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PROBE SOCKET FOR STRIP TESTING
.BACKGRONND'QE THE INVENTION

 This application_is related_to Attorney Docket

- #STATS98-008 filed on --—--, serial number —----— , assigned

. to a common assignee.

(1) Field of the.Invention

The invention rélatés'to ;he'fabricatiqnfof ihtégrated
circuit devices, aﬁd, more péiticularly; to a_methéd and apparafﬁs--
for final.testiﬁg semicqnductof'devices;Jsucﬁ as of Ball Grid Arr§y
kBGA), Chip'Scéie Paékaging {CéP);'Quaa Flat Pack.(QFP); Quad Flat

NofLead (QFN) Integrated Circuit chips and others, that are mounted

~ on strips.

(2) Description of the Prior Art B
A Ball Grid'ArraY'(BGA) is ah_array of solderable balls placed

on a chip_carrier. The ba;ls'contact a printed circuif'board in an'v

. array configuration where, after reheat, the balls connect the chip

to the printed circuit board. BGA’s are known with 40, 50 and 60

| mils. spacings in regular and staggered array patterns.
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In order to test a BGA device, the contactor elements of the

- BGA device are inserted into a contactor plate having a plurality .

of sockets. The contactor plate is coupled to a Device Under Test

(DUT) loadboard, which is coupled to a testing machine. The DUT -

‘ ioadboard is in essence a prihted circuit board that_completes

électrical connections'between*fhe BGA contactor elements via the
contactor plate and the tester. In order ﬁo‘test the BGA deviée,
the tester sends signals to aﬁd recéi?es signals from the BGA
device vié.the electrical COnductbr péths'ﬁrbvided by the contactor

piate and the DUT board.

At present the final testing of semiconductor Integrated.
Circuits is performed using Integrated Circuit Handler apparatus

whereby each of the ic packages is handled as an individual unit

~and is advanced to the test socket of the DUT by either.grévity

feed or by using pick and place'methods.

'~ Mass production of semiconductor Integrated Circuits (IC’s)
brings with it the requirement that these IC’s can be tested at

high speed. Current trends in the semiconductor industry also

promote convenient and bulk handling of semiconductor chips. While

high speed testing has been current préctice in the industry for'a
number of years, this testing_in.most-cases handles individual

chips. By mounting individual chips onto strips the flow of chips
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through the manufacturing and testing cycles can be greatly

facilitated. This improved_capahility of handling a larger number

of chips has to be accompanied'with corresponding improvements in

the testing capabi;ities_for;these chips. Moreoﬁer, strip testing
also eliminates the use-of:trays for ttanspoxtation and stofage of
individual chips throughout the:whole testing process._This results
in requlrements for 1mproved capabllltles of handllng chips that

are mounted on strlps in a testlng environment. These 1mproved

.Capabllltles transport chips at a rapld rate in and out of the test

p051tlon. While in the test p031tlon, the ChlpS must be contacted
in a rapld and dependable way s that the chip can be tested. Thls
contacting of the chip while the Chlp 'is in the p051tlon where 1t
can be tested'ls ‘done by means of probe sockets._The-;nventlon
addresses a_probe socket desigh.that-meets'theirequiremeﬁts of
rapidly and dependably contacting semiconductor devices for the

puipose_of'testing these devices.

The present inveﬂtion'teaches an apparatus and method for

testlng 1ntegrated semlconductor c1rcu1ts by means . of dev1ce or

- package strlp testlng using problng technlques w1th a probe socket.

US 5,355,079 (Evans et al.) shows a probe assembly for testing

~IC devices.
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US 5[420f506 (Lin)-teaches an.épparatus_and method for testing

- packages.

US 5,843,808 (Karnezos) shows a TAB grid array packagé made ‘in

- strips.

Us 5,852,870 (Fféyman et al.)_teaches a Grid airay'assembly

that includes a test step..

US 4,1816,754 (Buechele et al.) and US 5,419,710 (Pfaff) and US

5,656,942 (Watts) show vérioué tester and hoiders. Howeve:,'these

ieferenéeé differ from thé exact process of the inventionm.
SUMMARY OF THE INVENTION

It is the objective of the ihvéntion to provide apparatus

| _ and method for testing integrated'Sehiconductor circuits by means

of device strip_testing using probing teqhniqhes with a probe

socket.

The invention teaches, in éccofdance with the objective of
the inventioh; a new probe socket that allows for high speed and

dependable contacting of points of contact on the Device Under
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Tést.'The hew probe socket is aimed at a Eesting environment where

semiconductor devices are mounted on device or package strips.
BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a top view and a cross section of the'bése of ‘the

probe socket.

Fig. 2 shows a top view and a.cross Sectiqn”of-the.top cover

of the probe socket.

Fig. 3 shows-a-pérspéctivé'view_bf the base of the probe
~ socket combined With the top cover of the probe socket with a cross

section of the combined pogoﬁpins.

Fig. 4 shows-a.crOSSgsection of the probe socket in the device

test environment.
 DESCRIPTION OF THE PREEERRED EMBODIMENTS_

' Using the current practice of handling integrated circuit
' packages on an individual paSié préSéhts problems of handling the
ever—decreasihgrsize'of the packages;_Shrinking integrated'circuit

' packages further aggravate the problems of increased tooling costs
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and. increased lead time for test kit modifications due to the

smaller IC packages and to the higher demands posed by the more

'_aCcurate.tolerances required for the smaller IC packages. Moreover,

tooling up of trays for'these'packages for storage and .

transportation also incurs cost and lead-time.'

The present 1nvent10n addresses these problems by u51ng a

new method of -testing the IC packages. The need to handle ic

packages on an individual basis is ellmlnated by u81ng IC

.probing techniques appiied by'means of a modified‘probing

apparatus and a probe socket whereby Ic: packages can be tested
while handled in str1p form (strlp testlng). The 1nd1v1dual
testing of each semlconductor.devlce will in thlS‘manner be
replaced by-Deﬁice.Strip Testihg.which will be performed.by,the-
modified probing apparatus;hthis prohing apparatus is provided
with a probe socket of the'ihventioh;:The'combinatioh'probing

apparatus/probe socket aiiows-for high speed testing of

'Integrated.circuits while these IC’s are mounted on strips for

convenient and'Speedy-handling'of the IC’s. The time required

to handle and test the integrated circuits will as a

consequence be sharply reduced;

A plurality of individual BGA/QFP (or other type of) chips -

will be mounted on a strip, this strip will be referred to as
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rthe package strip. The'package'strip in turn-will be mounted on

an adhesive tape attached to a“rigid piatfdrm for handling of

the package strip before, during and after device'testing

operations. ThlS platform w111 be referred to as the strip
carrier frame The number of BGA/CSP (and other types of) chlps

that can be mounted on one str;p carrier frame is determlned by.

rthe'length'of the nackage-strip.and by a particular package

size. A strip carrier frame.that; for instance, can handle a'
package strip with a length of 8 1nches (this length can be

increased or decreased to f1t into a 12-inch wafer frame) 1s

'referred to as- a 12-1nch strlp carrler frame.

The packade_Strin is typically made of bismaleimide
triazene (BT) substrate material;'The BGA/QFN devices are
etrip'mounted to the strip earrier frame using adhesive
tape, this oéeration is aimaChine operatien. The strip to
strip.earrier frame mount accuracyhin the X and Y-

directions is % 0.05 mm, the theta-rotation accuracy is *

0.5 degrees.

' A'package_strip is'further subdivided -into sites; each

site contains a multiblicity?of BGA/CSP chips or devices.
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To summarize the above:

a mﬁltiplicity of BGA/CSP"devices forms a site
- a multiplicitysof sites forms a package strip |
- 'one_or more package strips ma& be'mounted on a
strip carrier.frame. |
- .the strip.carrier frame prOVioes the'meansifor
handling the BGA/CSP dev1ces in the dev1ce probing

apparatus using a new probe socket.

The probing apparatus of the present invention'has the f
following performance characteristics:
1) be capable of handiing 12 inch strip'carriers frames
while the probing apparatus can.easilY-be'modifiedito'handle
‘either larger or-smailer strip'carriers frames | . |
2) use cassettes-that.serve;as-the means:for handling a
piuraiity of strip carriers frames.in the'environment of the
probing apparatus-with the new'prohe socket
f3) use a loading/unloading arm for loading/unloading strip
carrier frames 1nto and from strip carrier frame cassettes
24) provide alignment of the Device Under Test_(DUT)
5) be equipped with alloader/unioading transfer arm that
transfers the strip carrier frame from the loading/unloading arm-

to the device testing platform and that can handle 12-1nch strip
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cérrier_frémes and that can.be easily modified'to handle either
larger or sm;ller strip carrié?'frames |

6) be eéuipped wiﬁh a maiﬁ éhuék_and-heater-table'that secures-'
the DUT duripg testing,ahd that can handle 12—inch-strip
carriers.frameé and that can éasilylbe modified'fo handle either

larger or smaller strip Carrier frames

7) p:ovide_two-typeé of stepping capabilities, that is device to.

device within a site and site to site within a package strip.

Referring now sﬁecifically.fd Fig. la, theré'is shown a top
view of ﬁhe base lb.of the prébé-s§Cke£. The probe socket consists
of two units, that is.a socket baée 10 and-a'chket top cover. The
top cover of.the'probe éocket.is*nbt shown in Fig. 1-and will be:
further dgtailgd ﬁndérlFigéi 2 and 3“fqlloﬁing. Thé'top COvéf'of-

the probe socket is mounted bver'the 6péning 11 that is shown ih

"Fig.'l in a direction that is the same as thezlongest dimension of

this opening 11.

A number of the detailed items that are indicated in Fig. 1

are for purposes of positioning the base of the probe socket while

in the device test'environmént,'as folloWs:

- 12 represents a M3:screw_that is used to fasten thé socket base

to the load-board or test‘boérd



. < 14 are 0.3 mm diameter dowel pins'thatlafe located in the sockét'
base and fhat serve as a guide to the load-board or the test—bOard._
- 16iare_2.0 mﬁ diamefér dowel pins that aré located in the socket
base and that serve as a gﬁide”for thé socket top cdver

- 18 represents M2 screws that are-usgd to fasten the socket top
cover and the sdckétzbése ontbftheuload—board or the_test-board

- 20 fepresents M2:sé£ews thaf a?e used to fasten.the'socket ﬁop
cover to the socket base, ahd.. |

~ 22 are openings into which the pogo.pins'réside;--

.Eig. 1b shows a ﬁroésléedtion qf.ﬁhe base of thé probe socket
as taken along.thé-lihe 2 - 2' in fig. 1a..The relative.positions
of openings 12 and 18 are indicated even though.tﬁé'cross section 2
- 27 does not,direc;ly iﬁterséc£ with these openings: Cohtaihed B
withih the cifqle 24 of Fig. 1b ié.a cross section of the areas
'where the pogo pins will-reside._Thé.pogo pinéiare thé-pins that -
make'electricél contact wifh the points of contact: in the Device
Uhder Test (DUT) and are fufthér detailed in Fig; ic; Of interest
td note in Fig. 1b is the oﬁening 26-thét'is proviqed_ip the top
surface of.the baséibf'the probe socket. The top cdver:of the prdbe
‘socket, to be.diséussed under'FiQ, Z;Ifits into this 6penin§,-p0go
pins_provided in ﬁheﬂﬁop cover df'thg_proﬁe.soﬁket ﬁake pontéct
withlpbgo pins provided in the base of the probe socket along the

interface.28.

10
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.Thgjafea 24 in Fig. 1b is the area that c6ntains.a pluralify
of pogo pins 28 (d:iiled holes) for pogofpins; the pogo pins when
plagéd into such bpenings'will'make-contact between the load-board
' aﬁd the DUT. The pogo pins are tolbe mounted in_the'basé_of the
sockét, that is in theﬁbpénings for the.céntact points-Zé.shown in
‘Fig.  1b, and are“therefore the ﬁarts of.the pbgo.pins that-ére
dirédtly.in contact with the-Deviée Under_TeSt (see Fig. 4 for a

bettef overview of this).

Fig. ;c shows a_biow—up_of the.areas of thé 6péhings for the
‘pogo pins cohtained_within the higﬁligﬁted circle'24-of Fié. 1b.
| Area 26 again is the.area_into which'ﬁhe'top'cover of the probe
- socket will belpqsitioned;'Eaéhiof openings for pogo-pins shoﬁn'in'
Fig. lc has a main body 30 that steps into a ﬁé:rower section 32.
It is at this nérrower'séqtiOn_32'th§t'the tip of the pééo pin .

‘makes contact with the points of confact of a Device Under Test.

. Fig. 2 show$ a tdp view éndﬂa cross_sebtion of the top covef
36 of the;probe socket. Itéﬁs of positio#ing, such as'i6; 18 and:
20;1hé§e previously been discﬁssed undér Fig. la and do not héed to
be addressed at this point. A;ea 38'inaicates tﬁe area in_ﬁhiéh an
plurality of pogo piné are mounted; it'must again'be-femembefed

~that the top cover of the probe socket in insertéd into the base of

11



the probe socket, as previously indicated as'opening 26 under Fig.

. 1b.

Fig. 2b shows a cross section of the'top cover of the probe- -
; socket as taken along the line 3 - 37 of Flg{ 2a. Circle 38
contains areas where the pogo plns will resmde and are further

.detailed in'Flg;'Zc.'

Fig.'2c shows a blow up of-ahsubssectioh ofithe cross section
that is shown in Flg. 2b. Within.the circle 38 are contained'
openings where- pogo plns will reside, each of the openlngs has a-
main boedy 40_that stepsﬁlnto a narrower-sectlon 42. The areas of
openings of circle 38 will-meet'and match the areas of openings of
circle 24 and the pogo pins will resideland_be encloSed within
_ these openingsf The upper-sections.42'of the pogo pins shown-in

Fig. 2c make contact with the load board.

Flg. 3a shows a perspectlve view of the" base 10 of the probe
socket w1th the top 36 of the probe socket inserted 1nto the base.
" The area-44 presents a perspective view of the mu;tlpl1c1ty of-pogo
pins.that have been mounted in'the brobe.socket; this perspectiveh

view is the view that faces the load-board.

12



Fng.éb presents a cross section of 46 of an array of pogo
pins that has been taken along'theVIine 4 - 4* in Fig. 3a. The
section 10 is the cross section of the base of the probé socket;

section 36 is a cross section of the top of the probe socket.

fhe eiectrical'contacf between the load-board_and thé DUT is
.now_qieari'the ﬁppef part of_thé pogo,pin (for ihstance part 42 in
Fig. 3b) makes contaé£ with thg_lbad boérd, from the. upper part 42
of the pogélpins exténding_the eiectrical contéct through the body
of the ?ogo pins (fd;_inétance part'40'and par; 30'of Fig. 3b;
sharihg'similaf-piné) intb thé'lbwe;.part (fo:.instance part 40 ih-
 Fig. 3b),_thé lower pértléontacts a matching pogo pin (for instangeh
pogo pin 30 in Fig. 3b) éxtending-the electrical COntacf through;
the upper part of this.pogo pih into the lower part (for'insfahce'

part 32, in'Fig. 3b) which lower;part'makes contact with the DUT.

Fig. 4 shows a cross sedtionléf the prdbe-socket_4é ihlﬁhe
test envirofment. The basellolénd'ﬁhe top 36 of the.probe socket
, are readily identifiable. The top cover 36 of.the_p:obé socket
' interfaces Qith the .loadboard 50 While;the socket basé 10
interfaces with the contact points of the DUT'that'a;e mounted on .
the.strip carrier frame 54. The intefﬁaée 56 forﬁs} froﬁ afSYStems
point of view, the intérface'betweeﬁ_the testhead 58 and the probe

handier 60. The strip carrier'frame 54 is mounted on a chuck 62

13



that difectly'interfaces-wiﬁh and is pa;t:of the probe handler.

This chuck provides fehr directiohe of'metioh, that is]X,'Y, Z and’
-rotational direetions.-The probe handler_GO ahd its related chuck -
62 have been described in detail in hhe related-coepehding.and co-=

assigned application #STATS98-008.

Although the invention has been descrihed'and’iiiuStrated
with reference to specifie_iliustrative'embbdiments-thefeof,'it is
not infehded that the-ihvention be limited:tO'those illustrative.h
émbodiments, Those skilled-in the art will recoghize-that
varlatlons and modlflcatlons can be made’ w1thout departlng from
the spirit of the 1nventlon.-It ‘is therefore 1ntended to 1nclude
w1th1n the invention all such varlatlone and modlflcatlons which
fall w1th1n_the_scope of the.appended claims and_equivalents

thereof.
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What is claimed is:

1. A method of inferfécing betﬁeen'a tést board_and'a probe
handler for high-spéed seﬁicondﬁétor“device testing; |
éomprising: | |

a probe socket;

a device p#ckage strip;

a strip:carrier:frame; and

a meéns for'mounting said'device paékage carrier stfip to

said strip carrier frame.

2. The method of claim 1 wherein said'brobe socket contains

a socket base and a socket top.cover. .

3. The methbd.of claim 2 wheréin saidlso§k§t base contaipé:
" a means of s§¢ket_bése alignmént} | |

.an opéning for the.insépti¢n of'said.socket fop coﬁe;;“and 
a multipiicity oﬁ,openings-at socket base for.poéo.pins to

contact said Device Under Test.

4._The method.df claiﬁ 3_wherein.said means of socket base
‘alignment cohtains: | |

a means-to fasten the sbcket:baSe:to'fhe load-board 6r tes#—bqérd;
'a means that'serves.as-a guide'tb the load-board or the test—boérd;

a means that serves as'a guide for the socket top'covér;

15



T
a means tb fasten the socketftop-cover and the socket base onto the
‘load-board or the test-board; and

a,méans to fasten the soCkét top cover to the socket base.

5. The method of claim 3 wherein said opening for the insértion of
said sockét_top-covef'matches and mates with said socket top cover
thereby allOWing”the'alignment, insertion and attachment of said

top cover to said socket base.

6. The method Of.cléim 3 wherein said.multiplici£y of pogo pins at
tﬂé socket_base.fbr contactiqg_said Deviée_Under Test is an a;ray
of pogo pins'that mafches_énd matés'and provides a mhltiplicity'of
péths of electrical éontact between a_pluraiity of bdints of |
contact in said-DéviCeiUnder Tést"and'a plﬁrality of poinﬁs of

COnﬁact in the loadbdard.

7. The method of claim 2 wherein said socket toplcover contains:
a means for aligning and_attaéhing said-socket_top cover to said
socket base plate; and

- a multiplicity of openings at the top cover for'thé pogo pins.

8. The method of ;laiﬁ_? wherein said means for aligning and
attaching said socket top cover to said socket base plate is:

a means to serve as a guide for the socket top. cover;

16
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é means té fasten the socket top cover.and the socket base onto the
load-board or the test-board; and -
a means that is used to fasten the socket top cover to the

'~ socket base.

9. The methéd of,claim:7 wheieih.said multiplicity of pogo

.pins at the top cover is_aﬁ_arfay of:pogo piﬁs'that mafches and
' mates aﬁd provides a hultipligity:of pafhé of eiectrical contact 2
'beﬁﬁeen a plurality of points of'contact-in fhe loadboard and a

plurality of pdints_of contact in the'Devige_Under Test.

10. The methodlbf ¢1aim 1 whe;ein séid'device is éelecfed
from the grbup coﬁsisting of.Ball7G;id'Array (EGA), Land

Grid Array (LGA), Qﬁad.Flat Pébk*(QfP), Quad Flat No-Lead
(QFN) and_Pih-Grid Arréy (PGA).devices or any cher device

that can be mounted on a'devicélstrip.

11. _The_method.of claim llwheréih.said means for mounting
. said device package carrier strip to said strip_cérriéi

frame is adhesive tape.

12. An apparatus for interfacing between a test board and
a probe handler for high-speed_semiconductbr device

 testing, comprising:

17
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é'probe éocket}

a device package strip;

a étrip'carrier frame; and

a means for mounting said device package éarrier stfip to

.said strip carrier frame.

13. The'appératﬁs'of claim 12 wherein said probe socket

contains a socket base and a socket top cover.

14, The apparatus of ciaim”13'whe:ein said socket base
c§ﬁtains: |

means of:socket.base.alignment;

an opening for'the iqsertion_pf éaid'sﬁckét top cdvéf;.and
a multipliciﬁy ofuopeﬁings at socket baSe éogo ﬁins to

contact said Device Under Test;_

"15. The a?baratus of claim 14 wherein said means offsocket
.basé.aliénment contain: .

a means to fasten the socket base_to'fhe load-boardiér.tésﬁ-boaxd

. a means that serves as é éuide_to the ioad—board or the'test—boaré
a mean$ that-éerves as a guide fof the-sécket*top covef_

| a meaﬁ§ to fastep_thé.SOCket top coVe; and thé_socket bése ont§ the
_loéd—board ér the tesf—bbard;'and'

a means to fasten the socket top cover to the socket base.

18
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16. The apparatus of claim 14 wherein said opening for the
insertion of said socket top'éqver-matches and mates with said
socket top cover thexeby éliowing'the alignment,'insertidh and

- attachment of Said.top cover to said socket base.

17. The aﬁbaratus-of élaim 14 Qherein éaid mﬁltipliCity of pogo H
 §ins'ét the socket base for:contaCting said Dé#ice ﬁndér Test is an
array of pogo pins that matcﬂes.and'mates_and provides a :
mhltiplicity of paths of electrical ¢pntaét between 'a pluraiity of .
poin;s of contact in said Dévice Under'Test,and.a plurality of i_

points of contact in said loadboard.

' 18. The appéfatus of cl&im 13_whéfeih.said socket top c°ver 
contains: |

méans.for alignihg and attaching said soéket top cover to 'said
sééket baée'platé; and -

a multiplicity_of openings at the top cover for the pogo piﬁs.

: _19. The apparatus of.claim_ls_wherein séid means- for &iidning and
attaching said sockef top cévér to:said socket base plate. is:

a means to'sérve as a guide for éhe §ocket'£op'cover}-

.a means to fasten thelsocket,top_éoverland the sbcket bése onfo the

load-board or the testhoérd;-and

19



-

mmmmn

a means that is used to fasten the socket top cover to the

'Lsocket'base..

20. Tﬁe apparatus of claim 18 Wherein_said muitiplicity pogo pihs
'_ﬁat the top cover is an array of pogd.pins:that'matéhes ana:mateé

and provides-almﬁltiplicity.df'paths of'electricai-gqhtaét betwéen
a'plurality of pbint; of contapt_in.said 1o§db§ard and'a'plurélity

of points of contact in said Device Under Test.

21. The'appa:atus bf claim 12 wherein séid dévice is
§elected from-the group ¢on$istiﬁg_of Ball:Grid A:réy _
(BGA), Land Grid Axréy (LGA),_Quad Flat_Pack_(QFP),'Quad
Flat No-Lead (QFN)'and;Pin.G;id_Array'(PGA)_déviceé_ér any

other device that can be mounted Qn a device strip.
22. The apparatus of claim'lz wherein said means for

'mouhting said devicélpéckage'carriér strip to said strip’

carrier frame is adhesive tape.
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