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iField of the Invention. The invention relates to the tes

~IT~-MTTIVELIEVELTEVEETEVELRTTTT T~ T~ *G00002*  BGA DEVUCE P@mMﬁMHFER KIT (1)

sem conductor devices, and nore specifically to a netho

iy, .

.and positioning of Ball Gid Array (BGA) sem conductior devit€s7duri ng
‘device transportation and testing. (2) Description of prjaor
present invention relates to a universal production Balm MM Mmm ' (B&A)

socket for establishing solder |Iess contact between the

of a ball

bal | s
grid array package and the sockets for transportiffo®r testing

of BGA sem conductor devices. There presently exist several nethods for

packagi ng
packagi ng

peri pher al
to as Ball

sem conduct or deBGEEREVIOE: PRSPTAGNER P8 of sem conduct or
is referred to as Quad Flat Pack (QFP), which is a type of

| ead package. Another type of packaging technology is referred
Gid Array (BGA) packaging where conductive ball |eads are

pl aced overltheFéatdret thgrfagentofora chip instead of only around the edges
of the chip. A BGA package includes a Elastlc or ceramc carrier

cont ai ni ng a sefi@ oGP CFR LIRSS ERi b

aneE Harongt as PriseaPrEyCT of spaced

apart contaglibad | sindr ﬁéﬁ&%e@i@&c&bﬁy bot tometR6e A crinkbercaryier or

substrate.

Thi s pIurallty balls is

and positioning of Ball Grld Array (BGA) semiconductor

devices during device transportation and testing.

(2) Description of prior art.

The présent invention relates to a universal production
Ball Grid Array (BGA) socket for establishing solder less
contact between the conductive balls of a ball grid array
package and the sockets for transporting or testing of BGA

semiconductor devices.

There presently exist several methods for packaging
semiconductor devices. One popular type of semiconductor
packaging is referred to as Quad Flat Pack (QFP), which is a
type of peripheral lead package. Another type of packaging
technology is referred to as Ball Grid Array (BGA) packaging
where conductive ball leads are placed over the entire
surface of a chip instead of only around the edges of the

chip.

A BGA package includes a plastic or ceramic carrier
containing a semiconductor circuit chip and having a plurality

of spaced apart contact balls arranged over the bottom face of



adopted to nmake el ectrical connections with a printed circuit board or
with other BGA chip or sem conductor conponent nounting surfaces. This
zallows for nore leads to be placed in a given package size and for
tol erances which are | ooser than peripheral |ead type tol erances. One
.manuf acturing process which can lead to ball deformation is that of

‘testing and partheWaardiyrt estiusatcehi ghid @Tperal ty ese vAfiteria
sem conduct or device has been fabricated it undergoes a variet of tests

to ensure FF%ptqq“ﬁ9tPBH%I?%%F?%ﬁ&aﬁe??%ﬁﬁqt199sb%ﬁ?ﬂ'€ PEIPESSHIBEd t o the
custoner. bbat@edd rwgthsoﬂeérf ecrednad & %\é@hedn&lﬁfﬁlﬁf abipesent contact bal |
deformation becones more likely. Once the test ggﬁ?as been conpleted and
t he deV|cemo?%?UFh§uF5a8WBIéﬁFstéﬁb%Y%f%ngmr?n ohs B SHeBal Is due

to the pr essglr\eere&rckedetMee@mdrrayr resirdncEs o idhe afrer egesdig theni s ¢l ear
t hat BGA techni que uire th t the contactlng bal | s are pl aced adhering
to reasonBbep@%i ré gstw$%§9 Fha"pressure exerted while making contact
is not excessive and that making the contacts |s relatlvely easy, that is
t he BGA seniconguctor V|ce carrier ahlc cﬁﬂ ?qy1%j notion in the

he

anu turln rocess
pl ane of contac Za"and® 2b SHew rior devi ce i nput armkit,

both in sddéomaeamoalndsatmmssf sectimnalndvipewtiSprdamiy 2&seker tax  downwar d
pressure o |ck haf 1 e 2 get socket.
g er% és g%gé% %0£%§ céH%ﬂE%8% &!41 e W%eré :

The head 2 pIC es not have c ered sides and does
therefore ﬁebrzﬁﬁneﬂ:lmnundﬂrgaﬁﬂ agvéheetdevifceekis qor eperky Mit h respect to

the target o, 80ekstaiTeLen | 51380, 00, RIGHS! 90 MOIAN abkovs iRt on of the

pi ck-up sha respect to t target soc
customer. If testlng is performed at elevated temperatures,

contact ball deformation becomes more likely.

Once the testing has been completed and the device
returns to ambient temperatures, indentations in the balls

due to the pressure exerted thereon may remain.

From the foregoing it is clear that BGA techniques
require that the contacting balls are placed adhering to
reasonable tolerances,.that the pressure exerted while making
contact 1s not excessive and that making the contacts is
relatively easy, that is the BGA semiconductor device carrier

has some freedom of motion in the plane of contact.

Figs. 2a and 2b show the Prior Art device input arm kit, both
in side view and a cross sectional view. Spring 21 exerts

downward pressure on pick-up shaft 10 for better contact with



i ndependent of the top plate or body 22 of the input arm assenbly. This
nmeans that for any novenent or orientation of the input armassenbly with
:respect to the target socket the entire assenbly repositions itself
including the pick up shaft 10. The BGA device (not shown) is attached for
transportation to the head 24 of the pick up shaft 10 by neans of vacuum

suction, thgevacuim kscREOVidedhthsough fa hghannel,pMihgBe rinsider ough the
center of the pitch up shaft 10 (not shown). Stabilizing pin 23 is used

for danpennfg Bawe whensaredmfiidesnpghtdasec thepefwremothaspttk dp shaft 10

and the body;e®fi dhenki fedee WikPsrdbearne wRepVvidgd fokoneidialargandl i ng of
the input armkit.” The input armis used for all nmovenent of BGA devices
(such as t8PEKRE hdtepPat® AP PRePTAPLY FhiiPiFe)allokigefP 1t AthéPBesting
and out put ppesidd emsrcThe t8H rakprcassendkythsqdl fdorkent fromthe input
arm assenbly, the Prior Art test arm asserrbl%g| I s described in detail under

Figs. 9a aRdeRISTl Bhi HyS Tg81288 AndPo9Y Show tHE PPPOF %t BGA device
test arm Kibsed®iget Hek sWhddh A tea8Ssosenty advehetthi kirt enddtiorassenbly is
simlar to the, previ ousl@\% described Prior Art &Eevi ce kit Figs. 2a and 2b.
The mai n difPf et Eiitte 268t ATH e "BF ot SRTCT FRp ea'ﬁ'arﬁg%sé?r‘b}f‘i}:g(tlhfegs. 2a and
2b) and thentesd ayskimbagSespsy tibhgsitOa randcObying thieapithent est arm
assenbly has _a top.pla 93 and a_sel f_ guided rest piece where the body of
3 the inpuﬁﬁﬁﬁnlaos'sépﬁﬁl éng‘l'—ﬁ?ed’sl.CQZén%aS P const s I6F- gﬂre pl ate. The pick
up shaft 98rafsgscta3hpnptottiedesatihzough thieepitopuplsatet9B0 My stabilizer
Ebnsﬁgfisggég‘rvﬁ%doeﬁd \}a%ugr?\'ngt?cq:iaéqx t et\'/a(ljcnuu\{\nhli%hp%%héedogggéu&etamen the pick
channel which runs through the center of the pitch up shaft

10 (not shown).

Stabilizing pin 23 is used for dampening any motion
which might occur between the pick up shaft 10 and the body
of the kit 22. Clips 16 are provided for manual handling of
the input arm kit. The input arm is used for all movement of
BGA devices (such as to the hot plate and the input shuttle)
except for.the testing and output positions. The test arm
assembly is different from the input arm assembly, the Prior
Art test arm assembly is described in detail under Figs. 9a

and 9b following.

Figs. 9a and 9b show the Prior Art BGA device test arm kit
togethér with a cross section of this kit. This assembly is
similar to the previously described Prior Art device kit,
Figs. 2a and 2b. The main difference between the Prior Art
input arm assembly (Figs. 2a and 2b) and the test arm
assembly (Figs. 9a and 9b) is that the test arm assembly has

a top plate 93 and a self guided rest piece where the body of



plate 93 of the test assenbly arm A spring 97 of proper tension is
provided to press or urge the head 98 of the pick wup shaft 90 into the
:socket of the target plate or shuttle. Cdips 16 are provided for nanual
handling of the test arm kit. U S Pat. No. 5,766,021 (Pickles et al.)
shows a reusable socket for making electrical connection between a BGA

type packagge afhia Leat afdeddine. (FiyS. RAtandNOb) Seoh3ls€860£ Smcl ai r) shows a
uni ver sal roducti on BGA socket for nounting the BGA on a circuit board.

U S. Pat. RO2tS, 73E POGK (FRSTGIE 8P/ 19 -sHBusPE ddvicce S U 4fi ng BGA.

U.S. Pat. RNep ;51a7t%6,9608A(5@61qr1)ze5h9m @ sdrpasei daunrb dsesketanfor an

el ectroni ¢ packa ' MVARY OF THE I NVENTION It is_the objective of the

present in{?gﬁi?rbgf’htlﬁhp?lb%ﬁé’ccl’%r PREGHTY t&@cﬁi%ﬂf par?&a(ﬁépi% e novenent

of seni congusteoros dﬁvrtﬁeswuﬂ halsBefnbEySeﬁm candpeiy ddewvicceramanuf act uri ng and

testing environnents. iis.a further objective of @g 51% ent .invention to
et coRdPeCSr

i ncrease t 8™ prPHUS pﬁaﬁﬂ‘fl?%d: gﬁﬁﬁflcﬁ Nt AR G
manuf act urupgs}ami; toesthng e isoaRBeNd 5 tbye tlalﬂgéeqs]ja’t@ phesihumier., type and

size of se con taore deV|c 3 t ha at _ca N ;a pofrt e t@gtshown in cross
section in 4 sBhY o aducf 5r rél%w cé‘ g2* SERT conduct or devi ce

nount i ng smpport 54 with a periphery 51, a pl ural | ty of conductive vias
53" forned in the sem conductor device nounting support 54, a
U.S. Pat. No. 5,766,021 (Pickles et al.) shows a
reusable socket for making electrical connection between a

BGA type package and a test fixture.

U.S. Pat. No. 5,730,606 (Sinclair) shows a universal
production BGA socket for mounting the BGA on a circuit

board.

U.S. Pat. No. 5,731,709 (Pastore et al.) shows a device
for testing BGA.
U.S. Pat. No. 5,746,608 (Taylor) shows a surface mount

socket for an electronic package. 4



sem conduc
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a

:plurality of conductive balls 53 attached to the sem conductor device
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Kit he subje l.nvention, Accor di ng
deht ST Bt THCE LSS e 6E TR Rt RATEH TS Used to
hesBGA semiiconderct<or device. The BGA kit guides or positions the

into position for testing and other required processin

g

such as device burn-in. The kit guides the BGA device into a
ket imttheeiawgeheplebiﬁctthe pf atte wreshnhaswseénonatded to the

BGA devi ce. k| QP%ngo‘ﬂ”pQEKdQ?QﬁdQ%QFE?iFgl%he |%ﬁ of novenent in a
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that can be transported.

As shown in cross section in Fig. 5, a semiconductor
device 52 having a semiconductor device mounting support 54
with a periphery 51, a plurality of conductive vias 53’
formed in the semiconductor device mounting support 54, a
semiconductor die 52 mounted on the semiconductor device
mounting support 54 and electrically coupled to the plurality
of conductive vias, a plurality of conductive balls 53
attached to the semiconductor device mounting support 54 and
electrically coupled to the semiconductor die 52 through the
plurality of conductive vias 53’ . Fig. 7 shows an input
pocket 72 for receiving the semiconductor device and having a
plurality of semi-circular holes 71 so that the semiconductor
device 52 can be placed into the input pocket 72 such that
the plurality of semi-circular holes 71 of the input pocket
is providing proper positioning to the plurality of
conductive balls 53 that is attached to the semiconductor

device mounting support.

It is a further objective of the present invention to
allow implementation of the present invention without having

any impact on semiconductor manufacturing or testing



device kit into a BGA device target pocket for testing, burn- in, etc.) or
a BGA test arm (during testing of a BGA sem conductor device) and the
:target socket can in this manner be conpensated for. A BGA device handling
apparatus is used for positioning BGA sem conductor devices within the
following fixtures: hot plates where the tenperature of the BGA device can

‘be control Lgd,pyvels arnext ended Repb ot 0fnitighRif OfniSYchs P gcas device
burn-in, reliability testing, aging, etc.; BGA sem conductor devices are

pl aced or Péabd RHFSERENE UL 10p-at es by neans of an input arm input
shuttle which allows for a nultiplicity of BGA devices to be entered into
a particular station for further operations of testing or manufacturing;

BGA seni conduct BFSOTRENVITES ERe BSSEEE oFVEadEd FnPtAthe Si APREd stfuttl e by

means of @Rei PPUtVIACK 1 OULUYE tshpbbl€imhiceB BEAOMRS BnAULtdsPl i City of BGA

devices froma testi n% or manufacturing station; BGA 6 sem conduct or

devi ces ar 8°ptSeed '6r BFoaked 3465t ik RARGALTSsHIR 8 BFVHeand'™6f an out put

arm whi ch pssofidih&csanes€isd Ghd ashéherutipull Brddesdoaki oige pitatoaswhi ch

allows a multjpli CCHYy of  BGA devices .to he retained for, K an extended period
ime duUtd ¥ q9iLE

of t Frioptt ol i APEnktY gluégfﬁnﬁh%rBGr%aﬁﬁf’é‘é‘f ui'¥g ®sequence;
BGA sen candied gioctkevi cestiey e aplgacepl ore | cadedland ohtibe Heackierg pl ate by
nandier. { BUTRG DI dFe b RRELER EoRdl tar oAty P Lo o EOBFAREU O | oaded
into the testongstcabifonotymereans of dite-ttiest wateh is lateral or

perpendicular to the direction of the movement of insertion

of the input arm or the test arm into the target socket.

Misalignment between the input arm (when inserting a BGA

device kit into a BGA device target pocket for testing, burn-

in, etc.) or a BGA test arm (during testing of a BGA

semiconductor device) and the target socket can in this

manner be compensated for.

A BGA device handling apparatus is used for positioning

BGA semiconductor devices within the following fixtures:

hot plates where the temperature of the BGA device can
be controlled over an extended period of time for such
purposes as device burn-in, reliability testing, aging, etc.;
BGA semiconductor devices are placed or loaded into the hot

plates by means of an input arm.

input shuttle which allows for a multiplicity of BGA
devices to be entered into a particular station for further
operations of testing or manufacturing; BGA semiconductor
devices are placed or loaded into the input shuttle by means

of an input arm.

output shuttle which removes a multiplicity of BGA

devices from a testing or manufacturing station; BGA



The above described shuttles and plates into which the BGA device is
inserted or positioned are for the purpose of the present invention
:referred to as target plates. The sockets within the target plates into
whi ch the BGA device is inserted is for the purpose of the present
invention referred to as target sockets. Fromthe above enuneration it is

clear that sEQI-BEAtdeVvhee: dastiradp anckdTeRufiaghad iing copes ading di fferent
BGA sem conduct or device handllng assenblies are used, that is the input
H

test arm FRBUSHR IRt MSARS t e AdolKRFRYE 1t #hithels iHpiteaf MHSEItPBns t he

i nput Kit wkthnd espect Lemthe target plate, the test armpositions the BGA
device kit with respect to the test plate. These two or nore assenblies,
that is the input kit and the test kit, are addressed as enbodi nments

Wi t h: n thedSCOp@o@IEir}')gl'l@l@It@Se}ﬁl%cH ra\éagtqisom.mdlrti@ddi:itpmf eloa gé‘i"ﬂi‘esal‘t
single guide pin is bein repl ace two gquide pins nounted on the plate
and pIagedt8n€gb§ﬁpl8§§r?%@§a ﬁ&ﬁn?%gJFFEOgnOgD?gm%E%ﬁrS?éaand depengable
posi tioni ngnoéridie iBEAidevieier kicktidg A @manacaot diing tseqthéecgr asant

invention, increased flexibility in trapsporting. and hanpdling.of BGA chip
carriers PE“ACTHHNCS hege‘f)lycerfc‘n(ﬂ‘ilé]e yP]n%c?Oﬂéj rhé%decqﬁ Jtn%é) g?% kc-lou('i(c'lflsn Haft of

t he BGA depileee kit mstaineho froare s elshea BGAWIden peobedavegropdr f §erdamiceposi ti ons.
The i nput arn%gnves}gge Bq51d?¥%%§ git to and fromthe hot plate and the

i nput shut Pfe™ " THEHThuf° B A5 Flither be used for any other required

novement of the device. The test arm noves the BGA device kit to the test

socket . OT t .he B@é ElenSt la%t e. B%_%issemii%gag\?éteoqr fdle%)ﬂ:gé ! A}ey pilgce&rglpSport I ng
or positioning a aeVI% unaér € presen
locaded into the testing station by means of the test arm.

The above described shuttles and plates into which the
BGA device 1s inserted or positioned are for the purpose of
the present invention referred to as target plates. The
sockets within the target plates into which the BGA device is
inserted is for the purpose of the present invention referred

to as target sockets.

From the above enumeration it i1s clear that for BGA
device testing and manufacturing operations different BGA
semiconductor device handling assemblies are used, that is
the input test arm, the socket and the docking plate. The
input arm positions the input kit with respect to the target
plate, the test arm positions the BGA device kit with respect
to the test plate. These two or more assemblies, that is the
input kit and the test kit, are addressed as embodiments

within the scope of the present invention.

In addition, the prior art single guide pin is being
replaced by two guide pins mounted on the plate and placed on
ball bearings which results in more accurate and dependable

positioning of the BGA device kit.



invention is required to assure that a plurality of device sizes and types
does not have a negative effect on manufacturing throughput and
=consequently on overall BGA device cost. Mdification of the Prior Art and
presently used BGA device positioning kits in accordance with the present
invention does not inpose any requirenents on other existing equipnent in
‘the BGA device manufacturing and testing environnment. BRI EF DESCRI PTI ON OF

THE DRAWNGS Figs. |la and | b show an expl oded perspective view, partially
in section, of AlpPaRcFREding thehsi Bkt SHAVEN T { PR g 10CaFa88Get her with
the input argyassemy ynofrihgRiesening inavant koo Fca. chby .chirgsrs2a and 2b
show the Prior Art Lngut arm assenbly. 8 Figs. 3a and 3b show. a %ide Vi ew
and a cros$SseetTBHAP Y| Riv W LEKE oSS iIN6APNGT Kit® & CERBP prEdéne
i Evenlt i onl. tré gsGa ﬁ@vtﬁbéoug@ Agcislhmdsw@s_ mfé]?eﬁt@éﬁﬂdéha\ﬁlftoéerghe i nrk)ut )
shuttle plate with three possible designs for t chanfere ackets in the
shuttle BI dt 6fe 8Ty, pgséﬁbg%s a T@‘Foégp‘étegaﬁnbﬁw&?st fBiGPsgeB]oCsesﬁ(ﬁl%e
chanber ed sbuitd epacket hor thatenpud Shwtihbet ptrattele.Frge #hshows a cross
section of the second gossible chanber ed %huttle pocket in thefinput

[

shuttle pl AFB. AT HHeE w38 e FBEs R AT 5R bFIHHE S APV E " BosSithl e
chanber ed shatddweiqeacket test hem npués sthet BGR datee kEitgso e ardt8b show a

top view of ope of . the Qggket d§s' ngFLn t.he hotcpk%te.gng.the shuttl es
f t ) . . n
toget her wePR*&" Tr §&§ B2 tTOH |8§?of}PﬁblBS§? Tohimg pocket’ f8r both of
transporting or positioning a device under the present
invention is required to assure that a plurality of device
sizes and types does not have a negative effect on

manufacturing throughput and consequently on overall BGA

device cost.

Modification of the Prior Art and presently used BGA
device positioning kits in accordance with the present
invention does not.impose any requirements on other existing
equipment in the BGA device manufacturing and testing

environment.
BRIEF DESCRIPTION OF THE DRAWINGS

Figs. la and 1b show an exploded perspective view,
partially in section, of a plan view of the pick up shaft
(Fig. la) together with the input arm assembly of the present

invention (Fig. 1b).

Figs. 2a and 2b show the Prior Art input arm assembly.



these applications. Figs. 9a and 9b show the Prior Art test arm assenbly.
Figs. 10a and 10b show the side view and a cross sectional view of the
:test” arm assenbly in accordance with the present invention. Figs. |lla
t hrough |id show an expl oded perspective view of the docking plate (Fig.
lla) together with a plan view of the docking plate chanfer guide (Fig.

11b), the crosspsectinn anyi 8W Ofod he sdgeking, Rlnat & (Righ sekelomnd the cross
section view of the docking plate with a pocket (Fig. 11d). Figs. 12a and

12b show t Héevoof fqh@appéh"sl?f@q‘af kéldl ?b ttﬁ‘?eprﬁiﬁ%lkt UpVER&EPD- both in side

view (Fig. 12a) and in cross sectional view (Fig. 12b) to enhance pick-up
flexibility. 9 Figs. 13a through 13c show bottomview (Fig.13a) wth side
view (Fig. 13b) Féﬁﬂ ctoddireughi Hhainayi BwWPEEIRFCTiZE) VY Odcgéhﬁe’r%l?% of the

pi ck-up shahtthpad1athi §iversieR 4sesiwne debhans &fr suef aggnfredhe shaft
head for entry into the chanfered shuttle opening (or device pocket).

Figs. l4a PHF%‘E@% i chgngirthe S86b6Rd version of the pick-up shaft head in
bottomview (Fig. 14a), in side view (Fig. 14b) and in cross section view
(Fig. 14c). Th|s verii n is constructed usjin t%ree pl ane 63,9r surfaces of
the shaft head f8r nstorl‘v S At 5F CHanETea™ shut opehiMYESPEFg. 15 shows

t he a shut thempdade swutblé ht@sedevhcehe pogket ShmFrths plk6a. and 16b show an
expl oded perspective view of a docking plate. Figs. 17a through 17d show
details of a docking plate design, that is Fig. 17a shows a plan view of
the top surfacerig. 6 shows a cross section of the second possible

chambered shuttle pocket in the input shuttle plate.

" Fig. 7 shows a cross section of the third possible

chambered shuttle pocket in the input shuttle plate.

Figs. 8a and 8b show a top view of one of the pocket
designs in the hot plate and the shuttles together with a
cross section view of the positioning pocket for both of

these applications.
Figs. 9a and 9b show the Prior Art test arm assembly.

Figs. 10a and 10b show the side view and a cross
sectional view of the test arm assembly in accordance with

the present invention.

Figs. 1lla through 11d show an exploded perspective view
of the docking plate (Fig. 1la) together with a plan view of
the docking plate chamfer guide (Fig. 1lb), the cross section
view of the docking plate (Fig. 1lc) and the cross section

view of the docking plate with a pocket (Fig. 11d).

Figs. 12a and 12b show the modifications required to the
pick-up shaft, both in side view (Fig. 12a) and in cross

sectional view (Fig. 12b) to enhance pick-up flexibility.



of a docking plate with a large opening for nmounting a BGA device for
electrical testing and two snal |l er openings which function as device
-buffers, Fig. 17b shows the rear view of the docking plate as shows in
Fig. 17a, Fig. 17c shows a plan view of a socket design where the socket
is designed such that the insertion of the BGA device into the socket is
‘gui ded by chanfered sides of the socket, Fig. 17d shows a cross sectional
view of the socket of Fig. 17c. DETAI LED DESCRIPTICN OF THE | NVENTI ON

Ref erri ng now nbtes sped gf“&a‘F‘F%/ Y5 BPge. P INd B, (Fiddrd) af " %hown t he
mai n .conpoBeat Svifw t(hegBelﬂswbe\ém@ecw@ytsedﬂlbnal hatew SFHBE boit @m pl ate 19,

the top plate 20, the pick 10 up ft_1 d the ball bearlnslz. The

pi ck up sh8PE X" § E F}Pf:epc%%télp %IF Ethglea put "5} MeESd BRbISS 'ﬂ?@ pi ck up

shaft 10 bpsan®uit edirifBcé her tiop phafe tmadreanseofria ishaf thet opper 18. Bal |
bearings 12 ar rovided. in a circ untin round t he opening 01

t hr ough mFEﬁmf“r{g %Htﬁbe s‘??aefntmfol(lf)]én%ptvrlgt egog]feﬁe? ‘upper and the | ower

pl ates 19 and 20 respectl vely. These ball bearings 12 are the key to the

present inventi n Si CE heX aI I ow gove{ree Sebc%tng/e\%l t.he two, plates 19 and
20 with respect §o each® trﬁe ¥ he pI%STe " 8r " af Tt °6n 0F t hese

pl anes. Fopncgmpdeshplfmsheadsmmwﬁf arey uged.t ddavai nihashde helew el ati ve

posi ti oni ng_bet the lLower pla 1 t er e | owner
section of qgh%sgffbgurangc%%m%rof% i %gt% r 3& edhgh glc4r emegg%%t\o%%sﬁ-énl ower
plate 19. Thecwquequctsecuistrm ofhrehepfongs sar ewsfages todpehedshafitese upper

sections  GLabee] i S0t U AL-pLoLsUds, theoyghy e | over plate and

penetrat e openings prOV| ed for this purpose I e upper plate 20. Due to
the tapering of the four screws 17, the

Fig. 15 shows the a shuttle plate with three device
pockets.

Figs. 16a and 16b show an exploded perspective view of a

docking plate.

Figs. 17a through 17d show details of a docking plate
design, that is Fig. 17a shows a plan view of the top surface
of a docking plate with a large opening for mounting a BGA
device for electrical testing and two smaller openings which
function as device buffers, Fig. 17b shows the rear view of
the docking plate as shows in Fig. 17a, Fig. 17c shows a plan
view of a socket design where the socket is designed such
that the insertion of the BGA device into the socket is
guided by chamfered sides of the socket, Fig. 17d shows a

cross sectional view of the socket of Fig. 1l7c.
DETAILED DESCRIPTION OF THE INVENTION

Referring now more specifically to Figs. la and 1b,
there are shown the main components of the BGA device input

kit, that is the bottom plate 19, the top plate 20, the pick

10



upper plate 20 has freedom of novenent in the X-Y direction wth respect
to the lower plate 19. The bottomplate 19 is positioned onto the target
:plate by means of the guide bushings 11, set screws 14 assure that there
is no novenent between the guide bushing 11 and the bottomplate 19 after
the set screws have been tightened. Cips 16 are provided for manual

‘handl i ng ofpt bea BGA odeviiCene a1l Hher BGA devi ege ($iatk SBOMRI £ smca@ri ed by
the lower surface 15 (Fig. la) of the pick up shaft 10 b neans&ﬁ
runni ng

vacuum sucREwRre S Eepr 8€| s RHS U™ :f%?&&‘ﬁ&m X ReICX( ABt S %o

t hrough t hescestmedefint BBe pidiK paptshef tmekhs oFustherrtdetappsr afg. the
construct and_operation_of the BGA device tran fortatlon kit are provided
in the fol PBW ny 2 d@Ser ot 30h PIPVERGL. 188 &AGC3b T fPUPE1S TI¥E that, even
t hough tﬂetB@owr@e om/ntlefbugen whathi €tk i ckhep| aveee sor pececrecFi g. | a)
is not sho [

accor dancewgﬁn TW%%Pgnfh%ag%’ﬁ 81%2&%@ (r%'l g ﬁfﬁfgﬁﬂg?fﬁ?l la%,eslen

sem conducbal l devd e gwhighats tHeURk@dt®tha @ubsémfﬂﬁhwmhtﬁhn diag-ea

peri phery, ile a pluralit of cond ctlve Vi a V. e rned in the
substrate. $h ?ﬁﬁijmOVFme%%un 8a° ong?%e *sHBetT ra?ggang Epecﬁklcally
coupl ed torthpept uraleiaty ofhercamducti vies \rilasewhr | @ieqplionabf thhesk

conducti ve Qalls | attached to Ehg

i t ! ] led t
Che sem cBRAUET or HraCLRSoUgH % RE SFiED Ity o e Mok BP0

a conductive vias. Fig. 3b
shows a sprehgtie mnttednamgamwehe m@quwprshaﬂe 1@. aTHi sheprdpey 21

exerts pressute 0 the phok: WnANRht od0idie oHPNWRLE 95 Zaxis direction

which is t irection o
threaded and screwed into the lower plate 19. The upper

section of the four screws are tapered, these upper sections
of the four screws 17 protrude through the lower plate and
penetrate openings provided for this purpose in the upper
plate 20. Due to the tapering of the four screws 17, the
upper plate 20 has freedom of movement in the X-Y direction

with respect to the lower plate 19.

The bottom plate 19 is positioned onto the target plate
by means of the guide bushings 11, set screws 14 assure that
there is no movement between the guide bushing 11 and the
bottom plate 19 after the set screws have been tightened.
Clips 16 are provided for manual handling of the BGA device
kit.

The BGA device (not shown) is carried by the lower
surface 15 (Fig. la) of the pick up shaft 10 by means of a
vacuum suck which is provided through a vacuum channel (hot
shown) running through the center of the pick up shaft 10.
Further details of the construct and operation of the BGA
device transportation kit are provided in the following

description of Figs. 3a and 3b.
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target socket. The chanfered sides of the |lower surface 25 of the pick up
shaft 10 will provide easy entrance to the target pocket which is nounted
:in the surface of a target plate (hot plate, output or input shuttle,
docking plate, further referred to as target plates or target surfaces)
where the BGA device is to be positioned. The sides of the |ower surface

25 of the pick wp shathe10 ang: shown asnshanfeledcn tdaeseesi,desn dosnot,
wi thin the scope of the present invention, have to be chanfered. \Wen the

BGA devi ceCREREI®IPOY aF AR poSVET ofs 137 BEA HBiA cel@bov® BAW PRCYWP t HR docki ng

plate wt kn%@e target 13ocketis Bhe Betiamip ateit9iw ) limldgrrbhgce pi ck up
shaft 10 with the target socket further urged b¥ the action of "spring 21.
It is clealtFR omPHFETt hatttPRECHosiiti onfify of SFheP Uk Gp Hdft 10 is only

accurate itehheondirnber efvitbewpiek up Sr’(d)@fﬂ:ecloohs al oszmsedaexa@hhyhabove
the geonetric center of the pocket |n the t et | ate. The esent

i nvention 588r 8sPESIRAGT ¥ i Witk ed BhY Hedad L%%fgelﬁlﬁ?c Up shaft
al i gnnent tbat H&Mnéceslu{ ttHd dubissragéi gﬂm@mGA sdinoti sacewnhate on kheslight

vari ations |n t he i gnment occur during th tlne hat he .d V|ce and the
devi ce i np@t %Fﬁ?ﬁ%séﬁgly Pt oS ﬁVongﬂg%ﬁﬁge he* { UipF5Vat 8 f or
oper at i onakopatigraises. vAny whsadi gnnehirdliaty tde t:opduq:ﬂ:aztee RO11f ihe BGA

device kit h_th oSiti f th n ck up_ shaft al i gned
with the tﬁ? %?h‘%cﬁet%he 455beag%c8%§néhfgg bcaf%y us i da|n tgegrelgtlve
position bemmemnﬁadmertdpepﬂ&ﬁdﬁgﬁOtaﬂcbldualDQVt@ﬁnqﬂn@pgtigevvwaﬁh is nmade
possi ble by the ball bearings 12. The top plate 20 is held to the bottom
plate 19 by neans of the guiding pins 17, which have a threaded | ower end
that is scFéweddkt ghowe toppring 21 mounted around the pick up shaft

10. This spring 21 exerts pressure on the pick up shaft 10 in
a downward or Z-axis direction which is the direction of the
target socket. The chamfered sides of the lower surface 25 of
the pick up shaft 10 will provide easy entrance to the target
pocket which is mounted in the surface of a target plate (hot
plate, output or input shuttle, docking plate, further
referred to as target plates or target surfaces) where the
BGA device is to be positioned. The sides of the lower
surface 25 of the pick up shaft 10 are shown as chamfered,
these sides do not, within the scope of the present
invention, have to be chamfered. When the BGA device handler
arm positions the BGA device above and into the docking plate
with the target socket, the bottom plate 19 will align the
pick up shaft 10 with the target socket further urged by the
action of spring 21. It is clear from this that the
positioning of the pick up shaft 10 is only accurate i1f the
center of the pick up shaft 10 is located exactly above the
geometric center of the pocket in the target plate. The
present invention addresses and eliminates any negative
effects in pick up shaft alignment that may result if this
alignment is not accurate or if slight variations in the
alignment occur during the time that the device and the

device input arm assembly are positioned above the target
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plate 20. Figs. 4a through 4d show a perspective view of the input
shuttle, together with the cross sections of three possible pocket
:designs. As part of the present invention the pockets for the input
shuttle need to be redesigned, this redesign can be done in one of the
three nethods shown in Figs. 4a through 4d. This redesign will further

‘enhance the).posidi QpicRd: 05nd NG uEEYLES. Wil sk NEGRRGKEE had NEn L 1OSS
sections for the three possible designs are shown in Figs. 4a through 4d.

These thr eé?leF%s%O SEctPBnECArde TGPt hiek Rt AiLEBATT PAshélpPpl Poviifg t hree

figures, thatghsd FiG%k up tR4OUAN Ta1idhes WaRU t§éuﬁatﬂ3%td@§&m j s, other
t han the redeS|gn of the pockets, not affected. Qui ins 41 are secured

in the inpUt?! s?ﬁanQQmEGd%Ee4n9¥n§déFSEﬁﬁ?tséPeREe4€?13FH§§ep©iﬁ§ﬂ9nplns 41

serve to pesthéem ttﬂéetbﬁpplla*@d moaBddt esd RoaSseMdY M owvhhch respect to the
i nput shuttl ' shows the first of the three gossible ocket designs

F

for the shﬂ?SFep éFsbyT%&F€ﬁ¥éebﬁﬁﬁ%5Fs&§S|6ﬂ% Pgateret erred to as
i nput pocketsdstdcheabBEloleyiie 1S p&a&ﬁms bﬂtﬂhfﬁyhﬂﬁugtpﬂuiﬂﬁo t hese
pockets sho in Figs nput pocket that i S shown in Fig.
7 further §’ﬁ€€\g%at‘1?ata Fﬁf%a‘??ﬁ%ﬂtowSBCﬁré‘f Hgd 45 pParHiSd yOof S cir cul ar
hol es 71. pThts design (Fig. 5) provides firmsupport for the device or
sem conductor die 52 at points 51 by nmeans of a support step 54. This
design lends itself for device kits with |arge open space or tol erance

ar ound thergsiphenyu@hghhedrnhm@ af pdBspgdre ipeckiep shaht, ithe: desi gn woul d

therefore u§yitamo a 27%x27 BCGA The.open s g@ ar ound. the peri phery

(S ros s ctidbns o Teé possl
of a 4x4 B I's ‘con |5erab more I1m meani ng at thi's eS|gn for the

pocket designs. As part of the present inventlon the pockets
for the input shuttle need to be redesigned, fhis redesign
can be done in one of the three methods shown in Figs. 4a
through 4d. This redesign will further enhance the
positioning of the device within the pocket. The cross
sections for the three possible designs are shown in Figs. 4a
through 4d. These three cross sections are further detailed
in the following three figures, that is Figs. 5 through 7.
The input shuttle design is, other than the redesign of the
pockets, not affected. Guide pins 41 are secured in the input
shuttle 40 by means of cap screws 42. These guide pins 41
serve to position the input arm and test arm assembly with

respect to the input shuttle.

Fig.5 shows the first of the three possible pocket designs
for the shuttle pockets. The three pocket designs can be
referred to as input pockets since a BGA device is placed
into or inputted into these pockets shown in Figs. 5, 6 and
7. The input pocket that is shown in Fig. 7 further shows
that this input pocket has a plurality of semi-circular holes
71. This design (Fig. 5) provides firm support for the device
or semiconductor die 52 at points 51 by means of a support
step 54. This design lends itself for device kits with large

open space or tolerance around the periphery of the head of
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shuttl e pocket is not suitable for smaller BGA devices. The sections

mar ked as 52 and 54 formthe BGA device, 54 is part of the BGA device, it
:fornms a nmechanical step that is neant and designed to rest on the socket
edge 51. The ball bearings underneath the BGA device are indicated with
53. The BGA device construction shown in Fig. 5 is one type of BGA device

that has s D f .the ' ' h c ossi bl e
desi gn fortctﬁﬁepsfs%h}ﬁ'?lﬂ gﬁgﬁg'cktteh{%. dggﬁfﬁﬁfogagegjgrne%h% g\g\S/iS%:{;@aSbZl%i gegufded by

the chanf er2tx%i @68 -ofhe hepeghgpere povket theheerigvicss 62 arfek RS beari ngs
53 are resﬁ%”Qoxﬁjéira%‘}taEY%%rté"Qiﬁl@%&|rﬁ‘ea‘?1|iff\(;et§§rt e qb9r&e €24 exerted by

the input armassenbly 63 onto the shuttle plate 61 will therefore be
directly tFhnster megked 1% Hothali thekt i fngs SB3L bpemGig ERecPosdiisility that

the ball bearifgs m3xBhohd e damsgeeh . cdef peARdyilt,i 5410 harhoted that
the input arm assenbly 63 consists, as showm in Fig. 6 (and Fig. 7

f ol | owi ng) °f o¥he HiGe AV € ncitt IFOFBF s2 diechashse + utheP ithasi ¥ easi ng
toward the,shuiddiglbate Bdst ohhese tdviea eagstsuctihehayel ndahegs further
differentiated in_this description since theg al | formEart of the pick up

shaf t that Upretraids thhr BefyIf T HEhdt t oM PIcate® 19 (Firg. 3BY.P#g. 7 shows
the third aagditasdondesi,gniom tdhchnt he scppe ief ohdieypeesentca mentieon for
the shuttle pocket. The input arm.63 is. gui deg%lby t he chanfered sides of

u
the pocket tPfh PatiditPon? theé¥etaré SenideditfEufar holes 71 provided at the
bottom of the shuttle opening 72 into which device balls 53 are resting.

Thi s dgsign&ﬁro%i qg)s foi'1 an even distribu ign o% t he exert d force 62
which is néw’ex®ri&d Soh™t ne® Vi £85HY SLP5 hT {fas ontf%e bal |

beari ngs 53cagemasdrnencaseedinyrt e @¢eicedisngidesiigied Bygthd). This design
has the adgggmfered sides of the shuttle pocket, the device 52 and the
bearings 53 are resting directly on the shuttle plate 61. The
force 62 exerted by the input arm assembly 63 onto the
shuttle plate 61 will therefore be directly transferred to
the ball bearings 53 opening the possibility that the ball
bearings 53 might be damaged or deformed. It is to be noted
that the input arm assembly 63 consists, as shown in Fig. 6
(and Fig. 7 following), of three distinct levels of
construct, in size decreasing toward the shuttle plate 61.
These three constructs have not been further differentiated

in this description since they all form part of the pick up

shaft that protrudes through the bottom plate 19 (Fig. 3b).

Fig. 7 shows the third and last design within the scope
of the present invention for the shuttle pocket. The input
arm 63 is guided by the chamfered sides of the pocket. In
addition, there are semi-circular holes 71 provided at the
bottom of the shuttle opening 72 into which device balls 53
are resting. This design provides for an even distribution of
the exerted force 62 which is now exerted on the device body
52 rather than on the ball bearings 53 as was the case in the
preceding design (Fig. 6). This design has the added

advantage of providing better heat dissemination to the
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advant age of providing better heat dissemnation to the 14 bearings 53
under conditions of high tenperature operation. Note that the device
desi gn 52 does not have the step 54 as previously (Fig. 5 shown to be
part of the device design. The chanfering feature of the head of the
.pick-up shaft is not highlighted in Figs. 5 6 and 7 because the test head

is, for th icat | , i S n nat chi ng
devi ce bod%égg%%%%é% E#§Q§é§9§ﬁ6%§§g %%6B'Pe&?% g%ﬂéﬂﬁofgg %E%ﬁTnput
shuttl e oNobatphat shet dbelipoclestionFby.dBs showkaee dhessteecid aval  vi ew of

the hot plate,inputy SRULL! &) AL Ut Pt S 8 £ PREK&ley i cINGe PIGVI OUS

comrent s nmade regarding the input shuttl'e apply to the hot plate and the
out put shuttle, that is no redesign of the hot plate and output shuttle is

requi red withi nrhbe.h 56QR8ngf el g, R 83e0he I RERNLIEOPL Othen thaghihie pockets
whi ch can be redesigned al ong the sane pocket design approaches as shown

in Figs. 5ifhreudhiorliphged 8a 486 - 8h shawct AePesaipicembat BeFor s t he

pocket desiign k& agkedapse; Mdinkheqe PropResed pethod 1as pein Ring 7, that
is the third of the possible three nethods of pocket design. The pocket
desi gn as MEROWMTJ feriiGs. PBE AF*8BSis used for the input shuttle, the
out put shuttle and the hot plate. The BGA device is guided by the
chanfered sides 82 of the pocket 83. In _addition, there are semcircular

hol es 81 provi dEd9at®d FEOHGt £ oMV e L shi thod Boeketi™®3t APBEWHi ch devi ce
bal | beari sgsowtplt BRuteestpdket ThFsgdesd GhoREOYI €hesssf @ecanoveN
distribution of th xerted farce (not shown) which is now exerted on the
devi ce  bodyePather'® A& Bi tthe BAFI “Hrings, OIS GRSEGLe Raciehe  added
advant age aheppoanidiuzg cbrihéers heat degseingathenidimitd BButtle apply

to the hot plate and the output shuttle, that is no redesign
of the hot plate and output shuttle is required within the
scope of the present invention other than the pockets which
can be redesigned along the same pocket design approaches as
shown in Figs. 5 through 7. Figs. 8a and 8b show the
implementation of the pocket design in accordance with the
proposed method as per Fig. 7, that is the third of the
possible three methods of pocket design.'The pocket design as
shown in Figs. 8a and 8b is used for the input shuttle, the
output shuttle and the hot plate. The BGA dévice is guided by
the chamfered sides 82 of the pocket 83. In addition, there
are semicircular holes 81 provided at the bottom of the
shuttle pocket 83 into which device ball bearings will be
resting. This design provides for an even distribution of the
exerted force (not shown) which is now exerted on the device
body rather than on the ball bearings. This design has the
added advantage of providing better heat dissemination to the
device bearings under conditions of high temperature
operation. This design of the BGA device does not have a

mechanical step 54 as was shown for the BGA device of Fig. 5

Figs. 9a and 9b have previously been described under the

description of the Prior Art.
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devi ce bearings under conditions of high tenperature operation. This

desi gn of the BGA device does not have a nechanical step 54 as was shown
for the BGA device of Fig. 5 Figs. 9a and 9b have previously been

descri bed under the description of the Prior Art. 15 Figs. 10a and 10b
show a side view and cross sectional view of.the test armassenbly of the
present invention. The pick up shaft 107 is at the center of the BGA
device kit assenbly. The |lower or contact surface 109 of the head 111 of
the pick Gp98hatte FOF WOPISkAtt & Sad8eVi e PEcREPSNTITACRAL HEN ce test

pl at e wher ert bge Bﬁ%td%\ﬂncgséfnﬁlQ/ be F@@i%ﬂe%@@@dig&erﬁ%ﬁ n.ﬂe%{; cgei%estijng. 110
This entry into the test socket is acilitate the c¢hanfered sides

of the ,heale_SLlia’E)tf 1tohelspi”‘Ekuﬂep CEREFT L7 ndCHot T oifipFate? 1 WhiYch gui de
t he pi ck ugheshafdr 37 cbothbhe desiacedl posift itaB hed@tinmeotothdaiB®A devi ce

testing socket b ting.with the dockin | ate, gui de pins , 113. Furt her
accuragy i prﬁg'?%l gﬁﬁnﬁl?hee?teesrt P TS r eFeng\lﬁrﬂ &% €°HtSvi ded by the
desi gn of tketB&fetdewheeet eis¢ HAA deassemd ytoobet besijriesent fonveaat i on whi ch
provi des f%vtlg/g ‘ It%tnes,ﬂtlpe laopn plirall e t02 an tgc bcot.tom plate 101. Two
gui de openings: or- busHi ngs 11 are piovi'ded 8 ?oﬁbeh dfi entati on of the
BGA devi ce fhestikattedMotyhthesggentfetrodt heddsedtl Opbat ghe Selad 3ttt ews thé secure
or fix the_bushi t he, l.ower_pl ate 0l with respect to . the test
plate. A rﬁﬁggrug%%asfi%ngwsarﬁqsebﬁvﬁ 0 J(;'j‘aetveer%tjg 84K uléjsreogfr%l% RHe pPck up
shaft 107 ishathelQipper thpl &¢ el k@R poFheidropeflkat ee 102 the Rehdd¢wget her with

the botto i di t f : i all i.gned guide
pi ns 108. ﬁggieg 258) eo\?\%%aggjlﬁ%p%%ggg gpﬁt e tdggq(ﬁggﬁ%’fagtre gggé ﬁescti on
bet ween t hélBeopFpitdteer 202ubdel timepopeti@iing desi peed arm is required

which is provided by the design of the BGA device test kit
assembly of the present invention which provides for two
plates, the top plate 102 and the bottom plate 101. Two guide
openings or bushings 11 are provided for rough orientation of
the BGA device test kit with respect to the test plate, set
screws 14 secure or fix the bushings 11 of the lower plate
101 with respect to the test plate. A rubber 'O' ring is used
to prevent leakage around the pick up shaft 107 in the upper
plate 102. The top plate 102 is held together with the bottom
guiding plate 101 by means of four specially designed guide
pins 108. These screws are tapered at the top head for less
friction between the top plate 102 and the specially designed
guide pins 108 during compression and retraction of the

assembly during and after testing respectively.

Around each guide pin 108 there is a spring 104 of
correct tension, a total of four springs, one spring on each
side. The spring 104 provides the compression force from top
plate 102 which comes into play once the bottom plate 101 has
been positioned relative to the target plate or shuttle. In
addition it prevents excessive torque on the handler test
arm. The center spring 107 provides the refracting force for

the pick up shaft 107 ensuring that the pick up shaft is
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gui de pins 108 during conpression and retraction of the assenbly during
and after testing respectively. Around each guide pin 108 there is a spring
104 of <correct tension, a total of four springs, one spring on each side.
The spring 104 provides the conpression force fromtop plate 102 which
cones into play once the bottomplate 101 has been positioned relative to

the target jphate of SH%UEBkEecd'bo§%@gbﬁ'£HH'ﬂév@ﬁeyg¥“§id%§985§bve torque on
the handler test arm The center er ng 107 provides the refracting force

for the pideR1GpS sheam thre7sMsUS ng Fh‘é‘ﬂlq%é’lﬁﬁcko%rﬁ?%\f?r?shaJ}@ al ways in

the correcthpogiii Quraadel @yeéog‘l%oahﬁdfltn& wBtroRVh AT ivemifie shuttle.
The guide pins 108 therefore have the d pur pose of positioning the

bot t om pl at"&°RBT" vt F"°r ESPeRt® 't 1pﬁea‘f%[5)fplh8t1€“1‘@2c%&eéf51%I di ng

Conpr essi OlﬂsprSpcﬁds nlg:sq 104placy) ace. tibe tostotkiche Obrdh@atprasemtidavention
is provided wt ngge pi ns 108 whi ch re%ults in nore accurate and

dependabl e Sogf?Yb THe BEASHBYI e 48 PICHREC IR 4P BNt 107 with

spring 103aichuearg wiel idependidbl o |ﬁ>651f:0®kﬁlrﬁj)rolfng5em dé&ﬁ:beS}pi’ﬂ ng of the

correct tension, provi orce h.forces the devj nder t est

into the ?ést Pot ﬁ%?ggﬁfgatigf”ﬁﬁ1fgr%ﬁg $AnE 14 HRE CpPBYENT ﬁ: any

unnecessarﬁob@reﬁmxngsthe4te@5cham@m15gomftﬂne abovect ttdnsicheasrovik@t t he

pi ck up shaft f the test.armc ve in a dlre%tlogﬂng%ch is
i

per pendi culfar® l T8 hd G Sdbi % SESe PIAY it Sopl deal
posi tion mﬂehtr@speuwetosbhketh@ﬁﬂesatkmﬂe samepthmidamgemﬁlﬁwlany for manual

handl i ng OEnEQﬁesé%@ifg?¥éﬁ§%the t§h§f rgu%%%mpk %? %r§ﬁprong%d to

assure that t rremai n posi t P on Whi
perpend|cuﬁaﬁttthQMHuqknupla@&itlﬂ@? of the test arm can move in a

direction which is perpendicular to its axis and, in doing
so, find its optimum or ideal position with respect to the
test socket. Clip holders 16 allow for manual handling of the
test device kit. Shaft guide pins 13 are provided to assure
that the pick up shaft remains in a position which is

perpendicular to bottom plate 101.

The BGA device (not shown) is picked up and held against
the bottom 109 of the head 111 of the pick up shaft 107 of
the BGA device kit by means of vacuum suck provided via a
vacuum opening (not shown) running through the center of the

pick up shaft.

Plates 102 and 101 of the test kit are Jjoined together
by means of a specially designed screws with guide pin 108

which have threaded ends that screw to the top plate 102.

It is apparent form the above description that the
design of the test arm assembly is considerably more complex
than the design of the input arm. This increased complexity
in the design of the test arm is dictated by the fact that

the test arm is subjected to considerable force and friction
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The BGA device (not shown) is picked up and hel d against the bottom 109 of
the head 111 of the pick up shaft 107 of the BGA device kit by neans of

vacuum suck provided via a vacuum openi ng (not shown) running through the
center of the pick up shaft. Plates 102 and 101 of the test kit are joined
fogether by neans of a specially designed screws with guide pin 108 which

have t hr eadrdiagdstd hafersel e ﬁ}QthethEOPthatanlﬁgrelI)I nio%e@pé)ﬁfi ent f ormthe
above description that the design of the test armassenbly is considerably

more conpl & S1ERARS t45¢1§ESi gn of the input arm This increased conpl exi ty
in the design of the test armis dictated by the fact that the test armis

subj ected to considerable force and friction 17 during its operation while
the i nput arm n%ﬁgl'y{fr%\fghowénan ‘ffb‘gioﬂegnge’d@?ﬁ%é’? ErgY A1&PShows an

expl oded pelspesyipate ewebf sigrtdecktag 1pl,abetvwbh hhglsiw@ppnat@llalltee 114,

bottom gui de pl ate 6, ..cu ut 115, shim 117 for height control, top

gui de plat €°F178: hlg%fkesfllgpge%fngd)rl%‘ﬁi%ﬁﬁ FEE L pi hiP ﬁ‘g%ﬁop?"ﬂfr? entation of

t he BGA devilée kdtkat topeneésperto tamdt beidwakineg1pBater k4 entt on Idth shows
i : i i 113.

the plan V%%%’B&At£§nkgpk9§.&lq}q%%kégg (;?%% 8%% ﬂﬁ%@)%&?é??%edges

Fig. Ilc shows a cross sectional ~view o | "the area of
t he socket F13$5. 11PDegdendi nge opldrheikypef ofhesacket £ beiangloekédg @satki ghl i ght ed

in Figs. .t hr L, m j fi-cations may be required to the docking
top and bot%tlt(%kr% %%Efeer&dafggéi%djén5§§18f){r1%ssﬁ.o¥sF?g(.:ro 3 é?cﬁ‘h%naolpeni ng in
shim 117 nayedl 86 Hevealockibe miditgstiedthe Heieghbfcom raaicket the. docki ng pl ate

I's readilyppexhded By cnEeans. Ofr addiog 1of; deleLing, SR Igl . Shaywn 1n
Figs. lla Figs. 5 through 7, minor modifications may be required to the

docking top and bottom guide plates 116 and 118 resp., Fig.

llc. The opening in shim 117 may also have to be adjusted.

Height control of the docking plate is readily provided by

means of adding or deleting shims not shown in Figs. 1lla

through 1lc to raise or lower the top of the docking plate.

The guide plates 116 and 118 are also chamfered towards the

center of the socket providing the proper insertion of the

BGA device kit and into the socket site.

Figs. 12a and 12b show modifications to the pick up head, in
side view (Fig.l12a) and a cross section (Fig. 12b). It is the
objective of the present invention to make the pick up head
readily interchangeable, that is to remove the head assembly
120 from the pick up shaft 121. This so that different types
and sizes of pick up heads 120 can be quickly mounted for
high throughput objectives. By providing a threaded part 123
between the pick up head 120 and the pick up shaft 121 this
objective can be implemented. A vacuum suck 124, Fig.12b, is

provided to pick up the BGA devices.
Figs. 13a through 13c further detail a single contact-surface

pick up head with a bottom plan view 134 (Fig.13a), a side

view 135 (Fig. 13b) and a cross sectional view 136 (Fig.13c).
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through Ilc to raise or lower the top of the docking plate. The guide
plates 116 and 118 are al so chanfered towards the center of the socket
:provi ding the proper insertion of the BGA device kit and into the socket
site. Figs. 12a and 12b show nodifications to the pick up head, in side
view (Fig.12a) and a cross section (Fig. 12b). It is the objective of the

present in\tﬁnéa@mml@m{s@o&f&doif@k ypi heachtekerghdy dentge changeabl e, that
is to renove the head assenbly 120 fromthe pick up shaft 121. This so

that differ8at 1(%/5pe§ha§ﬁdg%%%§‘oé1esp?%]k x5 Hé%édﬁdzéocﬁHl‘B% ifi ckl'y nount ed
for high tBsougiiHy ol eed inms deBycoriom dﬁlmg aeégg&adedtp@rﬁarhéa bet ween
t he pick ug head 120 and the pick up sha t, % % obje tive _can be

i npl enent e83 B Vic FM 508K I 4””“FF@ K APENIQI HPOVRYdFS pPekWp the BGA
devi ces. F'ugslcelazadkhmpugi"hel?:maﬁntﬂérrhersﬂﬁsanmaos|srtgik@tcmm antovidef ace

pi ck up head with a bot w 3a view 135 (Fig.
13b) and aeé%sesnhtrea@tc 3Itv€i rf@% #—? %@5% ¢ %‘ldl'h Oé:aa 137 i s provided
for quick |nterchange of the pick up head 135. Shaft guide holes 131 are
provi ded tq,. t 0 GA device Ki th respect to
t he target 91% ?%ao:%%%ﬁugﬁl 4 Gluéga?ﬁfsur(}kalgpen?ngp]les OBEC%% eusrfeor8
devi ce pickiup. uﬁ'heea@hanrtEradocmt@asplas wifews d€ket 11@2 perovide vieasy

entrance to.the g plLa 0C ket 14 l4c
further de?al {z?br re g co% asgst SE’%EC gﬁlae pI%Ck Flg ?#Q(ﬁggtom pl an
view (Fig. 1$4ayQVJa:1®i dervieirk (ﬂtgrcnzlrbge azrfdtaecpm @ebea@naﬂha\ftew (Fig.
1l4c). Thre LOVI e hange. ;of pi ck up head.
Shaft qui gq éolheosle ?4? bd afwégé?ow g‘eg getcgﬁe posi tioning of

t he head 1@§S®tl<-’ert1lelgp|0éktn|© lserﬁeﬁftuéndfvmftehpllt:k up Shaft and with it
the pick up shaft with respect to the target plate or

shuttle. Vacuum suck opening 148 provides for BGA device pick
up. The chamfered sides 150 of pockets 142 provide easy
entrance between the pick up head and the target plate or
shuttle. The set screws 149 do not vary the vacuum suck
pressure and are meant for readily forming the vacuum path
that links the three head contact surface 147 with the main
vacuum suck opening 148. This triple head contact surface
147, Fig.l4c, allows increased flexibility in the number of
devices which can be handled, that is from the one contact-
surface device pick up head shown in Fig.13 to the three

contact-surface pick up head shown in Fig.14.

Fig.15 shows a shuttle plate 151 with three pocket
adaptors 152. The shuttle pockets 153 are, within the scope
of the present invention, enlarged from the Prior Art
pockets. Different shuttle pocket adaptors 152 will be
fabricgted with the inside or pocket dimensions of each
pocket adaptor 152 corresponding to a particular BGA device
size. The pocket adaptors 152 can be quickly interchanged and
attached to the shuttle plate 151 dependent on and in
accordance with the size and type of the BGA device which is

being procéssed. Guide pins 154 serve for the initial
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the pick up shaft with respect to the target plate or shuttle. Vacuum suck
openi ng 148 provides for BGA device pick wup. The chanfered sides 150 of
:pockets 142 provi de easy entrance between the pick up head and the target
plate or shuttle. The set screws 149 do not vary the vacuum suck pressure
and are neant for readily formng the vacuumpath that links the three

head cont a%tLiéh&ﬁé&c%fl‘&ﬁe%ééketth%dgﬁi@rs ViaGUH Ay SHUCHg 2ReRI pY dit8. Thi's .
triple head contact surface 147, Fig.l4c, allows increased flexibility in

t he nunber V8FUUHRA e dhieH &R BESHBEND e &2Pt Rafeq s 1PPoff HEone cont act -

surface deybse:r MLk Happbersk shawiors F0.h3nt Pebbecd hoe@ne CONIAQL- Surface
pi ck up head shown in Fig.14. Fi g 15 shows a shuttle plate 151 with three

-1.9. 1
pocket adBpfbfsi52Cute Bt th°é potkat'ecPsd &e etnSuistHiFRle e adCope of the
present inventbpreLnl argesk fqamet pen PidiwsAlbe. pockeliges Db fereat shuttle
pocket adaptors 152 will be fabricated with the inside or pocket
di mensi ons °6f YBAAPCKSGEKBE Fadh fEr PE8kR T PREBBR T Ty Cflémgeb‘gq t§%ul ar BGA
devi ce si zase The qackebr attaptaans cd52ntanHee pgokekl] yrhint ae shanged and
attached to th .shuttle.gl ate 151 dependent on and i.n accordance with the
si ze and t?ﬁglg*cﬁtﬁé’nB@\ YEViE RAPRR T TPEePRGS T ocdYEREIO%ui de pins 154
serve for gheatly tdrlantBsathgmypat oof déhie-epoeketh adaptoer saddleaamg al i gnment
to the vacuumpath and test arm assenmhly, .cap screws, 155 further position
the pocker hhabrar we B5e0 e FaE, BRRETOY et BRLFFT & v aret B i fepi ne
154 are athacHeddio the shuttle plate 151 by neans of the guide pin screws
156. The edges or sides of the pockets within the pocket adaptors are

chanfered for ease of entry of the device into the pocket. This design
Figs. 16a through 16b show an exploded perspective view

of the docking plate, Fig. 16a, together with a plan view of
the modification required to adapt the top plate of the
docking plate to accommodate the changes to the device
package, Fig. 16b. The chamfered sides 161 of the pocket 163
are modified as indicated by 162, the width, angle and depth
of the chamfering is adjusted according to the size of the
semiconductor to be handled by the docking plate. Guide pins
164 are provided for alignment between the BGA device kit and

the target docking plate.

Fig. 17a shows a specially designed docking plate that
makes use of the testing kit of the present invention. The
docking plate 170 has an opening 172 of a design to fit and
accept the test socket of the present invention. The docking
plate 170 is mounted as a separate unit intc the lcad board
by means of four load board guide pins 174 and guided into
the handler by two docking guide pins 182. Adjacent to the
test socket of the present invention are provided two
openings 180 into which devices can be temporarily retained,
these openings therefore form device buffers. These device
buffer areas 180 are readily changed and adapted to serve as
buffer areas for other BGA device packages. Cap screws 178

affix the BGA device within the two buffer openings 180.
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nodi fication within the scope of the present invention greatly enhances
the type of devices which can be handl ed by the pick up head and the speed
:by which these devices are handled. Figs. 16a through 16b show an expl oded
perspective view of the docking plate, Fig. 16a, together with a plan view
of the nodification required to adapt the top plate of the docking plate

to accomodate) e CRaREeSdth tthe dE¥Ek &R RaekagesuddsdnhdBbyo The chanf ered
sides 161 of the pocket 163 are nodified as indicated by 162, the w dth,

angl e and GépER-IGH SRETERLARY RETVLeadings feakRE driditRgatd tife size of the
sem conduct geqtsr g handl ed by the docking plate. Guide pins 164 are

provi ded for alignnment between the BGA device kit and the target docking
plate. Fig. 17a shows a specially designed docking plate that makes use of

the testing kitgo§. the RphesEN: HAriewti 08ar Thew deckhdidiqikahg girdhas an
opening 172 of a design to fit and _accept the test socket of the present
invention.d?ﬁ%rﬂﬁ%kﬁﬁgvepT%FE‘f?@'i§7ﬁndﬁF€&a5é°%:ggpéﬁéPée%H?Ptinto t he
| oad boar dnoby1deanisaof shetts leadrbpatwkguitde basink/41a0d g ded into the
handl er byt dockj n uide pins 1 g Adj acent to the_  tesf_ socket of the
brosent | adERRi ST a0 bR oT AT IEHS L abeth AaSo1B TG BhFont Bevi ces can be
tenporarily retained, these openings therefore formdevice buffers. These
device buffer areas, 180 are readi.l hanged and.adapted to serve as
bt or arens f of g el BERYSeh O ke Rapeate CBp ity MR BBt % The Baa
device wi t hha BéRe dewdcbuf$ eyuicpeniings 180 .do2@ihgsplaatel of weaer ngat h t he
gfgf'engng' féhg SSHT RS nERBL, N0 o 8! §8ETLEAlLSNLLS, ARGY nPEFYBEN LG docking

plate. The chamfered angle of the four sides 188 of the

socket is approximately 30 degrees. Two guide pins 186 are

provide that guide the socket into position within the work

press assembly. Contact elements 190 are provided at the base

of the BGA device socket, these are electrical pins that come

into contact with the BGA device ball bearings. The socket

body will serve as the mechanical hard stop to prevent any

over travel by the work press assembly.

Fig. 17d shows the cross section along the line ‘17-17’

of the socket that has been described under Fig. 17c.

The present invention as described in detail above
provides for a customized and flexible device kit for
semiconductor Ball Grid Array applications. Detailed
dimensions for the specific items of hardware required which
have been detailed above are readily determined and are
easily adapted to specific BGA applications. The present
invention also greatly extends the tolerance of alignment of
the device within the BGA thus making BGA applications better
suited for future demands of increasing throughput and

decreasing device cost.
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| oad board. Fig. |7b shows a back or rear view of the docking plate

descri bed above under Fig. 17a. Insulation 184 assures that no electrical
:shorts occur between the docking plate and the |oad board. The cap screws
178 as also shown in Fig. 17b. Fig. 17c shows a design for the docking
plate whereby the BGA device is guided into the docking plate by nmeans of
the four chanfergd $d4891188p0fk tie aSRASKRItMthRI BohbenidQGki pUatgd ate. The
chanf er ed angl e of the four sides 188 of the_ socket is agprox_i mat el y 30
degrees. TaBAgei e 5iSnB21B6P2f e SNBFBVI S HEHRE 2§V P AHBCBbE KET Gt 0
position wikhho: the neghke PIASSrasse8blHiquEant 86é LlemeBEsp1OGAare provided
at the base of the B devi ce socket, these are electrical pins that come
into cont aBf°wih tthﬁerB@AlﬁeeQ/iec@cﬁéFFa]oé‘é?‘inﬁﬁ%.loﬁ”hebest(‘ﬁ’éﬁﬁtthsgody will serve
as tggl mchaﬂi@@{ddMﬁ@ Séﬁﬁcé Qurfdl @M ENEo B . Wﬂe}timiel' bye thensaer k Fr e?]s
asse y. Fi,g. 17d shows the cross section alon ine “17-17" of the
socket t haPfTha%c/Heen PEEsEribed FhaLr ‘??Ib%elf .an%f%e‘ SSERT T'HVention as
descri bed iAaveetiadd iabaveendggdwiodeschosass aust oorawd nandrétexidad e devi ce
kit for segl)cﬁgnductt or Bal#I Gid Arra plications. D%Qiér?@ di nensi ons
for the spERPPTE"SHEnE S0l harthndr &P el T ed “ARTE R have 'BeeR  det ai | ed above
are readil yedeterss neduandoarmadeeasi tiye adaphdddt ol sipecirkcte BGA the
applications. The resent .innvefnt i)(o%]ag\ejso 9r %%tleé{ texteréggstmetol erance of
al i gnment 6P FERRT WSS AP R Tt RECBG i FAKThg BEA&PDI T'cati ons bet t er
sui ted for stoperet derandsenfidmdneasicy ddmlosghputidneg adecclsigiedg devi ce
cost. 21 The described pick up arns with the concomtant plates
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and shuttl es have been shown in exenplary enbodi nents which is not to
negate that other configurations are possible to provide the required

‘el ectrical connections between the sem conductor device and the socket. For
exanpl e, the nunber of sockets per shuttle plate can be changed. Whereas
the invention is intended to enconpass the foregoing preferred

embodi ments as well as a reasonabl e range of equivalents, reference should
be made toythe appendedqactai ns rather to the foregoing discussion of
exanples, in order to access the scope of the invention in which exclusive
rights are clainmed. 22 What is clainmed is: 1) A method for transporting a
ball grid rray m conduct or deyice into a sem conductor nanufacturing
wor k statl @5ﬁ§PFs?ﬂ@ TS SEPEPE B H5rtovP Bt hd d 2 e APR LTS P T devi ce
havi ng a Saﬁvc@@dUﬁka.sdﬁﬂ%dﬂﬁuﬁmbmtm&mpﬁﬂﬁ&paﬁhngdﬂk atpeiophery, a
plurality of conductive vias fornmed in the sem conductor device nounting
support,  aCSBRT toHtfutSr SUFR® fdunt ed on the seniconductor device nounting
support and el eptbircaldy aceumhednd@ttohedefaiw aldvtiyigod senduetiveoyi as, a
plurality of conductlve bal | s ghed taQ %he senl ondg % evi ce
mount i ng sUPPOFT ‘and ~ePedth |C§IIy Colfi€d 6"t he” semi'ohdiictor die through
the pl urabpbyucﬁluaawdaetf@fmed as; tpecnmmmdmydantorunﬁylpGCMGmnﬁxmg recei ving

e epc CONAHSLOT A2Khe AL NIVLIE A RlUALL Y oL SeTLaahLeal ar hol es
t hereby providing & first enabl ore ransporting sard %SFT grid array
seniconducﬁ@Wld@vmnemungosgppqmanﬁodndLﬁnumicwahufemnnhddngomnm« station; and

pl aci ng th%lﬁ?@i&ﬂp@HcEgﬁdggﬁﬁﬁsV1Qs,h?;h.Q%ElQQQ§?QDnductlve balls

attached to the semiconductor device mounting support and
electrically coupled to the semiconductor die through the
plurality of conductive vias;

providing an input pocket for receiving the
semiconductor device and having a plurality of semi-circular
holes, thereby providing a first enabling for transporting
said ball grid array semiconductor device into a
semiconductor manufacturing work station; and

placing the semiconductor device in the input pocket
such that the plurality of semi-circular holes of the input
pocket is providing proper positioning to the plurality of
conductive balls that is attached to the semiconductor device
mounting support, thereby providing a second and a final
enabling for transporting said ball grid array semiconductor

device into a semiconductor manufacturing work station.

2) The method of claim 1 and further comprising biasing the
semiconductor device using the plurality of semi-circular

holes to send pressure to the semiconductor die.

3) The method of claim 2 wherein said biasing is performed at

a temperature above the ambient temperature.
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such that the plurality of sem -circular holes of the input pocket is
provi di ng proper positioning to the plurality of conductive balls that is
:attached to the sem conductor device nounting support, thereby providing a
second and a final enabling for transporting said ball grid array

sem conductor device into a sem conductor manufacturing work station. 2)
The nmethod of claim1 and further conprising biasing the seniconductor
device using the plurality of sem-circular holes to send pressure to the
sem conduct@rrit ewet8bd THe dRiihod Phekdidl Ru2dWhELAINY $8ingr PiaSbRgntS
performed at a tenperature above the anbient tenperature. 23 4) The net hod
of cl ai m 2%hef et SEMYCBPATIRF E6MpFEses burn- in of the seniconductor
device. 5) The nmethod of claim4 wherein the step of biasing the

sem conduct or device conprises burning-in of the sem conductor. 24

5) The method of claim 4 wherein the step of biasing the
semiconductor device comprises burning-in of the

semiconductor.
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