28 APR 2004 1 TESTING OF BGA AND OTHER CSP PACKAGES USI NG PROBI NG

JECHNI QUES BACKGROUND OF THE I NVENTION (1) Field of the Invention. The APR 2{1[]#
“invention relates to the fabrication of sem conduétor Integrated Circu

and nore specifically to a nethod of final testing of Ball Gid Array
(BGA) and Chip Scal e Packaging (CSP) Integrated Grcuit chips. (2)
Déscri'ption of the Prior Art. ABall Gid Array (BGA) is an array of

sol derabl e balls placed on a chip carrier. The balls contact a printed
circuit board in an array configurationt where, after reheat, the balls
connect. thgsehg be BGR PNDNOEMER | ¢SRI HACKRBES. UBGAGS PROBI KRG CRECHNIQUESA0, 50
and 60 mls. spacings in regular and staggered array patterns. In order to
test a BGA device, the contactor elenents of the BGA device are inserted
into a contactor plate having a plurality of sockets. The contactor plate

s coupled to a Device  UndaixEashnbDbd) heardvehih is coupled to a

testing machine. - The DUT board is I-n essence a printed circuit board that
conpl etes el ectrical connections between the BGA contactor 2$ APR 20D 2

(1) Field of the Invention.

The invention relates to the fabrication of semiconductor
Integrated Circuits; and more specifically to a method of final

¢ testing of Ball Grid Arrgy {(BGA) and Chip Scale Packaging (CSP)
Integrated Circuit chips.
LI )

{(2) Description of the Prior Art.

A Ball Grid Ariay (BGA) is an array of solderable balls
placed on a chip carrier. The'balls contact a printed circuit
board in an array éonfiguration where, after reheat, the balls
connect the chip to the printed circuit board. BGA’s are known
with 40, 50 and 60 mils. spacings in regular and staggered array

patterns.

In order to test a BGA device, the contactor elements of
the BGA device are inserted into a contactor plate having a
plurality of sockets. The contactor plate is coupled to a Device
Under Test (DUT) board, which is coupled to a testing machine.
The DUT board is in essence a printed circuit board that

completes electrical connections between the BGA contactor



el ements via the contactor plate and the tester. In order to test the BGA
device, the tester sends signals to and receives signals fromthe BG§8 APR 2004
‘device via the electrical conductor paths provided by the contactor plate

and the DUT board. At present the final testing of sem conductor I|ntegrated
Circui'ts is performed using Integrated Crcuit Handl er apparatus whereby

each of the |IC packages is handled as an individual unit and is advanced

to the test socket of the DUT by ei t fer gravity feed or by using pick and

pl ace netleodntsUBis, 5H6, 033t4Stanhylstovnd t3RY itk@ tREQbenB&AdEPNESCt or . US
5,721,496 (Farnworth et al.) discloses a nethod for testing unpackaged

dies. USest/28:886a(Babate it . deshsP| A flgnR1SNED &AM E8Eeivdd :
5,574,668 (Beaty) teaches a nethod for neasuring BGA devices. 28 APR 2004 3
SUMVARY s@ignBlle kENENThENs R eddF BSE N1 d wtélg@_t&%smeéoﬁau@p&@rﬁ%ﬂ% and
method for testing integrated sem conductor circuits by neans o evi ce
Stri D sbivafeliShpOeRE 0DbMEAdEENNIAHES 0BG BB BULEGN! practice of
-handling integrated circuit packages on an I ndividuaal "basis presents
problens of difficulty of handling the ever-decreasing size of the
packages. Shri nking

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

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

it

and is advanced to the test socket of the DUT by either gravity

feed or by using pick and place methods.
US 5,570,033 (sStaab) shows a spring probe BGA contactor.

Us 5,721,496 (Farnworth et al.) discloses a method for

testing unpackaged dies.
{ . US 5,729,896 (Dalal et al.) displays a Flip chip carrier.

US 5,574,668 (Beaty) teaches a method for measuring BGA

devices.



integrated circuit packages further aggravate the problens of increaged
tooling costs and increased lead tine for test kit nodifications du g8 APR 2004
the smaller |1C packages and to the higher denmands posed by the nore
accurate tolerances required for the smaller |IC packages. The present

i nventicon addresses these problens by using a new nethod of testing the IC
packages. The need to handle IC packages om an individual basis is -
elimnated by using IC probing techniques applied by neans of a nodified
probing apparatus. The individual testithg of each sem conductor device
will in this manner be repl acedEBMADY iQFe TBEr INVENTIONG which will be
perfornmed by the nodified probing apparatus. The present invention does
not require new or special tooling with the exception of the probe card
which is uni qtieefBYe 3SRt adtintd aro t2@cheAPRn268pgadat eacind ypehifd 1f6r
package. The tinme required to handle and test the integrated circuits wll
as a conbeghtingelbeewhrrqd \samdduneictArpbiitabity ©f heuhyishialevBGY CSP
chips will be nounted on a strip, this strip will be referred t9 as the
devi ce sfErpp Testinfpuiiensstprobing teeRndghésbe mounted on an adhesive tape

attached to a rigid platform (known as wafer ring) for handling of the
device-strip before, during and after device testing :

Using the current practice of handling integrated circuit
packages on an individual basis presents problems of difficulty
of handling the ever-~decreasing size of the packages. Shrinking
integrated circuit packages further aggravate the problems of
increased tooling costs and increased léad time for test kit
modifications due to the smaller IC packages and to the higher

demands posed by the more accurate tolerances required for the

smaller IC packéges.

The present invention addresses these problems by using a

A

new method of testing the IC packages. The need to handle IC
packages on an individual basis is eliminated by using IC
probing techniques applied by means of a modified probing
apparatus. The individual testing of each semiconductor device
will in this manner be replaced by Device Strip Testing which
will be performed by the modified probing apparatus. The present
ipvention does not require new or special tooling with the

exception of the probe card which is unique for and adapted to



operations. This platformw |l be referred to as the device strip carrier.
The nunber of BGA/ CSP chips that can be nounted on one device strip,
‘determi ned by the I ength of the device strip and by a particul ar pﬁﬂigﬁB ﬂm4
size. A device strip carrier that, for instance, can handle a device strip
with a length of 8 inches (this Iength can be increased or decreased to
fit irnto a 12-inch. wafer frame) is referred to as a 12-inch device strip
carrier. The device strip is typlcally made of bismaleimde triazene.  (BT)
‘substrate material. The BGA/ CSP deviceb are strip mounted to the strip
carrier escigyuthesi € tpmokagehi Sheptinei g@qugr%é) tmdiingd eopdfate8h. The
strip to strip carrier nount accuracy in the X and Y-directions is . 0.05
nm the thetnhtfaiian docuiasywild ab. 5 degse@sendPRLEM4rPLX device strip
is further subdivided into sjtes; each site contains a nultiplicity of

BGA/ CSP ghipse®r devices. To summari ze the above: a multiplicity of BGA CSP
devices forns a site 5 a nultiplicity of sites forns a device strip one or
nmore device strips may be nounted on a device strip carrier. the device
strip carrier provides the neans for

A plurality of individual BGA/CSP chips will be mounted on

a strip, this strip will be referred to as the device strip. The
device strip in turn will be mounted on an adhesive tape

i attached to a rigid platform (known as wafer ring) for handling
of the device strip before, during and after device testing
operations. This platform will be referred to as the device
strip carrier. The number of BGA/CSP chips that can be mounted

. on one device strip is determined by the length of the device

strip and by a particular package size. A device strip carrier
that, for instance, can handle a device strip with a length of 8
inches (this length can be increased or decreased to fit into a

12-inch wafer frame) is referred to as a 12-inch device strip

e

carrier.

The device strip is typicélly made of bismaleimide triazene
(BT) substrate material. The BGA/CSP devices are strip mounted
to the strip carrier using adhesive tape, this operation is a
machine operation. The strip to strip carxier mount accuracy in

the X and Y-directions is * 0.05 mm, the theta rotation accuracy

is + 0.5 degrees.



handl i ng the BGA/ CSP devices in the new device probing 10 apparatus. The

new probi ng apparatus of the present invention has the following @8 APR 2004
performance characteristics: 1) be egfable of handling 12 inch device strip
carriers 15 while the probing apparatus can easily be nodified to handle

either | arger gcy3uB! IArGevige MliifLakieisidkalisecassakies thatyserve

as the nmeans for handling a plurality of device strip carriers in the
envi roment o Lo new RLabling apparatus 20:3)se 3.1 gadingiun! oading arm
for | oading/unloadi ng evice strirp Carrrersinto and fromdevice strip
carri er, cassettes 4) provide alignnment of the Device Under Test (DUT) 5)
be equi-pp&FTWMHH%E "6&d&P Y oadi ng transfer armthat 25 transfers the
device strip carrier fromthe |oadi ng/unl oading 2$ APR 2004 6 armto the
devi ce testing plPaffeimblifd tyaioF ke SEhdlevdgesr fraplsea §d&Sf ol | owi ng
item) and that can handle 12 inch device strip carriers and that can be
easPly nodified wohdndicd igiitthyerof lsdtger formsnal Kewvidevisteistrip carriers
6) be equipped with a main chuck and heater table that secures the DUT
during testing amthet kat noae davdlce k2 dipeh n@devicee mduhitpd on a device

strip carrier.

the device strip carrier provides the means for
handling the BGA/CSP devices in the new device probing

10 apparatus.

The new probing apparatus of the present invention has
the following performance characterigstics:
1} be capable of handling 12 inch device strip carriers
15 while the prcbing apparatus can easily be modified to handle
either larger or smaller device strip carriers
2} use cassettes that serve as the means for handling a
plurality of device strip carriers in the environment of the
new probing apparatus
20 3) use a loading/unlocading arm for loading/unloading
device strip carrierg into and from device sfrip carrier
cassettes
4) provide alignment of the Device Under Test (DUT)
5) be equipped with a loader/unloading transfer arm that

25 transfers the device strip carrier from the loading/unloading



carriers and that can easily be nodified to handle either larger or

smal |l er device strip carriers 7) provide two types of stepping 8
“capabilities, that is device to device within a site and site to siI@L APR 2004
within a device strip. BRI EF DESCRI PTION OF THE DRAWNGS Figs. la and I b

show a. pl an overview of a BGA/CSP device strip with its supporting device
strip carrier. Fig. 2 shows an isonetric view of the probe handler. Fig. 3
shows a plan view of the main chuck and heater table. Fig. 4 shows a

detail ed plan view of the probe handl er® Fi g. 5 shows a. plan view of the
probe haddlefowtbp deeige 88 ARRP A tEdaVi(cheShaip eAiEk Bindassalde, the

| oadi ng/ unl oadi ng arm and the | oading/unloading transfer armand the main

chuck/ hetieblet apbe. f&l ipwibay arcnBb askiowhiwo chashapapber Pi Nseh ks ce’a
t hrough 7c show cross sectional views and plan views of the BGA CSP testing

appar at ustripgraajeBd antl Batshaw Gk0Sssset nAsrOEd M &R her
appar at us. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Tur ni ng now

nore spetatgenl oy dmelfiar dednideh@t@ibscabewera plan overview of a BGA CSP
device strip carrier 14 on top of
6) be equipped with a main chuck and heater table that secures
the DUT during testing and that can handle 12 inch device strip
- carriers and that can easily be modified to handle either larger
L or smaller device strip carriers

7) provide two types of stepping capabilities, that is device to

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

BRIEF DESCRIPTION OF THE DRAWINGS

Figs. l1a and 1b show a plan overview of a BGA/CSP device

strip with its supporting device strip carrier.

Fig. 2 shows an isometric view of the probe handler.

P,
/

Fig. 3 shows a plan view of the main chuck and heater

table.

Fig. 4 shows a detailed pPlan view of the probe handler.

Fig. 5 shows a plan view of the probe handler with the



whi th a device strip 12 of BGA/ CSP devi ces has been positioned. The
present dianeter of this BGA CSF strip carrier is 12 inches. The %@@k&%@a
‘device strip carrier 14 will be used as the base for handling the 04
devices in the device prober. One site wthin the device strip 12 is

i ndi cated by 16, the device strip 12 contains a nmultiplicity of device
sites. Each device site 16 wthin the device.strip contains a nmultiplicity
of BGA/ CSP devices as further detafled in Fig. 1b. The presently
envisioned |ength of the device strip 12 is 8 inches (typically 190 nm,
‘2a APR 2004 8 this length can however readily be reduced or extended to 10
i nches or any other size dependent on particular device stripe and device
testing applications The thickness of the carrier plate 14 shoul d

typically nop.gxgegd;hne, talekiess.Qf Hey, 1086eCEelland - ¢he™ The
devi ce str'plﬂ qés% cpasel Gl iﬂetmrﬁ? RiLegeaLE Raggl)1 er 14 by

means of a sur s I cking or ering touts ‘provided in

t he circunf enc of t.h deV|ce strl arri,er 14 serve to guide the
i nsertion of”ﬁhe%BG& gP 800" 1YY &HY é%p F4PRfo the BGA probe handler,

this will be discussed at a | ater time under Fig. 2. Fig. | b shows a plan
vi ew enl argenent of one site 13 with one BGA/ CSP device 11 enbedded

Figs. 7a through 7c¢ show cross sectional views and plan

views of the BGA/CSP testing apparatus.

Fig. 8a, 8k and 8c show cross sections of micro-probing

apparatus.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Turning now more specifically to Fig. la, there is shown a

‘plan overview of a BGA/CSP device strip carrier 14 on top of
which a device strip 12 of BGA/CSP devices has been positioned.

" The présent diameter of this BGA/CSF strip carrier is 12 inches.
The BGA/CSP device strip carrier 14 will be used as the base for
handling the BGA/CSP devices in the device prober. One site
within the device strip 12 is indicated by 16, the device étrip
12 contains a multiplicity of device sites. Each device site 16
within the device strip contains a multiplicity of BGA/CSP
devices as further detailed in Fig. 1b. The presently envisioned

length of the device strip 12 is 8 inches (typically 190 mm),



Fi 9.2 shows an expl oded perspective view of the BGA probe handler of the
present invention. Identified within the BGA probe handler are the ?

followi ng sub.-sections; 20 is the docking plate, 22 is the device §t4ﬁ’fi’)2{m4
heater table,. 24 are the openings to nount the canera and | aser sensors,

26 is the tower lanp, 28 is the top door for access to the device strip
carrier cassette (this cassette serves to store and handle the device
strip carriers and will be explained under 2 $ APR 2004 9 Fig. 5

foll owi ng; see also the foll ow ng parag@aph) 30 is the touch screen for

human operabds vamjsiolcan3BowsvéherQperat o reaits8l oPaN&lenad 84 1§ the
| oadi ng and unl oadi ng door for the device strip carrier cassette. The

heat er tablecies Wi lanye otheft ese Nddahtedn Wt Pt Ncd NG $09BEOL £
present invention. The cassette used during the operation of the B probe

handl er seiv@sddsice FReRanyCabp TRANS IR, #her ERYc ndBY tdPlhel LY E§§
device strip carriers, BGA deV|ce strips are nounted onto the BGA devi ce

Strip carrpeitddd BhguikakypTbe GAsAL %%c@édathé'n&ﬁldkﬁmel NS Gt Fﬁ into the
BGA devi ce probe handl er. e device strip carrier F IS

i nserted | mt/G LaTRKEdoEr oM e 16ASHEVIEe LPLS psat, gptlpso or renpval
e

fromthe cassette is perfornmed by the device strip carri | 6ader/ unl oader

arm and trycmi(iﬁldny whekes th@-cc?exﬁegeors%rg& é££§{e18q6{ %%ngg}{lscgftaeﬁ Ing.

| surface 15 of sticking or adhering film. Cutouts 17 provided in
% the circumference of the BGA device strip carrier 14 serve to

guide the insértion of the BGA device strip carrier 14 into the

BGA probe handler, this will be.discussed at a later time under

Fig. 2.

Fig. 1b shows a plan view enlargement of one site 13 with

one BGA/CSP device 11 embedded.

Fig.2 shows an exploded perspective view of the BGA probe

LI handler of the present invention.

Identified within the BGA probe handler are the following
sub-sections; 20 is the docking plate, 22 is the device sﬁrip
heater table, 24 are the openings to mount the cameré and laser
sensors, 26 1is the tower lamp, 28 is the top door for access to

the device strip carrier cassette (this cassette serves to store

and handle the device strip carriers and will be explained under



Docki ng plate 20 serves to mate the device strip carrier 14 (Fig. la) with
the heater table 22 that is positioned on top of and forns part of EﬂFAPRzmA
“devi ce handl er apparatus. The heater table 22 serves to control the - -
tenperature of the device strip 12 (Fig. la) that is nmounted in the BGA
device probe handler and as such enabl es device testing under extrene
conditirons of tenperature. 2 8 APR 2004 10 The canera and | aser sensors

are nounted into the BGA probe handl er via openings 24. The | aser sensor
senses the thickness of the BGA devick strip 12 (Fig. la) and provides

data thatrial | PwEdldrowimgckeessaled tiwe fMGAcdengceasdgrgphl?) 30ompensat i on
~and, as a consequence, for the exact positioning of the tester probe.

There ar ecbMen CSHRIAS fIOYLAes ¥hdiaiddie dpnekelhapl £y .theOdpe@anBEa nonitors
the position of the BGA device strip 12 (Fig. la) and aligns the device

strip for.prepsy Rasilt iaa wit bincnd hesfrieoke ahandhesadithe dweeotidrcaner a
nonitors the pins of the tester probe and assures alignnent of the tester

probe pingewidd sithig Bahrdeyvi 68ssdttd. THeehkaver tame 28 palfobes the
conventional function of drawing attention to the BGA probe handler if

unusual cepgiidOnsi grangndekeqt eshid el eddpe bletRé ohedmndliaveatiany ot her
operational condition of environnent or control related to the
The cassette used during the operation of the BGA probe

L handler serves as a mechanical means for storing a multiplicity

of BGA device strip carriers, BGA device strips are moﬁnted'onto

the BGA device strip carrier 14 (Fig. la). The cassette as a

unit is inserted into the BGA device probe handler. The device

Strip carrier 14 (Fig. la) is inserted into or removed from the

cassette, this insertion into or removal from the cassette is
performed by the device strip carrier loadex/unlcader arm and

typically takes place before or after BGA/CSP device testing.

Docking plate 20 serves to mate the device strip carrier 14

(Fig. la) with the heater table 22 that is positioned on top of

and forms part of the device handler apparatus.

The heater table 22 serves to control the temperature of
the device strip 12 (Fig. 1la) that is mounted in the BGA device
probe handler and as such enables device testing under extreme

conditions of temperature.



BGA*device strip. The tower lanmp 26 is, in other words, a neans whereby

the equipnent, in this case the BGA probe handler, draws the attenti BB

‘a human operator. The touch screen 30 conbined with the operator conéﬁgﬁ 2004
panel 32 provide the neans by which the human operator of the BGA probe
handl er controls and directs functions related to the operation of the BGA
probe handl er. These functions can include 2 $ APR 2004-11 BGA device .

| oadi-ng into the BGA probe handl er, renoving of the BGA device fromthe BGA
probe handl er, adjusting BGA device stripidenperature possibly together

with the time gULablole, dd 1d-08 COnLhes BGA dRineldl SnesPesetdr paogey en

t enperat ure, urman operator 1 nterfacing with and control of probe handl er

camera and/or .| aser_f d reb8asi N8 Ors GRQJH REn8hst fige WASHGIsS
| oadi ng a%&“&%FSa&%%dH%%%f§E§§ﬁd ot%ers. Tﬁz top door 28 provides access to

BoA dovi cBf RRAPER CHTSBOAIB e BEP1 b aars Ko eascer (6 orad (I Ehe

BGA de_vicé’f vice stfip carrier cassetteé

| oadi ng/ unl,gadi pg. door, 34 SeI\eSaSpERCIBRAIA i sENkpY SbmSidatilont he BGA

device sfrif cassette into an romthe BGA probe handl er

appar at us. or 34 can, the sa S o] : YofOpsd aled hy the
operator GF% h&SBBACHIS %P?%ﬁ%jrgpé cH80x&Ee f5iEaRREhLY o _

probe. There are two cameras provided with the probe handler.
One camera monitors the position of the BGA device strip 12

v (Fig. la) and aligns the device strip for proper position within
the probe handler. The second camera_monitors the pins of the

tester probe and assures alignment of the tester probe pins with

the BGA device strip.

The tower lamp 26 performs the conventional function of
drawing attention to the BGA probe handler if unusual conditions
are detected related to the probe handler or any other
operational condition of environment or control related to the
BGA device strip. The tower lamp 26 is, in other words, a means

whereby the equipment, in this case the BGA probe handler, draws

the attention of a human operator.

The touch screen 30 combined with the operator control

panel 32 provide the means by which the human operator of the

BGA probe handler controls and directs functions related to the

operation of the BGA probe handler. These functions can include



Fig’ 3 shows an expl oded perspective view of the heater table bf t he BGA
probe handl er. Specifically highlighted are the BGA device stri pt@g@ﬂ’il’@fﬁﬁ‘t ‘
‘gui des 35, the BGA device strip carrier orientation pins 36 and vacuum -
ports 37, The BGA device strip carrier guides 35 (four in total, nounted
as shown at equal intervals around the periphery of the heater table) .
serve V APR 2004 12 to position the BGA device strip carrier 14 (Fig. la)
on which the BGA device strip 12 (Fig. la) is nounted into the heater
table. Vacuum ports 37 allow for vacuumisuck to keep the BGA device strip
carrier 14.6Fia.ila)1éluflfceduihropEheptine® Hahaller, t henBGhgod caestrip
carrier 1%G%Fpgyl%a) ?s %ﬁ%nted in the probe handler table. BGA device
strip carrjer ,orieptali ' Gobur b hgd1 d:ACiddstat ent heca nesfildeon of the
BGA devicéGs Pﬁﬁlgga?%#gpﬂ%i%%éi§.°Fa) into the ﬁeater tabl e. Opposing and
mat ching cytouts _have been provigded, for bl S,:RY RESE thRet MeratGidncunt erences
of the BGﬁ%ﬁégiggmg?F?%PﬁﬁartéﬁﬂB%S fsget17, Fig. 1la). Fig. 4 shows an |
expl oded perspectiyey Vi ' a&iRE0RE RSEs £reo Theivari vetfpaeimaeent s

Wi thin thi surﬁ“fggbgé’h%g}ﬁd*lg%v%e as:L %ol I osvs: 73 provi ges a di agramt hat

def i nes the, X and. Yo g1 el k28 ngUaen hhdl dorfi be brobé winfiplext 00d ¢ hat

camera and/or laser functions, releasing or opening of the

cassette loading and unloading doors, and others.

Ay

The top door 28 provides access to the BGA device cassette

once this cassette has been positioned within the BGA device

handler.

The BGA device strip carrier cassette loading/unloading

door 34 serves as the point of entry or exit of the BGA device
strip carrier cassette into and from the BGA probe handler
apparatus. Door 34 can, the same as door 28, be manually

operated by the'operator of the BGA probe handler.

Fig. BVShows an exploded perspective view of the heater
" table of the BGA probe handler. Specifically highlighted are the
BGA device strip carrier guides 35, the BGA device strip carrier
orientation pins 36 énd the vacuum ports 37. The BGA device
strip carrier guides 35 (four in total, mounted as shown at

equal intervals around the periphery of the heater table) sexve



direction that is perpendicular to the indicated X-Y plane, 41 is a double
action pneumatic cylinder for novenent of ink marker 42, 42 is an i P
‘marker used as part of the probe handling procedure, 8 1APR 2004 1 ‘4§ Fémm
an ink marker slide, used as part of the probe handling procedure, this

i nk marker slide noves the ink marker in the Y-direction, 44 is canera #1,
this canmera is used to:record and control the position of the BGA device
strip and aligns the BGA device strip within the probe handl er apparatus,

45 is the ¥ PEITtE¥nSEASOGa tdlS SeasQk ,d ines t,he B devige strip
thi ckness ang%gstéugh proJ%%éghﬁg%bg?%%F g%f%%%#kﬁa (gggfgﬁ?kﬁgén ($%
thi ckness.tnthipgavael2LL 08 4 1} B‘%A,g%"cgaft“ p}n(#‘mtgan%lggrgl%uﬂeea%érhat t he

position of the test probe iI's uSted 1 n order to nm pr oper cont act

wih the Babidevimenuphie 4 kaibliecsaTRiaul isieu batal) i, mpwerent of

camera #1 (44) that records and controls t osition devi ce
strip wthjRilResp Qgecgiggg ﬁq'ﬂ§-'s gg_ andler table,. thi %able
is equipped with %n t shown) a hea érigﬁdﬂg c%ﬁ%lgﬁng%hégﬁghﬂﬁ%F%a uring
BGA the BGA device strip carrier 14 (Fig. la) is mounted in the

probe handler table. BGA device strip carrier orientation pins

36 further facilitate the insertion of the BGA device strip

carrier 14 (Fig. la) into the heater table. Opposing and

faa

matching cutouts have been provided for this purpose in the
circumferences of the BGA device strip carrier 14 (see 17, Fig.

laj.

Fig. 4 shows an exploded perspective view of the probe
handler. The various components within this probe ﬁandler are as‘
follows:

73 provides a diagram that defines the X and Y direction as

£ ) used within Fig. 4, it is understood that the Z-direction is the
direction that is perpendicular to the indicated X-Y pPlane,

41 is a double action pneumatic cylinder for movement of
ink marker 42,

42 is an ink marker used as part of the probe handling

procedure,



device strip testing, be positioned in the appropriate Z-height position
to make contact wth probes, 48 is the canera #2, this canera nonitors the
‘tester probe . pins and in so doing assures proper alignnent betwee8 ABRe
tester probe pins and the BGA device strip, 49 is the stepper notor with
encoder,. used for theta position/alignnment of the strip, 28 APR 2004 14 50
is the vacuum suction applied to keep the BGA device strip carrier 14
(FIG la) in place once it is placed onsdevice carrier transfer arm51, 51
is the device strip carrier transfer armwhich is wused to transfer the BGA
device strip cafpi & detwwemarher BGAddevissd sisr ipprtadEi efie ipyute or | oadi ng
position (the EGA device strip carrier input/output magazi ne or cassette)
and the téshihjndepteredutd, e thdsi fhknmanickyisgd deemsfes She Sirk SRF%@rNDt Or
for the BGA device strip carrier transfer armb51, this servo notor
actuates the tbeartdiwéaticnf, the EGA device strip carrier transfer arm 51,
53 is a grip finger, grip finger.-53 takes possession of or clanps the BGA
device strip cattiis afuieara tihe BREAs dewdee ist hispdCasl i&oBafeednioyed by
the BGA device strip carrier |oading/unloading armfromthe device

i nput/ out pthe position of the BGA device strip and aligns the BGA device

strip within the probe handler apparatus,

45 is the proximity sensor, this sensor determines the BGA

{ device strip thickness and as such provides data that allow for

variation in this thickness. This variation in BGA deviée strip
thickpess requires that the position of the test probe is
adjusted in order to make proper contact with the BGA device
strip,

46 is the camera slide that allows movement of camera #1
(44) that records and controls the position of the BGA device
strip within the probe handler,

47 is the probe handler table, this table is equipped with

pmne,

(not shown) a heater and vacuum suction and must, during BGA
device strip testing, be positioned in the appropriate Z-height
position to make contact with probes, |

48 is the camera #2, this camera monitors the tester probe
pins and in so doing assures proper alignment between these
tester probe pins and the BGA device strip,

49 is the stepper motor with encoder, used for theta

position/alignment of the strip,



magazi ne/ cassette 60/61 to the position of the BGA device strip carrier
transfer arm51, the grip finger 53 holds the BGA device strip carrier
during the process of physical transfer of the EGA device strip canggqu§9m”
and fromthe BGA device strip carrier transfer arm51, 54 is the servo

motor for the BGA device strip carrijgr |oading/unloading arm74, this

servo notor actuates the BGA device strip carrier |oading/unloading arm74
in the Y direction, V APR 2004 15 55 is the device strip carrier slide

for the BGA dswi Gies Stthiep ¢attier duadiorg/ Hpbadingar meéd, the BGA devi ce
strip <carrier |oading/unloading arm74 can nove in the Z-direction and,

in so dobagicacaassifli therent: BGA device Sy i BnCapla®sE S onsleor ed als
different levels or heights within the BGA device strip carrier input or

out put nBYaZLAESH 68e ANk 6laHeshReGliaVRlrk,y 38mi §18 Servo notor, this servo
not or actuates the BGA device strip carrier |oading/unloading arm74 in

the Z- directhon;sStdss ddipidDtation bo phLen Lhe,POA deyi qeusty i carri er

transfer arm 51 can be turned, is rotation 57 transfers the BGA device

\S“t ;iapvg?gl%%gr thf YRLNG & NRULe PRSA T h8D:1EQ LRE 1 BeaLeh 1 LAkl RAS! thn and
BGA device strip carrier input or loading position (the BGA
device strip carrier input/output magazine or cassette) and
the testing/heater table position and visa versa,

52 ig a serve motor for the BGA device strip carrier
transfer arm 51, this servo motor actuates the rotation 57
of the BGA device strip carrier transfer arm 51,

53 is a grip finger, grip finger 53 takes possession
of or clamps the BGA device strip carrier after the BGA
device strip carrier has been moved by the BGA device strip
carrier loading/unloading arm from the device input/output
magazine/cassette 60/61 to the position of the BGA device
strip carrier transfer arm 51, the grip finger 53 holds the
BGA device strip carrier during the process of physical
transfer of the BGA device strip carrier to and from the
BGA device strip carrier transfer arm 51,

54 is the servo motor for the BGA devicé strip
carrier lcading/unloading arm 74, this servo motor actuates

the BGA device strip carrier loading/unloading arm 74 in

the Y direction,



58 ts the notion of the BGA device strip carrier |oading/unloading arm74
inthe Z-direction, 59 are two magazi ne sensors that indicate the p@j @aPRmI);
‘of the input and output magazine 60 and 61 respectively with respect to a
hone or true position, this home or true position nust be true with
respect to the position of the BGA device strip carrier |oading/unloading
arm74, 60 is the input nmagazi ne, BGA device stri,p carriers that contain
BGA device strips that are to be tested gge entered into the probe handl er
apparatus via tgés%gqgﬁzkp%P 28 _APR 2004 16 61 is_the output magazi ne, BGA
device strip cartier s ¢ K&t CEnPLF HP BEX &R Sdider fps EhmBAPadevbeen tested
exit the ope handl er _apparatus_via this magazine, 62 is the servo notor

t he act uat 25~ TReE3ET RN dogdingsunpkoadingarabl’d, thatBGh dewiceaskeiphat can
position the prober handler table 47 in the X-direction, 64 is a servo
motor, thi SRR TRATNIHUPL RS R GH Pabere hife ko7 FdirketZodir ecti on
(up/ down direction), 65 is the servo notor the actuates the Y-table 66, 66
is the Y-t&bte * R $°do0neatspte dhefierent B6Ai device trtaipr cboribandl er

table 47 in_the Y-direction
stored at different levels or heights within the BGA device

strip carrier input or output magazines 60 and 61 respectively,

36 is a servo motor, this servo motor actuates the BGA
device strip carrier leoading/unloading arm 74 in the Z-
direction,

57 is the rotation in which the BGA device strip carrier
transfer arm 51 can be turned, this rotation 57 transfers the
BGA device strip carrier from the input position to the heater
table position and visa versa, |

58 is the motion of the BGA device strip carrier
loading/unloading arm 74 in the %-direction, |

39 are two magazine sensors that indicate the position of
the input and output magazine 60 and 61 respectively with
respect to a home or true position, this home or true position
must be true with regpect tb the position of the BGA device
st;ip carrier loading/unloading arm 74,

60 is the input magazine, BGA device strip carriers that
contain BGA device strips that are to be tested are entered into

the probe handler apparatus via this magazine,



70 is a pneumatic double action cylinder that can actuate novenment 78 of
the carrier slide 46, 71 is the direction that the ink marker 43 caf 8RR oppy
72 is the rotational direction of prober handler table 47, 73 is a diagram
that indicates the X and Y direction as defined for the expl oded
perspective view of the probe handl eL FIG 4 74 is the BGA device strip
carrier |oading/unloading arm The fuhction of the heater table/min chuck
is to hold and heat the BGA device strip carrier for elevated tenperature

testing. Durigg acd Ugthet 88ELNE, mab@zhaat endrabisfiml NsehusKeaZrBeAPR 2004
17 steps fromdevice to device while nmaking contact wwth the probe card

and the pege PidktaiHesdealielitabLels énth‘élﬂu%v%arbé@lveté&é&‘ee}étY and Z

direction and has, in additi on rotational freedom of novenent. FIG 5
shows an ¥l 8w, af ‘p%g Rown in FIG 5 are: 80
is the X—tﬁrl(féltogjgﬁ%g % %ﬁl:ngt h% }nheat r tgb 82 is the BGA

device strip ¢ary 'seEhErénz%vSrmété‘} Eliﬂé actuates the X-table 63,

63 is the X-table, that 1s the table that can position
the prober handler table 47 in the X-direction,

64 is a servo motor, this servo motor moves the heater
table/chuck 47 in the Z-direction (up/down direction),

65 is the servo motor the actuates the Y-table 66,

66 is the Y-table, that is the table that can position
the prober handler table 47 in the Y-direction,

70 is a pneumatic double action cylinder that can
actuate movement 78 of the carrier slide 46,

71 is the direction that the ink marker 43 can move,

72 is the rotational direction of prober handler table
47,

73 is a diagram that indicates the X and Y direction
as defined for the exploded perspective view of the probe
handlexr, FIG. 4

74 is the BGA device sgtrip carrier loading/unloading
arm,

The function of the heater table/main chuck is to hold and
heat the BGA device strip carrier for elevated temperature

testing. During actual testing, the heater table/main chuck



arm has been highlighted under 51, FIG 4, 83 is the BGA device strip
carrier |oading/unloading arm this arm has been highlighted under;@éAPsz&
FIG 4, 84 is the BGA device strip carrier cassette, 86 is the stor

| ocation for the BGA device strip carrier for untested parts, this
magazi ne has been highlighted under qp, the input nmagazine, FIG 4, 85 is
the storage location for the BGA device strip carrier for tested parts,

t hi s magazi ne has been highlighted under 61, the output nmagazine, FIG 4,

87 is the probeepandhen BRsecRl ale. gehhed URttlicomDéi dhecdiehdevitgn strip
carrier cassette 84 is to hold the tested and untested BGA device strip

carri er senl ABRIAD04218 oThe LHECLRR Ofiihle BRO dRue: Stubpe A er

| oadi ng/ unl oading arm 83 is to nove "EGA device strip carriers between the

casset te gty hel opdhnglynliagdig 1 anstery ape82 s odhephoadlng/ uol oadi ng

arm 83 can nove In e X an ItTection (see diagram 88), this has been

hi ghl i ghtad.above %8::5@&@1‘”&&@&‘@9“05 (@efdn 1 9. 4. The function of the
p’ e '

BGA devi ce strrp‘carfiér transfer arm is to I'ift BGA device strip carriers

fromthe Ioad%gg(ungoaghg s an exploded view of the BGA probe

handler. Shown in FIG. 5 are:

80 is the X-Y table,

Si is the main chuck or heater table,

82 is the BGA device strip carrier transfer arm, this
arm has been highlighted under 51, FIG. 4,

| 83 is the BGA device strip carrier loading/unloading
arm, this arm has been highlighted under 74, FIG. 4,

84 is the BGA device strip carrier cassette,

86 1is the storage location for the BGA device strip
carriér for untested ©parts, this magazine has been
highlighted under 60, the input magazine, FIG. 4,

85 is the storage 1location for the BGA device strip
carrier for tested parts, this magazine has been
highlighted under 61, the output magazine, FIG. 4,

87 is the probe handler base plate.

The function of the BGA device strip carrier cassette

84 is to hold the tested and untested BGA device strip

carriers.



arm and place the BGA device strip carriers on the heater table/min igucpk
for probing. After probing is conplete the BGA device strip carrier £8 APR 2004
transfer armwi Il |ift the BGA device strip carriers fromthe heater table

-~ and place the BGA:device strip carriers onto the BGA device strip carrier

| oadi ng/unl oading arm Fig. 6a and Fig. G show two types of probe pins

that can be used for BGA/ CSP device testing. These probe pins within the .
scope of the present invention must neet the followi ng requirenents: 1) be
able to contact a contacting surface thgt conprises a spherical solder

ball and al so .fac onnodate a contact.ing or ball pitch,
e ?un%%%?oggo'éqem%ﬂev C?LQngl%c%ao'?ﬁ‘?ﬁdfat e a sol der ball

which varies from

f I ) CI +.4) vary in_ nupber from4 to 64 to
o comdat D/ uf10dpng WAL AP s Tko" BbYe, Dol i iees “aeiposarotyra he

acconmodat e devi‘ce
| ocation gf prohes_nust. be such that the contact balls in any matrix
form t hat e‘axélvjsé"ti‘%1 gg?oggsf’%%te é’(’ﬁ&ﬁ 8oftRa cumleadigentaeneier |arm diZect i ng
t he probe I@zieni \Mai.ch can be. used wi_thin '
. ocading/unloading arm 83 can move in the X and % direction
(see diagram 88), this has been highlighted above as the

function of item 74, Fig. 4.

Lo The function of the BGA device.strip carrier transfer arm
is to 1ift BGA device strip carriers from the loading/unloading
arm and place the BGA device strip carriers on the heater
table/main chuck.for probing. After probing is complete the BGA
device strip carrier transfer arm will lift the BGA device strip
carriers from the heater table and place the BGA deviée strip
carriers onto the BGA device strip carrier loading/unloading

arm.

- Fig. 6a and Fig. 6b show two types of probe pins that can
be used for BGA/CSP device testing. These probe pins within the
scope of the present invention must meet the following
requirements:

1) be able to contact a contactiné surface that comprises a
spherical solder ball and also a flat surface.

2) accommodate a contacting or ball pitch, which varies from 1

mm. to 500 pm,



t he scope of the present invention the follow ng types of pins can be
considered: 1) vertical pogo pin, shown in FIG 6a 2) cobra pin, a?gwﬁﬂiamﬁ
FIG 6b 3) nenbrane pin, not shown. These types of pins are known I i
the state of the art of semiconductor device testing and are not part of
the present invention. FIGS. 7a, 7b gand 7c show how BGA CSP devices will

be tested wthin the scope of the present invention, that is using the
devi ce- probi ng concept conbined with the BGAN CSP device strip carrier

concept. 128 APRaZQQAmAzEEGa Eplshowdodlaw $hef ey isearsdriity e ri®r 71 is
stored and noved with the help of the device strip carrier cassette 80.

The devi ggcsthkp carrier 71 is loaded into and unloaded fromthe device
strip carrier cassette 80 using the |oader/unloader arm74. At the tine

that the BGA deviehy St i QRS | Bfor{14h38 e DS | DAdSHOMQ they DEObE
handl er the | oader/unl oader arm 74 renoves the strip carrier 71 fromthe

SUTi D CApl gL caspaLE e, B0, AB SHOND, ivh FLG (8 dEkG b shows how the

transfer “arm is usedt e device strip carrier 71 fromthe

Ioader/unloadg5 qﬁﬁg7fbcatian of the probes must be such that the

contact balls in any matrix form that exists across the

BGA/CSP device can be contacted.

In selecting the probe pins which can be used within
the scope of the present invention the following types of
pins can be considered:

1) vertical pogo pin, shown in FIG. 6a

2) cobra pin, shown in FIG. 6b

3) membrane pin, not shown.

These types of pins are known within the state of the
art of semiconductor device testing and are not part of the

present invention.

FIGS. 7a, 7b and 7c¢ show how BGA/CSP devices will be tested
within the scope of the present invention, that is using
the device-probing concept combined with the BGA/CSP device

strip carrier concept.



(FIG 7a) onto the top surface 90 of the main chuck and the heater table
with the notion 92. The final assenbly for testing the BGA CSP deviy § IS
shown in FIG 7c where the device strip carrier 71 is positioned og t4@2904
top surface of the main chuck or heater table 90 which is positioned on a
chuck support table 106. The probe d 102 is attached to the test head
104. After |lowering the probe card 102 onto the BGA/ CSP device that is
contained within the device strip carrier 71, the testing of the BGA CSP

device can takacpl age. dHdws 8awt hteighiBe cehowttupt hetrdedai s ofst he
construction of the probes used to test the BGA devices contained within

the BGA davireR Shifd Rdfed e tH @8eNThe IRVENT £0E. d8vAER 2084p 2daft{ar 8a shows
probes 82 that contact the balls 84 of the BGA device that is contained

Wi thin tQ%s%@%t%a%‘éag%@devEE@b%ér% @QEEQ@Ehvihﬁsd%é&@dbﬁkié anger an
angle, spring contact I1s in t i s manner established between the tester

probes ang,; %e%lonfxa&{ bAL! % ctehe ﬁ?lg%dS‘c{i:? F'c‘élssé'@téh% aopther

approach 1n e constructlon of t pro obes 88 approach the

contact ) S ae MR BAOU G LD 2, OLECLLR LR LiePEERoRELEULAT o

strip carrier 71 has to be loaded onto the probe handler
the loader/unloader arm 74 removes the strip carrier 71
from the strip carrier cassette 80 as shown in FIG. 7a.
FIG. 7b shows how the transfer arm 72 is used to 1lift
the device strip carrier 71 from the loader/unloader arm 74
(FIG. 7a) onto the top surface 90 of the main chuck and the
heater table with the motion 92.
The final assembly for testing the BGA/CSP device is
shown in FIG. 7c¢ where the device strip carrier 71 1is
positioned on the top surface of the main chuck or heater
table 90 which is positioned on a chuck support table 106.
The probe card 102 is attached to the test head 104. After
lowering the probe card 102 onto the BGA/CSP device that is
contained within the device strip carrier 71, the testing
of the BGA/CSP device can take place.
FIGS. 8a through 8c show further details of the
construction of the probes used to test the BGA devices
contained within the BGA device strip of the present

invention.



pl ane of the contact balls, probes 88 can be hollow in design whereby
inside the body of the probe a spring (not shown) can be nnuntzgghp%t )
urges the head of the probe toward the balls 84 of the BGA deviet’ 30

pl ane 90 represents a neans of nounting the test probes and can, for

i nstance, be a printed circuit board erein further wiring is provided
that forns part of the testing circuitry for the BGA devices under test.
FI G 8c shows yet another approach to the construction of the test probes.

A BGA devi ce s$tiri.p :arshéfs 9proeas agns thhe Jdohadevitte tdilld ss4 cobe tested
(not shown). A docking plate 98 28 APR 2004 22 holds a prober card 96 into

whi ch thQﬂk?%kﬂPE&Q§%¢9%ha%rqs”Qﬁﬂk%QneEh%iBﬁﬁndQHECQGﬁtgbekégéré@[ i's
shown as being positioned on top of the heater table 100. Fromthe above

descri ptignpedf dhen . a sl &g cd NSAATE L AYEPt EQNaAGT. PYsheiggring to
t hese draw ngs, the ‘invention can be summarized as providing a nethod of

f oot A A ; ot sy
esting Balje @ d; 4v %g;yaélﬁgﬁ) %gﬁ%%' R<PGah ¢ shag %‘Qt%e&@%eorgégtéfs :

conprising: providi _ measur enent appar at us measuri ng
BGA or %o %%'%%%1thgecgE@§8E'lels of the BGA device.

FIG. 8b shows another approach in the comnstruction of
the test probes. Probes 88 approach the contact balls of
the BGA device in a direction that is perpendicular to the
plane of the contact balls, probes 68 can be hollow in
design whereby inside the body of the probe a spring {(not
shown) can be mounted that urges the head of the probe
toward the balls 84 of the BGA device. The plane 90
represents a means of mounting the test probes and can, for
instance, be a printed circuit board wherein further wiring
is provided that forms part of the testing circuitry for

the BGA devices under test.

FIG. 8c shows yet another approach to the construction of
the test probes. A BGA device strip carrier 92 contains the
BGA device that is to be tested (not shown). A docking

plate 98



apparatus conprising a test head providing a BGA or CSP devices, the BGA
or SCP devices being arranged in device strips providing a probe f@r}ﬁjﬂ{ %
formng an interface between the test had and a devi ce under test # 04
providing a probe card for formng an interface between the test head and
a device under test providing a dev&ge strip carrier onto which a
multiplicity of devices are attached™ providing nmain chuck or heater table
for supporting and heating the device strip carrier 22 8 APR 20W% 23

provi ding a mRans fa oprbeadi Barandsunimadiig dihecndevise stebpscanrier into
and froma device testing position providing alignnment tools for |oading

and unl%gﬁ@lﬂe&heﬂ@\@ FFR AL 8haH Y& LRowd d8VbEeenhesting

position an providing a device strip Carrier storage nmediumWile the

b of or r AP TSR ReP Lo pBEPr EE5 & vod by those skilled in

the art of sgm copguctgl Jeskbog tpalofhe Joregol N9 3do8t ¥ the
instant invention and by referring to these drawings, the
invention can be summarized as providing a method of
testing Ball Grid Array (BGA) or Chip Scale Packaging (CSP)
devices, comprising:

e providing a BGA or CSP measurement apparatus for
measuring BGA or CSP devices, the measuring
apparatus comprising a test head

¢ providing a BGA or CSP devices, the BGA or SCP
devices being arranged in device strips

e providing a probe card for forming an interface
between the test had and a device under test

. providing a probe card for forming an interface
between the test head and a device under test

s providing a device strip carrier onto which a
multiplicity of devices are attached

¢ providing main chuck or heater table for

supporting and heating the device strip carrier



changes may be made therein wi thout departing fromthe spirit and scope of
the present invention. 24 | Z8 APR 44 Clains 1. A nethod of testing Ball
Gid Array (BGA) or Chip Scale Packaging (CSP) devices, conprisi ng2,35‘\PR 2004
provi ding a BGA or CSP neasurenent apparatus for measuring BGA or® CSP

devi ces, said measuring apparatus cggprising a test head; providing BGA or
CSP devi ces, said BGA or CSP devices ~being arranged in device strips; 10
providing a probe card for formng an interface between said test head and
a device under {esl AL NIndafeVists SISddPiRAr 4hET uANbeaYhECh R
multiplicity of devices are attached; provi-ding a nmain chuck Or heater
table for supportigg . 15 %Q%i%eagggg%gi d, dJeyice, stripfary i & peoviding a
nmeans for | oadi ng and unl 6adi g sai evice “strip carrier into and froma
device testing posti tsit%.rxll; g%rsci\éiig)inng alignnment tools for |oading and

unl oadi ng of said device trip carrier relative to a device testing 20
position; and providing a device strip carrier storage nedium 2. The

nmet hod of clai nfl RARF& A% ai gldgvrert st igpio for = loading and

unloading of the device strip carrier relative to

a device testing position and

e providing a device strip carrier storage medium

While the present invention has been shown and
described with reference to the preferred embodiment
thereof, 1t will be understood by those skilled in the art
of semiconductor testing that the foregoing and other
changes may be made therein without departing from the

spirit and scope of the present invention.



have a first and a second di nension, said device strip further 25 being in
one plane, said first dinension of said device strip exceeding said second
di mrension of said device strip in a direction that is perpendicular to
said first dimension by a neasurabl gqamount, said device strip cod ABR g+
a multiplicity 5 of BGA or CSP device sites, said BGA device sites being in
said plane of said device strip and furthernore being arranged along said
first dinension of said device stripgigal d BGA device sites conprising a
multiplicity of BGA devices, said BGA devices being in a plane of said
device sites furthernore 10 being arranged along said first and second

di nensi on of said device strip. 3. The nmethod of claim1l wherein said
device strip carrier contains one device strip. 15 4. The method of claim1l
wher ei n sai d. devi ceeshod pofateseingobd bl ndrad nabtaypl (REAY of @eipce strips.
5. The method of claim 1, said probe card conprising a 20 nmultiplicity of

probe gasTle PhCk&EIng Probe €avicsr chespiM éingnd is dedicated to a known
type of BGA or CSP device, wherein furthernore each probe card interfaces

betsween and,£st 8@l hshespcr! S6tEsFahe SOMEREnM dhpard@ss head and at | east
one BGA or ~ CSP device within said device strip carrier, whereby

measuring BGA or CSP devices, said measuring apparatus
comprising a test head;
providing BGA or CSP devices, said BGA or CSP devices
being arranged in device strips;
10 . providing a probe card for forming an interface between
said test head and a device under test;
providing a device strip carrier onto which a
multiplicity of devices are attached;
providing a main chuck or heater table for supporting
15 and heating said device strip carrier;
providing a means for loading and unloading said device
strip carrier into and from a device testing position;
providing‘alignment tools for loading and unloading of
said device strip carrier relative to a device testing
20 position; and

providing a device strip carrier storage medium.

2. The method of claim 1 wherein said device strip to

have a first and a second dimension, said device strip further



25 furthernore each probe card has a three dinensional freedomof 2 8 APR
2004 26 novenent and is provided with three types of stepping

capabilities, said stepping capabilities conprising stepping froma device
to anot her device whereby said devicgs are contained within a site, said
stepping capabilities further 5 conprising stepping fromone site to
another site whereby said sites are contained within a device strip, said

st eppi&%inga_p@béﬂé thesnd Urd el £OPPY | $IhSIEPH %L TR Law Kig Strip
to anot her” device strip. 10 6. The nethod of claim1, said device strip

Car T | Cloc SONBIA SNtk &, ELLEY! Bl il PLALSs s S, T e gty cpniaining - a

means 0 oning said device sftrip in a osition wth respect to
said device strip carrier, said. device stri arrier. furthermore providing
a nec h‘g’rﬁ%%trl‘?rht@??tacjes b%%%%lﬁgjr@ejsaa}f dt%le%]?% éﬁ?tp CL%W%%JF%I % i chuck or
heater table, said device strip carrier furtherpore providiﬁgia nmeans of
casy dNRPSHERR At ANRes SR aFRV 1HRR 1 £ oHP ngPBRT 53 RE de VI RIS t hi n
said mai n chuck or heater table. 20 7. The method of claim 1, said device
st B6i p elr rB@ oxdiP? i denira titesi copl AtRGA sde Wl eerabies praitd coht ai ning a
means of positioning said device strip in a fixed position wth respect to
sai d devidepbimé ppfatai@rdeshte sewigeasd rfprthermore being arranged

along said first dimension of said device strip, said BGA

device sites comprising a multiplicity of BGA devices, said

BGA devices being in a plane of said device sites furthermore

10 being arranged along said first and second dimension of said

device strip.

3. The method of claim 1 wherein said device strip
carrier contains one device strip.
15
4, The method of claim 1 wherein said device strip

carrier contains a multiplicity of device strips.

5. The method of claim 1, said probe card comprising a
20 multiplicity of probe cards wherein a probe card matches with
and is dedicated to a known type of BGA or CSP device, wherein
furthermore each probe card interfaces between and establishes
electrical contact with a test head and at least one BGA or
CSP device within said device strip carrier, whereby

25 furthermore each probe card has a three dimensicnal freedom of



carrier furthernore providing a interface between said device 25. strip and

said main chuck or heater table, said device strip .2 8 APR 2004 27 carrier

furthermore providing a means of easy and accurate access to and &8 APR 2004
positioning of said device strip withyg said main chuck or heater table. 5

8. The method of claim1l, said device strip carrier conprising a support

pl ate, said support plate containing a neans of positioning said device

Strip i RuidtednRoist iR iWdd Wi®3PeHr el t3el d@ViseRpplihigd carrier, said
device strip <carrier furthernore providing a nechanical interface between

10 sai I; trip [ ' . |+ [ .devi ce
strip %51 ri (—iw-“(ri‘ift Ere téhers%g(rae%%re%\ﬁqg{gnné:% %?rjg&%st l%%a tgg)in trg%&%ga%?l??}gtlg%access to
and po%i tioni of said device siri,p wthin, said i n.chuck _or heater

tabl e. TFS™ 2 FRY LGS (r6d BPTOEE Me WferBiat oY FArERTEF6FS 658 ng  and

unl oadi ng said device strip carrier, into and from said  device testing

posi t | GPTEGHRECS &4 tR 180 FoiSHdS on S5 YERREEI SEpepiddides further

| oadi ng/ unl oadi ng arm and a device strip carrier transfer armwherein said
| oafli nglompirdadingg shepriay frdesste £126 thwo-adiores Gidle Wheaedm sRifovenent
inan X or Y or Z direction, said |oading/unloading armbeing able to nove
sai d deviese axter igprtarimeer wirtdnra adesvies sttmip,c aariide s tsipgriage

capabilities further comprising stepping from one device strip

to another device strip.

10 ' 6. The method of claim 1, said device strip carrier
comprising a circular metal plate, said metal plate containing
a means of positioning said device strip in a fixed position
with respect to said device strip carrier, said device strip
carrier furthermore providing a mechanical interface between

15 ~ said device strip and said main chuck or heater table, said
device strip carrier furthermore providing a means of easy and
accurate access to and positioning of said device strip within

said main chuck or heater table.

20 ' 7. The method of claim 1, said device strip carrier
comprising a ceramic plate, said ceramic plate containing a
means of positioning said device strip in a fixed position
with respect to said device strip carrier, said device strip
carrier furthermore providing a interface between said device

25 strip and said main.chuck or heater table, said device strip



mediumto said device strip carrier transfer arm said device strip

carrier storage nedium being positioned at a fixed 25 di stance fronhiﬁig

| oader/unl oader arm said | oadi ng/unl oading 2 8 APR 2004 28 arm 25 AFR 2004
successively and individually accessifg a multiplicity of device strip
carriers stored within said device strip carrier storage nmedium whereby
furthernore said device strip carrier transfer armnoving or transporting

sai d dewi68 &t i tiivide ARAMSY G Ipadss /dmloaderam mdcusaied main
chuck or heater table, said device strip carrier transfer arm being able

to . clamp, -%ﬁggog%ogirﬂ&%d—gﬁ{éic@f Srd ngeA dd | Aihat, a4, devigce  strip

carLigr ;s Ian sal vice strip carrier transfer arm 10 10. The
met hod of. cl aim,1, erein sai.d main chuck or heater table conprising a
struct ﬁr}ael%a‘%i%d{ & qujaa?tec]? rsccauk?qaer' top surface, said main chucrkmor hegt er
tabl e being provided wth guide and orientation pins for quick and
accurate 15 insertion of said device strip carrier into said main chuck or
heater table, said main chuck or heater table al|low ng use of one or nore
12 Pnch | ond devilde fatipEafr idrain shi Eakd FeEHR I G heRE L 8%abl e
structure extending to accommpdate device strip carriers in excess of 12

i nches doonpy iedienateedbupport plate, said support plate containing a

means of positioning said device strip in .a fixed position
with respect to said device strip carrier, said device strip
carrier furthermore providing a mechanical interface between
10 said device strip and said main chuck or heater table, said
device strip carrier furthermore providing a means of easy and
accurate access to and positioning of said device strip within

said main chuck or heater table.

15 ' 9. The method of claim 1 wherein said means for loading
and unloading said device strip carrier into and from said
device testing position comprises a combination of a.device
strip carrier loading/unloading arm and a device strip carrier
transfer arm wherein said loading/unloading arm has at least a

20 two-dimensional freedom of movement in an X or Y or Z
direction, said loading/unloading arm being able to move said
device strip carrier from a device -strip carrier storage
medium to said device strip carrier transfer arm, said device
strip carrier storage medium being positioned at a fixed

75 distance from said loader/unloader arm, said loading/unloading



20 tenperatures being created by and applied to said device strip carrier
by said main chuck or heater table, said elevated tenperatures bei@g APR gos
created either by design features of and contained within said main chuc?{
or heater table or being created by agseparate heater table and being 25
transferred to said device strip carrier by thermal ,2 .8 APR 2004 29
convection and via said main chuck or heater table. 11. The nmethod of claim

| wher ey &sw@idd £ale BF Z1d adidi PRIl Pladdes i £hMok 951 eateroft abl e
thereby 5 including the device strip carrier thereby including the probe

card theteny isrtcéigggt%&déi@ré esto fgRd, Al QYss ci&?‘itciheinc tnng S%@frﬂee\&i ces

contained wthin evice strip carrier wth at I n excess of 1
carri.er

nm 10 12. The nethod of, claim ai d device strinp st of. medi um
conpr | S TSI Gat Ay B SRR S o T, R
device strip_carriers can be contained in a v Biﬁi/c,al or. Z-axi s arrangenent
and whi A Hrovi IS BRISRARIY gridRT o 1D Eian]\ede N TP &rrisrs 15
during storage and transportation of said device strip carriers. 13. The
net Aod Bfore| a3 1L eRe i keadral 3 ghnentSaigbl it gfhydadihd edeiinl oadi ng
of said device strip carrier

table, said device strip carrier transfer arm being able to

clamp sgaid device strip carrier during a time that said device
strip carrier is handled by said device strip carrier transfer
arm.

10

10. The method of c¢laim 1, wherein said main chuck or

heater table comprising a structure having a flat, circular
top surface, said main chuck or heater table being provided
with guide and orientation pins for guick and accurate

15 insertion of said device strip carrier into said main chuck
or heater table, said main chuck or heater table allowing use
of one or more 12 inch long device strip carriers, said main
chuck or heater table structure extending to accommodate
device strip carriers in excess of 12 inches long elevated

20 temperatures being created by and applied to said device
strip carrier by said main chuck or heater table, said
elevated temperatures being created either by design features
_of and contained within said main chuck or heater table or
being created by a separate heater table and being

25 transferred to said device strip carrier by thermal



20 relative to the device testing position contain proximty sense and
positioning capabilities that on a continuing basis nonitor and g@@ﬁfﬁ &e
position of the device strip carrier wth respect to the device dh'
position. 18 APR 30 14. The apparatuspof claim1l, said probe card
conprising a multiplicity of probe pins, said probe pins being able to
contact a contacting surface conprising a spherical solder ball and also a

flat susdaedst Soh thid Obea PéEd fiMesiele &Sr hedsgeabt 10, accomodat e a
contacting or ball pitch varying froml nm to 500 .m said probe pins

furthernore being able to accommobdate a sol der ball surface planarity of-
100 mcrons said probe pins varying in nunber from4 to 64, thereby

accomodat i ng_gevi ce PACkAMas, YATy N 110 2210 Bx8 deviees, o10zsai d

probe pins being’l ocateé con I'sin any nmatrix form

exi sting acrass, g B r. CSP devi.ce are contacted each obe card having
t hree di%%ﬁ%ﬂﬁﬁﬁﬁﬁ?gﬁg 512 Ih RS Oraﬁ&a angaB}SvﬁggﬁgéYth three types

of stepping capabilities, said stepping capabilities_cqnprisjing device to
devidce WRRHHIE £hy devife SHdn FaierwthgraPy de¢iediBegr FPeand devi ce

strip to device strinp.
probe card thereby including the test head allows for testing

of BCA devices contained within said device strip carrier

with a thickness in excess of 1 mm.

10 12. The method of claim 1, said device strip
carrier storage medium comprising a device strip carrier
casgette wherein a multiplicity of device strip carriers can
be contained in a vertiéal or Z-axis arrangement and which
provides adequate protection to the device strip carriers

15 during storage and transportation of said device strip

carriers,

13. The method of claim 1 wherein said alignment tools
for loading and unloading of said device strip carrier
20 relative to the device testing position contain proximity
sense and positioning capabilities that on a continuing basis
monitor and direct the position of the device strip carrier

‘with respect to the device testing position.
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14. The apparatus of claim 1, said probe card comprising
a multiplicity of probe pins, said probe pins being able to
contact a contacting surface comprising a spherical solder
ball and also a flat surface, said probe pins furthermore
being able to accommodate a contacting or ball pitch varying
from 1 mm. to 500 um, said probe pins furthermore being able
to accommodate a solder ball surface planarity of 100 microns
said probe pins wvarying in number from 4 to 64, thereby
accommodating device packages varying from 2x2 to 8x8 devices,
said probe pins being located such that, contact balls in any
matrix form existing across a BGA or CSP device are contacted,
each probe card having three dimensional freedom of movement
and being provided with three types of stepping capabilities,
said stepping capabilities comprising device to device within
a site and gite to site within a device strip and device strip

to device strip.



