"BGA DEVICE POSITIONER KIT (1) Field of the Invention. The invention
.rel'ates to the testing of semiconductor devices, and nore specifically to
a method of transporting and positioning of Ball Gid Array (BGA)

sem conductor devices during device transportation and testing. (2)
‘Description of prior art. The present invention relates to a universal
production Ball Gid Array (BGA) socket for establishing sol der |ess
contact between the conductive balls of a ball grid array package and the
sockets for transporting or testing of BGA sem conductor devices. There
presently exi st several nmethods for packagi ng sem conductor devices. One
popul ar type of sem conductor packaging is referred to as Quad Flat Pack

(QFP), which is a type of pgiipReH Pbgg@&éﬁgﬂ( . Anot her type of
packaging technology is referred to as Ball (}rd Awray (BGA) packagi ng

where conductive ball |eads 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 (geramig) gl i@ 16PSL@IJH.Ng a sem conductor circuit chip and
having a plurality of spaced apart contact balls arranged over the bottom

face of 1 the egEriffer@iofubsiddLtolbhs ldHidlyl bY SniRRhksctér adopted to
make el ectrical connections with a Errnted circuit board or with other BGA

chip or seRFESFRRICESE BORPOTRAR FifBUAY iRy SsTFFARRLE THIPESEPF W for nore

| eads to bgndlseedioning & N ipackadersizqrand §aii dokarepces which are

| ooser than peripheral |ead type tolerances.
devices during device Ttransportation and testing.

g™

(2) Description of pricr art.

The present 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



One manufacturing process which can lead to ball deformation is that,of ~
testing and particularly testing at high tenperatures. After a

sem conduct or device has been fabricated it undergoes a variety of tests
to ensure its functionality and reliability before it is shipped to the
custonmer. If testin perf or med at %Pevated contact bal |

def or mati on bé 8n8§9?foerre OF; REP-E Bfce 'Ph2 Re¥d ﬁa h?i %acralg% &8npl et ed and

t he devi ceiopked utdSnake ambmentcatleﬁpenatujroe;s wii tdent@atinars ciwddie balls  due
to the pressure_ex rte th on,nay_remi. he f ing it is clear
that BGA™ gcﬁnl quegE rgaﬁfreée FRE Pt Re S(’:eomn con ug%%aﬁﬂmg argggpl aced adhering
to reasonmabkéng cderfanees, Tmimtaltlhespf@ssmre éaeqifiemb Wi béaeskiing cont act
is not excessive and th [reki h t S rel ati that is
the BGA Seri¢ cono'?.la%r](da d%\gn ce cd;%F%ego %%sn%%tgn%h??%ea?flgmléj}ég%tﬁgaﬁyl n the

pl ane of pegnphetal Hiegsl. t2pe and.e2inshow the Prior Art device input armkit,
both in side view and a cross sectional view. Spring 21 exerts downward
pressure on pick-up shaft 10 for better contact with 2 the target socket.
The head 24 obneheammmnpisbazﬁiocmw@@ch noin Hawé thardidred sides and does
t her ef or t. r he i Ly h respect to
t he targae%éggﬁ%é th%Qﬁl’fa ssggﬁg pro gﬁgﬁhm%r@{]%%i%fto V\érr%)tl on of the
pi ck- up stiaght td@esiathireespktiten @ thelcarduettogodReice imgepeadent of the top
plate or jedycaZe ol Raabbpils &r BaraSSPTUY Yoolbi S MRSt BAL for any
novenent or orientation of he input armassenbly wth respect to the

t ar get scf@llzlélti@h@llté’ntap?ier%ﬁsls@tﬂllywl%ﬁfsﬁet ii¢nési ssigifed mel b ng t he pick up

shaft 10..,LhenBCA devi.ce; (9ot ShOW ndS$ Al taghefed Memperatures,

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 therecn 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 is 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



transportation to the head 24 of the pick up shaft 10 by means of vacuum
-suction, the vacuumis provided through a channel which runs through the
center of the pitch up shaft 10 (not shown). Stabilizing pin 23 is used
for danpening any notion which m ght occur between the pick up shaft 10
and the body of the kit 22. Cips 16 are provided for manual handling of

the input armdite. THEidPUTHAr fLi$ M58 (hOTpld WEOVRIENt Ol BGA devi ces
(such as to the hot plate and the i nput shuttle) except for the testing

and out putPedidvicoRBamired sddearmd Soeenbh§reEOTg PPEr @MTLTT éM t he i nput

arm assenbd y; e dth@gPEhOrde Alde k@@tpﬁe{ﬁ’éﬁgﬁﬁﬂ@ﬂl Yrdspedeses i f1gd dapgdet ai | under
Figs. 9a and 9b 1gol | ow ng.. Figs. 9a and 9b show the Prior Art BGA device
test arm kFtckalogéPRE? I tHS8 BP 0RROEEPPoMEBFL tHiLSWRi FOLIHY £5a88%nbly is

simlar tg_pié]@-u@rﬁlﬂa@tlsi(y Wd@BCEE DL Pricoknér ta b\ eeckét, Figs. 2a and 2b.
The main difference between the Prior Art input armassenbly (Figs. 2a and
2b) and t htr4Rsndgpin OhsdEntiry PRigs 0&and? ot iteet FaRut HE™ est arm

assenbly hassed1hOPTRL 8t 93 angk arseldnyonbelaskfest: piesecaienecthe body of
3 the input, arm assenbl s. 2a and Zb?:1 consists of one plate. The pick
e

(Fi .

up shaft 98¢ B top™™ i hdesWt Ht difgReChetC t'dF prRaPRt o Ck& sEh8Bi i zer pin
92 is provégieide asdanpen apysiiDéhoHM vsiehint ghiingcede paimegn the pick up
shaft 90 a df&ellgte 93 of the test assenbly arm_ A ﬁgrip 97 of proper
t ensi on is&bar ilded™80 PresEVore utye SheYAtat® 8 S6F R Pi ck  up shaft 90
into the sockeiooetathen ttar get pbad @olorshuttpick ufl spsrdbimne provi ded for
ngnual haﬁ%&%ﬂgo%fvggiﬂﬁ%%%t§591 %ﬂé'vacuum is provided through a

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 1s described in detail under Figs. %a

and 9b following.

Figs. 9a and %b show the Pricr Art BGA device test arm kit
together 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 assembiy (Figs. 2a and 2b) and the test arm
assembly (Figs. 2a and 9b) is that the test arm assembly has
a top plate 93 and a self guided rest piece where the body of



U S Pat. No. 5,766,021 (Pickles et al.) shows a reusable socket for
maki-ng el ectrical connection between a BGA type package and a test
fixture. U S Pat. No. 5,6730,606 (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 (fayl0f): ShAWSs fediinf 8¢€gBDWY ans0eK et d0; 28 gEegid oni ¢ package.
4 SUVWWARY OF THE I NVENTION It i s t%e obj ective of the present invention to

provide f8raRegHine RéElrae ehafd Q8peftibl%  nBveneifesot hEeRy T dhduct or

devices w Eanﬁyiahf‘e sem ﬁoyﬂél&ithrz_egeyi&egzrr%UE@@&Médﬂ&oaanpé@_satﬂyng
environnents. It is a further objective of the present invention to
i ncrease t RELHPHAUELCPhRRN T MFCEPABFYFEY SRSt RE A t4HR Shedhi 2ottt or

nmanuf act ur bngrangh tsthB gL 8VidsQBRBNY Say. Al BEF £A$1 97 ochgrspeer, type and
size of sem conductor devices that can be transported. As shown.in cross

section inERF-CS, % PEEHT CEhdRe POFSS deVilCe S5 50 ialidty °8 Sentdoddét or devi ce
m)unt}ng supperdrbho Whth tglepearoicmgewf She @aapbur ghidry of cwmduet.ive vias
53’ ormed.in t sem conductor device nounting support 54, a

Soni conduct8iba 1 53 SRt EAF e B aeth GHANCEr HBRReEeS it i ng suppor
54 and el ectieically coupled to the plurality of conductive vias, a
plurality of conductive balls 53 attached to the sem conductor device

mounting support 54 and electrically coupled to the sem conductor die 52
t hrough the 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.3. Pat. No. 5,730,606 (Sinclair} shows a universal
production BGA socket for mounting the BGA on a circuit

board.

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

socket for an electronic package.



pturality of conductive vias 53'. Fig. 7 shows an input pocket 72 for
recei ving the sem conductor device and having a plurality of sem -circular
holes 71 so that the sem conductor device 52 can be placed into the input
pocket 72 such that the plurality of sem -circular holes 71 of the input
pocket is providing proper positioning to the plurality of conductive
balls 53 that is attached to the sem conductor device nounting support. It
is a further objective of the present invention to allow inplenentation of
‘the present invention w thout havin any inpact on sem conduct or

" manufacturing or testing 5 §HHHP%¥dg?5WﬁeFN?ﬁgﬁu?he positioning kit which
is the subject of the present invention. According to the present
invention, a plate is added to the kit which is used to position the BGA
seni conductor  devi cenThe i BGA ¥ brguhdes-d¥enposhtémnion he BEMvidavice into
position for testing and other required processin peration tsuch as

devi ce bur fo¥ mighRe REEUFRFDESY ﬁ%pﬁﬁi‘kﬂévi“%erf‘?ﬁtg Og SEEVTEEHocket in the

target plagg,;dhenkate Wi crnhasnbeeivr addede tmardtdracBGAiglevirce kit is

pl aced on ball bearings to allow ease of novenment in a direction which is

| ateral or tepekefdvéGPAPtG t he directi on of the novenent of insertion of
the input armor the test arminto the target socket. M salignnent between

the input arm (when insertjn BGA, device kit into .devi ce target
pocket for testFEg%Sﬁhﬂ%@thﬁ? éhl???lg? %k ESPSAF m 4%?@%%3 %%sting of a
BGA seni condusdsy rBevhesduanthahbiei h@rgatzbddcketwicdrini hhehi s  nanner be

conpensated for. A BGA device handlin ratus_i.s ositioni
P semiconductor manufgcturlng agjq%%%lng env1r&ﬁ%§gtgogyp tioning
increasing the number, type and size of semiconductor devices

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

5



BGA sem conductor devices within the followng fixtures: hot plates where
the tenperature 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 sem conductor devices are placed or |oaded into the hot -
pl ates by neans of an input arm input shuttle which al]ows for a '
nul ti pl i &PPFroFiBEk eﬂe%ﬁ%st eopﬁélgmwgdﬁ(il%t%h]ac}b&rstit Bl 2Kt i on for
further ogpenatponsnef itesidiing.or manufacturing; BGA sem conductor devices
are placed or |oaded into the input shuttle by neans of an input arm

out put shuttle which renoves a multiplicity of BGA devices froma testing
or manuf act ur rrgosdaid awr, tB&A G sen conehictcor, deplees iar edgkaced or | oaded
into the output .shuttle b ans _of . an  out arm whi.ch_ is of the sane
design - 0% REL O “ar HroekPRg Bt € MinFEh ST SURSCRY ¢ pl i ol ty of BGA
devi ces deoibe. rBtainsadkforgdnicextended tiensodhofBAA meviue irca

i nterrupt ioggtignt eri Lol gfrtli n %tganugéaclhl%reidngrgee yence. g}%ﬂtiosen‘i conduct or
devi ces &re pfaceaQ or °Poaded 1'nto the doCKi ng p?a e 8y freans of an test

ar m whi clsughows désrigeoperngin .daheekiofguilvess bk etGA alevheehamdl er . testing
plate, B ' ctor A a [ e testing
station b%}%‘v%é%ﬂé@%l%%t g %e%td%%%qta{)%%'agﬁgegé%%%??%gg gﬁ%?? egls and pl ates
i nto whi chideietBGAhed@GRcedeviscd kder tedplrceplosint pohledearéngortd he purpose of
the present jn i [ ed _t get nl at es ockets within the
t ar get pl%gtlgg %(% oo%ﬂlmgﬁ&f%%t %&ngg{%%l%gl w?%(g}térjtse&-%qgr?gr& he purpose of
t he presestpendentliagntpeties rdddection 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 farget 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

manney 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.; JME
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

6



to as target sockets. Fromthe above enuneration it is clear that for BGA
.devi ce testing and manufacturing operations different BGA sem conductor
devi ce handling assenblies are used, that is the input test arm the
socket and the docking plate. The input armpositions the input kit with
‘rTespect to the target plate, the test armpositions the BGA device kit

Wth respect .to the test plate. These two or re ass lies, .that is the
Moput kit ST TR Eesdhatat i dbalBoa TRnehe SriH the scope
of the preskattiagnineons ¢h addutpon,atrhehprhotis arft thienghee giddenpin i s
being replaced by .t ui de pins mounted on the plate and placed on ball
beari ngs \Aﬁlsceher eC}S/ul.ﬁp}[,L\@ gﬁm'm)re accurate and dependabl e positioning of the
BGA device kit. 7 Also, according to the present invention, increased

flexibility in transportin nd .handl i ng_of .BGA.chip carrj.er S
ncoonpl | shed by Fod TG Ehe haad P Ere BT oPag shart oF TRB. B devi ce
kit which nmovies tdteiB@A feviaxe cyebnden paiifcdepént ingogiuki obnsa The i nput arm

noves the B devi.ce Ki 0 g i in shuttl e.
The i nput TAFTA can ﬁlrtlhet?ﬁebleratr}gggE?g]régﬁnfagkﬁg%‘%lecfﬁgggégﬁ%%/’e%eg’lr}?t of the
devi ce. Theemestndrapompvesvides BGA deyiak di floaded hativeshe dogikielw of t he

BGA test p Thi s _inc flexibility I i.n sitionin
o devi ce URSE® (o SPaent i edtt fon 1h Fefar et o akstr & rar s ’
plurality of tewizwkesi testlandangpes. does not have a negative effect on
manuf acturi ng throughput and consequently on overall BGA device cost.
Modi fication of the Prior Art and presently used BGA

testing plate, BGA semiconductor devices are placed or

loaded into the testing station by means of the tTest arm.

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 which the BGA device is
inserted is for the purpose of the present invention referred

to as target sockets.

From the above enumeration it is clear that for BGA
device testing and manufacturing operations different BGA
semiconductor device handling assemblies are used, that is

gW; 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.



device positioning kits in accordance with the present invention does not
i npose any requirenents on other existing equipnment in the BGA device
manuf acturing and testing environnment. BRI EF DESCRI PTI ON OF THE DRAW NGS
at.. Figs. la and I b show an expl oded perspective view, partially in
section, of a plan view of the pick up shaft (Fig. la) together with the
i nput arm assenbly of the present invention (Fig. 1b). Figs. 2a and 2b
show the Priomnlésl ddqutidiagntasgenblrgsent idvehigsn, 3mm@anrds3h show a side

vi ew and cross, sectional view of e positio t of the resent
i nvent i or‘faeﬁiaéllWa Ph oot 4G -SHoH! 688t?€eBQ%\ g%i‘/lec?lﬁ%-lel Aput
shuttle ﬂlsahecmﬁhsﬁlhﬁeﬁypﬂﬁﬂlfbhﬁgd’elsé grsdf of the iharfipr stk ftpadkets in the

shuttle Iat W§ a,Cross_ s cti f theflrst p055|ble
chanber e% shg ée 6&?@ J’tcﬁlemf“ﬁef]t&s B%?I e htat €°™EFS. 6 shows a cross
section mihfh?laeastemdtposs: Bilte: ahanbearzerd n@hlsttlee pEkeevioe thig i nput

shuttle pla i 0. CLOSS. 15€ third. i ble
chanbere%oshﬁgtfle@%ggéeﬁg?ﬁ %ée Fﬁ%u s%&?@?egﬁpﬁl%l:e Elhésl a and 8b show a
top vi ewagh oae Dfrthlkee pockstd fdesiagm@uh@f[ mechotediravemantd athe shuttles

t oget her&\g tg & LT qﬁg §g§%a ancyﬁ'l g%/ t;] t%%ﬁp gsition) Qgtgogllféet Jr both of

t hese ap Ccat| ons. ow the r|or Art test armassenbly
Fi gs. 10&oahdt 19D @ho@ﬁhh‘eeszl deaveewWaind i@ccpased flexibility in

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 negaitive 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 lb 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.



sectional view of the test armassenbly in accordance with the present
inventjion. Figs. 1lla through 11d show an expl oded perspective view of the
docking plate (Fig. 1la) together with a plan view of the docking plate
chanfer guide (Fig. 11b), the cross section view of the docking plate
‘(Fig. 11c) and the cross section view of the docking plate with a pocket
(Fig. 11d). Figs. 12a_and 12b show the nodifications required to the

pi ck-up shaft, BoPR* i+ ﬁ“&‘e%gi W B grIE2Ry S arfd G A EFOR% SSE&EPPdhal vi ew
(Fig. 12b) viewesnhanee ppsekiamifd exicbokithe Febegs. iddattibhough 13c show
bottomview (Fig.13a) wth side view (Fig. 13b) and cross sectional view
(Fig. 13c) of one version of the pick-up shaft head. This version uses one
pl ane or surfac&igk.tiwe shaltphheadsdor aeptrypdattioet heew hahftearednshut t| e
openi ng (or

devj ket). Fi . 1l4a.t h 14 h th i
oPeThed O bpbErl € e ihkn e poRe b, gt Tods el BRSO SR o

14b) and i poekeSsS iseadheoBhwiteM Flage.14c). This version 1is constructed
using three planes or surfaces of the shaft head for entry into chanfered
shuttle openings. Fig. 15 shows the a shuttle plate with three device
pockets. Figs. T6g.ahdstkbis showan sxpliodedf peressgecti viecsdideof a docki ng

pl ate. Figs 7a_through.17d show.detail s of i | ate design, that
is Fig. 17§h§%%%§agsbugﬁzsi %ﬁ%%'ﬁﬂe£$%ﬁu§%¥fggggggéanggéking plate with a
| arge opening for nmounting a BGA device for electrical testing and two

smal | er openi ngs, phi ghyy, fungt [ op, 3, devl,68, PUELacoFh GoskiBr18nows the rear
vi ew of ="

chambered shuttle pocket in the input shuttle plate.

Fic. 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 c¢f 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 %b 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 1id show an exploded perspective view
of the docking plate (Fig. 1lla) together with a plan view of
the docking plate chamfer guide (Fig. 1lb), the cross section
view of the docking plate (Fig. 1lic) 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 (¥ig. 12a) and in cross

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

9



the docking plate as shows in Fig. 17a, Fig. 17c shows a plan viewof a -
socket design where the socket is designed such that the insertion of the .
BGA device into the socket is guided by chanfered sides of the socket, .
Fig. 17d shows a cross sectional view of the socket of Fig. 17c. DETAILED -
DESCRI PTI ON OF THE | NVENTI ON Referring now nore specifically to Figs. la -
and b, there are shown the main conponents of the BGA device input Kkit,
that is the batigem pPlatthrb@ght - tshpwpbat o @,iewhéFjpy clk3alOwdphshaft 10 and

the ball hearings T ick, up shaft .10 i at t center of the input
arn1asse§ﬁ%§.v e %ﬁgk Egbgﬁ%¥%cfﬁssi%3?%ifﬁ 2dv%?ri: égfogg%{a:é by means of
a shaft smeppersidh ofBahé ibied-upgshdlt dreaxdpr Buisletcusioa gsesuwlrar nounti ng

ar ound peni t Qlégh i i.C shaf t penetrates the
upper anéﬂt%ﬁg ?%m%%f%%& Qé g‘ﬁ%%ggh%%gg%crt F‘Ggip{/.l Oestgelg bal | bearings 12
are the kipnfereheshmtadentrémventpondeyirfse potkey) al | ow novenent between the
two plates 19 and 20 with respect to each other and in the plane or
direction of these planes. Four guide pins or screws 17 are used to

mai nt ai n the Figkatlie thosboh o hghoet Weersadsad saeriql atfeths and t he upper

plate 20.:Che, Oéllﬁftsﬁﬁtcl{jo{h PortBESE1 O UrsFCT 88 174 %id&h{’mfeéﬂed and
screwed into the lower plate 19. The upper " section of the four screws are
t apered, (tfhgseldippeandsent forss seftipe Fiow (fegewsicl7 phaosrueiesidw ough t he

| ower pl gte -gRg: - RERGL 1,81 £y OuQﬁ%ie“g%zl?éQ\éird%qrff%eé hjss «pUr pRs&. i n the upper
plate 20. Due to the tapering of the four screws 17, the upper plate 20

has freedéafof oRoVerNtNER ¢HEERr¥ddspEdtlicoRPeM 198 T espect to the | ower
plate 19. The bottomplate 19 is positioned onto the target plate ”

Fig. 15 shows the a shuttle plate with three device

pockets,

Figs. 16a and 16b show an explcded 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. 17¢ shows a plan
view of a socket design where the socket is designed such
that the insertion of the BGA device intc the socket is
guided by chamfered sides of the socket, Fig. 174 shows a

cross sectional view of the socket of Fig. 17c.
DETAILED DESCRIPTION QOF 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
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by neans 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. dips 16 are provided for manual handling
of the BGA device kit. The BGA device (not shown) is carried by the | ower
‘'surface 15 (Fig. la) of the pick up shaft 10 by neans of a vacuum suck

whi ch is pravi t h \; u . AN 9}/\@% I I t.hr ough the
center of tu%egg?c l{}{)%g%a {}e 1}(%3&{IL @S%Fﬁgggdlezg'a?% %? th CS(}){%JEJ% p%)ctl@and
operation et the B@Aerdevi tke timmdpernatiomiivt Fhe praviudedhd F t1e

fol fowing deqcihfld o @heFigs-piddcapd mband bel § ChEA! diBbercien though
the BGA device which is 11 carried by the | ower surface (Fig. la) is

not shown BAllPpearings andard,pPudviiseBGN deviideuilar typindanPyareyichccor dance

with curre p ' iy n hGgond : ' evi ce
Whi ch' 1S, maURL SO e a RuBEE T AT D i ont Thas 3 B P R T 2 S ural i Ly

of conduct ithe vPeer tave thpebeWdomiedernl? rﬁélds@lgs??%\@@ti'ﬂ?éYB@bQﬁ_ee is
mount ed onthe b%%%grsgtlgl apd ﬁie)e/%g;,' £8! {pe megﬁgl%&é&qoal yrald ty of

conductive vias ural it conductive balls 1s attached to the
substrate &hgYehbkaw inegelgnE RFFEEN S hevo $aritesntbcadr 28i 82 ¥hr ough t he

plurality qf ponduc!id@nVbaer dHd1in3bhsNOMMeAoSPEL AL-AbnmeENtRdaround the
pi ck up shaft 10. This spring 21 exerts pressure on_the pick up shaft 10 in

a downwar d PBANZS axi Bl iguéee | BHRIMATCHCEEWS he' dirfeBEfOF DMeiREA1E diifet

socket. Theghamrderssisiidasn®ivddiRehovgs Bdaeea2d Of andhenpi gkpdip shaft
10 w Il provide easy entrance to the target ocket which is nounted in the

surface of g&aparé%t qﬂqa@@wFﬁogection of these four screws 17 is
(- 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 carrxied 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 (not
shown) running through the center of the pick up shaft 10.
Further details of the construct and operation of the B3GA
device transportation kit are provided in the following

description of Figs. 3a and 3b.

It is clear that, even though the BGA device which is

11



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 up shaft 10 are
shown as chanfered, these sides do not, within the scope of the present

i nvention, have to be chanfered. V\hen]é h gew ce handl g arm positions
the BGA G&VFted aBbv&Pandorst oSHHER oc gFJpq at € wht h*Phe 3P et"socket ,

the bott grmypl ai@ Aty wid, | tallltsgeGAheevmecklslrr@hafauip M tdcddielahae get socket
further ur ed y the action,of spring ear fromthls that the

c
posi ti onAf" of CtquéeBFck RFgCshatt 16 |st}b‘?1l ysﬁ%bﬁ?r&{ué:tlofr tHeFtcenfer of the
pi ck up sbaftoddiderl eratied exaekhl ytsabmaeteheongelormib*slttracenmmbf t he

pocket i the tar I ate, The nt_ inventio ddresses and el im nates
any negattVe? g’@%%%’n BREE up ?el Y gnf‘reren nc{]uﬁ% M Vl?gsﬁﬁfei f this
al i gnmenteks normeartcirr atlee crubisfersteé ghTha/aHsd;PatdeLs nnctuhneedabhgmtrent occur

during thebtajbrre t hat .t he deV| ce ﬁnd t he ddew ce | Quu? rnglals&en‘gky are
p

pOSI ti onga 3:(-)‘3\1/126 t ﬁéldt alelect:t CI at é fS?u%per atl ona 0SesS.

m sal i gnm:enﬁud:tuate t heat Ophilze plaatleltzﬂaloftyt heet BGAndlemw kballlrﬁa31w th the
postt10n 9f sLies Bbiafed Rk up. shakt JQ.Lal Longd Mg She. g atget socket)

will be &cEonmbdated b ac}1 fent Sin the re on vveen t he
top pl at ecROcant:dtoe boetiquwlgat ehd Mhiaghtiysof rmdvelupesse b¢:@t5by t he ball
bearings 12. The top plate 20 is held to the bottomplate 19 by neans of
the guiding pins 17, which have a threaded |lower end that is screwed to
the top Fpbateb 20w gsspdiand Rhoughnd shrownd pea spedt weshdfdw of the i nput

shuttle, ;Looghfers Wit $1& 80285886410 nt NERE RBSSHRES 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 1C 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 if 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

plate for operational purposes. Any misalignment that the top
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~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 net hods 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 t hrough 4d.

These th further detail the th
figures. {RACPS Fi a8 BREGTIN . FoTnid At SRGLRT® e B T of hor

t han t he redesngmlmﬁcm:he spﬁﬁkéﬂs(ammgnedfwaﬂhedheChaxhﬁthbskéﬂ are secured
in the |np%EllngttC%mmgdg¥egq9n %hgeﬂp%%e4ﬁ%rﬁpeseﬁgurderprns 41

serve to position The I Apu arm asse respect to the
i nput shut beevedl i $Icmvrslafh€e Z0 rasfd olfze thve tiokwr eeam)s’l§i Whécpotket designs

for ihe shythleppaskats,yThe. tivqe pockel, dosi gns can hecershersed to as

i nput pockets sTnce evice'is i'nto of Gtted ifito these
pocket s ShbﬂmdlhoﬁﬂgstEFOﬁ @ete 19 EhemeaqnnpfpohkequﬂdMMQ psnshiolwn in Fig.

7 further at t . RQC pl | i 0 em -circul ar
hol es %QE %éi} kgkgaaggq_ r%v?ggs ﬁrﬁfsa%%%w%EﬁgrEP%eﬁ%evice or
seniconducpeatd|%352 at points 51 by neans of a support step 54. This

design lends itself for device kits with |large open space or tol erance
around the periphery of the head of the pick up shaft, the design would

t heref ore Bédsuitapiheotgh 43 hp7e2peBEECHiVe Fpew pdde arbund t he
periphery qp, g X4 BFAcnts FONSiGer 2bbYs Y& bhTl wdcm@nbegsmaé this

design for the shuttle pocket is not suitable for smaller BGA devices. The
sections nRPkEdt adeHENgndASFSr dft hbe BEe Pa) éavenyiqns thgr Pockifts he BGA

devr ce, it ghorpge alrlﬁaucﬁhgﬁhﬁﬁie SRR thabe 'ﬁad@%@@hed, this 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 toc 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 peints 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

the pick up shaft, the design would therefore be suitable for
13



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. 5is one type of BGA device that has step 54 as part of the device
52. Fig. 6 shows the second possible design for the shuttle pocket. For

this de5|gn t he device 52 is guided by the chanfered S|des of the shuttle”
pocket, thé7@e(iRG- 5§h§n%P?Wu§paS§a?¥?ﬂﬂ9 5BeaPRT RGN G df r 861 15FP%nN t he

shuttl e plsaten$ilderkey ﬁ@f@@.l@@t@&&ﬁé@ﬁn@)’thhlﬁ tHipltGeat hasserdhey 63 ont o
the shuttle plate 61 w therefore ﬁﬁidlr tIy transferred to the ball
beari ngs *53b rﬁqﬁfthésﬁ5§éF%FFFP§e Bhi oA FEIFFRgs BS might be
damaged @@cdeéﬁﬁrmﬂikeﬂtasSSZ(mnhesmof@mh tmhaBGAFmEvﬂqmﬂiSarﬂ$a§éﬁﬂﬂﬂ y 63

consi st s, £ 6 and_Fi fo of three distinct
level s of® g%%“? eVlc%’s%Ee %mgrea§%ﬁﬁﬂf8ﬁar% ?%e §ﬁu%?lneaqéte 61.
These t hresa destsgrraa’cn:s haye axotthbesnciatr tehige Eliff'JE'reenBiLatleeiaergst hi s

descriptio S|nc arm part. of. the .pic af hat protrudes
Hg Onlp EAJQFYH9E Qrgban ﬁgate w%¢Flﬁ% %Q Gi

t hr ough ) ‘the“thitd and | ast
desi gn Wcﬁehnﬁet(ftﬁlss:&ﬂpdélomfsﬂdwa prneBant 5 ri\seuhé otyfeolo ft REA sdratitdee pocket .
The i nput b ﬁrn163 |s Hlded £% t?e chqyfered §|des of the pocket. In

addi tion, theheld® &€ Psémi 2TiREh & ?es v71e prOV|ded at the bottomof the
shuttle opening 72 into which device balls 53 are restlng Thi's design

prOV|des f r gqsev%ntglsgé&gﬁg%ggf 1el %lgée£%ﬁqu ﬁgﬁgg whi ch is now

exerted ORYtheé device er than’on eari ngs 53 as was
t he caserpirkehe quebedlwgmdgskgn (&7 igre 6F. 1§hg$uﬁﬂhkgnthas t he added

advant ag%hQR?Q{}Q&”sqld@g betder sﬁﬁ@%lg'ﬁ&%&“afchg%éﬂc@%z bearifigs 53 undef™

conditions o tenper at ure operati on.
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 h
of the present invention for the shuttle pocket. The input
arm 63 is guided by the chamfered sides of the pocket. In
additicn, 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 i1s 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 disseminaticn to the

bearings 53 under conditions of high temperature operation.
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Note that the device design 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 these applications, designed to be smaller
‘than the matching device body package. Fig. 8a shows a top view of the hot
plate input shuttle or output shuttle pocket. Fig. 8b shows_a cross

sectional “OFewW it thé ABY* Pt &8 1 PRput frE BFVDIHNSUETERW T 138 pocket .
The previ ogsecosmeEnt SrAgdesy egakai Rg bhedMpulr sheltddvacappatyigd.o the hot

pl ate and the output shuttle, that is no redesign of the hot plate and

out put shuttle is required within the scope of the present invention other
t han t he pocket shahiicdinfeGangbecsdvgdesiognede alry oFhehs ane-kpagkehaflesi gn
approaches.as__shown.i.n. Fi gs. through. 7. Fig.s. 8a and 8b show t he

i npl enent at-Poh®of lt%%l%gﬁ‘gt”ﬂ%ﬁgﬁn h A6 aaﬂ?féa\l/ﬁet %hfhgesﬁr 55§sed met hod
as per Figis7,féhathese tppliddtridnel tdeigrmpessbbbe drwldernebiodsheof pocket
desi gn. The gogketcgesi n qih sh%Mm in Figs. 8a and 8b is used for the

i nput shut fFectHe ea’af%ufeo dY1“898nd the hot plate. The BGA device is

gui ded by the chanfered sides 82 of the pocket 83. In addition, there are
sem circul ar holLes 81 provided at t.he bottom.of the shuttle cket 83 into
whi ch device ba nge%arisﬁl E30F1 Fohe e i%%ef 58 8E%ilgn u[J)Cr S\I}?gt—éis(efor an
even di strbbubuoputofshiuhele exerdeed FoyceBH dowshawmosshisehtisnailow exerted on

t he device_.body . rather than on the ball. bearin Thi i gn s the
added advaﬁtlg"éeg%ft%ﬁr g\?ftd?%&étebeltnlpél(r% ﬁ%éfttl i gge%géa‘ﬁ r(}r?%'g:g?(tg e ZC\}i ce
beari ngs umiterpcondiusi onsneft hirgllet eaperditngr ¢heopapwt isbrttIdizomesi gn of

e oA M EbSEng AR BOL Do) And"RRBAR AL RUED 229198 SDRNS,OM the BGA
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 samngggket design approaches as
shown in Figs. 5 through 7. Figfs/;' 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 device 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
pody 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. %a and 9b have previously been described under the

description of the Prior Art.
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Figs. 9a and 9b have previously been described under the description,of
the Prior Art. 15 Figs. 10a and 10b show a side view and cross sectional
view of the test arm assenbly of the present invention. The pick up shaft
107 is at the center of the BGA device kit assenbly. The |ower or contact
surface 109 of the head 111 of the pick up shaft 107 will enter a device
pocket wifttiFn t0r gVl Shasi SRAPe”iftferdd RECBGAUEIPERL I 614D be

posi tionegd ft:ﬁé BOA 48VhSLeki@St bRgthd NS RALT YniddQ dnheThestigocket is
facilitated by the chanfered sides 110 of the head 111 of the ]Ggl ck up

shaft loﬁpaﬁaaﬁ’bt]tq;mlﬁl at "R GRRCER GhitdE PRE PRECUF i tsARPT™IG7 to the
desired posi tbear re &bh’i@cﬁ GudtacBG ey aee he&ulng &(ﬁckﬁé dycKTeeting with
[ Furt her accurac BOSI tioning the test

the docking plate guid ¢,Pins

armis relcﬁ)ursgegt ]vﬁi ¢h se?)tred’\/ladéavbg/e R RGEsT G BGA Uevice test kit
assenbl y wefstt peatpy egent tﬂyeﬂﬂiﬂﬂvmbechspko%ed§65fmmnkmnfoﬁ|Eﬂes, the top
pl ate 102 and the bottorﬁr%gl ate 101. T gui de (genl ngs or bushings 11 are

provi ded %37 CF oligH B e i St I F R BGACAEV PR G et kit with respect to
the test falcatetatset bySChéV\dShahéEe&édUEB:’aé}r 1f1IOXthﬂ'lé)Llﬁshlldng$l 14f afhet he | ower
plate 101 with respe e test at rin |s used to
prevent IFa&RafR Hi% gb?h%n%i%c ap %ﬁaaﬁ %fo";\hf‘ﬁht%uelq? pp8F PHPaf® 102. The
top plat ehd@2 167 hel dhtoget hrerd woshtidre deobtome mutduen@Gal a¢welck0l by neans
of four iall i ned ui de 0} The are, tapered at the
top head%fE %lP%s%lo fcl ct'i on egvv"eqeght%e tdg)Cklfl%t a%(‘fz t%e specially
desi gned 11gui Eierq;hens atO8raey |1mgpoenrp:ccasmg)mhandwtetamusone@ilnehie assenbl y

during ag%ley 8L J.8R4LAY LPSRRCULYELY o AUNdc£agh, Qi dg.piyy 108 there is/a
spring 1

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 reough crientation 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 '0' 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

always in the correct position and level for picking up
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correct tension, a total of four springs, one spring on each side. The
_spting 104 provides the conpression force fromtop plate 102 which cones
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
“handl er test arm The center spring 107 provides the refracting force for
the pick up shaft 107 ensuri ngC that the pick up shaft is_ always in the
correct poSFYiers dfd™ &hel shurtlsi ckhaguipieleigev Cesrrrshtihd'&Kuttl e. The

gui de pi ns:A08yteref-gr8e oW §ostiRecHUd) R PeSCoRTpIRRS tboNniNg t he bottom
plate 101 with respect to the to | ate 102 and of hol di ng conpression
springs 104SFRED} 4 FDFhECR d¥2 R Eogfarﬂlé’fplhéégh%g iSPEREF®R°R i s provi ded
Wi th two gupdengd n4108 whieh masutest iidrerechacsiiahe andedepandabl e
posi ti oni ng of the BGA device kit. The pjck UE shaft 107 with spring 103
in conj unct? o Wtde% Heth ol RPAPnBE 04 8REHD sprid Sof “t'R¥ Tor r ect
tension, peevifiere ansiobefediite WBEEHid:OIMEESrt BRe d3A cevisdekit.est into the
test or target socket while at the sane tilg% Ereven,tin .any gcessary
i's-c

I .ynn

force on thBStREt: FPmPREF bt he4BovRr 119 Baro Pt PR Pt K Gp shaft
107 of therbestsprifgeanompPVeadm sprifllyrectimen cohiedt itengebpensiicauldar to its
axis and, in doin so, find its optjnmum ar idegl position with respect to
the test SotREtd “O5H WotderOrE8SaFtOWT O niidf 1RaTdrPhY 9 the test
devi ce kit teShadt tQuigde pobdisetlInane pt mhadedmbot asswrevehbahg tdg pi ck up
shaft remains in arpo%iti on whi ch ist erp%ndi Cjélrllar to b%tos[n Ie%te 101.
The BGA deVlBECTHOY YshORRT 7% Piccked u'%mém "R HAfHNSt Lt the DStom 109 of
the head lifaoftidi@ipkckpupmahafin7107 ofe telbe BGA devimogekit dy means of
KigUUﬁ]SUCEigéggth%hgkﬁ 93 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 pilate 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 joined 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

during its operation while the input arm merely moves and

positions devices.
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vacuum openi ng (not shown) running through the center of the pick up,
shaft. Plates 102 and 101 of the test kit are joined together by neans of
a specially designed screws with guide pin 108 which have threaded ends
that screwto the top plate 102. It is apparent formthe above description
that the design of the test armassenbly is considerably nore conpl ex
than the design of the input arm This increased conplexity 1in the design

of t_hg teglt a]IcFmgi.Sllﬁ ij?hedaxbyeﬁmﬁdbgcpeﬁémictlbhevieestomfztr(bi sqsubj ected to
consi der orce an riction ring.its eratiQ et i nput arm
ot ol v OVEE RGP 500 b SRV cRL A F 1 goOT T SHONS Bh Sl Baed

per spect icue wiew laf, shem TOTkKborghplglite omntchosupwtgumkiatplalﬂm bottom gui de
plate 11 cut .oyt 115 117 f or . hei.ght n ui de plate 118,
pocket og%ﬁr P TTT ZRa G Ehe ForRs 195 gr% rllgér)lt%rl 8518 ?Jh BEA devi ce
kit wt hthesbez&tddvacbheltioalmhngepbatte tbl4he &bgkirdd lpishev\BM he plan view of

the top qQf the docking, plate vmthc erede s 113, . Fi IIc shows a
Cross sef%tll glrb s\% 5%‘) lan ddeky ng p St &P n° g%% arjdeé:k(l) t e socket 115.

Dependi n@ioh d:mmnﬂey:pel eeﬂgesa)cﬂléet Beg ngl usetpwasa mxgnla ghtetonal Figs. 5
th h 7 f' : i < t ;
{ ton “de p?att f%grgélcfol%%gmx bee rﬂ%%él r§|‘fﬁ & dppking top an

bott om gw resp “fhe opening in shim 117
may al so Deaveding b?@l &dpusyred.of Hef:gm Tegmgr obedf éténélldbtkghrﬁgpdpllait eis

readily %8%' d?‘h@éu Heansml%foraglg&? hﬁtl@%' eﬁ&.é ‘EloeS 05 POs shaqwa in Figs.

lla throu c to raise or lower t ocking plate. The guide
pl at es 13gchhey 1k aneé la¢ts‘@nchtamrﬂer@blatxmvéﬁ@sam¢1el18cerntser, ofig.he socket

prOVidianEheTﬁg(gE%Eihgsfﬁtgﬁy% 9&7t£5§ 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. l1lla

through 1lc to raise or lower the ftop 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.l2a) and a cross section (Fig. 12b). It is the
ocbjective 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).
Thread 137 is provided for quick interchange of the pick up
head 135. Shaft guide holes 131 are provided to guide the
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. BGA device kit and into the socket site. Figs. 12a and 12b show

.nmodi fications to the pick up head, in side view (Fig.12a) and a cross
section (Fig. 12b). It is the objective of the present invention to nake
the pick up head readily interchangeable, that is to renove the head
"assenbly 120 fromthe pick up shaft 121. This so that different types and

si zes of pick. up heads.120 e qui ¢kl mpunt ed for hjgh throughput

obj ect i ves?oﬁytlﬁ%@?d?ﬁg%ée %%%ega‘éﬂcepgﬁtyfggh betiie nt?h‘élg%it@ﬁgﬁﬁghgad 120

igg tr;_e pipll;aﬂ.qo oghahtit 424, thicsumobpectdpeaiagnl b drsplieaeented BGA vacuum suck
, Fig. 1l . 1S _.provid to.pick up t.he B devi ces. Figs. 13a .through

Tae fur Chet ot P B ngite CORPREr S firReo i T 105 Rbat W 3ot ¢ om

pl an vi ew 43#ky (dritgatla)to am dergyt evlak35pbEkgt dr8bkoakdt a cross secti onal

view 136 (Fig.13c). Thread 137 is provided for quick interchange of the

pick up head 135. Shaft guide holes 131 are provided to guide the 18

positioni ngigf. tiHe BvodBvilde Kitthelt hiatespestttiplietheohbzgetsurfhate or

shuttle. Vac S open| r.ovj d or vice, pick.up. The
chanf er ed é‘ll%grsﬂplggggf"p%s{o}lck%gtb%?g%ﬁp&oavq gzet’eéﬁélsg%%t“g%c% ?lgdet ﬁégﬁar get

pl at e pockéfiand4bocket.a Kmyss $datidwedughed4CFfqr tlHer - dBlmddd d4tripl e
contact-surface .pick e i t Vi, ew. (Fi a side
view (Fi g%s 4 Vlgﬁé gg]gr%ls%%s\é%%?%%é%%i gg\) ?‘L‘?S?léﬁ\((:yﬁ). }Eér‘%%'eisﬁgbﬁ is

provi ded fowidpiibekebsnt &l chdnge 168, tdwe pirokided headiui8hathe gui de ho-es 141,
Fig. 1l4a, ..arovided t [ Lt anj f 145 .0f the pick
up shaft aﬁ%ﬁelvmﬁoﬁl*lhg gjt‘f h%l%?lggau%bghgftseh\% ?E&ggl pésélia@?og?ﬁgﬂgtglr égt pl ate or
shuttle. Victurhckuck opefti ngth48eppeti des thertB@ERIdEVRER Pick up. The

%E?nfered §ﬁ&%¥iel59agﬁuﬁw%ﬂﬁit%péﬂgn@rfE§ 9%0@9&&% 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.l1l3 to the three

contact-surface pick up head shown in Fig.l14.

Fig.l5 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
fabricated 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 1is
being processed. Guide pins 154 serve for the initial
alignment of the pocket adaptors 152 and alignment to the

vacuum path and test arm assembly, cap screws 155 further
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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 -
form ng the vacuumpath that |inks the three head contact surface 147 with
the main vacuum suck opening 148. This triple head cont act surface 147,

Fi g. 1l4c, l.ows increased fI xi_bi e _nunber VI s which can -
be handl é’ SlFﬁ?ﬂ ﬁq]se F’PSE? a@ﬁgréoi]%/% "‘tltthsﬁ??%%‘:t c}:ew 88 % Ctelup head shown
in Fig. 1ldlkeet hel t lnuade pnm act- auefat:teaqmedktuptl'hse&ﬂhwh@wpiatdzl g. 14.
Fig. 15 sq%vlvsba Hsle_tzag%t IO% Qtieate 1 lf)\linm tQC ewse% oc (%reigp ors. 4a2. The

S e

shuttl e pocke are, "W scope Sent i nvent i on,
enl ar ged dffr ohetiecHertisowifnin tpmcbet:lset [adapepentazsdqmttatﬂéepembkfé:tr adapt ors 152

w il be fapricalad webh fhe,diskde.of BAckel.di meigi.ons,pl, each pocket

adapt or £55° corresp ing to a particul ar devi'ce srze?’ The pocket
adapt or s mbo2 f tamnt yen Uil kh ythmtseppha@tge:dleapdesamtt dotvedttiont he shuttle plate

151 dependen on nd i_n _accordance w th t ze a e BGA
devi ce tc erb@inﬁespF%%etgéjed oF dg\é Jésl rqgl?[%ﬁasne%\%e Hgl%te initial

al i gnrrentth@f ptehle \podicetl adapticr §p¢5¢2 latndvhaIChgnh@m degitche axmacuum pat h and
test armasgeghly, cap screws 155 further 19 position the pocket adaptors
152 with respect to the shuttle plate 151. Guide pins 154 are attached to
the shuttle plate 151 by neans of the guide pin screws 156. The edges or

sides of thepgckets, Wit Bl.ont 1, RECkes, adanteks Bess fer gdefor ease of
entry of the device into the pocket. This design Ification within the

scope of afh&hpréeddmnd averti diig-gleat | soaetharcesth h?eptl?pevtﬁw ddvi ces whi ch
can be handl fdaPy: cdBnPLES MR ANEB AL thhe SBEESh AL Wi chet hese devices

ar e -
docking piate 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 f”ﬁ
plate 170 is mounted as a separate unit into the lecad board h
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.
Insulation underneath the docking plate assures that no

electrical shorts occur between the docking plate and the
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~handl ed. 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 accommobdate the
changes to the device package, Fig. 16b. The chanfered sides 161 of the
"pocket 163 are nodified as indicated by 162, the width, angle and depth

of the chalrlrf e&i ng Ilﬁg adj usted according to the size of the sem conductor
to be handl889by ¥4k docking plate. Guide pins 164 are provided for

al i gnnment 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 presghg'iﬁ%ﬁ?ﬁogﬁ.aﬁ%ck d’&cﬁgﬁﬁ Piedt @5170° HRCdR9oBeathg 172 of
a design taeckitiwe abaceeptadheribest 750ckatulatibhel pr esentes ntent i on. The
docking plate 170 s rmhmt ed as a Igeggllerate uni.t into the |oad board by
means of f80r St o&d 554r A gUTF Y& FiRs P 7 Hhd"GuPIST 1h eI 2 tE R hdddl er by two
docki ng guilded phats-dl82he Adpmcentewsoltfieas tASb sheketioFithel ps esent

i nvention are provided two openings 180 into which devices can be
tenporarily retained, these openings therefore form device buffers. These
device buffer ateasliBGhawe #edshilgn changed cndtiadapledt twhegsebye as

buf f f h BGA devj . K , ffi h
dovi o i t AR T AVGCBuTT & i RGS. 180 1o AR G11 o e et the

docki ng pl ahe Assurcdsnthatd noidesl @é8roLalheshorkst ocitirinbehwess-Kilng docki ng

pl ate and the 20 l.oad.board. Fig. |7 ho a back ar, rear_view of the
docki ng pl EE%tetjeqlshcer iclglgré‘g%ﬁ%c\l/ean%r%ae?PF?sr@? folfé. Sf%%sul aBtSi 8% E}é% assures that

socket is approximately 30 degrees. Two guide pins 186 are
Q;} provide that guide the socket intc position within the work
press assemply. Contact elements 190 are provided at the base
of the BGA device socket, these are electrical pins that come
into contact with the BGA dewvice 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 *17-177

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.

The described pick up arms with the concomitant plates
and shuttles have been shown in exemplary embodiments which

is not to negate that other configurations are possible to
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no electrical shorts occur between the docking plate and the |oad board.-
The cap screws 178 as al so shown in Fig. | 7b. Fig. 17c shows a design for

t he docki ng plate whereby the BGA device is guided into the docking plate
by means of the four chanfered sides 188 of the socket within the docking
pl ate. The chanfered angle of the four sides 188 of the socket is )
appr oxi Mty A8ot ke greddd redhvipl Sitird €2 hi FRPPESE 1P R PHTRFNdE B hat gui de t he
socket i NHeipeskhddyr Wekhia dhe vaer kocpsessoasseaibye, Cost actbel enents 190
are provided ag{ the base ~of the BGA device socket, these_are electrical

pi ns t hatTcGREFSFRRF I SRERELS W G St fa™ Bt BEVPER - tH19%58aFMAgs. The socket
body w | lirsehveomsid HaterebanicancbapdsstoR trorpsemventoradyrreyer travel by
the work press assenbl Y. glg 17d sho%Aig t he crosi sectiogon along the line
S17-17 oPHBeRLT St YPhat Thas HEERMARYTEE © d%qwi%?n&%. The present
i nventi onrcazrdaserihedd Bededidd ltoabpy eapgymamviddesa iy attdst oaized and
flexible device kit, for ,sem onducﬁor Bal | %i d Arra apgbi cations.

Det ai | ed ~“di"f#8nEY ons® T5° P e s g€ P e>1 t ehd’™ rh‘é?of\‘/%?ée"sr fii red which have
been det adepd abowme: dmecreach |iyn detiennénedisdrnd atghteasiel ylatepted to
specific BGA applications. The present invention also greatly extends the
tol erance of alignnent of the device within the BGA thus nmaki ng BGA
applications better suited for future demands of increasing throughput and
decreasi ng device cost. The described pick up arnms with the concom tant

pl ates and shuttles have been shown in exenplary enbodi nents which is not
to negate that other configurations are possible to 21 provide the
required el ectrical connections between the
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, sem conductor device and the socket. For exanple, the nunber of sockets
.per shuttle plate can be changed. Wereas the invention is intended to
enconpass the foregoing preferred enbodinents as well as a reasonable
.range of equivalents, reference should be made to the appended cl ai ns
‘rather to the foregoing discussion of exanples, in order to access the
scope of the invention in which exclusive rights are clainmed. 22 Wuat is
cl ai med iS'hlg A nethod for transporting a ball grid array sem conduct or
devi ce int 84 §€ﬁ¥§8ﬁ8§8tb§‘nanufacturing work station conprising the
steps of: providing a sem conductor device having a sem conductor device
nmounti ng support wth a periphery, a plurality of conductive vias forned
in the senil¢oncechor fevitcanypuating a Sppoytid ey eenitwidrctdire nmount ed
on the semconductar, -dey)ce, IRUALENG supprt ;and, electrically coupled to
the plura |¥y of "condultiveVitas, Fa prura |fy of “tonduétivé balls
attached t oonpel sierd ¢badacems odevi ce nounting support and electrically

coupled to the ) tQr.dj g I it f ive vias;
provi di ng an in%ggb%%gﬁgg ggggéé%%?%%%gg?ﬁgﬁa§§W¥%§n%d%?§fo§gg?g§ and
having a pHevéaté tnougftisgndumppamtuliach habes pheher ebyplprevitingf a first
enabling 1 ap, LLANSAOLLLOGEo Sl shatho ordd Arnay. semgandugt gl devi ce into a
sem conductor nanufacturing work stafion; and placing the sem conduct or

devi ce i n sheremputa peucketndsuch thatmeurg gl gnathe yseaoficopdiicieinr cul ar hol es

of the InbyLy, POGKel s PLAYISLNG, A opeL, A0S 00L NG &0 Lhenpl urality of
conducti ve af S tqnat Ig att'ached to the sem conductor 5eV| ce
plurality of conductive wvias, a plurality of conductive balls
iwf 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
i'f 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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nounting support, thereby providing a second and a final enabling for
transporting said ball grid array sem conductor device into a

sem conduct or manufacturing work station. 2) The nethod of claim1 and
further conprising biasing the seniconductor device using the plurality of -
sem -circular holes to send pressure to the sem conductor die. 3) The '
met hod of claim 2 wherein said biasing is perforned at a tenperature above

the anbient,_t 23 4) The nethod 2 wh d bi
compr i Sed BT R0 o1 16 S8t UL 0P 8P 8) CHIE REThOUTEr claim 4

wher ei n tiheost e afembicasdimg:drn@evsesa conduct or devi ce conpri ses 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.

g,
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