PROBE TIP TO DEVICE PAD ALIGNMENT IN OBSTRUCTED VIEW PROBING APPLICATIONS
RELATED APPLICATIONS This application claims priority benefit from U.S. Provi- sional Patent
Application Ser. No. 61/114,430, filed Nov. 13, 2008. BACKGROUND 1. Field This invention is in the
field of semiconductor wafer prob- ing and, more specifically, relates to alignment of a probe tip to a
device under test. 2. Related Art Semiconductor wafers generally undergo probing using a probe card
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1. Field

This invention is in the field of semiconductor wafer prob-
ing and, more specilically, relates Lo alignment ol a probe Up
to a device under test.

2. Related Art

Semiconductor wafters generally undergo probing using a
probe card which makes contact to conductive pads on top ot
the IC. As technology advances., probing of wafers becomes
more important in order to ensure proper designs and accept-
able yvield. However, as technology advances., the number of
pads increases while the size of individual pads and the pitch
between pads decrease. This makes it much harder to ensure
that all contacts of the probe card make proper contact to the
corresponding pads.

IDevice probe pads are the topmost layer of a chip. Prior art
techniques for PTPA (Probe To Pad Alignment) require an
unobstruacted view of such pads from the backside of the
wafter, and an infrared camera to see them through the silicon
substrate. However, modern fabrication techniques for semi-
conductors place many laycrs of interconnccting mectal (as
many as 10 or more) between the topmost and bottommost
layers in a device. lThese metal layvers block all visibility of
probe pads from below and thus render such existing tech-
niques inadequate.

FIGS. 1-3 illustratc prior art arrangcemeaoents for probce pins
alignment. In FIG. 1, wafter 100 is held by a chuck 105, which
is attached to an x-y stage 110. A camera 115 is also attached
to the x-¥y stage 110. To perform the alignment, the stage is
scanned so that the camera 115 can take pictures of the probe
tips 120 of probe card 125. The image is used to form a
mapping of the tips” locations. In FIG. 2, an infrared camera
215 1s used to image both the pads 202 on the water 200 and
the probe tips 220 of probe card 225. As shown in FIG. 2, in
position A, camera 215 is [ocused on the plane where the pads
are, so that it images the pads 202 through the silicon wafer
(hence the use of infrared. to which silicon is transparent). At
position B, camera 215 is focused on the plane where pins 220
are, so that it images the pins 220, also through the silicon
wafter. When no or very few metallic lines are fabricated on
the wafer, the TR camera can image both the pads and the
probe tip through the silicon. This is shown in FIG. 3, wherein
the pads are shown as squares and the probe tips are shown as
round. However. when several layers of metal lines are ftab-
ricated on the wafer, the lines block the view of the camera
and prevents imaging the pads and/or the probe tips, so that
proper alignment cannot be verified using this technique.

Therefore, new apparatus and methods are needed in order
to ensure proper alignment of probe tips to contact pads, even
when several layers of metal lines are fabricated on the wafer.

SUMMARY

The following summary is included in order to provide a
basic understanding of some aspects and features of the
invention. This summary is not an ecxtecnsive overvicew of the
invention and as such it is not intended to particularly identity



pads increases while the size of individual pads and the pitch between pads decreases. This makes it
much harder to ensure that all contacts of the probe card make proper contact to the corresponding
pad. Device probe pads are the topmost layer of a chip. Prior art techniques for PTPA(Probe To Pad
Alignment) require an unobstructed view of such pads from the backside of the wafer, and an infrared
camera to see them through the silicon substrate. However, modern fabrication techniques for semi-
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gﬁm{] e tips to contact pads when metal lines
perform thél% ruct &@%t §Jgthro1.1gh the silicon. Aligning probe card
pins to wafer device pads using upward-looking camera can—
not be performed when the view of pins and pads is obscured
due to probe card technology and multiple metal layer semi-
conductor fabrication technology. Accordingly, wvarious
embodiments are described which use a combination of views
of the probe pin array, device images, and/or device CATID>
(Computer-Aided Design) map overlaid, so as to achieve
alignment in X, Y, and Theta (rotation). Certain embodiments
are ftacilitated by the upwards-looking infrared camera sub-
system of a standard emission or laser probing microscope.

A ccording to one embodiment, the device’™s CAID informa-
tion is overlaid on a captured image of the actual device to
provide the necessary probe pad location information. There-
fore, the conventional view of the top layer through the back-
side of the device is not require. This ““virtual device”™ infor-
mation is then compared spatially with probe card pin array
information taken by the upwards looking camera when the
water is not present. Adjustments can then be made to the
relative positions of wafter and probe card until the tvwo are
brought into alignmaoent.

According to another embodiment, a high-resolution cam-
era is used to take an image of the actual top side of a die on
the wafer to be aligned, thereby showing the locations of the
contact pads. The camera may be mounted in any location
which atffords an unobstructed view of the wafer top surface.
In fact, it is not necessary that the camera be mounted to the
probing system because the image may ultimately be manipu-
lated by the probing system to match the scale and position of
backsidc images gencerated by the TR microscopce systecm in
the tool. Once the image is captured, it may be manipulated
digitally to scale, rotate, clip, and otherwise match it to the
backside image of the die as captured by the upward looking
IR camera. The image is then rendered translucent and
merged to the backside image so as to overlay the tvwo images.
That is, the top side image is matched to edge features which
are visible both from the top side and back side of the die and
a composite ““virtual transparent’ die image is created.

The ““transparent’ feature refers to the fact that a normal
image of the device backside., as captured by an IR micro-
scope, cannot see through the device to its top side because
intervening metal layers in the semiconductor device obscure
the image. By merging the front side and back side images
into a single image., we create an image similar to what vwould
be seen if the device were transparent. Because this image is
based on actual images of the die to be aligned it can be used
in the wafer prober Probe-to-Pad alignment process.

According to yvet another embodiment, a full composite
image of backside, CAITD, and topside is created to improve
the accuracy and effectiveness of this method. However,
when a CAID design is not available, the method can be
performed without overlay of the CATD> design.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, exemplify the
embodiments of the present invention and, together with the
description, serve to explain and illustrate principles of the
invention. The drawings are intended to illustrate major fea-
tures of the exemplary embodiments in a diagrammatic man-



scanned so that the camera 115 can take pictures of the probe tips 120 of probe card 125. The image
Is used to form a mapping of the tips' locations. In FIG.2, an infrared camera 215 is used to image both
the pads 202 on the wafer 200 and the probe tips 220 of probe 225. As shown in FIG.2, in position A,
camera 215 is focused on the plane where the pads are, so that it images the pads 202 through the
silicon wafer (hence the use of infrared, to which silicon is transparent). At position B, camera 215 is
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FICGr. S5 is a general schematic depicting major components
of a probing microscope which may be used for implement-
ing embodiments of the invention.

FIG. 6 shows a modern device as viewed with an infrared
microscope.

FIG. 7 shows the infra-red image of device with corre-
sponding CATID design data taken from a CATDY databasc (FI1G.
5) and overlaid and registered to the infra-red image using
prhysical device positions.

FIG. 8 shows desired probe positions identiflied and high-
lighted for comparison to the probe tip array.

FIG. 9 shows an image ofthe probe tip array as viewed with
an infrared microscope.

I'IG. 10 shows the probe tip array position compared to the
probe pad locations on the device after alignment is com-
plcted.

FIG. 11 illustrates a flow chart of a process according to an
embodiment of the invention for aligning probe card pins to
contact pads ol die on a waler.

FI(G. 12 illustrates an embodiment that can be used in such
circumstances to reach alignment without the need for a spe-
cial camera and optical setup to simultaneously view wafer
dies and probe cards.

FIG. 13 is an example of a front image rendered translucent
and merged to the backside image of the wafer.

FIGr. 14 illuastrates a process for aligning the probe card
pins to the contact pads when no CAID design data is avail-
able.

FIG. 1S5 illustrates yet another embodiment according to
which, when CATD> design data is awvailable, it is used as
verification for the accuracy in selecting the contact pads for
alignment.

FIG. 16 illustrates an example of an image showing
sclected contact pads (wvisible from the topside image and
conlirmed by the CATD> data) are marked for alignment.

DETAIL ED DESCRIPTION

Various embodiments of the invention provide apparatus
and method lfor merging waler die images [rom multuiple
sources to create a pseudo-transparent water die image to
facilitate alignment of wafer dies to wafter probe cards. This
inventive technique is applicable to all wafer types (including
wafers with multiple metal lavers which obscure through-
wafer TR microscopy) and probe card types (including verti-
cal, ““‘cobra’ typc probc cards and other probe card typces with
no center viewing port).

While the invention may be implemented using a verity of
arrangements. il is especially benelicial for use in probing
microscopes, such as, e.g.., emission microscopes and laser
voltage probers such as the Meridian™ WaferScan available
from IDCG Systems of Fremont. Therefore, various embodi-
ments of the invention will be described as implemented in
such systems.

A general schematic of a probing microscope which can be
used for implementing embodiments of the invention is
depicted in FIG. 4. The system illustrated in Figure is particu-
larly suitable fortiming . emission, failure, and other testing of
dies on wafers, especially from the backside through the



proper alignment cannot be verified using this technique. Therefore, new apparatus and methods are
needed in order to ensure proper alignment of probe tips to contact pads, even when several layers of
metal lines are fabricated on the wafer. SUMMARY The following summary is included in order to
provide a basic understanding of some aspects and features of the invention. This summary is not an
extensive overview of the invention and as such it is not intended to particularly identify key or critical
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Probe-to- Pagﬁlﬁga@%a&m@r@esgomputer 540, which may be a conventional
ATE., generates test vectors that are electrically fed to the
DUT S60. When emission testing is performed., the optics
collects the faint light that is emitted from active devices on
the DUT, and directs the collected light to the photodetector
536. The photodetector, e.g., avalanche photodiode (APID)
converts the collected light into an electrical signal that is sent
to the signal acquisition board. 1lhe signal can be then ana-

lyvzed using the computer S70.

On the other hand. when laser probing is performed. the
ATE also sends sync signal S44 to the mode-locked laser
source 510, which emits a laser beam. The beam optics 525 is
then used to point the beam to illuminates various positions
on the IDODUT. The beam reflects from the IDUT, but the reflec-
tion is perturbed by the IDUT s response to the test vectors
S42. This perturbed reflection is detected by photodetector
S536. which converts itinto an analog signal. The analog signal
is acquired by the signal acqquisition board S50 and is led Lo
computer 570, where it is displayed as a waveform corre-
sponding to thce poerturbed reflection from the DUT. By cor-
relating the timeline of the waveform to that of the ATE, the
response ol the DUT can be analyzed.



According to yet another embodiment, a full composite image of backside, CAD, and topside is
created to improve the accuracy and effectiveness of this method. However, when a CAD design is not
available, the method can be performed without overlay or the CAD design. BRIEF DESCRIPTION
OF THE DRAWINGS The accompanying drawings, which are incorporated in and constitute a part
of this spec ific ation, exemplify the embodiments of the present invention and, together with the
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1-01-a SPE-compared with the physical probe tip array. This overcomes
the problem of attempting to take an image of the pads
through the obscuring metal layers of the IDUT.

FIG. 8 shows probe positions identified and highlighted for
comparison to the probe tip array. '1'hat is, using the virtual
device image of FI(G. 7, several probing points are marked for
the next step of registration. This can be done by simply
having the operator ““point and click” to desired probing point
using a mouse or other pointing device coupled to computer
S70. WNotably, not all of the probing points need to be high-
lighted., but rather only sufficient probing points to enable
recognizing registration errors in x-y and theta (rotation).

FIG. 9 shows animage of the probe tip array as viewed with
an infrared microscope. To obtain this image., the wafer has
becen moved to a holding position so that an unobstructed vicew
of the probe tip array is available. Then, the infrared camera is
used to obtain an image of the probe tip array. Water probe
positions previously identilied are shown overlaid on the
image for position comparison. The probe card is then moved
in theta (rotation) until the probe card angle matches the wafer
angle. The wafer is then moved in X and Y until its position
matches the probe array position. FIG. 10 shows the probe tip
array position compared to the probe pad locations on the
device after alignment is completed.

FIG. 11 illustrates a flow chart of a process according to an
embodiment of the invention for aligning probe card pins to
contact pads of die on a wafter. At step 1100 the wafer is
loaded to the swystem. wherein the system has an infrared
imager with a wview of the backside of the wafer. In this
context, backside means the surface opposite to the surface
having the contact pads. As explained with respectto FIGS. 4
and 5, the laser and intfrared imaging optics are positioned to
observe the backside of the wafer since that is the surface
where photon emission and laser probing can be performed.
Once the wafer is loaded, the infrared imager is used to scan
the selected die on the wafer to obtain an image trom the
lower surface of the wafer.

At step 1110 the CAID design data of the watfter is loaded
from a CAID database (see FIG. S) and the data is aligned and
registered to the laserimage of the die. That is., various visible
elements in the laserimage are registered to their CATID design
data. An exampleis shownin FIG. 7, wherein device elements
are shown as rectangles. The CATDY data also includes the
contact pads., and these are shown in FI(G. 7 as circles. Since



c ia 1 camera and optical setup to simultaneonsly view wafer dies and probe cards _  PIO. 1 _3is
an example of a front image rendered trans Inc eatt and merg,-ea to the backside image of the wa rer.
P10O. 14 illtistrates a process for aligning the probe card pins to the contact pads when no CA._E-3
design data is available.  VIC+. 15 ill its trates yet another embodiment ac cording to which, when
Cl:M3 design data is a-vailable, it is it sed as veri ficati on fbr the accuracy in selecting- the contact
pads for a lhghi-nes aME 16 dlusiates-an ex.arple.ofesJnage sh(SMikHIS ChicE-tea contact
pads (w&bl@%ﬁhﬁh &errm‘&‘géﬁ ﬁ?ﬁrleﬂdfb ﬁe@ﬁ%ﬂa arébfﬁéﬁkéfﬂeﬂaf&hgnment ou.

Ca2_11=TIEho 5’57“6 odimenttio ﬂl%lwggﬁﬁﬁﬁrﬁa? lpatailisiand Rinstboa for in
erg,-; rig wafesidié< mn sirlEGA=¢d tiplsorrces to create a pseudo-transparent water die image to

facilitate alignger} GiuARL.Jies O IvareT nigHE 2 9hd® Thig IV Eaue R &dlicable to all

wafer typesstinchding safers with nettiiple-metalday ef&whlehxgbsne&re:mrongdawaaterdR micro sc

opy) and prighe tard @Eﬁimngﬁfﬁﬁéfé%ﬂﬁ&‘g@éﬁﬁdﬁcﬂgﬁ qiePot eéﬁp% card types with

no center V@Mﬁglperﬁlarﬁ{\éhﬂe thewaveniien ma yhesmglemented usmg a verity or arrangements, it
is especiall E‘Féﬂ’tiélr]t% obi 1an‘i% alé_'gfﬁo 8 ki sion i icRiscopes and
laser volta BisSuahas tev%{ EERTRY, Voylahle dralia &3 aystens of Fremont.

Therefore, ﬁaﬁoﬁs%mbotﬁméﬂtﬁs wm@m‘?ehﬁoﬂwlltbe?dﬁm bed dsdm &@1%@:@1 ifhsuch systems

general schSHRGHE DI B kinG Mg bS T canthe U580 ol pISHeniRG tibhdiments of the
invention isttepictedbit FG14is Th:e: sberﬁlrllastlatedqr Fibyreng ppektioudaryodii adble for timing,

emission, fﬁfiﬁlféﬁﬁ@tﬁ%‘ﬁe@ﬁiﬁﬁdﬁ VRS S B TR BAGKSITE Shrough the

snbstrate. 'Wigsygtemds-shomieas operatingdn. conjunetien withea-cogamnerC jaikywvaj-labl e

alat01-11. 24t ERNG SE U BRistinds € T ey tlggﬂsaggﬁﬁny &@@ﬁ%;@‘?igﬁtroller

l-arc:1- 1aslalpf§péaggammeda¢i)@i{w&er 48%, ﬁ.md,aéest ich caraprisce4@n probing card.
425 used tO"déW@j? Sggibf§ ‘}é eﬁ] r‘a{?ﬁﬂ’c 1*#%8116@#1‘@ devicd <inder test
(OLLIT in this c:%ﬁteie dheselpgte Ziliin asiannes wel knownJn the att.

SpeC|f|caIIyIStheﬂ2!1¥2Fi164®1?|sl‘u§ed tbeHerateadig ﬁmmp@mmew*r F914 16to perform

varions taEE.2R B AREA LY e PR R iR 6, A W VR AT 1 embodiment

depicted_ inFSSative MStesiiﬁeadoﬂadt isplated o top ﬁ%aq;tﬂ:;raﬁmwsolatedttest bench 415,
while the CTEIR RO B b0 SES i BINCE, APkt AT oSty ‘o the Aicigscope system.
is situated ba@mn‘&larsq)jfewdesw:tremeﬂd@a&advaﬁtagﬁa&mﬁlI@w&tlaeﬁgsﬁemrﬁmb@used with any
type and o f“ﬁ%ﬂﬁtm%P@Féﬁﬁop it Br EnKIfg ratodme o6 ahy DI e ElEthents inside
chamber 4@Qd&]thﬁﬂtﬂﬂ6u%£TEﬂStU§eg1t&@aQ@: thaifrom, ahove se dhat-ids Misible tathe optics via
opening 48‘5%&@6%@@ @bﬁﬂﬁﬁéﬁﬁ?@éﬂ& I%%rpﬁél eﬁfﬂffefécé:v Eetiigoptics'at any locations
within the ORERIA: s agenata ﬁaﬁﬁa@i@ﬁe@@ (L RAIGN £ ONAPGRSTIs Of a probing
mlcroscopefwliwlf?ma bveltse@fbvhm mﬁgﬁwgéﬁb@mmgwmebmﬁemcwh? 5, dashed
arrows repr@S&RESRHca bR Whilk Sal8 Attau/S TherBsent BT ECTRohiE Bifihal gaisi L he optical paths
representedrbycdasheddmas are gengratlyyrade risingiber optic-cablekrsRbing system 500

comprises ’@éﬂﬂ@ﬁé@&%&ﬁﬁﬁe\gﬁm@?@Kﬁﬁ%@aﬁﬁﬂ@q}%ﬁﬂiopma‘ bench

512, and data-aegiiisiticin-and-analysis appatadus-oid: ndes provisions for

mounting tHEYHEr 560 dAifd camergé%ﬁ?ﬁ’@é@ﬁéﬂiﬁi'%%ﬁﬁ?@‘T“a)ll“*fﬂﬁﬁ‘é‘ia”OUS

elements t@ﬁwpﬁﬁgaeaf& gﬁeasalbflsgm A5 heam Ranipslationoptics; 134401535, and

elements fGngmﬁ%‘fn fé %ﬁ@ﬁmﬁ@vﬁ?tﬁ@ PY'CIFo3iteh asl?lla@lagemﬂﬂng microscope,
r:lﬁ fer;

ISM 530 340 shows sorme featuras that ar

enaé@ RaYNed § Dbowe pad/or signals.
542, to theW@S@@mW@Mﬁgb&rdeamémayl@@ﬁdw rerdvoletkisigmatti 544, to the

mode-locke{L T3de} SolREEIn @E@%ﬁ*@ﬁﬁ@ﬁi@%ﬁ%ﬁéﬁ%@yw pR3fatus, 514,
includes wotksta@a@ﬂ;whnhamtrd&pro&ess@sandﬂ@@ dete-fiofiike sigrahacquisition board
550 and the BRI Benfll, 312, » 1T el slpt oAt Pﬁﬁfﬁiﬁaﬁm AREH e he ko ijen tional

_ALUE;, g%e&&te&fas&u&etam@amﬂaﬁmaﬂyﬁedgo t e\Nheihgals&on testing is
performed, 't T&ﬁr@(? gﬁaqf{@ t¥faf 15 eiitte H‘ff@?fsé}t@?ﬁ degites bR MRAL3T_TT, and
directs the @cﬁ@gtﬂg adetaatan536. The p?otodc tc:ctor, ava 1llancﬁe&mhotodlode (APO)
converts the caﬂbeitledthgmﬂnmfa’ﬁlﬂ%é"%%g%@ﬁﬂﬁﬁa? |§<setm¢oﬁh€ts§fg’f at qmsmmlboard The
signal ¢ an BE TR Ehaliizet J5iNg e Computer 50 : e o Heowma: hand, WaBniaSer probing is
performed,ithecAVEaiseesendsdyirosigralbid<csther inode<tecdceddasarsouice 516 which emits a
laser beam_ The beam optic s 525 is then itsed to point the beam to illimainates van oils positions on
the FYLIT. The beam reflects from the FYLIT, but the reflection is perturbed by the LIT' s response to
the test -vectors 542_ This perturbed reflection is dBtected by plaotodetector 536, which converts it
into an analog sip, rra 1. 'The analog signal is acquired by the signal acquisition board. 550 and. is fed
to c otrapirter 570, where it is di splayed as a waveform corresponding to the perturbed reflection from
the | D.LIT. I-3y correlating the tinteline of the waveform to that of the ZVTIN, the response of the
-1-3ITT can be analyzed_



As can be understood, in order to make the systems of 1-7ICi-S. 4 and 5 operable, the electrical vector
signals need to be properly communicated to the 1_31.J"T. For this purpose, the pins on the probe
adapter most be precisely placed on the pads of the OUT. Improper alignment may cause incorrect
signals or no signals being- cormantnicated to the OUT, and may damage the OILY]: or the pins

When using optical probers such as those illustrated in FA_CiS. 4 and 5, one can use the laser of the

prober to takg,anipfrared image.of the QU'H- dr-B:scariing the laseiusingthe J.gMsFTC_6
shows a modentedevivesi-Nie\BteBh wither gie infrarechmsick obeope: AirSidam be sebatthe inner

metal layers FOPHIEED;, GO @é&é@ﬁﬁl@g@ﬁ%@%@ﬁﬁﬁ@@é gﬁ@éﬁﬁg VIR, Therefore,

existing methosls-of-atignment, iwhichaeky upon aview«wabothqsebeparisandipgobenipstcannot be
used on thlsla‘é'VI‘éﬁsEtdn7%1?‘0@?%]‘?&25@?&6‘@’@@38@%% ﬁ;d@ﬁé@@?ﬁ?igr’r’é‘s Hb‘ﬁdlng CAA-)
design data %Kemcfml&tA@\Aq)fﬂ&K&b_ﬂS e'alaﬁdza auianml[egtstefﬁdltgiae infr-tred image

rising physu:al d@%@e E%ﬁlt?dﬁ%bﬁ???'aﬁwé‘c%%sﬁﬂﬁcﬁ ggbgfgrﬁvﬁst be pads. The

P iaye
combination D136 GAVIGE I REE sAHEE By ApWaLaH oG TREE mé&s oveHdC7_,A.0
TIa is

design form 349|$t0{}1‘elévwekvmi'@h e becdemntparediwith thelphysiedigrabet

overcomes thi HRghIEHT, o AT TARE 5h ﬁé‘@%@?ﬁ@%@ﬁ@ ﬁliég%&ﬁ;‘ﬁg -metal

layers of thed8ileFh. Note tBshons obe esitienspaentied &ndchlgh#l Ikeckfor bemparison to

the probe tip} A&V~ THat &, TemB e VAudLg %\ﬁ‘%ﬂﬁf&%ﬁiﬁ% lgnedﬁl@iﬁtfﬂﬁtﬁé’nts are
marked for thﬁa&h&ﬁﬁﬁiem@Eﬂegjﬁw@ike,naf[&HSﬁaﬂﬁﬁﬂﬂm %3 mpe]ryz;aaumglme operator "point

and click" to'd ot fEsit as ﬁo?hé’f‘ﬁd%ﬁﬂ(g A% I[Jféﬁatﬁ%omputer 570
ool ot T B g poinis
to ena ble retogﬁ??lrrgrﬁq&?&boﬁ awomnp thates( Fb?a%é ndE#‘&lS—‘LPP%@\ﬂs an image

otv proe G e R RS QR AV ST (G R aer nas
been movedrtmza*he Ip@ﬁ#@ncsezthatcammmomma;t d@mlemﬂhé‘ ober@po&rﬁaéss availa ble.

men, the infr3fe %ﬁ ﬁé@%‘ﬁb‘f@%ﬁﬁé@;ﬁ@é‘ BrSi U Ay L YRBRR pEeke positions

previously iden Showni DvBKaitkeal mm@éer position comparison_ The probe card is then

-moved in thetﬁ?ﬂf@ndﬁpﬁﬁ%@ @5%@0?13@&@ i avaﬁjé@?l’é‘ gHeffe> The gater is then

moved in X aneki ﬁéaimkitscpasmeruaaatehas;rehﬁjpgme:aﬂa@pas&l%ll&shq\_mdlaefmﬁbe tip array

position co B;%éft‘ms@ect dle e gﬁ%ﬁ@ﬁl ’é%imtﬂléféé Pl C+. IL

IL Urn strate%ﬂg\g gﬁ{gp@&ﬁggo €5 nﬁi@dﬁviﬂ@%rﬁ%ahgnmg probe
card. pins to@mta%tlpadlg@fctiremgvmiergm sﬁ;ppl}lﬁ@the:wafm Id‘afdz—:fd:te‘tthe stem, wherein

the system HE5 Y iftt o EEhimAGER W 8 VIS (e SAEkSHE T e WaRI .S S.90Ext, backside

means the stirEdce sppesite tbithe SukFhse Rayinglketcantact pads s éxpiaﬂzledamtdi respect to
PIC'S. 4 and § ﬁgﬁﬁﬁﬁ@'ﬁgﬁﬁ@m@ﬁ%b@h@@@ﬁ OBREE s Farkside of the
wafer since bh:aetsJB)thaé}bl{@ﬁe akhese MMemmloa%d laser Bfﬁblﬁglca:lﬁzbﬁsﬁﬂii&léﬂﬁed Once the
wafer is loadeth e itl-fred Hisrsberr st Mt Sefedted digopth Eﬁ?ln an image
from the Iowelr&ggéq% ohthes

BhiedAL e 1D hebALk)-desion dai Slﬁ?&gﬁavaﬁf is loaded
from a CAL) ﬂa{&baﬁ%eﬁ%l?}h%édd?&t&%?éhgﬁedbahdﬁregis{md]t{?the)lase‘#mtag e of the

die. That is, yAUBRS SIS SN IR /A e Simage Sl dd e RS AlUER Y data. At-1
example is shmmlFé@w?ifwheﬁemedm eiemm$m sh&w s atedtanglesnlingiGAl) data also

includes the SRS RAGE AT ABSe 4RSS AT BRL ST S irbiedL SRR AR ke is registered

to actual deuvica elemeants on:the ﬂmmam@atlmn@ﬁiﬁafeﬁnt:aﬁépadawtdleate&by]tlﬁt@AL) data

should be refyiste{pd, B the garaaibadishormecbontactpRasmIGUAN #18 SOt e are
obstructed anddhesefarasnetivisibla in the infmred | |mage In step 1115, selected contact pads are

marked for matéhing> ot prabe erfisrs st W%W@f selee [ bl sitaply having an

operator US%E@BH@GQ%MQG&H Bsa Tﬁﬁsdess,{ﬁgéjet&ﬁag% thereby
marking thesespads forftlrec{map £tter- eeeté.s@rg whvclhD g plsicarharks as illustrated in

FIG. 8. ln%i%@@jﬁ@&é?ﬂ?é{mgf@@ i T fg@b?a%éﬁ&%uch that the ii
pwa rd-lookisginiageri hasiciaapiime ©is it tethe« etbardnqé\tlthislpmﬁpih@qﬁmgea@athe VS/ ;A ler
@E%ﬁ

can be rel-{ {N/EEL AL DLLLINE RS OER WO IRA BRI R B DA AL step
11125 the upwafglt NG Hiagar isuseddedniagd < then probecard:-d he imaga.artaprobe card is
then overlaid*®ver thatiearkings ore oIS afear s Iﬂﬂf’thé’i‘m Afined to see
whether the Rins af: ﬁiteiprog%aﬁ ﬁ%&m@fﬁiﬁiﬁ Jeimarkil 65159‘7%‘31‘_}?2138 Il they are
aligned, the process proceeds to step 1135, -vvlaerein the wafer is loaded and is niov-4.:,-d in,c-y if
needed. on the other hand, if at step 1130 the pins are not aligned, the- process pro4.:.-4.:-eds to step
1140, wherein the probe board is rotated until the résults of the inspection in step 1130 results in al
1g-rime-M.  There are occasions when wafer CAL.) design information is unavailable. FIG. 12
illustrates an embodiment that can be used__ in such circ maist--trices to reach --dignment win-tont the
need for a special camera and optical setup to simultaneously view wa fer dies and probe cards. "l he

system shown in the embodiment of 110. 12 is similar to that Slit:7%AM in U1C+. 4, so s un liar elena
ante are indicated with cina liar refarence evecent that thev are in the 12 v ceriec rather than A-vy



"flie "transparent” feature refers to the fact that a normal imaging of the device backside, as captured
by an la microscope, cannot see through the device to its top side because intervening metal layers in
the semiconductor device obscure the ithage. Ely merging the _front side and back side images into a
single image, an image is created that is similar to what would be seen if the device were transparent_
necanse this image is based on actual images of the die to be aligned, it can now be used_ in the
wafer probapipe@bertorlachalighment pracessdn #ha same nCashios as-hasi beebdascdbed in the
previous embedintErr tisimy rd@srgmtafrhb@faw %td@\ﬁ(:él(? g’lﬁ%ﬂrﬁa‘ﬂaﬂlﬁrequwed to
use this tehRIgE st o A LS RS e PR o Sh A S BTG BR ST BN Jiffe contact
pads Whendi&Ga?-ap@s'lya)tdesgﬂedatﬂadaavﬂilatﬂﬁa Apstepridaoithe mteasé&adem@m@athe system.
At step 14 éllsh%k@faeaﬁf Q@Wééﬁe%ﬁ%ﬁ Watdt 8 getsimg ﬂ#e% iti's falSer and
imaging op?i?‘:c? RSN T PRE BpEe e sar?{e ‘He |sﬁfn?aged &ing A'M&H _resolution camera.
IV ote that the order of steps 1405 and 1410 can be reversed_ At step 1415 the topside digital image
is digitally manipulated to correspond to the sixe and be al i gn ea w itia the backside laser image, and
is flipped and merged with the backside laser ii-ige to generate a virtual transparent image of-the die__
At step 1420 selected contact pads (visible From the topside image) are marked_ _for alignment. At
step 1425 the wafer is parked, e.g., on parking pins 1226, and at step 1430 the laser Unaging system
nuages the tips of the probe card. At step 1435 it is checked whether the pins are aligned with the
marks of the selected contact pads__ If so, the wafer is reloaded at step 1440. On the other Irma, if the
card is not properly aligned, at step 1445 the probe card is rotated and alignment is checked until the
card is aligned_  FTG-_ 15 illustrates yet another embodiment according to which, when design
data is available, it is used as verification For the ac curacy in selecting the contact pads for alignment.
In step 1500 the wafer is loaded and in step 1505 the backside of a selected die is imaged using the
system's laser and imaging optics__ At step 1510 the topside of the same die is imaged -using a high
resolution cana4.::_ra. otc,- that the order of steps 1505and15104.::atab4.:: re-v4.::_rsed At step
115115 the topside digital nuage is digitally manipulated to correspond to the sixe and be aligned with
the backside laser image, and is flipped and merged with the backside laser Image to generate a
-virtual transparent itat_age of the die. At step 1520 the CAL) design data is overlaid over the virtual
transparent image to confirm the alignment of the top inaage to the backside image. If there are
discrepancies, the topside digital image is tartnipulated to conform to the CAL) design data. At step
1525, selected contact pads (-visible from the topside image and confirmed by the CAE) data) are
marked for alignment. A sample of such an image is shown in FIG. 16. At step 1530 the wafer is
parked and at step 1535 the laser imaging system ii-ages the tips of the probe card_ At step 1540 it is
checked whether the pins are aligned with the marks of the selected contact pads__ If so, the wafer is
reloaded at step 1545 On the other hand if the card is not properly aligned, at step 1550 the probe
card is rotated and alignment is checked until the card is aligned_ It should be understood that
processes and tee hniclues described herein are not halierend y related to any particular apparatus
and may be inapl14:._uncuated by any suitable combination of components. Furtla4.::_r, various types
of general purpose devices may be used in accordance with the teachings described herein_ It may
also prove advantageous to construct spe4.::ialixed apparatus to perform the method steps described
herein. The present invention has been described in relation to particular examples, which are
intended in all respects to be illustrative rather than restrictive_ Those skilled in the art will appreciate
that many different combinations of elements will be suitable for practicing the present invention.
Moreover, other implementations of the invention will be apparent to those skilled in the art From
consideration of the specific:ation and practice of the invention disclosed herein. VariolAS aspects
and/or components o I- the described embodiments may be used singly or in any combination in the
relevant arts. It is intended that the specification and examples be considered as exemplary only, with
a true scope and spirit o the invention being indicated by the following claims. The invention claimed
is: 1 A method ofperforrning alignment of an array of tips of a probe card to corresponding contact
pads for wafer probing applications, comprising the steps of: obtaining a backside image of a wafer;
obtaining a mapping of contact pads lying on a top side of the wafer opposite the backside; overlaying
the mapping of contact pads over the backside image so as to create an image showing the contact
pads



superimposed on the backside image of the wafer; selecting at least some of the contact pads as
landing points; obtaining an image of the probe tips array; comparing the landing points to
corresponding positions of the probe tips; and, if the positions of the probe tips are not aligned with the
corresponding landing points, rotating the probe card to align the positions of the probe tips to the
landing points. 2. The method of claim_ 1 wherein_ obtaining a mapping of the contact pads

comprises obtajfipg LA Sgsigndata-Qlthg wafer, and wherein overlaying the mapping of contact
pads comprise3 overayinb the CAPEesiomdata oves thebacksitietinageay 3.thhsahethod of claim 1,
wherein obtdiRifmPd mmﬁ%ﬁmmtmﬁmmﬁp@ﬁ@i@m‘a@feﬁhe topside of
the wafer, aﬁﬁﬁlﬁﬁﬁlﬁ\gr é’ﬁﬁfﬁﬁg‘@t’ﬁ%@% ﬁojﬁgsgfﬁé%t? comprises overlaying the digital
image over thehsekside Inage,ap pAnkhe ek ghaias31yhesein, abiaipiagaaneapping of the
contact pads furthgreompfisescattaiving CAF) desigridhta of the wafer, and wherein overlaying the

mapping of corta&Jaas Rirtidre d %\@ﬁ%ﬁg%z\;ét@ﬂ LY &3Ygrr dats Qe e Q&ckside image.
5. The method ofé ﬁg?@ aé@%@%@gﬁé 2P Sglllg gq%&%cp%&sf@%gﬁﬁ%sbackside
image further comprises gigitallyemanipubating the digitaldmagedo maids_ featlwesdiisiple in the
backside image. P Hie method of claim 5, wherein overlaying the mapping of the contact pads

over the backs[dS FHAUE; @%égﬁgﬁiﬁﬁ‘éé HARL oanl S@&%ﬂ%@&@@&%&@ﬁch features in
the CT. A 1-3 desigidptasbe tighe od of claim 5_ wherein digitally manipulating comprises at
least one of scaiﬁrfg}fromﬁﬁgt,i@nﬁswﬁ)plﬁg%%?ﬁ wafersprebingtsydiemssbrimpriingra bench having
an opening °°“f'95%%rﬁ’i%%@§’%o%%_o OPOR 2 15887 SHORE GpcR) sY<tattithitfigured for
inspecting the back alde,0f ik walar Li-sind an Whaked IMager- 8 NI9EeSSOr-topHgWediint- enabling
aligament orlaa asayof pehd dipehap probe carthiongogespodingceopiactiata of the
wafer, and wherein overlaying the mapping of contact pads
comprises overlaying the CAID design data over the backside
image.
3. The method of claim 1, wherein obtaining a mapping of
the contact pads comprises obtaining a digital image of the
topside of the wafter, and wherein overlaying the mapping of
the contact pads comprises overlaying the digital image over
the backside image.
4. The method of claim 3. wherein obtaining a mapping of
the contact pads further comprises obtaining CAID design
data of the wafter, and wherein overlaying the mapping of
contact pads further comprises overlayving the CAID design
data over the backside image.
5. The method of claim 3, wherein overlaying the mapping
of the contact pads over the backside image further comprises
digitally manipulating the digital image to match features
visible in the backside image.
6. The method of claim 5, wherein overlaying the mapping
of the contact pads over the backside image further comprises
digitally manipulating the digital image to match features in
the CAID design data.
7. The method of claim 5, wherein digitally manipulating
compyrises at least one of scaling, rotating., and cropping.
8. A wafer probing system., comprising:
a bench having an opening configured for placing a wafer
thereupon;
a laser source;
optical system configured for inspecting the back side of
the wafer using an infrared imager,
a processor configured for enabling alignment of an array
of probe tips of a probe card to corresponding contact
pads of the wafer by performing the steps comprising:
loading the wafter onto the bench;
operating the optical system to obtain a backside image of
the die on the wafer;
obtaining a mapping of contact pads lying on a top side of
the wafer opposite the backside;
overlaving the mapping of contact pads over the backside
image, sO as to create an image showing the contact pads
superimposed on the backside image of the wafer;



pads of the wafer by performing the steps comprising: loading the wafer onto the bench; operating the
optical system to obtain a backside image of the die on the wafer; obtaining i mapping of contact pads
lying on a top side of the wafer opposite the backside; overlaying the mapping of contact pads over the
backside image, so as to create an image showing the contact pads superimposed on the backside
image of thewafer; marking at least some of-the contact pads as landing points; parking the wafer

away from the apening; Qparaiing the opticalrsystesviawkiaip-andmagea adibe-probetips array;
comparing the ferdiig poits f@’é{ﬁ?ﬁs‘pﬁr@nagmim@mm tips; and, if the positions of the
probe tips are ﬁ&ﬁﬁﬁ@%&@ﬁﬁé’ SR B RAMG ARG Y BOh R rBRat the 5%%853Pﬁ0 align the
positions of the-prabp dips-ie the-laadingpeiptsintsad bewafepprabingssystem ob alaicr8_ wherein
the processor is fiittiferasifiguratistoerdive a CAL) design data or the wafer and. ¢ 11.9 lale

5]
overlaying the {TATS0BSIg GRA Hier. e AERINR HBDE o I THESRTSLIT Qb $Y5tem o f claim
8, further comprisiat adligital samBha-pesition @@M&Mgﬁﬁ%ﬁ&&@&ﬁiﬂﬁgﬁﬂﬁi@{@e wafer, and
wherein the priteddbr iYutheronitjsrecy snvie tuereying HowbiraHimgeer e backside
image. 11508 Walel b eelett Of FRTAD RBRYEIG e DriessSat 78 1WURET ¢Rbfigured to
receive a CAby-tiesige dateagi¢he wafer and enable overlaying the CAT) design data over the
backside imagd.©- @2@@%@?@@? Sl POy r6cE3EBF 1S further

< 26! Feré)
configured {3, Endble G ahipdating it doial iNata .0 Hatciidallites HiTiThe backside

image_  &SnThewraler psobingsystem efrtiainid?, wherdincthe processer isfurtheheonfigured to

enable digifﬁﬁ’ﬂ?ﬁ@%ﬂ@gﬁe digital image to match features.in the CA,E% design data.  14.The
. 1 el Oobin syvstem O 1111 WIICTIrel <

wafer probipg.Sysieural féafmlfiﬁfi@&m Alocesselisfivibier eonligted anatla at least one of

scaling, rotatifghand emipping dhedigitbt iagelayilhe haswaisi prdeingesystetaa havimg a bench_

with an opeHity Sﬁﬁgﬁ@ﬁ%ﬁrﬁﬁpgbagvatgr thereupop and an in, frared imaging system for
imaging th%@?@@@&fe therw ﬂeﬁr@gﬂia@%pﬁaﬁ%ﬁm%@@ﬁ’?ﬁmlg@m%ﬂtof an array or
probe tips ofraeprbletardttol dorresponding sontadi-pats ot avdiebhthe whfel, thekmétlod comprising

the steps of i%-)g.'{tlgevv%fzezrl‘toenrtogggg%q(éh;system of claim 12, wherein the

processor is further configured to enable digitally manipulat-
ing the digital image to match features in the CAID> design
data.

14. The wafer probing system of claim 13, wherein the
processor is further configured to enable at least one of scal-
ing. rotating,, and cropping the digital image.

15. In a water probing system having a bench with an
opening configured for placing a wafer thereupon and an
infrared imaging system fTor imaging the backside of the
wafter through the opening. a method for enabling alignment
of an array of probe tips of a probe card to corresponding
contact pads of a die on the water, the method comprising the
steps of:

loading the wafer onto the bench;




operating the infrared imaging system to obtain a backside image of the die on the wafer; obtaining a
mapping of contact pads lying on a top side of the wafer opposite the backside; overlaying the
mapping of contact pads over the backside image, so as to create an image showing the contact pads
superimposed on the backside image of the wafer; marking at least some of the contact pads as
landing points; parking the wafer away from the opening; operating the imaging system to obtain an

image of the QS%@rB@ﬁ?g %@miw@ﬁié@ﬁ%@@%ﬁl% eshending pesitionsRf the probe

tips; and, if the pasiiiags:obthesabstipsaraackaligaed with the corresponding landing points,

rotating the probd&Hpdne aigrm e Ipbaiticns ﬁpﬁﬁ%’?@ﬁb‘s oy imsapaingpamtdde @6, The method
sl

1pU3 |
. he ater o osite b 1de:; . .. .
of claim 15, whier &l ob{Ig T RAHRIG. L g £ 15, comprises pRlaiping GAR design data of
the wafer, and whareigeyeldayingdhesbapping aiaeiiact pads camprises evatayingathe CAD design
data over the backsideimagee sed > hidmdtasd<oficlaimb& avhertithobtaimfigra mapping of the

contact pads ﬁ@ﬁ@%@%@@ﬁﬁﬁg@@l@ﬁrﬁ@g ﬂ@?@ﬁg@% ftie \oarer 2 & WHErRin overlaying
the mapping & theceitact pads comprises avetiaying dhe Jigital inage aver ghe backside image!
18. 'The method pfreldim i s wherein: obtaining a mapping of the contact pads further comprises
obtaining CAS%%@%&%Wé%P%Mﬁé%W SveRsy iR Rt gy o contactpads further

. ro tips: and . . , .
comprises ovegayiig Kie.cAR desion data gyerithe backside imaoe, 1ip 4&-4The:methed of claim 17,
wherein overlayirg-the-mpppikiabihe centag! padsover-thebacksite-paga-tthatcomprises
digitally manipulﬂ%ﬁhé@@?&rmg@m%@ﬁ:fgmm Visiblecrithe saeidide imraglets- 20. The

. f . 1 .
method of glaifi19, WHERM VAIAVnG A ABINY LTS OIS PIUT BvEr MERRCKY e image
further congadses Aigitally manuiating fhedigitabiyage teHealsh-fppurgs I3 #he Sida&esign data.

pads comprises overlayving the CAIY> design data over the
backside image.

17. The method of claim 15, wherein obtaining a mapping
of the contact pads comprises obtaining a digital image of the
topside of the wafer, and wherein overlaying the mapping of
the contact pads comprises overlaying the digital image over
the backside image.

18. The method of claim 17, wherein obtaining a mapping
of the contact pads further comprises obtaining CAT> design
data of the wafer, and wherein overlaying the mapping of
contact pads further comprises overlaying the CAID design
data over the backside image.

19. The method of claim 17, wherein overlaying the map-
pring of the contact pads over the backside image further
comprises digitally mampulating the digital image to match
features visible in the backside image.

20. The method of claim 19, wherein overlaying the map-
ping of the contact pads over the backside image further
comprises digitally manipulating the digital image to match
features in the CATID design data.



