13 Cctober 2006 METHOD AND APPARATUS FOR DETECTI NG TOPOGRAPH@ADcTdedF'd806
OF M CROELECTRONI C SUBSTRATES BACKGROUND 10001] The present invention

rel ates to nethods and apparatuses for detecting topographical features of
m croel ectronic substrates, for exanple, detecting the surface roughness
of a mcroel ectronic substrate having solder or gold bunp term nals.
Packaged m croel ectronic assenblies, such as nenory chips and

m croprocessor chips, typically include a mcroelectronic substrate die
encased in a plastic, ceramc, or netal protective covering. The dies are
typically formed in or on a wafer, such as a silicon wafer, and can

i nclude functional devices or features, such as nenory cells, processing

circuits, andMETHODANBARMARNTUSBOR BETECHIRGATOPGGRAPHICAL ncl udes
bond pads or other_conductive structures, such as gold bunps or sol der

bunps that are el eBEATERES OR MIGRQELECTRONIGSYBSTRATRSI ces. The
conductive structures can then be electrically coupled to pins or other
types of termnals that extend outside the protective covering for
connecting to buses, circuits, and/or other mcroel ectronic assenblies.
[ 0002] OEA@N@RQI)QQD i ncreasing the throughput of packaged m croelectronic
assenblies is to perform many processing operations on the dies before the
dies are singulated fromthe wafer, a practice referred to in the industry
as waf er -ftoevlel Theapiesghnh inveatien wlateqmloomeﬁmdﬁmﬂ appanafieses f@i‘siptm:iting gol d or
VWhen

;glr?gi m'bﬁgp:ug t oF fﬁi'&% ge#flpqe% {/vg%'@rrqu @"'C Sf“lbr%@tQ%pFQfaleP‘?"]\g?ﬁ)ortant

B e i
solder or gold bump terminals. Packaged microelectronic assemblies,
such as memory chips and microprocessor chips, typically include a
microelectronic substrate die encased in a plastic, ceramic, or metal
protective covering. The dies are typically formed in or on a wafer,
such as a silicon wafer, and can include functional devices or features,
such as memory cells, processing circuits, and interconnecting wiring.

~ Each die also typically includes bond pads or other conductive

structures, such as gold bumps or solder bumps that are electrically
coupled to the functional devices. The conductive structures can then
be electrically coupled to pins or other types of terminals that extend
outside the protective covering for connecting to buses, circuits, and/or
other microelectronic assemblies.

[0002] One method for increasing the throughput of packaged microelectronic
assemblies is to perform many processing operations on the dies
before the dies are singulated from the wafer, a practice referred to in
the industry as wafer-level packaging. One such process step includes
disposing gold or solder bumps on the dies at the wafer level to form a
"bumped" wafer. When performing such operations at the wafer level,

it is typically important to measure the average thickness, thickness
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tight dinensional specifications, and to ensure that any mcr

the wafer (which can reduce wafer strength) are elimnated orqggﬁdﬁgggratbge
acceptabl e Il evels. 100031 Figure 1A is a schematic illustration of a
conventional apparatus 10a for neasuring the thickness and thickness
variation of a wafer 30. Such apparatuses are avail able from ADE of

West wood, Massachusetts, under nodel nunbers 9520 and 9530. The apparat us
10a can include a narrow, rod-shaped vacuum chuck 12 that supports the
wafer 30, a |ower capacitance probe l1lla that neasures the distance to the
waf er back su ' t res the
di stance to thgéﬁ\/\g@gf%oﬁhdgﬁegévﬁggey%%gﬁrﬁg?t%eﬂﬂﬁh\%a% rl;qugé%f t he
waf er 30 at a pahtdimdnsionabspeciticatidres, aatido areard that aAnyuhiredefbygts of
subtracting the two_distance neasurenents fromthe total djstance between
the capaci tanc@epwafﬂs(“h&] Ga redype whRker tengthrargelsainaterher ERUsRd(TTV) of
the wafer 30 c d by traversing the rotating wafer 30 in

bet ween t he prggaes ﬁ%ﬁ'gﬁ%ﬁi b, determining a nmaxi numthickness val ue and
a m ni nupdohi dkgees1Add aeschanthticsiustragioni ofga thvevemtionalappdratlent®s foral ue
fromthe maxi mum thickness _value. The average .t hi ckness of the wafer can
be cal cul at ed BieasHrEnadhe tthisknesmand thickness vaRatiammesa wafaied. cSuchet ed.

| . ess . g
et or i ne i he PORERAEE” R Hefable. o) AR ot by EuBOR" 13 ek eliEr

support table gRdéhmbdernumderd D520vaharos3. Wihd apbardias K 0asoanfinckdel t he
wafer 30 facing upwardly. A stylus 41 traverses over the back surface of

the wafer 30 afd@tvmesrogpshaneddvagiuam chuck dosthat supports dlog hyafes 3Peat ur es on

t he back rfa | ' LW D t c face of the wafer 30
for vi suaisui ns%&%etrféoarp'at%ﬁéracaeéHi‘%ﬂe‘ﬁh§gbgggwgg%gpe%ecﬁgiadﬁ%btg h?eﬁgfed' capture
a video imge bAgk sQEBcdCarsuALipPtr&apaditaice probe 11b that measures the

distance to the wafer front or device-side surface. The thickness of the

wafer 30 at a particular point on the wafer can be calculated by
subtracting the two distance measurements from the total distance
between the capacitance probes 11a and 11b. The total thickness
variation (TTV) of the wafer 30 can be calculated by traversing the
rotating wafer 30 in between the probes 11a and 11b, determining a
maximum thickness value and a minimum thickness value, and
subtracting the minimum thickness value from the maximum thickness
value. The average thickness of the wafer can be calculated by taking
the mean of all the thickness values collected.

ooo4] Figure 1B is a schematic illustration of an apparatus 10b used to
determine the roughness of the wafer 30. The apparatus 10b can
include a support table 20 that carries the wafer 30 with the back
surface of the wafer 30 facing upwardly. A stylus 41 traverses over the
back surface of the wafer 30 and moves up and down as it passes over
roughness features on the back surface. A light 12 illuminates the back
surface of the wafer 30 for visual inspection through a microscope 13
which can be used to capture a video image that can be saved on a
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13 Cctober 2006 bitmap file for correlating with the capacit &2@}
data. Such apparatuses are available from Veeco-Metrol ogy Groagc(g? 2006
Barbara, California. [0005] One drawback with the devices 10a and 10b
descri bed above is that they may not be suitable for detecting the
characteristics of bunped wafers which have sol der bunps or gold bunps
that project froma surface of the wafer. For exanple, the apparatus 10a
shown in Figure 1A typically cannot distinguish between the surface of the
wafer 30 and the el evated surface of the bunps on the wafer 30, and can
accordingly  phagiipe fifd rf@ﬂ%r'%léthigﬁ'@ﬂﬁﬁ%hé”@aﬂé&t‘éh@@s§cé&ﬁrqzﬁé' OlSuch
measurenents. The capacitance probes 11 a and 11 b typically do not have
the high resobppamiusesareedvaitallet fom nécanorMetrelagyu @noeps of TBent@ppar at us
10b shown in Fg%ulee 1% pically includes a vacuum systemin the support
table 20 to dr ¥a n'§0 tightly down against the table 20. \When the
waf er 30 I f the
waf or 30 51 (8 GAWRELK MITRLUedEer (RRg 1O doseis cBppe T gna

Furt her nor e, tlmeycmayanbt betsmmltnlet e delueptmg thaldharaéterdstits dheummleer 30 can
damage the bu and render al | art of the wafer 30 inoperable. too006]
Figure 1Cillu %’ﬁe‘é’ e cBﬁYﬁaﬁPMﬁﬁ Urgpp a99ld Rwepavhsat é’fﬂ’J@th frem aAugust

Technol ogy of §hﬁ§€é 3gt wg?%rl.’]n“lgoéﬁém er@?g%?ﬁ%éeﬂaﬁ?é da sf\8w¥1'18%

detect characteristics o par a n |ncI ude
a support tabl ¢ A29pically ngnmh&sﬁngnlﬁybémedme@mcbhﬁ thasafsupbapd of the
wafer 30 down tightly against th support table 20, with the bunps 34

faci ng upwar di {1€ plevaied Q}lrf?é%@sqfdhglbumf@p@%m%wafﬁr%} angzan aseordiaglyabove

e 2oL 2L SProde! BBl A, a7 aPEE G BB ™

I nspect1 on The capacitance probes 11a and 11b typically do not have the high
resolution required to determine surface roughness. The apparatus
10b shown in Figure 1B typically includes a vacuum system in the
support table 20 to draw the wafer 30 tightly down against the table 20.

When the wafer 30 includes solder bumps or gold bumps, the bumped
surface of the wafer 30 may not form an adequate seal with the support
table 20. Furthermore, the contact between the support table 20 and
the wafer 30 can damage the bumps and render all or part of the wafer
30 inoperable.

[coos] Figure 1C illustrates a conventional apparatus 10c available from
August Technology of Bloomington, Minnesota, and specifically
configured to detect characteristics of a bumped wafer 30. The
apparatus 10c can include a support table 20 having a vacuum system
to draw the back surface of the wafer 30 down tightly against the
support table 20, with the bumps 34 facing upwardly. A two-
dimensional inspection camera 43 traverses above the device-side
surface of the wafer 30 to assess the position, diameter, and/or surface

characteristics of the bumps 34. A three-dimensional inspection
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-3- 0 13 COctober 2006 canera 44 can traverse above the devic i ? e
of the wafer 30 to determ ne the height of the bunps 34. [000?]3%19@’&?2(0%%
drawback with the device 10c shown in Figure 1 Cis that it is not
configured to determne the thickness, the total thickness variation, or

t he roughness of the backside of the wafer 30. Accordingly, none of the
appar at uses descri bed above with reference to Figures 1A-C are capable of
adequately determ ning the characteristics of the wafer 30 typically used
to assess whether the wafer 30 is ready for singulation and subsequent

packagi ng oper ahifaing 443MVHBYerskOs ke theeddViessife duRR bOhel Wafdh 3eCt ed
toward apparatuses and nethods for detecting characteristics of a
m cr oel ect roni to datesimirs thehaightgofaheibusnps 84ir f ace with first topographi cal

features and second, surface facin ppgsite fromthe first surface and
havi ng sdtifd PBpEURABAFE A theadeyice TORFSRD itk Fktre iC {shihatit Bnbdlon, t he

apparatus can bggfiditedao éé%@ﬁﬁfng l'?i%f‘ﬂ?ﬁfkn‘é@&f ih%“tro?ﬂ t:hﬁlbkﬁgéé Yati36on, or

m croel ectroni ¢ substrate w irst portion o e first surface
exposed and a $hexomeyhpassiafnthef badisides of ¢t walief aGe Acquodiadly, Hoaecagipar at us
can further include a topographical feature detector positioned proxinmate
to the support her@8pBaraty g?ﬁ iRad /PeYe avith F@c?r%ﬁtﬁ%ﬁ'%ﬂ'eﬁ Hé-€i qret

surface of the L GEO ' x ki I '

substrate i oSRPRE ESRRRLE AHORHRRICE U R RAELES STURE AR 20,
detector can i tyicklly usednasseCcwhetterdae agifiep 30dieieaty Fonsirgutidnt o
detect roughness <characteristics of the first topographical features.
[0009] In a fuPhAsubaaquent nackagingianesalionsn, the apparatus can al so incl ude

a second topographical feature detector positioned proximte to the
support neryRauAmy configured to detect a characteristic of the second

[ooog] The present invention is directed toward apparatuses and methods for
detecting characteristics of a microelectronic substrate having a first
surface with first topographical features and a second surface facing
opposite from the first surface and having second topographical
features. In one aspect of the invention, the apparatus can include a

- support member configured to carry the microelectronic substrate witha
first portion of the first surface exposed and a second portion of the
second surface exposed. The apparatus can further include a
topographical feature detector paositioned proximate to the support
member and aligned with a first portion of the first surface of the
microelectronic substrate when the microelectronic substrate is carried
by the support member. The topographical feature detector can include
a non-capacitive detection device configured to detect roughness
characteristics of the first topographical features.

ooog] In a further aspect of the invention, the apparatus can also include a
second topographical feature detector positioned proximate to the

support member and configured to detect a characteristic of the second
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-4- 0 13 Cctober 2006 topographical features. The second topqg@%gguayzooe
features can include sol der bunps or gold bunps, and the first

t opographi cal features can include a roughness elenent that is not a
conductive connection structure. The second topographical feature detector
can include a probe having a contact portion configured to contact the

m croel ectronic substrate, or a radiation emtter and receiver configured
to direct radiation toward the mcroel ectronic substrate and receive
reflected radiation to detect a roughness of the mcroelectronic

substrate. Thetogrpthgticarteatlires.e rrhféaébdéﬂdqagﬁgwhﬁ_@l Fénat6f8s! cdrfdRlude
radi ation, and the radiation receiver can be configured to receive |aser

radi ati on. i ookokeTheampssengolthbumpsl saddhedirst tbpognaphical features daor
detecting charactll:licf:e{istics of amcro ctroniﬁ substrate having.a first

| .
surface with HMGUe @ Bshiess slement (has S Mt AoChetutiNe! GoenekiRuct | ve
connection st SHGEWFES, TREGeRoRECORARINHIAA TebRRE NutBPBP Uiy Hhe 11 st

surface and having second topographical features e met can 1 ncl ude
supporting thepmber bavieg ramtactpdriom avefigured do abntash e midroekettrpoict | on of

the first surfacg s e>é<£_osed nd at | east a, second portjon of the second
h

surface is expﬁglé%t.rat? Bt FRIYALRH 9TEReANd HECRIET deardigiraty tq direct
characteristi Caé}fiaﬁch? t&lvéﬁf .tﬁ@%w@éam# ic! QRS éﬁ’c{ REEdiLe YRhBEeA
othefirst p

t opographi cal detection device at least proxinmate t ortion of
the first surf sxbationdtadetechtd raughness afdpeanpltreslbcidaiie ubstratieviTee whil e
the first portiop of the first surface and the second portion of the second

surface are ex[RUHPR SMIliECAD PRRATHINred dtn ¢ME Ippes radishioyr apdi el
features. [ 001@di%@r§r§cﬁéﬁe¢§52%§ﬁ§t@ﬁiﬁﬂké {beréc@l(l%%é?ﬁrad!%@n@t hod can

further includ ermnin ess varitatron ftor m croel ectronic

substr at qochy] e aipvestivmgisa aled erdireetedd| @wneard det emetiidndfodi sletantiag from

the characteristics of a microelectronic substrate having a first surface with
first topographical features that do not include conductive connection
structures, and a second surface facing opposite from the first surface
and having second topographical features. The method can include
supporting the microelectronic substrate while at least a first portion of
‘the first surface is exposed and at least a second portion of the second
surface is exposed. The method can further include detecting a
characteristic of the first topographical features by positioning a
topographical detection device at least proximate to the first portion of
the first surface and activating the topographical detection device while
the first portion of the first surface and the second portion of the second
surface are exposed to receive feedback from the first topographical
features.

[0o11] In a further aspect of the invention, the method can further include
determining a thickness variation for the microelectronic substrate by
establishing a reference plane, determining distances from the
reference plane to a plurality of roughness features of the first surface,
selecting from the determined distances a minimum distance value and
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reference plane to a plurality of roughness features of the fiq4k f
sel ecting Prom t he deltoer m nedydi st ancgs a m ni num di st ance va|13<saé%ﬁife@86
13 Cctober 2006 a maxi mum di stance val ue, and subtracting the mninmum

di stance val ue fromthe maxi mum di stance value. In yet a further aspect of
the invention, the nethod for determ ning the thickness variation of the
m croel ectronic substrate can be carried out on a conputer. BRI EF

DESCRI PTI ON OF THE DRAW NGS [ 0012] Figures 1A-C are side views of
apparatuses in accordance with the prior art show ng sel ected conponents

schematical ly. ol Gbdhufi @iKt8nde ivalde, ShAE MitMcBhgtheX ARATALHS distarfecor dance
with an enbodi nent of the invention show ng sel ected conponents

schemat i cal | y. vhlb@ladmrhgumaxism slistanes valuge dinsyate fiirtherafspacpof theon of

t he apparatus sho in Figure 2 015]. Figure 3B,is a fl owhart

i1l ustrating a'rb'ﬁg"ﬁees'ﬂ?%rfﬁﬁ@f)grtﬂf%&r&'m’r&ﬁ%stﬁlc\ba?§%twaaﬁt'@'arofathe _

m cr oel ectroni g;nié,léggc% £ %Bé?ra@é'cﬁmb%ddafm% 09{ 8ﬁ t&ecé) [at us shown in
[ 0016 4 a si de

Figures 2 and 3A Figure I's an enlarge Iew of a portion of
an apparatus in accordance with anot her enbodi nent of the invention

show ng SBREcEdESERIFUIHEN Ofs JiirfdRANVINGSDETAI LED DESCRI PTI ON [ 0017] The

fol l ow ng disclosure describes methods and apparatuses for detecting

o or ool APl B U< e b YRRl APBAIBS ipghtians wETHE pieres upon

whi ch and/ or ignvgﬁoq\hn@isg@@@_de@rhg@h&,tgisbﬁglinragcg“y_ conponents, data storage

el ements or layers, and/or vias or conductive li'nes are or can be

f abri cat den13IVHrigurspetiisi 8 dideaiviesw odf @er tapiparatus in accordance with an
embodiment of the invention showing selected compohents
schematically.

[0014] Fi'gure 3A is an enlarged side view of a portion of the apparatus shown
in Figure 2.

[0o15] Figure 3B is a flowchart illustrating a process for determining thickness
variation for a microelectronic substrate with an embodiment of the
apparatus shown in Figures 2 and 3A.

‘joo16] Figure 4 is an enlarged side view of a portion of an apparatus in
accordance with another embodiment of the invention showing selected

components schematically.
DETAILED DESCRIPTION

[0017] The following disclosure describes methods and apparatuses for
detecting topographical features of microelectronic substrates. The
term "microelectronic substrate” is used throughout to include
substrates upon which and/or in which microelectronic circuits or
components, data storage elements or layers, and/or viés or conductive
lines are or can be fabricated. Many specific details of certain

embodiments of the invention are set forth in the following description




enbodi nents of the invention are set forth in the following d Lk
-6- O 13 Cctober 2006 and in Figures 2-4 to provide a thorouga%ét%tﬂe?&ooe
under st andi ng of these enbodi nents. One skilled in the art, however, wll
understand that the present invention rmay have additional enbodi nents, and
that the invention may be practiced w thout several of the details
described below [00181 Figure 2 illustrates an apparatus 110 in
accordance with an enbodi nent of the invention. In one aspect of this
enbodi ment, the apparatus 110 can include a support nenber 120 that

supports a nicaegl REFiges 23445t priviicL 3 thdiighl Ghaelseaidifgi & mdstrate
130 can have a first surface 131 with first topographical Teatures 133

(such as roughgeydwdisestrenDay skiledinsbeart] mwdvaecewilldmhdenstang thppihei t e from
the first surface 131 and having secangd.t opographical featyres 134. The
second topograﬁﬁ"?scf‘aé‘ﬂr mgﬁ?tﬁjﬂ%§“§%4h%\§n qdﬁigpur% %Bﬁ%‘m%ﬁpépgg&% theunps, or

ot her el ect!! CalveRBASRal e Qirabfdd WioAN sVBHALeF B WeRilsatscritfdset T rom

t he second surface 132. e first topographical features can I nclude
roughness el enbatowy. but do not include sol der bunps, gold -bunps or other

electrical connectigon or termnation structures-that are offset fromthe
first sur[?oéé]er%gﬁfe g\{ﬂlq%fé S an gppParatis 8118t"P1§C?(Per§PC%Wthaﬁféen"P9@’rﬂ%m renain

exposed for aceeass ieRion! 1 opRAGIGREB! 09k ohiRidinE, 66 SpkaFatddag AL the

sane time, at least a portion o e second surtace’l remai n exposed
for access by aaseinoldet apspmphincerhbef d20utiatdsaipmarer aldidoekenonid ngl v,
t he apparatus 110 can , simnul taneousllécdet ect characteristics of both the

first topograpfiestrates 130.yr £5e1micraalgcirppicsaubsitate ohdflcaphhave a disstur es 134

whi | e the | M CeaRAESBIMNin SHES tdpicfapriCal’ RaRIHBEf3L (RN 48 FoadH R PPOM!

elements) and a second surface 132 facing opposite from the first
surface 131 and having second topographical features 134. The
second topographical features 134 can include solder bumps, gold
bumps, or other electrical connection or termination structures that are
offset from the second surface 132. The first topographical features
can include roughness elements, but do not include solder bumps, goid
T bumps or othier electrical connection or termination &triicturés that are

offset from the first surface 131. At least a portion of the first surface
131 can remain exposed for access by a first topographical feature
detector 140a. At the same time, at least a portion of the second
surface 132 can remain exposed for access by a second topographical
feature detector 140b. Accordingly, the apparatus 110 can
simultaneously detect characteristics of both the first topographical
features 133 and the second topographical features 134 while the
microelectronic substrate 130 is supported by the same support
member 120. '

[0o19] In a further aspect of this embodiment, the support member 120 can
have a peripheral contact surface 122 configured to contact a
peripheral area of the first surface 131 of the microelectronic substrate
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[0019] In a further aspect of this enbodi nent, the support ne
have a peripheral contact surface 122 configured to contact aqggg?%%%%?gpe
area of the first surface 131 of the mcroelectronic substrate -7- o 13
Oct ober 2006 130 and an opening 121 under an interior portion of the first
contact surface 131. The opening 121 can be an annul ar opening | arge
~enough to allow access to at |east a representative portion of the first
surface 131. The contact surface 122 can also extend radially inwardly far
enough to stably support the mcroel ectronic substrate 130 w t hout

al lowing the m1300ﬁ’1d3%\hr@;§lélﬁ|t1%tﬂ%_t LAYSr AR0nicRior HiHion DRINEfir¥PEdhtadin®  Si ze

of the peripheral region of e mcroelectronic substrate 130 engaged by
t he contact sustéaee 11¥.cahhédepreningni?hotaor Yesaohansulahepatiirgdame of t he

bstrate 130 and the thi ckness and/or rigidity of he ubstrate 130. In
othor - onbod e ATEHSR o Ao ssaity e asbJERToSRIAE RGN P parToher al
edge of the m g(AREL9BAONYHe SoRaL! @lrfack3f2 céﬁ%\!s%xé%w’rawaﬂhirﬁnﬂfg}ﬁgon
devi ces, clanps, and/or other retention elements configured to stably

support the m érostagh tns@abbubsppart ¢hel Bicroefecirohicasulpstraat1B0 witho(if0020] | n

one aspect of ap enbodi nent shown .in Figure 2. the support nenber_ 120 can
i ncl udg apert U?E%W'I'§§ﬂf’l‘{9{°r EeReNIE tﬁ“gﬁg'ﬁtec ﬁ%oé%HPQHngqﬂ puwarp-1d%e The

apertures 123 ' | inCaki {: r | d the
chanber 124 ca%i%gegﬁothgl éé”‘%@egpva @tr}m%go@?c@'ﬁ@g‘?&vﬁ%{aﬂ@%ugg%%ﬁél t1% 25.
Accordi ngly, tkagaged bitlsegontacl 86rfacen 122y dependcsnifactarstsueh\aaciigm
apertures 123 to draw the mcroel ectronic substrate 130 agaj nst the

support menber diEFaeten ol thp supsirale 198 anshtheafiiexnesscaifiPedoiddy Lipbsi ti ve
Dt oo S BERE, 10"y B OB SRR PR R o
i ncl ude ot her engage only the peripheral edge of the microelectronic substrate 130,
for example, with suction devices, clamps, and/or other retention
elements configured to stably support the microelectronic substrate 130
in a flat orientation.
[0020] In one aspect of an embodiment shown in Figure 2, the support member
120 can include apertures 123 that extend through the contact surface
- 122. The apertures 123 can be in fluid communication with a chamber
124, and the chamber 124 can be coupled to a vacuum source 126 with
a conduit 125. Accordingly, the vacuum source 126 can apply a
vacuum to the vacuum apertures 123 to draw the microelectronic
substrate 130 against the support member 120. The apertures 123 can
also be coupled to a positive pressure source to separate the
microelectronic substrate 130 from the support member 120. In other
embodiments, the support member 120 <can include other
arrangements for securing the microelectronic substrate 130 during
operation. An advantage of any of these embodiments is that the
microelectronic substrate 130 can rest flat on the contact surface 122
while the topographical feature detectors 140a and 140b assess the
topographical features 133 and 134, respectively.
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arrangenments for securing the mcroelectronic substrate 130 dymi

operation. An advantage of any of these enbodinents is that tlﬁig Otober 2006
m croel ectroni c substrate 130 can rest flat on the contact surface 122
whil e the topographical feature detectors 140a and 140b assess the

t opographi cal features 133 and 134, respectively. -8- 0 13 Cctober 2006

[ 0021] The first topographical feature detector 140a can be positioned
proxi mate to the exposed portion of the first surface 131, and the second
t opographi cal feature detector 140b positioned proxinmate to the exposed

portion gboshheris@cmt fipdgrashidal? fehiore edar®ld. 140a fdahsthe tRRMsHMRNI cal
feature get e]ctor 140a 3{5{1 I ncl ude a stylus or probe 141 that contacts the

first surface pXximateidocibe akpésacempodion of dheviitst surfaset h8enaodethiei r st

t opoor aphi cal FESH PRAGraTceI eabES datpetic T Bb PESHbhed Bivwmels latte al so
(For example, Eo T oo B o e ot ur os
133), as descr idmdraghioal fsiatureradtectenddlaccarFinglude 4.stylQ922]prdbe 1gdcond

| nepect}on camtial SoagRdie: fistiraceal Ao dniget EIBRCes oh avn 14a.

The two-di mensi ' [ ine - S

di rect ed gener ggﬁéendo?ﬁgﬁtge?%@%@@%%ﬁﬁe?mBﬁ%%ﬁ%tt IJ(I)éHae@g%rP at’%ebt” :

posi tion, di antteefirst dopdgraphical fetulcedttects 13104 tan irhoden dtHep mizgicaghi cal
features 134. The surface features detected b t he two-di nensi onal canera

143 can i ncl udiatn@lseufeigck ofi ﬁ?%efﬁsoph@'f?@ter@é§n‘€f hep digtaprnragaaphiedl ur es

ey o ARy, RRAETRY SRR WERAE BRE o, o,

t hr ee- di nensi otgpograsirieslt featucaBd),144 described below with reference to
Figure 4.

10022] The second topographical feature detector 140b can include a two-
dimensional inspection camera 143 andfor a three-dimensional
inspection camera 144. The two-dimensional inspection camera 143
can have a line-of-sight directed generally normal to the second surface
132 to detect the position, diameter, and/or surface features of the
second topographical features 134. The surface features detected by
the two-dimensional camera 143 can include the surface finish of the
second topographical features 134, andfor whether adjacent
topographical features 134 are inappropriately connected, for example
with a solder bridge 137. The three-dimensional inspection camera 144
can have a line-of-sight directed obliquely toward the second surface
132, for example, to detect the height of the second topographical
features 134 above the second surface 132. In other embodiments, the
second topographical feature detector 140b can include other devices
or arrangements.

f0023] In yet a further aspect of an embodiment of the apparatus 110 shown in
Figure 2, the first topographical feature detector 140a can move over
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can have a line-of-sight directed obliquely toward the second ,
for exanple, to detect the height of the second topographical1§$%§?u§536§§4
above the second surface 132. In other enbodinents, the second

t opographi cal feature detector 140b can include other devices or
arrangenments. [00231 In yet a further aspect of an enbodi nent of the
apparatus 110 shown in Figure 2, the first topographical feature detector
140a can nove over g- 0 13 October 2006 the first surface 131, as

i ndicated by arrow "A." The second topographi cal feature detector 140b can
nove over the gRCofdt sslirfree 13432adsindrditsRt B Axodr AW " Brie Tgomgvenent

of the first topographical feature detector 140a can be coordi nated wth,
or i ndependent tagfographicalrfeature ttetedtor héOls eao miove puegr thehsaeraindf sutacee

det ect or 140b. e S ri, menber,,12Q..can nove the.m croel ectranic
Gubstrate 130 1hamn RRR bEMBBE T At taveren of e GeLRER A and
140b (as indi A et ' N G I | ha | ieu
of , novi ng thgégttg%oggtggmrmoafgﬁ??Fe%gygg%(’r)ghﬂfﬂ%g ’%Ayélr@%gt %F’nﬂhgny of
t he foregoi ngmavieadintenit the skeoma [tapographizak fiesturd aletestar tId8b. The

m croel ectroni c sub tratgﬁ)(e1382@nd t he toptggrfa#hi cal featurg detectors 140a
and 140b can b&URRRH | ®F It bt Maye | Bgs Migropssiesih sypPsliate da3fpl i ng of
t he characteri st|Lg el | r e second
t opogr aphi cal f%%% gé %ﬂ%‘@%@@@?egﬁﬁ% (O\d%%ﬁtsg 5"6@3‘ %ﬁal gagﬁ @%I ar ged
vi ew of a portingicatéd thyeamppdiCl) eihdrlidh esrjuidtion withy oelreliéu ofii mosingst r at e

130 descri bed above with reference to Figure |In one aspect of the

embodi ment sholli® it@Pegrgphisab featurs detggtas 149acand i 1ddbuddnaary @i ihetip 145
t hat noves ove ir 1 dyL o} l.an. L r

t opogr aphi cal Foég (?}Pés g@ggpﬁgﬁg fi%erest q'ék’{r?' gceﬁﬁgéﬁ{e@gn b%?é’éesthe
plurality of reateseketrdbdr susktRne] €30 andIhéd I6podaphiral feature detectors

140a and 140b can be sufficient to obtain at least a representative

sampling of the characteristics of the first topographical features 133
and the second topographical features 134, respectively.
[0024] Figure 3A is an enlarged view of a portion of the apparatus 110 and the
microelectronic substrate 130 described above with reference to Figure
T2l I onieé ‘aspect of the embodiment shown in Figure 3A, the 'stylus 141 77
can include a stylus tip 145 that moves over the first surface 131 during
operation. The first topographical features 133 of the first surface 131
can include a plurality of recesses 135 and projections 136. As the
stylus tip 145 passes over the recesses 135 and projections 136, the
first topographical feature detector 140a can detect, track and store
measurements of the distance "D" between a reference plane 146 and
the first surface 131. A plurality of distance measurements D can then
be integrated or otherwise manipulated to define a roughness
measurement of the first surface 131. For example, the calculated
roughness can be an arithmetic roughness (Ra) determined by the

following equation:
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stylus tip 145 passes over the recesses 135 and projections 13, fahat
t opogr aphi cal feature detector 140a can detect, track and stoﬁg Oéﬁ%erfobé
measurenents of the distance "D' between a reference plane 146 and the
first surface 131. A plurality of distance neasurenents D can then be

I ntegrated or otherw se mani pul ated to define a roughness neasurenent of
the first surface 131. For exanple, the calculated roughness can be an
arithnmetic roughness (Ra) determ ned by the follow ng equation: -10- 0 13
October 2006 Ra =f, f f (x)}dx where 1 = representative length f(x) =
function descri bi ngRau__rEJa{f @2&,@ le, with f(x) =0 at its nmean value In
one enbodi nent, the tarpe g ge for Ra can be fromabout thirteen m crons
to about seventeen microns, and in other enbodi nents, the target range can
have ot her valWegre [DErsesentativeelengdect of the foregoing enmbodi nent, the

stylus tip 145 can ,remain.in contact with the firs rface 131 of the
nm croel ectronic sJQQtTNﬁf@t'%dfeé ”EWQ %f'{ﬂcl?sprfﬂ%’ H‘H@fi e~ B &M@, oni ¢
substratg;gh nove relative to each other. Alternatively, the stylus tip
145 can disengage fromthe first surface 131 when the stylus 141 and/or

the mcroelectronic substrate 130 are noved, and re-engage when a new
rel ati ve |psxiet ¢mhodignerdatiedargatirapge for Ka canthieeirom| abauh thidean miowasent , t he

apparatus_ 110 can include.a plurality of styli. that simultaneously nmake
ndi vi dudP A RveniRensidati & Inihar niodigianiy. (e RIpLEN g SN 0 move
t he styl ihf%e dther taigegel ectroni c substrate 130. 100261 In one enbodi nent,

the first topographical feature detector 140a can be wused to determ ne a
t hi cknesdoozsir ilat oo@ dspect hd thiec faregeiogr embodiment, the stylus tip 145 can

remain in contact with the first surface 131 of the microelectronic
substrate 130 as the stylus 141 and the microelectronic substrate 130

move relative to each other. Alternatively, the stylus tip 145 can
disengage from the first surface 131 when the stylus 141 and/or the
microelectronic substrate 130 are moved, and re-engage when a new
relative position is reached. In still a further alternate arrangement, the
apparatus 110 can include a plurality of styli that simultaneously make
individual distance measurements, reducing or eliminating the need to
move the styli or the microelectronic substrate 130.

[0o261 In one embodiment, the first topographical feature detector 140a can be
used to determine a thickness variation for the microelectronic
substrate using the information received from the stylus 141.
Accordingly, the process can include tracking a minimum distance D
(corresponding to the distance between the reference plane 146 and
the highest projection 136), and a maximum distance D, (corresponding
to the distance between the reference plane 146 and the deepest
recess 135). Assuming the microelectronic substrate 130 is positioned
flat on the support member 120 (Figure 2) and the second surface 132

is flat, the total thickness variation (TTV) of the microelectronic
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substrate using the information received fromthe stylus 141.13Q§ %gigghg,
the process can include tracking a m nimumdi stance D1 (correspon |n6

t he di stance between the reference plane 146 and the highest projection
136), and a maxi mum di stance D2 (corresponding to the distance between the
reference plane 146 and the deepest recess 135). Assum ng the

m croel ectronic substrate 130 is positioned flat on the support nenber 120
(Figure 2) and the second surface 132 is flat, the total thickness
variation (TTV) of the mcroelectronic 11- 0 13 Cctober 2006 substrate

130 can be conpubs@ateuie aghibegcthplteimsiBractigsDIeione d.f orndanhetHagni ng TTV
can be particularly useful when the processes used to formthe

m croel ect r oni éorsdbtarminiag 1TB0V agan el paticalartyougeful ovhen doe qwosessss at es
havi ng a repeat abl veragll thickness .val ue n uch ipstances, the

appar atus 110 Hggﬁ%Bﬁ{PVn%BWH’éO SeUONf Sé‘k'?ﬁrajtee”@&ﬁaﬁﬁﬁ%@emt{g&f&
thickness vari g}odm:ea@dbétﬁﬁesrw&viﬁgﬁtae%péatabréab%#aﬁttﬁiéldﬂ%sgvx%n@é.' fpubstrate
t hi ckness. [0027] One or nore of the foregoing process steps can be

conpl eted aut sueh insthhgehtha appapatueri 18 ngedmniy pravide idabe ont hiafdder st

t opographi cal feature detector, 140a or a conputer coupled to the first
togogr thi cal f%‘éﬁrlﬂeésd@{’ac&q}?l %ngr‘e%f\ﬁrﬁqﬁ@ Ao t”(’?%ﬁi G edeiBCt 190
Giratelth

process 300 Caeaicﬂﬁté'@fe {)%h\éhp gz'kﬁlajsé.y of measurenents for
di stances between a reference plane and a corresponding plurality of

t opogr aphivazal @eat ar emood af her frrbgaoingopracessbstepat eahstbep cddietedne

process can further 'Lnajz}l uldpg sel ecting a m ni num di stance value from the
plurality of dPYlCIRICalY| s QsP@E‘R‘)’gQ') RIRErB| R @) acithsti e fstst ance

v e L PR RSt 1A {ShiionBa T g R0 11
m croel ectr oni topgbsplieslefehyure uddteetor idgat hRefarrihgunowl i Fange 3B, the
process 300 can include receiving a plurality of measurements for
distances between a reference plane and a corresponding plﬁrality of
topographical features of a microelectronic substrate (step 302). The
process can further include selecting a minimum distance value from
the plurality of distance values (step 304) and selecting a maximum
“distance value from the plurality of distance values(stép 306). In step
308, the process can include determining a thickness variation value for
the microelectronic substrate by subtracting the minimum distance
value from the maximum distance value. The process can optionally
include determining a roughness value for the microelectronic
substrate, for example, by using any of a variety of known summation
and/or integration techniques (step 310). The thickness variation value
and/or the roughness value can be output to a user in step 312, for
example, via a visual digital display or a printed hard copy.
[0oz8] If the total thickness variation and/or roughness values determined for
the first surface 131 are ouiside specified limits, the process used to
remove material from the first surface 131 (for example, by
backgrinding the first surface 131 with a Model DFG 850 backgrinder
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val ue fromthe maxi mum di stance val ue. The process can optionglg . dﬁbq'lib%%
determ ning a roughness value for the mcroelectronic substrate *or
exanpl e, by using any of a variety of known summation and/or integration
techni ques (step 310). The thickness variation value and/or the roughness
val ue can be output to a user in step 312, for exanple, via a visual
digital display or a printed hard copy. [00281 If the total thickness

vari ation and/ or roughness values determned for the first surface 131 are
outside specified limts, the process used to renove material fromthe

first surface H¥aildthlorfranadi8G0O Gyrpobaidrobf Mekpg, ddwar)idHt beunbamied131 with
a Model DFG 850 backgrinder -12-o0 13 Cctober 2006 avail able from DI SCO

Cor por ati on of ARSRIANGYadlR) nexh picreelartreria. spbsirtai 10y (on Hmtelexof

m croel ectroni ¢ h m.croel ectroni ubstrates 130)
can have the pm%’éblré?%értr@%ﬁ? &%&st&aﬁ%gﬁ?éfcaﬁb%c‘%@e ?)F%Efﬁr ia[m?H'?ctdﬁ "E'%tefi@f ng
assessed by t hecmpped &ousit btor tdl DAY las9asséEBY Wi aphaldies #ppar atus 110
descri bed above with reference to igures 2 and 3A is that the second

surface 18%29%fOnadeaiuece the apparatus JH6t deswiber0abever withs eafermniceeto
roughness and ' S arj,ation neasure ts,are . nmad n the first
surface 131. Aﬁcé)ﬁ%? %%@C/dk %?h% tHQHWr %1‘?0(??(11%"6?% of the m'?rf?@i%f?rf’a'cdanage
the second t opgubstphteCrlo isf ©@adsedswhit ro ﬁne@é?ﬁ?hﬁ%a!%ﬁﬁ&néé&evéﬁﬁ%d

t opographi cal features 134 include soldéer or go unps, or ot her
prot rudi ng confMgaswementsnara snade @@0theAficgt heurfamy 481 agAcodrdinglyg the

char act er 1 sti c8PBAAYS 1HDFE Btrlpss UKalS 10 ARnegR e sebv Siaseieah.

e Ty er ol et MO 1 P 104 10 28568 o REgHRY Bl S 01

can be carri edingludeasoldarosgaeld buines, ostizer presutiing dome utiveosighparts f or

waf er - | e\/[tJechso]p%rln(ﬁﬁtiarn %d\clgr“agg éfnt%rise%?r%ggement is that the apparatus 110 can
simultaneously assess characteristics of the first surface 131 and the
second surface 132. Accordingly, the overall time required to assess
the characteristics of the microelectronic substrate 130 can be reduced
because both processes can be carried out at the same time. As a

“result, the throughput for wafer-level packaging can bg&’increased. T

[0031] Yet another advantage of the foregoing arrangement is that the
microelectronic substrate 130 can remain on the same support member
120 while both the first surface 131 and the second surface 132 are
assessed. Accordingly, the microelectronic substrate 130 is less likely
to become damaged as a result of moving the microelectronic substrate
130 from one support member to another.

[0o32 Still another advantage of the foregoing arrangement is that the
apparatus 110 can be used to monitor the quality of the backgrinding
process. Accordingly, any discrepancies in the backgrinding process
can be detected at an early stage and corrected by additional

backgrinding and/or by adjusting the backgrinding apparatus.
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100311 Yet another advantage of the foregoing arrangement is cﬁﬂﬁaf@ﬂﬁ
m croel ectroni ¢ substrate 130 can remain on the sanme support ne i
while both the first surface 131 and the second surface 132 are assessed.
Accordingly, the mcroelectronic substrate 130 is less likely to becone
damaged as a result of noving the mcroelectronic substrate 130 from one
support menber to another. 100321 Still another advantage of the foregoing
arrangenent is that the apparatus 110 can be used to noni tor the quality
of the backgrinding process. Accordingly, any discrepancies in the

backgr i ndweg] pirostéiss errbadirhendetiecagshratusii @ 8sh Yiavk e rtdifarigemaased by
addi tional backgri ndi ng and/ or by adjusting the backgrindi ng apparatus.
-13- 0. 13 Cct ohéF oxanerle; GeRsNovA tr irigurendo dherdirsts tondgsapipipalr fealsrel 10 can

he f
pave other o WRREIEh g BSONR.E ool 45T SR 2o 10
in addition toi®lieuidf theestyRis 14YE debihibisd %bvé&ﬁnﬁ{ 'r&@%r%oﬁFYqL{l;@S ef erence

to Figures 2 and 3A. In a further aspect of this enbodi nent
non- cont act d@ﬂéc@ér ﬂﬂzac&tﬁthﬁssa@@tnaftﬁﬂscﬂmbmhnmm thedicat-camtadd 7 (such

as a |aser hat ,strikes the first surface 1 e roel ectronic
substrate 130 ??n%ec&%r 342 $ealk ISSER ﬁ'@f pgdnggpl%rafﬁ%tsonrﬁgg @PPEC@%@

radi ation 148 I@ér%rﬁ?@hé})’sﬁ‘rkég%ﬁrfn%i duMcBOT3 £ tt%%t nﬁ&’fg%tc nit#2. The
radi ation emtted and received by the non-contact tecto can i ncl ude

visible |aser sabstaateom?)@ rareh estarmso ds nmefiectednthdiatiori dBud&het Mectetiypes of

I Si d th ti a further
bhbodi rrent , |t nEAGiBlS S4B IS T StRIFEL b, & paBSea M MemEoRtact eelcer 14Zuch as a

o Lot o “TRSCSAEH D 4 BRebo e AREECQi oy Ugp g
enbodi ment s, t reludemvisibie kser detiatidroin one embodiment, and can include other
types of visible or non-visible radiation in other embodiments. In still a
further embodiment, the non-contact detector 142 can include a
receiver (such as a camera) that detects radiation emitted by a
separate source (such as a light source) and reflected by the first
surface 131. In any of these embodiments, the non-contact detector
142 can be configured to interpret-the teflected radiation 148 (for ~
example, by comparison to a fixed reference plane) to determine the
roughness characteristics of the first surface 131 and the total thickness
variation of the microelectronic substrate 130.
[0034] In one embodiment, the non-contact detector 142 can be moved relative
to the microelectronic substrate 130 to scan the emitted radiation 147
over the first surface 131. Alternatively, the microelectronic substrate
130 can be moved relative to the non-contact detector 142, or both the
microelectronic substrate 130 and the non-contact detector 142 can be
moved relative to each other. In still a further embodiment, the non-
contact detector 142 can include a stationary device that receives (and
optionally issues) a broad beam of radiation to detect a representative
roughness and total thickness variation of the lower surface 131 without

14-




142 can be configured to interpret the reflected radiation- 148 (?%ﬁrberZOOG
exanpl e, by conparison to a fixed reference plane) to determ ne e
roughness characteristics of the first surface 131 and the total thickness
variation of the mcroel ectronic substrate 130. [0034] In one enbodi nent,
t he non-contact detector 142 can be noved relative to the mcroelectronic
substrate 130 to scan the emtted radiation 147 over the first surface
131. Alternatively, the mcroel ectronic substrate 130 can be noved
relative to the non-contact detector 142, or both the mcroelectronic

substrate 130 m.m@m@mcmym@@mcﬂgummé 132 Aanadrantadey of tihigl latéve to
each other. In still a further enbodi nent, the non- contact detector 142

can include a &ffanDemeny ishat dhe tims tordetermine thereharagieristicsl ofythedisstes) a

b f iati d t at h d total
Pt cknose var i SHTaEE of 1 1Eerf S tegliprdPheaien et AT HRCHRIE Bhtcopor
2006 noving t BEbSrAEORIEERHS PRI forSbHTRERESebRR 1 oMl BE MR PleldtiVes | at ter

arrangenment is that the time to determ ne the characteristics of the first
surface 131 catP pach ethered because nei t her the mcroel ectronl c substrate

130 nor the n nt ct det ect of. eed be nov e .to each other.
[00351 | A°®p) ﬂr‘ %Cf pHBeT & |"H§ﬂ ?t?é)péiﬁ?)té'ﬁ fﬁ% C:"E'i‘ &Hnﬁ%“'@gntloi gur ed
to include a ﬁfcvddesawuéhaﬁ th§t |bﬂﬁ%ﬁféﬂ’29{%ﬂ% WéﬁoﬁcB%cFP@fé%%r
detector 142. For exanple, the stylus Ich can be a relatively
i nexpensi ve pﬂéEeF@freaqmnlmﬂheptydmﬂb@ (whietl don ket eelativéle isenpensive
characteristics,of .a relati thICk {Sp roej ctr ic substrate 130, which

is less |ikelyPlEg® q;eet%ﬁ'@“ﬁ% (P%‘l‘s% egktng ¢ tch?l"a@SH?téF@tovm th the
stylus 141. The; i Neéﬁ%é]@tmlgl%tefé(ftl%rmcléab&%bcfbd Swﬁlf;ﬁq}l%%é%’ ‘ﬁ}(éﬂg’@ 11 to

expensi ve piece | pment) can be used 1 n ace o

detect the subétcomectamagtdor starpsd ab a edsulti ofedontadti withrires ggluscunm c

substrates 130The non-contact detector 142 (which is a relatively more expensive
piece of equipment) can be used in place of the stylus 141 to detect the
surface characteristics of relatively thin microelectronic substrates 130,
which are more.likely to become damaged by direct contact with the
stylus 141.

“[oo3s] In other embodiments, the apparatus 1107¢4R have other arrangements.
In one such embodiment, the apparatus 110 need not include the
second topographical feature detector 140b, for example, when the
characteristics of the second topographical features 134 are known to
an adequate degree, or when it is not necessary to determine the
characteristics of the second topographical features 134, or when these
characteristics can be determined from another apparatus. In still
further embodiments, the support member 120 can have arrangements
other than the generally ring-shaped arrangement described above with
reference to Figure 2. For example, the support member 120 can
include a plurality of circumferentially spaced-apart support portions
that together provide support for the microelectronic substrate 130. In
yet further embodiments, the first topographical feature detector can

-15-
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which are nore |ikely to beconme damaged by direct contact wthat

141. 100361 In other enbodinents, the apparatus 110 can have Ig?hggtc’b%tﬁ%‘d%
arrangenments_ I n one such enbodi nent, the apparatus 110 need not i ncl ude
the second topographical feature detector 140b, for exanple, when the
characteristics of the second topographical features 134 are known to an
adequate degree, or when it is not necessary to determne the
characteristics of the second topographical features 134, or when these
characteristics can be determ ned from another apparatus. In still further

enbodi ment s, t livclsdgppontcapaehive detctiandbdvss ofticktBENRRE Styl@s han ddwn the
general Iy ring-shaped arrangenent described above with reference to Figure

2. For exanpl ethe rdialigypegceivasranst emitter dascribad labgwe asp langss the oon-

circunferenti al ed- ort_portigns .that, together ovi de
support for thg%@ﬁ%&@%@?@éﬁ céé‘ﬁg% raa[ge°§5 Jure] %/eqetf}%trﬁ'ﬁ%rsp i ments,
the first topogsaghiesal pfehtd betepts 6fHer thhp Bonduckide GerRfied] 3006

i ncl ude non-capacitive detection devices other than the stylus 141 and the
radi ation receicoBheeian ratures (aémafmwamsd@?gmgrb?ﬁm)t hfe non-
capacitive detection devices are.configur t et ect. e surface

r ogg hnes s[gop??]es%ﬁ{%ﬁ'%go FEaG swwtc% Fpgﬁ?ﬁqég%ﬂ{fl?%ﬁ? gMRodlinegts of
connection str yed iHRMtOAUEVeABe 8R! RRGCHBEIMRreh 19! rEHéE%S)Jf if%@ﬂ%ﬁ%}:r om t he

foregoing, it will be appreciated that specific enbodl nents
i nventi on have bbbthatdesious eadifieatiing may hpunzoeewitbéuti déviatingafroonthe but
t hat various npdi j}i caj i ons out deviating fromthe spirit

y,.be. made wt
and scope of tHRBf LS _ct?'(?r mvﬁﬁﬁw-t Cordingiyi Hie frvepbien isi A9l ed
except as by thgitBAR&REECas b# B appended claims.
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-16- o 13 Cctober 2006 CLAIMS 1 An apparatus for detecting Cq%r?ﬁfo‘ﬂdrsido%s
of a mcroelectronic substrate haV|ng a first surface with fir

t opographi cal features and a second surface facing opposite fromthe first
surface and having second topographical features, the apparatus
conprising: a. a support nenber configured to carry the mcroelectronic
substrate with a first portion of the first surface exposed and a second
portion of the second surface exposed; and b. a topographical feature
detector positioned proxinate to the support nenber and aligned with the
first portion of the first surface of the microelectronic substrate, the

t opographi cal feature detector including a non-capacitive detection device
conf i gur e@LAMMSdet ect roughness characteristics of the first surface when
the mcroelectronic substrate iscarried by the support menber. 2. The
apparatus of claim1 wherein the topographical feature detector is
configured to: a. determne distances froma reference plane to a plurality

f th i A b | f he, d
i stances a. mi AT P I LGt BRartiarigS BF o i sIECHONE S PR R
di stances a nmavianng di frsBRuFave ! wih fwﬁ%g@gr@!@éé!%htdr@@ d’b”é'é@dﬂd“ ance

value fromthe maxi num di stance val ue The apparatus of claim 1l wherein
t he second t op&YFfaphi @&ing eppasite fr(i)mcltmﬂjeflrsbrsdltn’acevendthamngursaescqmdot rudi ng

fromthe seco n?OF?OLHFLSﬁIgal T%GFUI'GS ]TZne appa?at% tcgpneJrIS?DOQOG

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed; and

b. a topographical feature detector positioned proximate to the
support member and aligned with the first portion of the first
surface of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the

- -microelectronic substrate is-carried by the suppert member. -

2. The apparatus of claim 1 wherein the topographical feature detector is
configured to:

a. determine distances from a reference plane to a plurality of the
first topographical features;

b. select from the determined distances a minimum distance value;

¢. select from the determined distances a maximum distance value:
and

d. subtract the minimum distance value from the maximum distance

vaiue.

3. The apparatus of claim 1 wherein the second topographical features

include conductive structures protruding from the second surface, and
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wherein the topographical feature detector is a first topography fe re
detector, and wherein the apparatus further conprises a secongjl?g 6%{oberaédﬁ6
t opographi cal feature detector positioned proximate to the support nenber
and configured to detect a characteristic of the second topographical
features when the mcroel ectronic substrate is supported by the support
menber. 4. The apparatus of claim1l wherein at |east one of the

t opographi cal feature detector and the support nenber is novable relative
to the other while the mcroelectronic substrate is carried by the support
menber. 5. The wippeinaties tobogtaphioal featirei detdttort @PYrBNit6SbgraBRicHr
detector inclydes a first systemconfigured to detect roughness features
of mi croel ect feRitEe datpsioranad whereingha appesatus fudeercomprissisraesseand t he

first system bei LA i.th a.second system configured to
detect r oughneg(gﬁ%gpﬁ'%g(sqg%ﬁ%?%gf)@& ?%?ﬁ' %Cﬁlﬂ??“é’iaég agﬁ‘%g&h"p%cond
range of thickmesaber and foonfigirdd il HBieekngssh@tbclidiRtiSe§PNfe s8R bei ng
greater than a maxi mumthickness of the first range. 6. The apparatus of

cl ai m 1 wher ei toRqgFaphicahigatwps gvhgrhtheamidrealegtrenici subistrabes isasusrpaterd buny,
and wherein th ar further conprises a raised feature detector

posi tioned pro?ygﬁgéuségﬁﬁ%e@hﬁ'bort menber and configured to detect a
characteristic of the solder bunp. 7. The apparatus of claim1 wherein the
second t opogr apHe Gppak&takuse claiicl Udssreth 4! 18aBuBRe GNtheRSIRIraniiBS!

apparatus .further conprises a feature detector positioned proxinmate to the
support nenber fegttre detgatejupnd the snppart mercher ix eovabie celative e thel d bunp.

2 atirer cantmeteBIE Biecimibbletiiont FHbEeRlin, sartedrdnlic cpport

member.

o

The apparatus of claim 1 wherein the topographical feature detector
includes a first system configured to detect roughness features of
microelectronic substrates having a first range of thicknesses, the first
system being interchangeable with a second system configured to
detect roughness features of microelectronic substrates having a
second range of thicknesses, with ‘a maximum thickness of the second” ™™~

range being greater than a maximum thickness of the first range.

6. The apparatus of claim 1 wherein the second topographical feature
includes a solder bump, and wherein the apparatus further comprises a
raised feature detector positioned proximate to the support member

and configured to detect a characteristic of the solder bump.

7. The apparatus of claim 1 wherein the second topographical feature
includes a gold bump, and wherein the apparatus further cdmprises a
feature detector positioned proximate to the suppoﬁ member and

configured to detect a characteristic of the gold bump.

8. The apparatus of claim 1, further comprising:
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configured to detect at |east one of a position, a surface defgC an
bri dgg of at |east one of the second toBographi cal features 6‘1% éﬁ%obercEO%ﬁ
m croel ectronic substrate when the mcroel ectronic substrate is supported
by the support nenber; and b. a second canera positioned proxinate to the
support nmenber and configured to detect a height of at |east one of the
second topographical features of the m croel ectronic substrate when the

m croel ectronic substrate is supported by the support nmenber. 9. The
apparatus of claim1l wherein the support nmenber has a contact surface with

a plurality of aper&dirstscarhbfa poSikibbHE® prodiriite a6 URE ePBItl Petbararem
source to draw the mcroel ectronic substrate into contact with the support
menber. 10. The appe@rdigysedto deigahat lomsirene of Bepasifigrora sndate defant, a

|1 I ng-sh f wh in the firt ti f
Phe first curface S prodsecr Aiiend dn B e eioRelobeSiak et sbiner ar y
inwardly from the gorthactmrysdidcronibeRubsPaeUPRRER ’Bf?ém?r{icn%%[efcitr%ﬁié he

m croel ectronic substrate. 11. The apparatus of claim1 wherein the
t opogr aphi cal f eat lBubsireteist supporied hyibe suppootreenmbeirnand cont act portion

configured to coptact the mcroelectronic substrate the topographical
feature detector rt17be5i’ ﬁ&megn?%"a%fﬁea%'ﬁma%é é’é?x'g'a&%ﬁaﬁhﬁs%“i?ﬂo . H%mger

m croel ectroni ¢ subgid %bﬁfi@ﬁ%@% ARePEANHISHESL St ?as@oﬂb%faﬂh'eté’e nd .

| ocations on the mcroelectronic substraté. 12. The apparatus of claim1l

wher ei n t he t opogr dphogiaphicsh featerateobtiteomicroalEictrdaie substiditatvham thecei ver
positioned to receive raldi ati.on bef | ect ed ~g g 13 October 2006 fromthe
m croel ectroni ¢ sudBIFRR'ECIONE SLBREReR FHPRPTIER By (he SHRPE MmaMBei. ng
configured to detect a roughness of the mcroelectronic substrate

9. The apparatus of claim 1 wherein the support member has a contact

surface with a plurality of apertures, the apertures being coupleable to a
vacuum source to draw the microelectronic substrate into contact with

the support member.

10.  The apparatus of claim 1 wherein the support member has a generaily
ring-shaped contact surface, and wherein the first portion of the first

~ surface of the microelectronic substrate is disposed annularly inwardly ™™~
from the contact surface when the support member carries the

microelectronic substrate.

11.  The apparatus of claim 1 wherein the topographical feature detector
includes a probe having a contact portion configured to contact the
microelectronic substrate, the topographical feature detector being
configured to detect a roughness of the microelectronic substrate based
on measurements at a plurality of locations on the microelectronic

substrate.

12. The apparatus of claim 1 wherein the topographical feature detector

includes a radiation receiver positioned to receive radiation reflected
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based on neasurenents at a plurality of l|ocations on the mcr rony
substrate. 13. The apparatus of claim1l wherein the topographggﬁﬁ@t&%?ogs

includes a |aser beamenitter positioned to direct radiation toward the

m croel ectronic substrate, the topography detector further including a

| aser beam receiver positioned to receive radiation reflected fromthe

m croel ectronic substrate, the topography detector being configured to
detect a roughness of the mcroel ectronic substrate based on neasurenents
at a plurality of locations on the mcroelectronic substrate. 14. An

appar atus for deinedhé npicedeiectedrt istbsiatedfthe t6}a§§|@®hft@ Fo&tufe Sehsdibat e
having a first surface with first topographica eatures that do not

i ncl ude conductEiNg eonfigsEed &m detach et rovebnesmar thesminspelestioniesaibstiaieng

opposite from ir rf nd having second topographi cal eat ures,
t he second toptgggg{cj)hioz{al §§{ﬁﬁ$®§nﬁ%nc$hd?nd§'8'aﬁ ucPf)vB)%agBPﬁct%nr e&‘e
protrudi ng fromithelstmdsghdtfase, the apparatus conprising: a. a support
menber configured to carry the mcroelectronic substrate with a first

portion of the first surface exposed and a second portion of the second
surface ekposelihe appaptus afofaigh dpwhergin fibattapeguphy cdetecioodntlidesd

roximte to t S t r and aligned wth the firs ortion of the
1I‘Di rst surf ace%ert E)[eé%ﬁ creg@f{gct P8ﬁ'|?'8n§(ab3?r éw@,cpt ﬁ%ﬁﬁﬂ%g&% ‘?uridca%ef eature
detector i ncl ughig@ehictiopas bubseate! tiie GOPOGEbhP RIECtBN furthdrRicRIdi) a

receiver positioned to detect characteristics of the first -20-"0
Cct ober 2006 {asgsdragonireegiver positienedto Ireceile ratiationl refiectedi fromuthet rate i s

carried by thenﬁgr%pe?écttrorﬁ?cms)&tgstygté,h&uet to%%?ﬁ'gp tyI Qgtetcpoer bce(?rqg %(c:)mig\]/l?red to
detect a roughness of the microelectronic substrate based on
measurements at a plurality of locations on the microelectronic

substrate.

14.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features that do not
include conductive connection structures, and a second surface facing

~ opposite from the first surface and having second topographical
features, the second topographical features including conductive
structures protruding from the second surface, the apparatus
comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed; and

b. a topographical feature detector positioned proximate to the
support member and aligned with the first portion of the first
surface of the microelectronic substrate, the topographical feature
detector including at least one of a contact probe and a radiation

receiver positioned to detect characteristics of the first
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structures protruding fromthe second portion of the second ﬁ%ﬁﬁ?&%mréioe
The apparatus of claim 14 wherein the topographical feature detecCtor 1
configured to: a. determ ne distances froma reference plane to a plurality
of roughness features; b. select fromthe determ ned di stances a m ni num
di stance value; <c. select fromthe determ ned di stances a maxi num di stance
val ue; and d. subtract the m ni num di stance val ue fromthe maxi num

di stance value. 16. The apparatus of claim 14 wherein the topographical
feature detector is a first topographical feature detector, and wherein

the apparatus furt hepographicdlsfsatareseadiid tiep oBicpSleeRbniteatibstratdetect or
positioned proximte to the support nenber and configured to detect a

characteristic of t%RiTieddvnie: BRpgramembar V':;iﬂml-ltucéﬁt o thégonductive
i | i b i t by t rt. . 17.
apparatus for det ectisar Ea PLRtERRg e the FecpHRbBo Lol Bhitbe sitardi: o

having a first surf@geoa th first topographical features that do not

i ncl ude conductive connection structures, and a second surface facing
opposite fromthe first surface and having second t_opgfgr aphi cal features,
t he secontf-t opDif apRAEHYS PEalaimekt wheraiaithe) ternatarhicaldfeatire wetestes is

protruding fro nd surface, the apparatus conprising: -21- 0 13
QOct ober 2006 gbhﬁﬁggggg‘rt menber configured to carry the mcroel ectronic

substrate wi th aafidstermipk! dRtaiest en |4 Sbferdhé@qfRafs i8S §dpRpsiitg o econd
portion of the second surface exposed,
roughness features;
b. select from the determined distances a minimum distance value;
c. select from the determined distances a maximum distance value:;
and
d. subtract the minimum distance value from the maximum distance

value.

16.  The apparatus of claim 14 wherein the topographical feature detector is
a first topographit:al feature detector, and wherein the apparatus further
comprises a second topographical feature detector positioned
proximate to the support member and configured to detect a
characteristic of the second topographical features when the

microelectronic substrate is supported by the support member.

17.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features that do not
include conductive connection structures, and a second surface facing
opposite from the first surface and having second topographical
features, the second topographical features including conductive
structures profruding from the second surface, the apparatus

comprising:

-21- ©




b. a first topographical feature detector positioned proxinmate,t tpe
support nenbe? gndpaligned with the first Bortion of the firs?3q&ﬂp 35@08§
the mcroelectronic substrate when the mcroelectronic substrate is
carried by the support nenber to detect characteristics of the first

t opographi cal features, the first topographical feature detector including
at | east one of a contact probe positioned to contact the first surface
and a radiation receiver positioned to receive radiation reflected from
the first surface; and c. a second topographical feature detector

posi tioned proxigmt® soppdrbenminar icombighrid and cakiygnes wisldeldi@roprcond
portion of the second surface of the mcroel ectronic substrate when the

nmi croel ectroni ¢ subthsifate withcarfirskaoion at tha)fipdraurfassbexpased ard ect

characteristics of i st ruct.ur rotrudi,ng from the second

surface. 18. The ap%%?’gpfﬁs&g& gfﬁ]enﬁgﬁcpm%ﬁ%c% ‘?’198_39 Yst topographical

feature detectob,ig ﬁmrtb'ﬁagva?ﬁida@ fedturd BERIIBINSoHicHARNsRXIMARMAHEET er ence
e fi

plane to a plurality of t rst topographical features; b. select from
t he determ ned di stsuppest membemanddaligned avithathee firstcportiehect thie dirstt he

e o T P et e g i o ™"
T Sonaraton of oS CBbech LBy U S auphn AL 5eradlle 10,
includes a first syhasactedsiidsgurfedhe o fiddt dopographicabsfeatwasurtbe first
topographical feature detector including at least one of a contact
probe positioned to contact the first surface and a radiation
receiver positioned to receive radiation reflected from the first
surface; and
c. a second topographical feature detector positioned proximate to
the support member and aligned with the second portion of the
second surface of the microelectronic substrate when the
microelectronic substrate is carried by the support member to
detect characteristics of the conductive structures protruding from

the second surface.

18. The apparatus of claim 17 wherein the first topographical feature
detector is configured to:

a. determine distances from a reference plane to a plurality of the
first topographical features;

b. select from the determined distances a minimum distance value;

c. select from the determined distances a maximum distance value;
and

d. subtract the minimum distance value from the maximum distance
value to determine a thickness variation for the microelectronic

substrate.
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of mcroelectronic substrates having a first range of thickne § tober 2006
i nterchangeable with a second system configured to detect roua é%g
features of mcroel ectronic substrates having a second range of

t hi cknesses different than the first range of thicknesses. 20. The
apparatus of claim 17 wherein the second topographical feature detector
includes: a. a first canera positioned proximte to the support nenber and
configured to detect at |east one of a position, a surface defect and a
bridge of at | east one of the second topographical features of the

mi cr oel ect9.oni The ulgsgaratus \Giieclairhel 7 wherliectheofirst topolgpdpracs Fsatgreppor t ed
by the support nenber; and b. a second canera positioned proximte to the
support menber defgriorcipaitdga aekirst sysiemeeanfigurrd gh@e’@rlt eughegss featurast t he

second topographi f re 1 el.ectroni c substrate when the
ni cr oel ect r oni @Psﬂauﬁcg‘%?lgﬁ @&;ﬁg §H§%t6$t? gdﬂ]ﬁgkghg @Eﬁpfﬁqgeneoﬁb&?a«?f?’esﬁhe
apparat us of clrtershhhngeligieeith aheeconiPsysteMEERTgURES t@ defdtlt 38lighsels§ ace

with a plurality of apertures, the apertures being coupl eable To a vacuum
source to drawféaieras efomieelasiionios aubstratas ihaving entseoondi range hef suppor t

menber. 22. Thg.. aratus.of claiml1l7 wherein_the support nenber has a
generally ri ngl@ﬁge&?&%'Qs)fﬁqr%fthéﬁ%gg'é%wﬁﬂge\%g'f@frf?sgﬁﬁ' first portion of
the first surface is disposed annularly inwardly fromthe contact surface

when t he@uppmd amﬁatmuscarélhm ThhrSinOpleeséddhY fopoihaptidhicfeatdd- 0 13
Oct ober 2006 23. The apparatus of claim 17 wherein the first topographical

feature detect 8ptaci@ingdedesi probe having a contact portion configured to
detector  being Bort (Gt @eE HeTLoRe brotigain 1 ot SEREORTERGEeE chon: ¢
substrate configured to detect at least one of a position, a surface defect

and a bridge of at least one of the second topographical features

of the microelectronic substrate when the microelectronic

substrate is supported by the support member; and

b. a second camera positioned proximate to the support member
and configured to detect a height of at least one of the second
topographical features of the microelectronic substrate when the

microelectronic substrate is supported by the support member.

21.  The apparatus of claim 17 wherein the support member has a contact
surface with a plurality of apertures, the apertures being coupleable to a
vacuum source to draw the microelectronic substrate into contact with

the support member.

22.  The apparatus of claim 17 wherein the support member has a generally
ring-shaped contact surface, and wherein the first portion of the first
surface is disposed annularly inwardly from the contact surface when

the support member carries the microelectronic substrate.
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based on neasurenents at a plurality of |ocations on the nicr§ rogbﬁs
substrate. 24. The apparatus of claim 17 wherein the first toﬂ 3%95
feature detector includes a radiation emtter positioned to direct
radiation toward the mcroelectronic substrate, the first topographical
feature detector further including a radiation receiver positioned to
receive radiation reflected fromthe mcroelectronic substrate, the first
t opographi cal feature detector being configured to detect a roughness of
the m croel ectronic substrate based on neasurenents at a plurality of

| ocati ons2®n t1ige nasaratueclof Oflaikn SUPShdien the. il fpRaFaAiHicall ffatdet ecting
characteristics of a mcroelectronic substrate having a first surface with

roughness f eat detestamnacides eaprobehavinga contsch goginpoinfiguiedin conrgact r st

f d havi rai d j h i Si :
S onr: e icRiedrSRE Sibbllfe, (Bl RandBGnPER Kbt dBhmY! 710
first surface %i@@ﬁﬂ@mﬂ@@é@nbﬁﬁgggﬁéé@éﬁhetm:réaea%ﬁic és%gi?étfe bei ng

shaped to | eave a first portion of irst surface exposed and a second
portion of thebggedndrsunfeasarameotsedat waerplutadityni of oklcationenion sthlest r at e

contacts the Sﬁ)gorsﬁcgenber; . ,a roughness detector that includes a probe
havi ng a cont al{"*™f 'i%l'?%%ﬂf?’i fred to contact the nicroel ectronic

substrate, the roughness detector being configured to detect a roughness

T - s e R e e G

m croel ect r oni detagbon intledesaral radiatian eotittert positionptetb tdiremt fadietionone of

: gﬁg[}ﬁgggness 9o%aer t ﬂ{e arrq]i(fj:roetlgc rosnlfg ps%rt}stra errbﬁ'lre tfi?stn%\f)%g?agphliga SPea Sr% of the
detector further including a radiation receiver positioned to receive
radiation reflected from the microelectronic substrate, the first
topographical feature detector being configured to detect a roughness
of the microelectronic substrate based on measurements at a plurality

of locations on the microelectronic substrate.

'25.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface
facing opposite from the first surface and having raised conductive
features, the apparatus comprising:

a. a support member having a contact surface configured to contact
the first surface of the microelectronic substrate, the support
member being shaped to leave a first portion of the first surface
exposed and a second portion of the second surface exposed
when the microelectronic substrate contacts the support member;

b. a roughness detector that includes a probe having a contact
portion configured to contact the microelectronic substrate, the
roughness detector being configured to detect a roughness of the

microelectronic substrate based on measurements at a plurality
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detector and the support nenber relative to the other while t uppor,
menber supports thepgicroelectronic substrate. 26. The apparaB ‘3§¥E%F§bﬂp
25 wherein the contact surface has apertures coupleable to a vacuum source
to draw the m croel ectronic substrate toward the support nenber. 27. The
apparatus of claim25 wherein the roughness detector is configured to: a.
determ ne distances froma reference plane to a plurality of the roughness
features on the first surface of the mcroelectronic substrate; b. select
fromthe determ ned distances a m ni mum di stance value; c¢. select fromthe

det erni ned di st ancesf lacatongumthe Sirens@facd bPthe Aictodlectiobld s@stidie, m ni mum
di stance value fromthe maxi nrum di stance value. 28. The apparatus of claim

25 wherein the roughifbss detector includes a first systemconfigured to

detect roughness fe f meroel Lonic bstrates having a first

range of thi ckneg'se%f g?@?’?&cﬁ?ﬁﬁ&e‘ﬁ%’l %tq%f%ho'ﬁe oiﬁl@JﬂHgéQ%%%ﬁ?t@Bﬁiaﬁ@r ed to

det ect roughness fgpbus@sSndt mambepaberidvanie | S t | cond
@50 NhE I64MSHRALES tHEA hilgheske

range of thicknesses different than the first range of thicknesses. -25- o
13 Qctober 2006 2d%letadior amdaihat sigppoit ol ber2Elativer toi thet bidrer avhsledthe

conductive features_include solder b s and/o old b s, and wherein the
apparatus further %FRBFH'E@S%%PE%'ES%WH@B 8&85'100?”%5”&@?9(1 oned proxi nate
to the support nenber and configured to detect a characteristic of the

sol der IpBPs Bslappagls JPWiEm 280whditin ARPROAINS Rtfacb 8 3Bertditdst her
conpri si ng:
coupleable to a vacuum source to draw the microelectronic substrate

toward the support member.

27.  The apparatus of claim 25 wherein the roughness detector is configured
to:

a. determine distances from a reference plane to a pluraiity of the
roughness features on the first surface of the microelectronic
substrate;

b. sélect from the determined distances a minimum distance value;

c. select from the determined distances a maximum distance value;
and

d. subtract the minimum distance value from the maximum distance

value.

28. The apparatus of claim 25 wherein the roughness detector includes a
first system configured to detect roughness features of microelectronic
substrates having a first range of thicknesses, interchangeable with a
second system configured to detect roughness features of
microelectronic substrates having a second range of thicknesses

different than the first range of thicknesses.

-25- ©




configured to detect at |east one of a position, a surface def gchtog?(gZQOB
bridge of at | east one of the raised conductive features of the

m croel ectronic substrate when the m croel ectronic substrate 1is supported
by the support nenber; and b. a second canera positioned proxinmate to the
support nenber and configured to detect a height of at |east one of the
rai sed conductive features of the mcroel ectronic substrate when the

m croel ectronic substrate is supported by the support nenber. 31. The
appar at us2@f clige raptarsier of rol4ine 25! RARSrEINTeRD ehideds cBnd6aRefdAtures

ri ng-shaped contact surface, and wherein the first portion of the first
surface is di spiiede salder Humps andratl gold ramps carb miheeeinsthef apmarahsn  t he

t nb rries the m croelectronic bstrate. 32. An ar at for
et boti ng. char STy Eimttesy = £AREH FERbBE et nodlihed BrodRaRhB ot i1 s
surface with rgughnesserhBal HhE ToRf§uRdSRCARECEH 'dhafstefidid Ootherifgst e from

;
the first surface and having rai seg conductive c?ﬁgatures, t he appar at us
conpri sing: a. bampsppul/or geldbeimpsavi ng a contact surface configured to

contact the first surface of the mcroel ectronic substrate, the support

menber bej aped to.le a first portion of the first surface -26- 0
13 Cct ob§d?go§@?eoa%ar§“é%§%ﬁa'%éhf%W%BFOWé'SE@éond surface exposed when
Lhe m croel ectr OBl G GHitSidid@ EOIGHASP pFiamatPRE e KBABEH mEmbdr AdINNess

detector that includes a radiation recelver positione 0 recelve
radi ati on refl ect ecconfignreachéo tietext 24 Uedstcene bf hpositiom,r @ suefate aldfect

substrate, the roughngss detector, bejn nfigured to detect a roughness
of the nicroel ectr%?ﬂcﬁaiﬁ@?r%f{%t 'eﬂﬁéege(?ﬁ?%é ‘ﬁ?gr@ﬁgg(’%‘{e Purgsfity of

I ocations on the fitrgtmicroelectronic substrate when the microelectronic substrate

a. a first canmera positioned proximate to the support nenber 3

is supported by the support member; and

b. a second camera positioned proximate to the support member
and configured to detect a height of at least one of the raised
conductive features of the microelectronic substrate when the

microelectronic substrate is supported by the support member.

31.  The apparatus of claim 25 wherein the support member has a generally
ring-shaped contact surface, and wherein the first portion of the first
surface is disposed annularly inwardly from the contact surface when

the support member carries the microelectronic substrate.

32.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface
facing opposite from the first surface and having raised conductive
features, the apparatus comprising:

a. a support member having a contact surface configured to contact
the first surface of the microelectronic substrate, the support

member being shaped to leave a first portion of the first surface
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surface of the mcroel ectronic substrate; and c. an actuator ggx@aeg 3 8&
| east one of the roughness detector and the support nenber t gbgy 20

| east one of the roughness detector and the support nenber relative to the
other while the support nenber supports the microel ectronic substrate. 33.
The apparatus of claim32 wherein the contact surface has apertures

coupl eable to a vacuum source to draw the m croel ectronic substrate into
contact with the support nenber. 34. The apparatus of claim 32 wherein the
roughness detector includes a radiation emtter is configured to em't

laser radiation andari BagbndOPortibACST tHer sEEUNd SUTaEk bRpOSSPWHRN Beer
radi ation. 35. The apparatus of claim 32 wherein the roughness detector is

configured to: a. rasreglactienigissbalialescontasts dhe stippehowmbaene to a
plurality of the roughness f firs urface of

ni croel ectronic sJ’bE@r Ssﬁi%?%% @'\a?fr}ciﬁqsn% r@‘é?ﬁ?ﬁ’ﬁ%‘fﬂ in@[s’ﬁf?@«?é’ a

m ni num di stance vahu@eceife %%ﬁéﬁﬁ:tn fréﬂ@&tbﬁefr%?ﬁ efd 1pst GuphBBCHE eMaxi mum

di stance value; and -27- o 13 Cctober 2006 . Subtract the m ni rum
di stance val ue fromicheclesixémam slibstratee thed ueougl&&assThdemnm abamgof claim

32, further conprisi flrs canera posjtioned proximate to the
support nenber and © OSgiﬂf‘fe(ﬂJ&’egletteﬁ é?\é%'?”%}[‘)s ‘Jet(i;@tmtﬁ‘ gstronip subslrals, a
surface defect = anchdael bAidfeRbuinari@dt &Mhudlint BF IdHBRE &P ML G e
features of the microelectronic substrate e m croelectroni
substrate is suppauriadelnf thd enisoeirmtionicesdietrate;rahd
¢. an actuator coupled to at least one of the roughness detector and
the support member to move at least one of the roughness
detector and the support member relative to the other while the

support member supports the microelectronic substrate.

33. The apparatus of claim 32 wherein the contact surface has apertures
coupleable to a vacuum source to draw the microelectronic substrate

into contact with the support member.

34. The apparatus of claim 32 wherein the roughness detector includes a
radiation emitter is configured to emit laser radiation and a radiation

receiver configured to receive laser radiation.

35. The apparatus of claim 32 wherein the roughness detector is configured
to:

a. determine distances from a reference plane to a plurality of the
roughness features on the first surface of the microelectronic
substrate;

b. select from the determined distances a minimum distance value;

¢. select from the determined distances a maximum distance value;

and
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b. a second canera positioned proximate to the support nenber q§€%¥) 006
configured to detect a height of at |east one of the raised égn F&g
features of the mcroelectronic substrate when the mcroelectronic
substrate is supported by the support nenber. 37. The apparatus of claim 32
wherein the support nenber has a generally ring-shaped contact surface,
and wherein the first portion of the first surface is disposed annularly
inwardly fromthe contact surface when the support nenber carries the

m croel ectronic substrate. 38. An apparatus for detecting characteristics

of a microel ectr ani sutsrdes thdhnin@didigtadcé vakie ForhftE enatifiuing aLeAmess
features and a second surface facing opposite fromthe first surface and

havi ng rai sed conduédl¥§e features, the apparatus conprising: a. a
general ly ring-shaped support nenber; b. a contact surface on the support

menber, t C f [(WeTs) fi . contact the first surface
of the méﬁoeﬁgﬁ?%ﬁ?}#ugéﬁg??ﬁg’g Wrggwﬁgﬁggorti on of the first surface
exposed and a secoadirgtotdrhern pbsitibBed FeXIfhade!td ABE sePBRaHentber aidoughness
detector positioned proxinmate to the support nenber; -28- o 13 Cctober

2006 d. the roughnexdigHeackia cletentiatgeastdons iofeeposition, atsmirfacesdefpol ti on of

the first f i | ectroni trate when th
o6l oot roni o cunttd Bl SEaEREGPRYS ot dRE pRER cREheyS featursof
roughness det ect or thBGhitdbélaciénit SubkiraREWRENahE GRicRSdictFSHIE subSithicgured to

contact the first surface, and a renote detector configured to receive
radi ation refl ect edsfsupportee byithe suppoit awamber; ander ei n at | east one of the

e e o Brd HrbRE B hosilBAZE orbsimiZRE 36! e Slgort hdbér™® ' "
and configured to detect a height of at least one of the raised
conductive features of the microelectronic substrate when the

microelectronic substrate is supported by the support member.

37.  The apparatus of claim 32 wherein the support member has a generally
ring-shaped contact surface, and wherein the first portion of the first
surface is disposéd annularly inwardly from the contact surface when

the support member carries the microelectronic substrate.

38.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface
facing opposite from the first surface and having raised conductive
features, the apparatus comprising:

a. a generally ring-shaped support member,

b. a contact surface on the support member, the contact surface
being configured to contact the first surface of the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed;

c. a roughness detector positioned proximate to the support

member;
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substrate is carried by the support nenber, and wherein the ratus
further conprises; g. g first Egature det ector positioned projﬁﬁgﬂg F5ZPH8
second surface of the microelectronic substrate to detect at |east one of
a dianmeter, position, and surface characteristic of the raised conductive
features when the mcroel ectronic substrate is carried by the support
menber; and h. a second feature detector positioned proxinmate to the second
surface of the mcroelectronic substrate to detect a height of the raised
conductive features relative to the second surface when the

m croel ectroni ¢ gubpbralghhSsSastectH Baing BRJSHIBRRH twitFEtH first BSrtioh ¥
apparatus of claim 38 whérein the raised conductive features 1nclude

sol der bunps and/ orthgoffitstbaupgace aoid thaemicnoetdoironia stubstrdte selbemdthieeat ur e

detectors are configured to detect characterjstics of the solder bunps
and/ or gol d bunps. &M ﬁcgﬁrﬂﬁﬁ&ﬁﬁtéatﬁdﬁ CﬁgfeéicﬁYh'&% 'En&misl%ﬁri cs of a

i croel ectroni ¢ supbILEhERY hBcRrihibkingad ReSt Uhé br baitabOpRmani cal

features that incl roughness el enents, "and a second surface facing
opposite fromthe cdfiguoedl 3o Qxinddetrth20ffst durfate, sand acecraold detschyr second
t opogr aphi cal feature? t haj i nclude raised ﬁondagtive sfructures, the

appar at us conpri si fg" igur W@F?'Vﬁéaﬁ?tieﬁﬁ? %‘3}9 rorg they 'r!si,syrﬁgce;
m croel ectroni c gubghLage Yéés?@lg‘;]bf e Rf?fgtf'l'ngg? HetddEr Ehaghegéﬁp}cpﬁftgt

exposed and a second portion o e second surface expose

t opogr aphy det ecti anemdenss prevableortativertoxthaaitieert whildiéhe siigrpelectrorigber and
aligned with the first portion of the first surface of the m croelectronic
substrate to detectSUbstraiends cardedhbYathe sughadsemiera andi Whees ¥gri ati on

of the first surface whensifher comprises;

g. a first feature detector positioned proximate to the second
surface of the microelectronic substrate to detect at least one of a
diameter, position, and surface characteristic of the raised
conductive features when the microelectronic substrate is carried
by the support member; and

h. a second feature detector positioned proximate to the second
surface of the microelectronic substrate to detect a height of the
raised conductive features relative to the second surface when

the microelectronic substrate is carried by the support member.

39. The apparatus of claim 38 wherein the raised conductive features
include solder bumps and/or gold bumps, and wherein the first and
second feature detectors are configured to detect characteristics of the

solder bumps and/or goid bumps.

40.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features that include

roughness elements, and a second surface facing opposite from the
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m croel ectronic substrate is carried by the support nenber, tq§cmhbgﬁ;2006
t opogr aphy detection neans including at | east one of a contact probe
positioned to contact the first surface and a radiation receiver
positioned to receive radiation reflected from the first surface; and c.
second topography detection neans positioned proximte to the support
menber and aligned with the second portion of the second surface to detect
a characteristic of the raised conductive structures when the

m croel ectronic substrate is carried by the support neans. 41. The

appar at us of clisdtnsdface @hdhaaviagnesddridtopsjraphiosl feflfes GRAT RAciudel Y
coupled to at |least one of the first topography detection neans and the
support means f{¥se@genductivessituchiesothetanparatustcompising:aphy det ecti on neans

and t he ort [ ti k t her ile th 1 cr.oel ectronic
subst r at ZUPE car g.‘?g%fpﬁﬁ ﬁ'tee'abgp(%%'ﬂbﬂﬁergegonggrrﬁgﬂefﬁ:gr%egﬁgf%lﬁguggtr i m 40
wherein the first tWigEPQ FpdtypsrEbARCH BHe MRANSUrfAce eRPdsclapd hOsecopd © 13

Cct ober 2006 a. determine distances froma reference plane to a plurality
of roughness feat urpastion of the secondeswrtacediposedbstrate; b. select fromthe

det ermined i St aROSTE hATHy ISHARES WAME postios™] PR e i
o her 1L he |1 PRUPPEICHIATGR S8 SR80 Vit R EORORIE sl 1o
configured to deteciurfasegiinbs mitwesjeatrehiosubstrate to detect at least one or a
roughness and a thickness variation of the first surface when the
microelectronic substrate is carried by the support member, the
first topography detection means including at least one of a
contact probe positioned to contact the first surface and a
radiation receiver positioned to receive radiation reflected from
the first surface; and
c. second topography detection means positioned proximate to the
support member and aligned with the second portion of the
second surface to detect a characteristic of the raised conductive
structures when the microelectronic substrate is carried by the

support means.

41. The apparatus of claim 40, further comprising actuator means
operatively coupled to at least one of the first topography detection
means and the support means to move at least one of the first
topography detection means and the support means relative to the
other while the microelectronic substrate is carried by the support

means.

42.  The apparatus of claim 40 wherein the first topography detection means

is configured to:
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m croel ectronic substrates having a first range of thicknesse
i nt erchangeable with a second system configured to detect rouaﬁr%%tgberZOOG
features of mcroel ectronic substrates having a second range of

t hi cknesses different than the first range of thicknesses. 44. The
apparatus of claim40 wherein the second topography detection neans
includes: a. a first canera positioned proximte to the support neans and
configured to detect at |east one of a position, a surface defect and a
bridge of at |east one of the second topographical features of the
nicroel ectroni ¢ guhgdteahideWdRarndes fodi Qe refdreAGE Cplafél Bt BapRiralty Sefopor t ed
by the support neans; and b. a second canera positioned proxi mate to the
support means and l’@yﬁhﬂg‘%ﬁr@W@S(ﬁﬁ@%mIQ’OB@C@WNQﬁUMFaItQEaSt one of the

econd topographic t he oel ectronic trate when the
?n'cr oel ect rpo%i cp ub I?g gorﬁéﬁ%f]%{% %eodng'ﬁ{qq‘fg &WWW&@ icepalugyy, o
apparatus of cl agm siflediiRifitRe HREerAlREP UistaMatSa RikiMufPAisBfice \ﬁauué ace wth

a plurality of apertures, the apertures being coupleable to a - 0 13
Oct ober 2006 vacumndsource to draw the m croel ectronic substrate into
contact with the S?)g nber he a‘?@ tus of claim3 V\,herelnthe
support means haf lg’ EIQ“"'MLW@, Hﬁtmtg%m%u”h igtanser ei n t he

first portion of tl\paiué_rst surface is di sposed annularly inwardly fromthe
contact surface when the support nenber carries the mcroel ectronic
substrate. 47. The apparatus of claim 38 wherein the first topography

det ect i oridreankne apparatissobclpindé whereingthe Grshtapograhyt deteciamegmsed t o

contact the firs sur f of .the m roel ect substrate, the first

t opogr aphy det Eéqdcﬁ? anﬁﬁﬁ%ssﬁé‘?'ﬂgcﬁ Bhgyrgd é’d gecge'f ngs$ Jeahes Ofof t he

first surface microelectronic substrates having a first range of thicknesses,
interchangeable with a second system configured to detect roughness
features of microelectronic substrates having a second range of

thicknesses different than the first range of thicknesses.

44.  The apparatus of claim 40 wherein the second topography detection
means includes:

a. a first camera positioned proximate to the support means and
configured to detect at least one of a position, a surface defect
and a bridge of at least one of the second topographical features
of the microelectronic substrate when the microelectronic
substrate is supported by the support means; and

b. a second camera positioned proximate to the support means and
configured to detect a height of at least one of the second
topographical features of the microelectronic substrate when the

microelectronic substrate is supported by the support means.

45. The apparatus of claim 38 wherein the support means has a contact

surface with a plurality of apertures, the apertures being coupleable to a
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based on neasurenents at a plurality of |ocations on the first

rface, )
The apparatus of claim 38 wherein the first topography detect i3 qﬁgiﬁgmﬁg

i ncludes a radiation receiver positioned to receive radiation reflected
fromthe first surface, the first topography detection neans being
configured to detect a roughness of the first surface based on

nmeasurenents at a plurality of locations on the first surface. 49. A nethod
for processing a mcroelectronic substrate, conprising: a. formng first

t opographical features on or in a first surface of the mcroelectronic

substrate, thevhbligh dopedraitbwahelmriosIesonibPupdira@ ity BRGRS Wigat ures
but not including electrical connection structures offset fromthe first

surface; b. fothg agopwtewinberpogr aphi cal features on or in a second surface
of the mcroelectronic substrate facing opposite fromthe first surface,

th t i f i | i duct i t t

ot o ¢ oA ABBafRs bF 2ldiosa WHEH' §9 SHRRICeARs ¢ils 43R0 11 ng

the mcroel ect riagishapelsédbet YA, arfd WHerdAr thieOfrsPfhotiitsh bF tsé fiestr face i's
Hishap : b § 4

exposed and a second portion of the second surface is exposed; and d.
detecting a chavdateis disposed armulany inwardjyofjompthec edntbctsunfase ghen

positioning a t,opographical, detectign device at | east oximate to the
first portion g}eois%%ocfrrpge{nl%qucfaé%%s &deﬁ??[\%&?w& Stui?étrg{eopogr aphi cal
detection device while the first portion of the first surface is exposed
and whi | e47.he Hacapgaais bPBlalh 38Neh&RAPME fistidRRPapry 8XReGSH mddrs t he

conductive structures protruding from the second surface. 50. The nethod
of clai m49 whichidesdepeahe having eheerteckeportion coofiguted thi sastactttbe digstaphi cal
features incl ugﬁ acczllee to?(fl%é ?1%0r%erleoclfl%rﬁ?cegabsot];at;[e,h Fnef h:[s?ttopography detection

means being configured to detect a roughness of the first surface

based on measurements at a plurality of locations on the first surface.

48. The apparatus of claim 38 wherein the first topography detection means
includes a radiation receiver positioned to receive radiation reflected
from the first surface, the first topography detection means being
qonfigured to detect a roughness of the first surface based on

measurements at a plurality of locations on the first surface.

49. A method for processing a microelectronic substrate, comprising:

a. forming first topographical features on or in a first surface of the
microelectronic  substrate, the first topographical features
including roughness features but not including electrical
conhnection structures offset from the first surface;

b. forming second topographical features on or in a second surface
of the microelectronic substrate facing opposite from the first
surface, the second topographical features including conductive

structures protruding from the second surface;
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portion of the first surface by positioning a roughness dEtECHBQ§c&E%¥Q§06
at least proximate to the first portion and activating the roughness
detection device while the first portion of the first surface is exposed.
51. The nethod of claim49 wherein detecting a characteristic of the first
portion includes receiving radiation reflected fromthe first portion. 52.
The nmet hod of claim49 wherein supporting the mcroelectronic substrate

i ncludes carrying the mcroelectronic substrate with a support nenber, and
wherein the nmethod further conprises detecting a characteristic of at

| east one of thecseq@pbriMPUE FRIRISA RN WIS mute%ﬁgyﬂ'nesrtb €of

m croel ectronic substrate wth the support nenber. thod of claim
49, further conpri sthﬁgflrabewi@ceals expesedoand af setend podionedfettier setond
substrate and the tg hi cal ete tion device relative to the other
while the first por?"F gemgse? ’raﬁ surface is exposed. -33- o 13 Cctober

2006 54. Th h IS\ : 1.1
e nmeyhagbiabtind & Bhédctdridtit NG tHeP t'sttﬁpggrea(ﬂ)@;ceeﬂ r?g-gfdgg?:ﬂyl ' shi ng

t hi ckness variation for the m croeefectronl Cc su
a reference pl ane; posititetirgy mtopogreqhhaiaﬁnle&mtrbnoﬁvﬂdmairlefaer proxémapleaioe to a

plurality of roughpess. features of the fjrst rface; c. selecting from
t he deternined di s{}gﬁcégma RPPRuAfditee afret Elf@ and s@PB\’;Qtlﬂgg feom t he

det er i ned di st ancegoaqEld e AoANGEvIoY I 1R Hisf ot RIHE Mt e

m ni nrum di st ance va maxXl num di st ance va tthod of

clai m 49 wherein suppface isgexposedi mdmﬂmietthensdconsluw:bﬁtcﬁ thacsesdeeg
positioning the mcroelectronic substrate on a generally ring-shaped
support surface w trtase ig iexppsemithdhe songdhetivg $f§lﬂCtUT95 protruding from

the second surface.

50. The method of claim 49 wherein detecting a characteristic of the first
topographical features includes detecting a roughness of the first
portion of the first surface by positioning a roughness detection device
at least proximate to the first portion and activating the roughness

detection device while the first portion of the first surface is exposed.

51.  The method of claim 49 wherein detecting a characteristic of the first

portion includes receiving radiation reflected from the first portion.

92. The method of claim 49 wherein supporting the microelectronic
substrate includes carrying the microelectronic substrate with a support
member, and wherein the method further comprises detecting a
characteristic of at least one of the second topographical features while

carrying the microelectronic substrate with the support member.

53.  The method of claim 49, further comprising moving at least 6ne of the
microelectronic substrate and the topographical detection device

relative to the other while the first portion of the first surface is exposed.
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surface positioned radially inward fromthe support surface. qgfmﬁ gepgbﬁgd
of claim49 wherein supporting the mcroelectronic substrate 1 ncludes
forcing the mcroelectronic substrate into contact wth a support nemnber.
57. The nethod of claim 47 wherein supporting the mcroelectronic

substrate includes applying a vacuumto the mcroel ectronic substrate to
draw the m croel ectronic substrate into contact with a support nenber. 58.
The nmet hod of claim47, further conprising detecting at | east one of a
position, a surface defect, and a bridge of at |east one of the second

t opogr aphig£al TIRAtHE®DAWT IcRimlURY O FlirkHet é&ﬁpﬂsiﬁgoeét%ﬁhrrmﬁq G eRAdSt e
-34-0 13 Cctober 2006 wth the first portion of the first surface exposed
and t he secondvpdatianofordihe miercsetionicsutisiiaée byposed. 59. The net hod of
claim49, further coqgr[i L N deqteecti ng _a height of at |east one of the
second t opogr aphPcat® %ﬁlﬂ}égf '¢'Me HfBPoel ectronic substrate while

supporting the mhCrRabRAMIMNHGBERS! réftthd FdicldMel bibak topé)rp'idrgp‘tgoéf the

first surface exposed and the second portion of the second surface
- exposed. 60. The navhgbness fatines 49 thd first Berfacginpri si ng detecting a
characteristic of at |east one of the second. topographical features by

|
directing |aser ©r aqﬁtl%qqn(gn}rpm\épg deferminedo distanassn e MUY Jdistance

recei ving radiationgheflected fromthe mcroel ectronic substrate while the
first portion of the Ttirst surface is exposed and the second portion of

the second surfade sedectingpfrond thé Idetdimeinadt disthrzksch amaxihtumf distdnee
conprising renoving material fromthe first surface of the mcroel ectronic
before, after, or Yeibre and after detecting a characteristic of the

first topographi galg hakth§Sthe minimum distance value from the maximum

distance value.

55. The method of claim 49 wherein supporting the microelectronic
substrate includes positioning the microelectronic substrate on a
generally ring-shaped support surface with the first portion of the first

surface positioned radially inward from the support surface.

56. The method of claim 49 wherein supporting the microelectronic
substrate includes forcing the microelectronic substrate into contact

with a support member.

57. The method of claim 47 wherein supporting the microelectronic
substrate includes applying a vacuum to the microelectronic substrate
to draw the microelectronic substrate into contact with a support

member.

58. The method of claim 47, further comprising detecting at least one of a
position, a surface defect, and a bridge of at least one of the second

topographical features while supporting the microelectronic substrate
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62. The nethod of claim49, further conprising: a. renmoving a4hicStpaPabbe"
of material fromthe first surface of the mcroelectronic substrate prior
to detecting a characteristic of the first topographical features; and b.
removi ng a second portion of material fromthe first surface of the

m croel ectronic substrate after detecting a characteristic of the first

t opogr aphi cal features. 63. A nethod for detecting characteristics of a

m croel ectronic substrate having a first surface with first topographical
features that do not include conductive connection structures, and a

second surf acewfiachBYirst gtidR oPEHO AR sBfBBe cRPBOSE bAd the@BeEHSd bbkih surface
and havi ng second topographi cal features, the nmethod conprising: a.

supporting t heofithsr srganch swfdce eposedat e while at least a first portion of
the first surface is exposed and at | east a second portion of the second

surface ig& ex ed: a.det ecti a roughness, of. the f.irst_ surface by
o5t £ oni Ty a0 syPAD AP el B b barBias BbtaRling B hoiahf bedterd T ne
first topographical fiRatsdc8hdOtogdipaphibal f8aHiFas o MNe aﬁﬁérﬁgfe'cﬂanrche

t opogr aphi cal detection device to receive feedback fromthe first

t opogr aphi cal - substrateswhite Iseppadingi thet mpcoelestroofc shlestiate swiths diné dicst  and

th d portiagn of .t d._surf d. 64. The method of
cl'ai m 63 wher PR L1 RSt AUTgEReRi e ARSI es Secar PREN it dos

contacting a psgRshdbliffadd'Exfdddedt portion of the first surface to
determ ne a roughness of the first portion. 65. The nethod of claim63

wherein detecting a roughness of the first surface includes receiving

radi at i orbQ.ef I'ew stheod of cladmf49, Surthber comprisieg. detéatinges icbdranfteridtiai of 63

wherein supporlé{ rI'cgastthoenem.o rtﬂglseecctorn?:ln{ocpographical features by directing laser
radiation toward the microelectronic substrate and receiving radiation
reflected from the microelectronic substrate while the first portion of the
first surface is exposed and the second portion of the second surface is

exposed.

61. The method of claim 49, further comprising removing material from the
first surface of the microelectronic before, after, or both before and after

detecting a characteristic of the first topographical features.

62. The method of claim 49, further comprising:

a. removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a characteristic of the
first topographical features; and

b. removing a second portion of material from the first surface of the
microelectronic substrate after detecting a characteristic of the

first topographical features.

63. A method for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features that do not

include conductive connection structures, and a second surface facing
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substrate includes carrying the mcroel ectronic substrate “‘ths%mﬁBBB?&boe
menber, and wherein the nethod further conprises detecting a
characteristic of at |east one of the second topographical features while
carrying the mcroelectronic substrate with the support nenber. 67. The
met hod of claim 63, further conprising noving at | east one of the

m croel ectronic substrate and the topographical detection device relative
to the other while the first portion of the first surface is exposed. 68.
The net hod of claim63, further conprising determ ning a thickness

variation for opposits PEMEahE OffsE SRSl ARl %vinéﬁsed%na?»t&sdg?aﬁﬁicgp% a.

establishing a reference plane; b. determ ning distances fromthe reference
pl ane to a pl ufeaturgs, dhe methethaexprisiogt ures of the first surface; c.
selecting fromthe determn di stances a mnj di stance, value; d.

sel ecting fromtHe %I&P&ﬂlﬁ%gﬂedﬁ"éﬁraﬁ'és Oa’cnﬁQP%dWEﬁ%r@e!e%gl%é‘frs“and e.
subtracting the m nhdRIBh dbfS RN GiPstV alirisod ﬁ@@xbﬁ@ﬁ@%d“é’i“l dishagcenyal ue.

69. The nmethod of claim63 wherein supporting the mcroelectronic

substrate includes pution iodthengeedrs surtaceekexposed;aarslibstrate on a

dor Tace bosi ¢ LonBd SAARIG ya I UAPERSS (otote Hirsk ujsiece” Bur PABEONRG. aThe
el des. for of ng. ¢ REDopRIPRIGHRRAEEAA detied ek RBLE Srodfte B I s uppor
menber. 71. The nettbpdgmphidahi featiBeshel ¢hen firsppurfacegatdeadtivatiog! et r oni ¢
substrate incl udes thgéngﬂ?ca? d\e/a?eccl#ilcj)rtll1 éeoviéeh?o pgcceri\?eel‘eee%tbragﬂiﬂ?orﬁ l#m)g tfirrsatt ©
topographical features while the first portion of the first surface

and the second portion of the second surface are exposed.

64. The method of claim 63 wherein detecting a roughness of the first
surface includes contacting a probe with the first portion of the first

surface to determine a roughness of the first portion.

65. The method of claim 63 wherein detecting a roughness of the first

surface includes receiving radiation reflected from the first portion.

66. The method of claim 63 wherein supporting the microelectronic
substrate includes carrying the microelectronic substrate with a support
member, and wherein the method further comprises detecting a
characteristic of at least one of the second topographical features while

carrying the microelectronic substrate with the support member.

67. The method of claim 63, further comprising moving at least one of the
microelectronic substrate and the topographical detection device

relative to the other while the first portion of the first surface is exposed.

68. The method of claim 63, further comprising determining a thickness

variation for the microelectronic substrate by:
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to draw the mcroel ectronic substrate into contact with a supgar,

72. The nmethod of claim®63, further conprising detecting a Chg?g%tgﬁég?lﬁgs
of at |east one of the second topographical features while supporting the
m croel ectronic substrate with the first portion of the first surface
exposed and the second portion of the second surface exposed. 73. The

met hod of claim 63, further conprising detecting at |east one of a
position, a surface defect, and a bridge of at |east one of the second
-37- 0 13 Cctober 2006 topographical features while supporting the

m croel ectroni c guhsdtagishiny & Refebéhdd plaheportion of the first surface
exposed and the second portion of the second surface exposed. 74. The

met hod of cl ai m 63,ddtermnining diskandesi ingmditcenifersmca plehgho aplurblityesfst one
of the second topo%r aEFi cal f atur?ih oﬁﬁihe m croel ectronic substrate

whi | e supporting t HQUBNR¢SLIeaRres A L& i SHEPEe i th the first portion of
the first surfac eggpé% t optd f Lt -Hﬁﬁﬁo- face
exposed. 75. Theg'mat ho ﬁ@f ﬂ?ﬁaitﬁég‘?@ﬁﬁﬁeﬁeg%%% gi @“ et ec?llgtr@lé%
characteristic of \alud;east one of the second topographical features by
directing laser  radiatijion_toward {he mcroelectronic substrate and

recei ving radi at forPeledngdefreay the t?’ﬁ@'”ﬁﬁc&'@tﬁr@@?r%rﬁ“éx%ndﬁﬁtﬁj'ﬁtaé‘cﬁhi le the
first portion of thg d.idst surface is exposed and the second portion of
the second surface is 'exposed. 76. The nmethod of claim®63, further

conpri si ng renovenguhitaeting! ther enniniem digtatce wdlae efrom the miakit@hect roni c
before, after, or bgoth before and after detecting a characteristic of the
first topographi caldigtage@vaie. 77. The method of claim63, further
conprising: a. renmoving a first portion of material fromthe first surface

of the g9 The method of claim 63 wherein supporting the microelectronic
substrate includes positioning the microelectronic substrate on a
generally ring-shaped support surface with the first portion of the first

surface positioned radially inwardly from the support surface.

70. The method of claim 63 wherein supporting the microelectronic
substrate includes forcing the microelectronic substrate into contact

with a support member.

71.  The method of claim 63 wherein supporting the microelectronic
substrate includes applying a vacuum to the microelectronic substrate
to draw the microelectronic substrate into contact with a support

member.

72.  The method of claim 63, further comprising detecting a characteristic of

at least one of the second topographical features while supporting the

microelectronic substrate with the first portion of the first surface

exposed and the second portion of the second surface exposed.

73. The method of claim 63, further comprising detecting at least one of a

position, a surface defect, and a bridge of at least one of the second
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m croel ectronic substrate prior to detecting a characteristic,qf fylnhat
t opogr aphi cal features; ang b. renoving a sgcond portion of nﬁl?’e(?#t&%ef'rdgh\%
the first surface of the mcroelectronic substrate after detecting a
characteristic of the first topographical features. 78. A nethod for
detecting characteristics of a mcroelectronic substrate having a first
surface with roughness features and a second surface -38- o 13 Cctober
2006° facing opposite fromthe first surface and having protruding
conductive features, the nethod conprising: a. supporting the

m cr oel ect r oni gosupaprivhefeMtblesawhilé SuppeFii themithledtidnid sBMsi-aee
exposed and a second portion of the second surface exposed; and b.

det ecting a rowgthribedirsf partien fof the fipsdstiifane ekposed and she sacdrad potiipn

contacting a prohe with the first portion and noving at | east one of the
probe and the H?B’F%%?Wrwa&es‘?i@&sﬁgte relative to the other while the

first portion of the first surface is exposed and the second portion of

the secongy surfig métﬁo@éperaﬁﬁ-as?%nﬁaecdméﬂmnﬁl? %tédtiﬁ'gra r?e%rg]mwai [Bast
I nc g the

supporting the mcroelectronic substrate udes carryi
m cr oel ect r oni ensubbét thet esesbtitl topgrpphrical featbess @ dhevhmiabalectronicet hod
further corrpriseﬁ?detec ' ar cter,istic of . at | east one.of the

h th
protrudi ng condll ¥3g W ']éé]%r“ggo 0 ¥e FuFTeg E%‘?Hoﬂl?es%’i’%%%l"é'gf tlasifiest
substrate w t hphRRSBPRAB! firdEWFface SOxpodie TRHNeE ggg&rﬁﬁg{ng%e druhiher

conpri sing det grm ning a thickness variation for t ctronic
substrate by: aecasi abiffachexmgpsed: ef erence pl ane; b. determ ning distances
fromthe reference plane to a plurality of roughness features of the first
f .
surtace, 75.  The method of claim 63, further comprising detecting a characteristic of
at least one of the second topographical features by directing laser
radiation toward the microelectronic substrate and receiving radiation
reflected from the microelectronic substrate while the first portion of the
first surface is exposed and the second portion of the second surface is

exposed.

76.  The method of claim 83, further comprising removing materal from the
first surface of the microelectronic before, after, or both before and after

detecting a characteristic of the first topographical features.

77.  The method of claim 63, further comprising:

a. removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a characteristic of the
first topographical features; and

b. removing a second portion of material from the first surface of the
microelectronic substrate after detecting a characteristic of the

first topographical features.

78. A method for detecting characteristics of a microelectronic substrate

having a first surface with roughness features and a second surface
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c. selecting fromthe determ ned di stances a m ni nrum di stance lue:
sel ecting f?om the determ ned di stances a maxi num di st ance Vapt’gct%ﬁﬁaigos
subtracting the m ni mum di stance val ue fromthe maxi nrum distance val ue.
-39- 0 13 Cctober 2006 81. The nethod of claim 78 wherein supporting the
m croel ectronic substrate includes positioning the mcroelectronic
substrate on a generally ring-shaped support surface with the first
portion of the first surface positioned radially inwardly fromthe support
surface. 82. The nmethod of claim 78 wherein supporting the mcroelectronic

substrate incl estesg appbyitd Gofh WRCHISMsUFfabd @ndl h‘é\%ﬁg ﬁ?dthﬂﬂh@ cBHAsémRL e to
draw the m croel ectronic substrate into contact w a support nenber. 83.

The net hod of &gaiuras7 e methotbeompripingsi ng: a. renoving a first portion of
material fromthe first surface.of the m croelectrcopni ubstratge prior to
detecting a char Qct%mpgﬁ"lg &"e WO?IPFEQF'WWS FEE‘PW#BG{:] ﬁ'fsigp[ﬂoé"s?fe@ﬁd b.

renoving a second pREf sHac eXPsRY #itd fars‘éﬁbha‘ri])ofrﬂidﬁbfﬁiér §e?&)‘?|d°§tt1_lrFeé&%

m croel ectronic substrate after detecting a characteristic of first
t opogr aphi cal feat umg®se8dand\ net hod for detecting characteristics of a

m croel ectronic substrate havi a first surface with rpughness features
and a second sur?’aé}tﬁa‘teﬁe ﬁgrob‘ﬁﬁggﬁ é’fﬁli‘%rir-ﬂrﬁth%o'%f)?‘sqf t‘ﬁrfﬁ)rﬁgéUQﬁ@? Vi ng
protrudi ng conducti tAlr t 4 ri Sk ng. erting the
m croel ectronic subésé?]}%cgtgﬁwgtpﬁége W@s@p@??%ﬁﬁ@féﬁ@%\?ﬁ g?%?fotgtl?e
exposed and a secoraf {her prabe @indt tte seicratedrorfiactibstrate relative to the

other while the first portion of the first surface is exposed and the

second portion of the second surface is exposed.

79. The method of claim 78 wherein supporting the microelectronic
substrate includes carrying the microelectronic substrate with a support
member, and wherein the method further comprises detecting a
characteristic of at least one of the protruding conductive features while

carrying the microelectronic substrate with the support member.

80. The method of claim 78, further comprising determining a thickness
variation for the microelectronic substrate by:
a. establishing a reference planeg;
b. determining distances from the reference plane to a plurality of
roughness features of the first surface;
c. selecting from the determined distances a minimum distance
value;
d. selecting from the determined distances a maximum distance
value; and
e. subtracting the minimum distance value from the maximum

distance value.
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exposed; and b. detecting a roughness of the first portion of

squace by directing raglatlongtomard t he n1croe|e2tron|c suﬂéqﬁﬁp@eraoos
receiving radiation reflected fromthe m croelectronic substrate at a
radi ati on receives, and noving at |east one of the receiver and the

m croel ectronic substrate relative to the other while the first -40- 0 13
Cct ober 2006 portion of the first surface is exposed and the second
portion of the second surface is exposed. 85. The nethod of claim 84
wherein supporting the mcroelectronic substrate includes carrying the

M cr oel ecdf.oni The URREKGT oM diFinR B&IPRAEEein mﬂﬁﬁéﬂ!ngn%é‘m{?ﬁ&balebﬂ@nﬁﬁ hod
further conprises detecting a characteristic of | east one of the

protrudi ng condubstrate fredudesespaditidring ctver ynngpefmircmicr smbsttate onhca

bst t th th 1 d f th
Comor | of g et GERSEINT Shaath Suapdtt sptaee it dre Rt R of deé Hest o'

substrate by: gyrfged ?Bé.t.éné@a?cﬁaayﬁqwae&g% suﬁbor?@&ﬁéé@ ning distances

fromthe reference plane to ity o ness eatures of the first
surface; c. selecting fromt he det erm ned d| st ances a m ni num di st ance
val ue; d.8%el ehd ngpethagin cnfhe:laim erdn wbdrain ssuppeting tleexi microdiestranice

val ue; and e. suptract.ing.the ni mum di stanc val ue from t he X1 .mum
di stance val UeSUBHIAtSHBCREER GPPHANG PaYaR U (P dhe RSN SUPREAS

m croel ectroni g (;ﬁ-gaﬁttﬁ?‘tﬁldrﬂélblf! Sﬁlcpgﬁbéﬂ'eﬂ@' Mo t BSntatC i ﬁtsr@ﬁ i,

substrate on a generally ring-shaped support surface wt
portion of thenfamisér.

83. The method of claim 78, further comprising:

a. removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a characteristic of the
first topographical features; and

b. removing a second portion of material from the first surface of the
microelectronic substrate after detecting a characteristic of the

first topographical features.

84. A method for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface
facing opposite from the first surface and having protruding conductive
features, the method comprising:

a. supporting the microelectronic substrate with a first portion of the
first surface exposed and a second portion of the second surface
exposed; and

b. detecting a roughness of the first portion of the first surface by
directing radiation toward the microelectronic substrate, receiving
radiation reflected from the microelectronic substrate at a
radiation receives, and moving at least one of the receiver and

the microelectronic substrate relative to the other while the first
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surface positioned radially inwardly fromthe support surfaceq388etobe? 2006
nmet hod of claim 84 wherein supporting the mcroelectronic substrate

i ncl udes applying a vacuumto the mcroel ectronic substrate to draw the

m croel ectronic substrate into contact with a support nenber. -41- 0 13
Cct ober 2006 89. The nethod of claim84, further conprising: a. renoving a
first portion of material fromthe first surface of the mcroelectronic
substrate prior to detecting a roughness of the first surface; and b.
removi ng a second portion of material fromthe first surface of the

m croel ectroni c subjsdrtied ©f Ahé SirstdirRidel RIxposBH HHERR SécdtEpbitioht of

surface. 90. A nethod for detecting characteristics of a mcroelectronic
substrate having dheisesond suffaceiswxposedughness features and a second
surface facing opposite fromthe first surface and having protrudi ng

conductivg f ur t he d .Si.ng;. a.  supparting th ,
m cr oel ec on?@%esy%%mc’g gow%& r@f%h%eén ﬁ{-‘%?%@[‘gcﬂ?%nfngcrgﬁ%ﬁ@ﬁ'& wth a
support nenber subdttfteandludssd calPingithe rifcrddiectidriie kubstidteamtt & stppeped and a
second portion of the second surface is exposed; b. detecting a roughness
of the first porember, oand heheraist theurmeibedbfurtiwersicompriseg detestipgnass
detection device at,|east proximate t.q the  fi.rst rtion _apd novi.ng at
least one of  t HEPGGISEIE o AIRAL2ns.A the peotrding coBductyd featiiips WhiFe
relative to thga@iRgithalit@eldt@rohid flibstRfé Witﬂﬁh@fsygﬁéﬂfrhérﬁbeﬁurface IS
exposed and the second portion of the second surface is exposed; and c.
detecting a characteristic of at |east one of the protruding

The method of claim 84, further comprising determining a thickness

variation for the microelectronic substrate by:

a. establishing a reference plane;

b. determining distances from the reference plane fo plurality of
roughness features of the first surface;

c. selecting from the determined distances a minimum distance
value; |

d. selecting from the determined distances a maximum distance
value; and

e. subtracting the minimum distance value from the maximum

distance value.

87. The method of claim 84 wherein supporting the microelectronic
substrate includes positioning the microelectronic substrate on a
generally ring-shaped support surface with the first portion of the first

surface positioned radially inwardly from the support surface.

88. The method of claim 84 wherein supporting the microelectronic
substrate includes applying a vacuum fo the microelectronic substrate
to draw the microelectronic substrate into contact with a support

member.
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conductive features while the mcroelectronic substrate is ca

support nenber. 91. The nethod of claim90, further conprisinggégggpﬁy%ng
a thickness variation for the mcroelectronic substrate by: a.
establishing a reference plane; -42- o 1 13 Cctober 2006 b. determ ning
di stances fromthe reference plane to a plurality of roughness features of
the first surface; c. selecting fromthe determ ned di stances a m ni num

di stance value; d. selecting fromthe determ ned di stances a maxi mum

di stance value; and e. subtracting the m nimum di stance value fromthe

maxi mim - gh St angemEBhotPor Saim BaCrIFHAIRBniskigai m 90, further comprising

detecting a characteristic of at |east one of the protrudi ng conductive
features with a eamemowvitg befirst pertidn ef npadetialoftomf thehérst isusfiace wffthee i s

exposed and the second portian of tpﬁ? secqnd, surface i s exposed. 93. The
et hod of ol ai m 90 MERARErONS sbstli oG 16 GRIGHID 8 fausBiBRsal bR of
material fromthe fi&sd rFét‘;reféﬁ? of the mcroelectronic substrate prior to
detecting a roughness OL# thé irst surface; and b. renoving a second

portion of materbalrefraving Aeetond podiorf aloeatedrial from thecfireeswdaeoni the

substrate after detecting a r_o%ghness of the first surface. 94. An
appar atus for det ecdDiCHRPIesERRIE sEPsltaiecaftes datesling serasahpess of dod irstat e
having a first surface with first topographical features and a second

90. A method for detecting characteristics of a microelectronic substrate
having a first surface with roughness features and a second surface
facing opposite from the first surface and having protruding conductive
features, the method comprising:

a. supporting the microelectronic substrate by carrying the
microelectronic substrate with a support member while a first
portion of the first surface is exposed and a second portion of the
second surface is exposed;

b. detecting a roughness of the first portion of the first surface by
positioning a roughness detection device at least proximate to the
first portion and moving at least one of the detection device and
the microelectronic substrate relative to the other while the first
portion of the first surface is exposed and the second portion of
the second surface is exposed; and

c. detecting a characteristic of at least one of the protruding
conductive features while the microelectronic substrate is carried

by the support member.

91. The method of claim 90, further comprising determining a thickness
variation for the microelectronic substrate by:

a. establishing a reference plane;
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surface facing opposite fromthe first surface and havi ng secqB®ctober 2006
t opogr aphi cal features, the apparatus conprising: a. a support nenber
configured to carry the mcroelectronic substrate with a first portion of
the first surface exposed, and a second portion of the second surface
exposed, the first and -43- o 13 Cctober 2006 second portions being out
of contact with the support nenber; and b. a topographical feature
detector positioned proxinate to the support nmenber to align with the
first portion of the first surface of the microelectronic substrate, the

topogr aphi cal f et WderfRiRE HRtandds! #enNtheardieRraPaahbit¥ea ‘Eﬁ]rﬁﬁté/i@f” devi ce
configured to detect roughness characteristics of the first surface when

t he microel ectroniroughbess teatures of the fiesdl sbifacdie support nenber. 95. The
apparatus of claim9 erein | east one, aof .t he topographicagl, feature
det ect or and thecsﬁ?i%%gngﬁﬂb%?sg%ﬁ@meg %gtaﬂqq;eat B%F'Hg’mo&ﬁ?rnc\%hi le the
m croel ectronic subgji&te is carried by the support nenber. 96. The
apparatus of claim 94 wherein the second topographical features include
gol d bunps, and dhesadectingh&oapplae atatsrmimet hdistanmepr a smaximurhedistaneedet ect or

posi tioned proximate to the support nenber and configured to detect a
characteristic of tYfU{YAW bunps. 97. The apparatus of claim 94 wherein the

topographi cal ' eal WipdRlifg! e MiffhiiCUQaREO NIl I I OREafhuRCT L ! on

configured to contact t m croel ectronic su opogr aphi cal
feature detector balistgnceeafiegured to detect a roughness of the
m croel ectroni c substrate based on neasurenents at a plurality of

| ocations..on the mcroel ectronjc ubstrate.
92. e me(ihoc? o? cfaimrao, fur§ther compﬁsing detecting a characteristic of
at least one of the protruding conductive features with a camera while
the first portion of the first surface is exposed and the second portion of

the second surface is exposed.

93. 'f'he method of claim 90, further comprising:

a. removing a first portion of material from the first surface of the
microelectronic substrate prior to detecting a roughness of the
first surface; and

b. removing a second portion of material from the first surface of the
microelectronic substrate after detecting a roughness of the first

surface.

94.  An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second
topographical features, the apparatus comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed, and a

second portion of the second surface exposed, the first and
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98. The apparatus of claim 94 wherein the topographical featuyg ?chﬂfetr?mﬁ
includes a radiation receiver positioned to receive radiation reflecte

fromthe mcroelectronic substrate, the topographical feature detector

bei ng configured to detect a roughness of the mcroelectronic substrate
-44- 0 13 Cctober 2006 based on neasurenments at a plurality of |ocations
on the mcroelectronic substrate. 99. The apparatus of claim94 wherein the
t opographi cal feature detector includes a |aser beamemtter positioned to
direct radiation toward the microelectronic substrate, the topographical
feature detector fusddemd pdmﬁ@hgcﬁeﬁ@%@ultaﬁﬂfonlt@ﬂwme@ﬁé %@Ep@ﬂ&hbh@é‘?ﬂ to
receive radiation reflected fromthe mcroelectronic substrate, the

t opogr aphi cal feat @R det ect or  bei ng configured to detect a roughness of

the mcroelectrogic,s b (o] surenents at_a.plurali of

| ocations on theB' A c@géb'é%ﬁccﬁlﬂ%%g% Sﬂp%%gqr PogTioRRd Bﬁ)ﬁ%{ﬁgfeugoo%cl ai m
94, further conpri siupporhmemMissras! AR Rith the FvSISrASE of 14 firdNs FRRA! at us
for detecting characteristics of a mcroelectronic substrate. having a

first surface with dfi ribe taipmgplegironical Stﬁlwatage,esthandoaog'gpbimeﬂ ﬁaattﬁrﬁzpe I
facing opposite from.the first. surface and.haying.second topographica

f eat u?esl,opt he appar_d;gftﬁgto&mlﬁ'gg ﬁg’?or!i?a%%@%%?PEWQV'CEWBQ& %o carry
the mcroel ectroni cletsetopdugHrRsW élhraclelisits %@rtpboﬁrst)fsdrl%%gf M]éfa @w ;ace

exposed and a second portion of the second surface exposed;  an
t opogr aphi cal f eat unisrerleeitonic spbsirateds edrrmdoby thet sugport imemisarpport menber
to align with the first portion of the first surface of the

T O SO PoRE at l! SERHEAAL S B Bl 9

feature detector and the support member is movable relative to the

other while the microelectronic substrate is carried by the support

member.

96. The apparatus of claim 94 wherein the second topographical features
include gold bumps, and wherein the apparatus further comprises a
feature detector positioned proximate to the support member and

configured to detect a characteristic of the gold bumps.

97. The apparatus of claim 94 wherein the topographical feature detector
includes a probe having a contact portion configured to contact the
microelectronic substrate, the topographical feature detector being
configured to detect a roughness of the microelectronic substrate based
on measurements at a plurality of locations on the microelectronic

subsirate.

98. The apparatus of claim 94 wherein the topographical featuré detector
includes a radiation receiver positioned to receive radiation reflected
from the microelectronic substrate, the topographical feature detector

being configured to detect a roughness of the microelectronic substrate
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det ect roughness characteristics of the first surface when th
m cr oel ect ?onl c substrate is carried by the support nenber, ﬁ]g o%oberzooe
t he topographical feature detector is configured to: -45- 0 13 Cctober 2006
i . determ ne distances froma reference plane to a plurality of the first

t opographical features; ii. select fromthe determ ned di stances a m ni num
distance value; iii. select fromthe determ ned distances a nmaxi num

di stance value; and iv. subtract the m ni mum di stance value fromthe

maxi mum distance value. 102. An apparatus for detecting characteristics of

a mcroel ectropiged Ukt r alcisubavend aatl | 4 Stplsrafifyacsf Wdchtibhs Slon  the
t opogr aphi cal features and a second surface facing opposite fromthe first

surface and haviopetastioni subgi@de.aphi cal features, the second topographical
features including conductive structures pr otrudi ng fromthe second

sur f ace, e rat ISI ort nme to carry
the m croéeq]ectﬁg‘%' paﬁ%ﬁ qr}pct' h“'ﬁe‘ﬁ'ﬁ’ 3'%‘183%%9%8“@? {‘??3 ﬁs{ rface
exposed and a jRfsRa Rasdr E%brﬁfenﬁlhér pBSABHeE b fheRt PANSEGH towardathki T St

t opographi cal feature detector positioned proxinmate to the support member
to align with trhe'c)feieotmnpmsubetﬂatet thaetdpogsaphimlf featureotetduotor further

m croel ectroni ¢ supstr the first to raphj cal feat det ect or
i ncl udi ng a noM'<ae & p§%r %%QFBJFF‘E‘JH%B %g Tet‘?l?f"@clrag@%o&erf’ E?tefjoughness

charact er i sti Chroff id\ibideRéctibific 36BstthBD e SopdBrapARLERIAIGR] BeRRS rate i's
carried by the support nenber; . a second topographi eature
detector posit bemcbm‘rﬂgmrethtmdemct a roughness of the mlcroelectronlc substrate

based on measurements at a plurality of locations on the

microelectronic substrate.

100. The apparatus of claim 94, further comprising the microelectronic

substrate.

101. An apparatus for detecting characteristics of a microelectronic substrate.
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second
topographical features, the apparatus comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed; and

b. a topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the
microelectronic substrate is carried by the support member, and

wherein the topographical feature detector is configured to:
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t he support menber and configured to detect a characteristic gf O&ﬂ?)%e??@%d
t opogr aphi cal features when the mcroelectronic substrate is supported by
t he support nenber. -46- o 13 Cctober 2006 103. An apparatus for detecting
characteristics of a mcroelectronic substrate having a first surface with
first topographical features and a second surface facing opposite fromthe
first surface and having second topographical features, the apparatus
conprising: a. a support nenber configured to carry the mcroelectronic
substrate with a first portion of the first surface exposed and a second

portion of the second .surface expased. and b. t opogr aphi cal, feature

det ect or positi oned pr'bxd%f@'@dﬁ%ﬁmé%ﬁ%b?{e]aﬁé‘?ﬂﬁ%r&?ﬁ &9 @gq{u%‘ﬁ@ho% he
first portion of the firthb fpstrtbpé§raphical fatiiiest oel ectronic substrate, the

t opographi cal feature detector i nclpudi ng a non-capacitive detection device

configured to detect lir cigigrideamdha detersnined idigianges Aaninimum distangee when
the mcroelectronic sut%thrI te is carried by the support nenber, the
t opographi cal feature detectf'or including a first systemconfigured to

detect roughness f eatiily e:ladt from tiee detdrhinéd distditdesad asaxiraMim@istancki r st
range of thicknesses, the first systembeing interchangeable with a second
system configured to det‘®4e 3Wughness features of microel ectronic

substrates having a_ioecQibfhat % hirhibnCHREIRES valllh {HbA HRXHINRGH ckness
| CKhess O

of the second range being greater than a maxi mum he first
range. 104. An appar at udistanceletliet i ng characteristics of a mcroel ectronic
substrate having a first surface with first topographical features and a
second surface facing opposite fromthe first surface and having second

102. An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second
topographical features, the second topographical features including
conductive structures protruding from the second surface, the
apparatus comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed;

b. a first topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the first topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the
microelectronic substrate is carried by the support member; and

c. a second topographical feature detector positioned proximate to
the support member and configured to detect a characteristic of
the second topographical features when the microelectronic

substrate is supported by the support member.
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t opographi cal features, the second topographical features incly4dg r
bunps, the apparatus conprising: -47- 0 13 Cctober 2006 a. a@ﬁ%ﬁ%rbte?@ogg
menber configured to carry the mcroelectronic substrate with a first
portion of the first surface exposed and a second portion of the second
surface exposed; b. a topographical feature detector positioned proxinmate
to the support nenber to align with the first portion of the first surface
of the mcroelectronic substrate, the topographical feature detector

i ncluding a non-capacitive detection device configured to detect roughness

char act er{(3.i can @pphfstus forsdeteblitgeRardRstistibs of B RlcRSdIBEH6MBIsEbSYRRI rate is
carried by the support nenber; and c. a raised feature detector positioned

proxi mate to t havisgppdirst sudaee witndirstolepographical fedtres tand ahsearider i sti ¢
of the sol der S...105. An a| atug faqr detectin aracteristics of a
ni cr oel ect r oni (S,B'S%E%tfﬁgpg 0939?@%6%0% ﬁ%ﬁ c%gﬁtr 1555%09\& gﬂ‘g?@?‘g?gtmﬂaphi cal
features and atcﬁﬁfg@é\ﬂqicgﬁég@ﬁ@&ftﬁéiarb%apﬁgg%bhﬁ)rf%[r@mthe first surface and

havi ng second topographical features, the apparatius conprising: a. a
support nenber canfd gsuprbrt omeartrey whafiguredodbecargnitiie siidrseleatrenici t h a

first portion of the, first surfgce exposed and_a  second portion of the
second surface expo%’@&%rafﬁ w Ht%%ﬁﬁ‘i’ @S’E‘PSa‘Pf ?&f"iﬁéuﬁc@@& Sgesand dned
proximte 1o the  BAHMRIPEY tedtohlbufakB ddiBstd g Portion of the
first surface of the mcroelectronic substrate, tﬁe ‘topogr aphi cal feature
det ect or incl udi hg @ topographiai tfeaturd etietzictarn pdsitibned conakingateeto tthe det ect

roughness characteristics of the first surface when the m croelectronic
substrate is carri PR HEMNGS I8 AligRembthe first portion of the first surface

of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the
microelectronic substrate is carried by the support member, the
topographical feature detector including a first system configured
to detect roughness features of microelectronic substrates having
a first range of thicknesses, the first system being
interchangeable with a second system configured to detect
roughness features of microelectronic substrates having a
second range of thicknesses, with a maximum thickness of the
second range being greater than a maximum thickness of the first

range.

104. An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second
topographical features, the second topographical features including

solder bumps, the apparatus comprising:
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c. a first camera positioned proximate to the support nenber 3Byctober 2006
configured to detect at |east one of a position, a surface defect, ang a
bridge of at |east one of the second topographical features -48- o 13

Oct ober 2006 of the mcroelectronic substrate when the mcroel ectronic
substrate is supported by the support nenber; and d. a second canera
positioned proximate to the support nmenber and configured to detect a

hei ght of at |east one of the second topographical features of the

m croel ectronic substrate when the mcroelectronic substrate is supported

by the support nmambersuddtit MendRacahfi§uledr tdelcaryi Mo ChiEBBIRIbAIC cs of a
m croel ectronic substrate having a first surface with first topographical
features and a secoubstratg milbeaffisi pgrtioppok theefifst aurfabe déxposedsand ace and

havi ng second topographi cal. features, the apparatus conprising: a. a
support menber conf%gﬁ?ﬁgdj 0%8?&??%@”&%@&3@98%@ substrate with a
first portion of pthe tBbb?FapﬁiHafl afé%tlﬁépeﬁgét&n%oéitioﬁéﬁOﬁl%xi?ﬁétte' % fk the
second surface exposed, tThe support nenber having a contact surface with a

plurality of apert wupport memberdotaligaswibteiting ficsiymirbam loé the fisstvasiace sour ce

to draw the mcroelecgtroni.c substrate into contact with the support
menber; and b. a tq;pgé?aﬁ?i?'@ﬁe TRl r sUhRtEate o ep&%P‘?Q"@HBlﬁ’abr%@iﬁﬂfﬁte to

the support nenberqdige@} Lrwma@ﬁgeaq -céﬁétﬁﬁ've‘)@%tbkf?t?h ge\ggzgggmigé.fed%rface

of the mcroel ectronic substrat e topographica etector
i ncludi ng a non- capetett weugheiesst charactevisbes ofrthediinst dutface dwheattheoughness
characteristics of the first surface when t m croel ectroni ¢ substrate is

h
carried by the suppBIcfOSIBRHUNC Substratgds &st@dgl?werwn@é& memheg and
characteristics gf A GjsehORlAHE" 08lettsiUPSLTiBhEd proximate to the support

member and configured to detect a characteristic of the solder

bumps.

105. An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second
topographical features, the apparatus comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed;

b. a topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the
microelectronic substrate is carried by the support member;

¢. a first camera positioned proximate to the support member and
configured to detect at least one of a position, a surface defect,

and a bridge of at least one of the second topographical features
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having a first surface with first topographical features and §339&fbér 2006
surface facing opposite fromthe first surface and havi ng second

t opographi cal features, the apparatus conprising: -49- o 13 Cctober 2006

a. a support nenber configured to carry the mcroelectronic substrate with
a first portion of the first surface exposed and a second portion of the
second surface exposed, the support nenber having a generally ring-shaped
contact surface, and wherein the first portion of the first surface of the
m croel ectronic substrate is disposed annularly inwardly fromthe contact

surface when the sefppbet miABEecttaici sabbirgtem WHeR! &6d I Aidrockidhdhicat e;
and b. a topographical feature detector positioned proximte to the

support nenber to afubsirale ishsunperiedriat theguppert roembes and st surface of the

m croel ectroni c substr he Lo .aphi cal .featur detector including a
non- capaci ti ve d@t e tﬁegﬁﬁtaec‘(tﬂrﬁ%racgﬁ%ﬁgﬁ?deﬁ?)gmai%gggtperwﬁreggember
characteristics of 4RechhfigiredUnf daBchEabIgMEor Bi (R LRBLSOMNeCssidpst rate is
carried by the support nenber. 108. A detection assenbly conprising: a. a

m croel ect roni ¢ subepegraphical feafures of the micrbelestranichsuhbistrate whemotipeaphi cal
features and a second surface facing apposite fro the first surface and
havi ng second topo&%ﬂ#@ﬁﬁoq'gﬁﬁ?g& 'g.suﬁpgﬁ%‘f)b?/%%ﬁ%%?”%m $ng t he

m croel ectronic. substrate with a first portion of the first surface

exposed 21G6.2 ARePPHrRAS forodetetting BRaraRiRiRcS Bf harRrE18OPSH: sABSir&te 2
t opographi cal feature detector positioned proximate to the support nenber

to align wth hadngiadirspsurfacem with first topographioa features andea second
m croel ectroni Su g(t;)és t agltn%’ otppigsi%e? pf%%aﬂ]@ Cf?lst fSle.l ggé eand having second
topographical features, the apparatus comprising:

a. a support member configured to carry the microelectronic
substrate with a first portion of the first surface exposed and a
second portion of the second surface exposed, the support
member having a contact surface with a plurality of apertures, the
apertures being coupleable to a vacuum source to draw the
microelectronic substrate into contact with the support member;
and '

b. a topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the

microelectronic substrate is carried by the support mémber.

107. An apparatus for detecting characteristics of a microelectronic substrate
having a first surface with first topographical features and a second
surface facing opposite from the first surface and having second

topographical features, the apparatus comprising:

-49- o




detector including a non-capacitive detection device configur
roughness characteristics of the first surface when the nicrggﬂggyﬁgﬁ?@ﬁb
substrate is carried by the support nenber. -50- o METHOD AND APPARATUS
FOR DETECTI NG TOPOGRAPHI CAL FEATURES OF M CROELECTRONI C SUBSTRATES
ABSTRACT OF THE DI SCLOSURE An apparatus and nethod for detecting
characteristics of a mcroelectronic substrate. The m croel ectronic
substrate can have a first surface with first topographical features, such
as roughness el enents, and a second surface facing opposite fromthe first

surface and havi ag segapsbrt t AREWSD HobfihuicRiatis’ @arySWed AficPeRictrddicng
conductive structures. In one enbodinent, the apparatus can include a

support nenber conf$ufstrete vathcarfirgt perionndt thee figst taustaice epesedaand with a

first portion of the firs rface,exposed, and a second,pagrtion of the
second surface expo%eéjgpdThgﬁ& i&a& s SEEANd ¢ $HT968 SXREPee E RPGFaphi cal

feature detector POmbhiERCKaviiga irferalfy TMBRMapedTeSRAG! AlfFaRk] Gl Wi Lh
the first portion of the first surtface of the mcroelectronic substrate to

det ect char act er i stwhereirsthehfiest particsughtiresfirst etirface of thie sticrealetctronionhi | e
the mcroel ectroni Csubs r%har %t Sisbgsé:cf‘ %riuﬁlgrle)fnvtvgi%lf H'Bﬁ’lo{hte coﬁggtesrdrfa'zlewRE 2
when the support member carries the microelectronic subétrate;
and
b. a topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the

microelectronic substrate is carried by the support member.

108. A detection assembly comprising:

a. a microelectronic substrate having a first surface with first
topographical features and a second surface facing opposite from
the first surface and having second topographical features;

b. a support member carrying the microelectronic substrate with a
first portion of the first surface exposed and a second portion of
the second surface exposed; and

¢. a topographical feature detector positioned proximate to the
support member to align with the first portion of the first surface
of the microelectronic substrate, the topographical feature
detector including a non-capacitive detection device configured to
detect roughness characteristics of the first surface when the

microelectronic substrate is carried by the support member.
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METHOD AND APPARATUS FOR DETECTING TOPOGRAPHICAL
FEATURES OF MICROELECTRONIC SUBSTRATES

ABSTRACT OF THE DISCLOSURE

An apparatus and method for detecting characteristics of a
microelectronic substrate. The microelectronic substrate can have a first
surface with first topographical features, such as roughness elements, and a
second surface facing opposite from the first surface and having second
topographical features, such as protruding conductive structures. In one
embodiment, the apparatus can include a support member configured to carry
the microelectronic substrate with a first portion of the first surface exposed
and a second portion of the second surface exposed. The apparatus can
further include a topographical feature detector positioned proximate to support
member and aligned with the first portion of the first surface of the
microelectronic substrate to detect characteristics, such as a roughness, of the
first surface while the microelectronic substrate is carried by the support

member.

FIGURE 2
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