in the embodiment in FIG 5 and FIG 6, the first board layer 23 is divided into a plurality of
parts 23a which are fastened on the surface of the second board layer 24. A shallow groove 24a is
formed on a portion of the surface of the second board layer 24 which is 25 not covered by the parts
23a. By this, the deformation of the second board layer 24 caused by the deformation of the plastic
first board layer 23 can be reduced. [0022] Although the description above contains many specifics,
these are merely 7 invention's scope. Thus it will be apparent to those skilled, in the art that various
modifications and variations can be made in the system and processes of the present invention
without departing from the spirit or scope of the invention. 8 CLAIMS What is claimed is:



1. A probe head of a vertical probe card, comprising: a guide plate; 5a composite board, the composite
board disposed under the guide plate, the composite board comprising a first board layer and a
second board layer, the first board layer and the secon®l board layer being laminated together, and at
least one through hole passed through the first board layer and the second board layer, wherein the
friction coefficient of the first board layer is smaller ¢ianIttss; friction coefficient of 10 the second board
layer, and the thermal expansion coefficient of the second board layer is smaller than the thermal
expansion coeffWibat sfdaénfiedtiboard layer; and  at least one probe pin, one end of the probe pin
supported by the guide plate and another end of the probe pin penetrated all the way through the

through hole of the cqmyp %ﬁf‘eli’l%%dofaan%m‘éa%}%g@%@@n%ﬁ@ﬁgmbe pin smaller than the diameter

of 15the through hole of the composite board. =~ 2. The probe head of the vertical probe card as
defined in claim 1, wherein the total surface area of the first board layer is smaller than the total
surface area of the sécBhiderdald layer. 3. The probe head of the vertical probe card as defined in
claim 2, wherein a 20 shallow groove is formed on a portion of the surface of the second board layer
which is nof covered Hy-thepbissicbbedtll|ager composiieehotpbedipadeds thderetticahpiebsl aayrdias
defined in claim 1, wherein the thickness of the first board layer is equal to or smaller than the
thickness of thecostsrsilh barddasenpPsBicThdipobeanddayer tisl viertcahgrbberddeadas defifiesd in claim

1, wherein the 9 ) )
board layer and the second board layer being laminated together, and at least one

through hole passed through the first board layer and the second board layer, wherein
the friction coefficient of the first board layer is smaller than the friction coefficient of
10  the second board layer, and the thermal expansion coefficient of the second board

layer is smaller than the thermal expansion coefficient of the first board layer; and

at least one probe pin, one end of the probe pin supported by the guide plate and
another end of the probe pin penetrated all the way through the through hole of the
composite board, and the outer diameter of the probe pin smaller than the diameter of

15  the through hole of the composite board.

2. The probe head of the vertical probe card as defined in claim 1, wherein the
total surface area of the first board layer is smaller than the total surface area of the

second board layer.

3. The probe head of the vertical probe card as defined in claim 2, wherein a
20  shallow groove is formed on a portion of the surface of the second board layer which

is not covered by the first board layer.

4. The probe head of the vertical probe card as defined in claim 1, wherein the
thickness of the first board layer is equal to or smaller than the thickness of the second

board layer.

25 5. The probe head of the vertical probe card as defined in claim 1, wherein the

first board layer is made of a plastic material, and the second board layer is made of a



ceramic material. 6. A manufacturing method of a composite board of a probe head of a vertical
probe card, comprising the steps of: providing a first board layer; 5providing a second board layer,
wherein the friction coefficient of the first board layer is9smaller than the friction coefficient of the
second board layer, and the thermal expansion coefficient of the second board layer is smaller than
the thermal expagsian ¢Raticient of the first board layer; performing a joining operation so as to
laminate the first board layer and the 10second board layer together; and  performing a drilling

operation so as to form at least.one throu Eh le.which is passed all the way thro the first poard
ayer and the seconclbd B HF T NPT o AR A b R For e DO RCY the

probe head of ﬂi%‘?o‘tﬁ%@%', %Migﬁl@rtﬁé gglgipgfj_ in claim 6, wherein the joining operation is performed
15 by using a locking method.” 8. The manufacturing method of the composite board of the probe

head of the vertical probe card as defined in claim 6, wherein the joining operation is performed by
using an adhering mé@¥ieaiing a firgt bopsd faefeturing method of the probe head of the vertical probe
card, 20comprising the steps of: providing a ceramic substrate;

5 providing a second board layer, wherein the friction coefficient of the first board

layer is smaller than the friction coefficient of the second board layer, and the thermal
expansion coefficient of the second board layer is smaller than the thermal expansion

coefficient of the first board layer;

performing a joining operation so as to laminate the first board layer and the

10 second board layer together; and

performing a drilling operation so as to form at least one through hole which is

passed all the way through the first board layer and the second board layer.

7. The manufacturing method of the composite board of the probe head of the
vertical probe card as defined in claim 6, wherein the joining operation is performed

15 by using a locking method.

8. The manufacturing method of the composite board of the probe head of the
vertical probe card as defined in claim 6, wherein the joining operation is performed

by using an adhering method.

9. A manufacturing method of the probe head of the vertical probe card,

20  comprising the steps of:
providing a ceramic substrate;

coating a liquid plastic material on the ceramic substrate, wherein a plastic layer
is formed after the solidification of the liquid plastic material, in which the plastic
layer constitutes a first board layer, and the ceramic substrate constitutes a second

25  board layer; and



coating a liquid plastic material on the ceramic substrate, wherein a plastic layer is formed after the
solidification of the liquid plastic material, in which the plastic layer constitutes a first board layer, and
the ceramic substrate constitutes a second 25board layer; and 10  performing a drilling operation
so as to form at least one through hole which is passed all the way through the first board layer and

the second board layggrforndidg Bhé&imapuipetaticiy shathediefthe ceringsiteReardiitherpcrlae head of
the vertical probe card as defined in claim 9, wherein the friction coefficient of the first 5 board layer is

smaller than thepfisstibnlchefficip throtighetbe tosidbbadrthyayendahd sheotiiebnaadl éxysansion coefficient of
the second board layer is smaller than the thermal expansion coefficient of the first board layer.

10. The manufacturing method of the composite board of the probe head of the

vertical probe card as defined in claim 9, wherein the friction coefficient of the first

5  board layer is smaller than the friction coefficient of the second board layer, and the
thermal expansion coefficient of the second board layer is smaller than the thermal

expansion coefficient of the first board layer.



