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SUBSTRATES AT DI E ATTACH || VA-I A~ *1M M FI ELD OF THE | NVENTI O TH3EGp288%nt
i nvention relates to an apparatus for clanping substrates during a

sem condughrnifzdi € attach process. The present inventio &?l?s | cul ar
applicability in die bonding sem conductor devices to thiq’n ar%%‘gbded

substrates. BACKGROUND ART Certain conventional fine-pitched ball grid
array (FBGA) packagi ng schBEEHANICAL SEAMIFROEEE pizadey) ces enpl
substantially flat, rigid, mAUBSTRAES ARMIRATEACHUbStrate co mullﬂmlmmlml'ﬂm"l

gold tracers enbedded in an organic resin, such as bi snal eam

("BT resin"). Bare sem conductor devices, known as "dies", are att'¥H&d to
the substrate with epoxy, such as in a stacked die configuration, in a
process KFHIJMhOBTHEINYENINONNg". Wres are attached between the dies and

the substratern a %e laondiln% operation, and the dies are then
encapsul at ed, asP By HBr ARG G4 g pppgafus for glamping spbsipies duripg @ serpisendnesor
bondifg pidttachrprodess. Thdgireseatein@ntibhBas PuttickliripBlicaBiiey e anﬁmg g&hi@&ﬁqqor
devi ces 3L8.e8 r}gj%llat.ec{ é@sted and marked. During t'he di e bonding

It it

operation & SERYeS- t ypical |y by an automatic pick-and- place
di e bondi ng head, and placed in a precise |location on the substrate using a

relative Cﬁ@ UN]? t of pressure (e.g., about 150-200 granms). The die
bondi ng i5'>|c§‘er a é)n ré%{ﬁ]r es the substrate to be heated to about 100-175
degrees Cent i Gewaie. coneaitiond) fise-bitdhied abdlly gRET 4rfly TERB YA cih%%%eﬁch%&c% g n
20 the bgqlgggndt he ddi £ b(&g@i nﬂcc_; rp?chla@e bet%gr e agd dur i }ggﬁdi € bondi ng. .o
However , - the rstBEtFEFe eomioy T sbsigntally fatirigid, rgulddayien laginntnd sybtRipicaraprising
about0 19goldntrabangmbeddedds anOorgadi®) rédln, stidh &l B¥ANQGhIMH §idRRPBD PR el e,
preventi %1:%1 8 S 830081 Gl on ggéﬁf fhe die on the substrate. This" inprecise
di e posi FTOAPRE Feletiey kopwp e @fecttached to ther sihatede Hith FRexy S¥Fhassn g
Convent i stacked die eorfipacition, its Process kioin £ "Biebendidp®. FHRS hfetiacHde Bawaadhd \ils t he
bed and thQ?ﬁ;tsﬁrt 25 Sv'i{%&@ dbut t he sub %%a,t e typically detaches fromthe
vacuum hol es i the b Rding opgraticn, dies prectheps encapsulated, iyt moldiagd
dﬁwn t heSQidbesltailataﬁedihfsremiﬁetr Kw‘aéhbdttb\éﬁbn&iﬁg p&dsi chbihY ufﬂﬂ&maafof %%J%Eﬁftﬁ NP HRAJE.
Ther g ex] ee ar i.e bondi.ng .apparatus for asse ing thin
subst at ga%%%géggv&as are smglallagd, testqt)ec{I and n%rkeg
During the die bonding operation, a die is picked up, typically by an automatic pick-and-
place die bonding head, and placed in a precise location on the substrate using a relatively small
amount of pressure (e.g., about 150-200 grams). The die bonding operation requires the substrate to
be heated to about 100-175 degrees Centigrade. Heating is typically performed via a heater block in
20  the bed of the die bonding machine before and during die bonding.
However, the substrate, typically formed as a strip about Smm wide and about 190 mm long,
tends to warp at the elevated die bonding temperature, preventing precise positioning of the die on
the substrate. This imprecise die positioning results in lower yields and increased production costs.
Conventional die bonders use vacuum to hold the substrate down against the bed and the heater
25  block, but the substrate typically detaches from the vacuum holes in the bed when it warps. Thus,
the use of vacuum to hold down the substrate is not effective to reliably prevent substrate warpage.
There exists a need for a die bonding apparatus for assembling thin substrate packages

without substrate warpage, thereby reducing manufacturing costs and increasing production
throughput.

30 DISCLOSURE OF THE INVENTION

An advantage of the present invention is a die bonding apparatus that prevents warpage of
substrates before and during the die bonding procedure.
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‘Wi thout substrate warpage, thereby reducing nmanufacturing costs and
i ncreasing production throughput. 30 DI SCLOSURE OF THE | NVENTI gN B8&C 200% .
advant age of the present invention is a die bonding apparatus that prevents.

war page oWzL}bstrat es before and during the die bonding procedure.
| ~1 hNI ~bl WRP¥P6Fo02* 0 1 DEC 2004- . WD 02/01612 PCTI USOLPEBASOL/Z60 t i onal
advant ages and ot her features of the present invention will be set forth in

part in the d ripti.on whic ol Jows a in part wll become apparent to
t hose havi ng o‘?dtsﬂ{i&}? dggptages T“H %é%ea%’eﬁ °E'S63‘%Wi"ﬁ§l°¥lé‘ﬂub§ sef foethfippartipi ng
or may betht dmeription twhishifdlloers prichif hs HilDbechie appaaitoitiie haVify or@iﬂéi'zgﬁggx?ﬁxeof

the invention nmay.b refa[hl ﬁogld and obtgl ned as particularly poihted out in
t he appen eu(?on%“é“}fﬁﬂ’?s? & to0PHing §r may baylearpedfeqn theipeactien ofshe invemtion. The goi ng

and ot heradeaitaged GfPesineehboehy Boreslized anditdbiained s Barfie Riteddufiith
substantial.ly flat substrate to a bed of a progaérgsi n pTrcr,zatc%i rllle, tﬂ%pgrfdgcrlrp
conpr f'si Smaiclarrp body; a plurality of rollers for contacting a pair of

Opposi ng out erAc t6 thetpi@ent IR GdE i f@r@&i@eﬁg‘&t@? raa\{lgta?%t%?é &%;eger#p lgl \(;e

along a longitudinal axis of the bed when t

the bed; Yrfclammion clamping asfubstansially Hag substratectp @ bed of b prooasping theshing, the thmped
to the clcafprisi Hon @ phfrall r g .rol |l er  agaiLnst

t he subst rgggsxﬁgpﬁggeﬂﬁn%ar pagtgef)#oqiyﬁ?; sﬂ%és}{nggtw(fhp%# noélie?g‘(iﬁgr?kg’ﬁes
of the priuksipe apdgllovingthe srbsiraty tomave alengai Ipngitugdipalrasistof the ted wehen tHeishbserate i n
thisiert if Elempdds thebddowi @ bedlsi g |

preferre1 enbodi ment _ of wtldqhgpﬁ%?.yplr)%gsé%t&ﬁ;ﬁ%eﬁtelg%nﬁél‘%(?éﬁ%aﬁg%h%i %?g'g%ﬂaﬁlgd,
si nply byPota§adone; of| the rolises; & ueging the roliestagring dhe substeatp kaprevent orarmepe of theg
out the powe@e!l i nvention.  As will be realized, the present invention is

capabl e of other and different enbodi nents, and its several details are
capabl e of nodidditioaaliadyantages of herpresgut intention will tesqres tesdilyodppareatitdr those skilled
depar ti ngn tHiOM oM th@Y&l%?ah"@nd (68 . y | %Qid descri ptj,.on
are to be re[ga_r ded as iIIustreatlvggélé}nl&%Jgt &Vpéerl,;ﬁaogﬂ not %Qfg re%'?brolgﬁelnbgf 0
BRI ERS DESIS$RPTiRRtior isshovpRrad Nesrited, esimplyeby svaynoke iltwstrative of thecbat! mode
draw ngs,coymlglgwfﬁlcggﬁg Sut '@y | : g@c&ﬁ . nuperal designations
represent |ike elenents %h‘rloug %ﬁtqﬁlﬁ eés:\:;vﬁi;ﬁ’@&ghzeﬁ, {Eﬁp?esen‘é tmVerich is
capable of other and different e iments, and its several details are capable of modifications in
various obvious respects, all without departing from the invention. Accordingly, the drawings and

description are to be regarded as illustrative in nature, and not as restrictive.

20  BRIEF DESCRIPTION OF THE DRAWINGS X
Reference is made to the attached drawings, wherein elements having the same reference
numeral designations represent like elements throughout, and wherein:
Figure 1A is a top view of an apparatus according to an embodiment of the present
invention.

25 Figure 1B is a side view of an apparatus according to an embodiment of the present
invention.

MODES FOR CARRYING OUT THE INVENTION
Conventional methodologies for die bonding to relatively thin laminated substrates, such as
organic FBGA substrates, result in warping of the substrate when the substrate is heated prior to and
30 during the die bonding process, causing inaccurate die placement, which increases the cost of the
finished device and reduces manufacturing yield. The present invention addresses and solves these
problems stemming from conventional package assembly processes.

According to the methodology of the present invention, a substrate is mechanically clamped
- toa heater block of a die bonder to hold down the heated substrate before and during the die bonding

2



Figure 1A is a top view of an apparatus according to an enbodi rreEt ﬁf t he
present invention. 25 Figure 1B is a side view of an apparatus de Eﬁimﬁll
to an enbodi nent of the present invention. MODES FOR CARRYI NG QUT THE
| NVENTI ONwfgPiag&ti onal net hodol ogi es for die bonding to r vel hi n
| am nat ed substrates, such as organic FBGA substrates, r%ﬁ*@gﬁﬁz\(’\%@rpi ng
of the substrate when the substrate is heated prior to and 30 during the

di e bondi a@ﬁ,@@ﬁ&@@apr&%u_ﬁﬁwub%w%@ﬁ&u&&.%%@@ﬁﬂ@d}ﬁen&!@'fhgf,réfﬂﬁ ifvemfon, { he

cost of the finished device and reduces nmanufacturing yie e present
i nventi OHCI&B’QI’%Q\SME‘%@PE@BIWM springdpadedrollersevhithppsh dowm enposingieuternal
package 8gseeohthy suBSRACTICHe hARG Yk Rilk ﬁﬂemugg Eshﬂglg;lbﬁg&% 2a %{'@ona&f St
i nvention, a substrate is nmechanically clanped to eat er ock of a die
bonder t 6L mHnimARH wamRase of shecsubstratediypushing 1he enbstrateBat datoi thebeatrebldele abndi ng

2 01 DEGIQth 6L 0 b0 12 idTHlo TP AHAR HRREI R aech NET SDY P event i ng

war page of the substrate. |n one e“present invention, a
clanp i s. pr oviddtieibanding apparates agcoriog ta dntembodimeptrdf tigp- ihvent ewlisriliustrated indfigsc h

push do ' . t nt he .heat er bl ock
Wi et e bt B pOHRY aprB R0 ortolfer 183 1SR B Rek S SuRERL S e R s
\t/)vi'ar pﬁge tpmingted s:;,bm&ercammmg pre@i m?n(eha. E’nm&g)mtﬁBGlAqmckngm Subﬂratea‘ﬁt e& .
ock, a . 0, Y I Ot o _and. N e die
D ock "Bl o 08 SHISHERLE o1 D i S ERIR Y B R 5o
i nved®i ohatehing. |Bedd05 edramtisean dengentiondl Aeatds blofk 1G] swchiae aslélagria psistandeltsatds) O
conpri se . rd,nNg. 8 subsirate S _such gs |, am. nat ed
subst r at gor %8@%%%&%5 £'%)Hrggs g%?%@ rstetg i °?"e°?‘§’.‘$ Eeg'?erlaté’gei" for °F%?Pqﬁ’§&“t F}Q@‘Q%g@egg .
Subst r at Eegigrada td abdutsl 78 degreas Centigradel (Sebstratec ie novekalagethéd lonierdial adsfded

Compr i seadan Bt bty Wl ey Bknfl BSeh Stehiolel Haomin b8 ance
heater, (dobshog) fowta bed inputmaatiomiPSs wher itdt prelated, ta adiechonding portjon ¢0fber at ur e;
Substy at areepaQiind S B Eno kil AL Bed 6 BB Bhnqulhead 336 Rangifpl O 20
di r ect i oportién Hi5c efterAttachinent dfthbeseinivgndicmnieric85 of a conventional i ndexing
brencat ed. { oo (SsH100 sl SRRRSCAUAPHS BRlimae bR R0 heoettes
(not shosubstraie 8 frdmewagpinglwhientheatad Hy beaten bbbk 110 €Zlahagd 515 coinpriass aaldngliody,por t i on
105¢ af t glowalih AEE TAnd 35 ab § Gaif PG RRE5h 25 A S across the width of substrate S
20  above substrate S, and typically comprising metal such as steel. Branches 120, 125 are fixedly
attached to bed 105, as by bolts B1. Resilient fingers 130, 135, such as strips of spring steel, are
attached to branches 120, 125 by bolts B2. Rollers 140, such as ball bearing rollers, are attached to
ends of fingers 130, 135 via blocks 145 and bolts B3. Rollers 140 contact the edges of substrate S
and allow substrate S to be moved along the longitudinal axis of bed 105 by indexing clamps 150,
25  while fingers 130, 135 urge rollers 140 against substrate S to prevent warpage of substrate S. Two
rollers 140 are carried by branch 120 proximal to input portion 105a of bed 105. Four rollers 140 are
preferably carried by branch 125 proximal to output portion 105c, to ensure that substrate S does not
curl and contact branch 125 after the semiconductor devices are bonded to it. In other words, the
four rollers 140 of branch 125 maintain a clearance between the bonded semiconductor devices and
30  branch 125 of the clamp body.

Die bonder 100 can also include a conventional vacuum system comprising vacuum
passages 160 in bed 105, and vacuum pump 165. Clamp 115 allows substrate S to remain flat on
heater block 110 without warpage, thereby enabling the vacuum system to securely hold substrate S
in position during die bonding.

35 The present invention enables semiconductor dies to be precisely placed on substrate S for

bonding. Precise die placement is especially advantageous in the assembly of stacked die package
3



~Di e bonder 100 al so conprises a clanp 115 for clanping substrate S to bed
105 to prevent substrate S from warpi ng when heated by heater Wl ‘p(f}EClZ?{]l,
Clanp 115 conprises a clanp body, shown in Figs. A and 1B as a pair o
br anches‘gbégmﬁ 5 extending across the width of substrate S 20 above
subst r at Z0M4 typically conprising netal such as steel PCEUSHA%® 120,
125 are fixedly attached to bed 105, as by bolts B 1. Resilient fingers

130, 13 h | DS: SQr i t eel re attached to branches 120,
125 by EorRbny g ud B pRid BB 5 aulls o g feiopasco titemeriiached ¢ o
ends of then wire bends a6, foiidd fronmthi ldivs ks the 4Ebsaitel DYriob arBRethBRIdgg! due 140 cont act
the edg r&{isesd'ijb 1 rat atg .and al |l ow supstrate S to be noved al ong the
Iongitu%l?pna axi BAsrep g sti“ﬁm uppex aptlowerdiespwhigh bave wirerbgading 130,

135 ur gpads oh kves sppbdifig edpps oftheiptop Shufaes] st 12 s%ﬁéﬂ%?fentwg@é’%ep%)a&? BRbd if)g S.
orti on a

Two . rollers 146 are carried by branch 120 proximl to input

of bed 155 '.i’°’i—d%8’r“s‘rat6’1 3t ‘?“&di%’g“fa-%@s %@#&%&y%muw a5pbgirate with fopslayeroxi nal
t 0 out pofiwipiag,sinea thit@eers infide ths Wik trhid dbedtd B8 duiddo %egqsﬁgc% ct Gk ott?e?.d
contact,branch 125 after the sem conductor devices are bon eé toi1t. In

ot her woRHRISCIeie Placsment of thegresentinventionenghlenthe o disg tatba stacked o taprofirach
bet weenothérorioMbd Rithé Simeunastitn! MbrefRY tegfBingWite bols ¥ fefb\E/chh%E B &l S{wtebﬁs]i&g anp

body. Die, bonder 100 can al so i nclude a conventional vacuums
conpr i s?fﬁbe ‘g‘ﬁ &%W%%@é‘@é@e uss Of simplnsdess expensiveisubstoatas withuonly tw6 fayeSlofinp 115
all mws witlagt rate S to remain flat on heater block 110 without warpage,
t hereby enabljng the vacuum systemto securely hold substrate S in
posi tion durHFgPtBﬁeét 5yRirhY appivabip to the awayfactiug of variousitypesalf kemicandnitaonduct or
di es t%daﬁ;gafﬁﬁérsﬁ!iyd@h&p@%r&&t%ﬁamQ\Ib‘??ﬁeﬁ%wﬁ%l ng. Precise die

e asse

pl acenment is_especially advantageous In ) of stacked di e package
3 0 1 DEC 2080 Prespps 9yinfonsqan tperactisnly zowbingtconventivnsbmatetials, enethodalagyr  di e

i s bondgd eheipmemts WeddrBingly: aRilst W { ' t hen
Wi rﬁ bgﬁnd etla?.e forned ffgclg%ﬂgﬁe di e,Eﬁﬁhoﬂ:‘ﬁ'éhia‘ﬁ@%?@oﬁ‘%ﬁ%#%P tset

d °B'S§‘,°‘°‘&d’éd?t6‘]~ Enr%lgew@ d&F@PBPIEcmusMCi details gresétdortyshrat e, the
upper agpecitiomBierials, Sructiiel, cherdiaMe Me@%gw&dgﬁggr% ggaih\woug%ms' ng edges

of their top surfaces, nust be stacked orrente rees dpart.. Thus, 5
wi re bdtdesitadins efthe pressahioyention Boweverdishowlfl be trsogtiized Shatithk pEkens invemtionr es a

bst r adagt béhialt i b |
subst r adaft bépiablide® Withb@&ofting % t¥dbaiblspectticifi st el ' SBfePint ‘S,Q%ef}ﬁovg} eci se

substrate need to be routed so they dd not Contac he
di e pl RIETFETRS SHuctures hayeaiop beenidpspeibed indetaibcin brsier ndt éo unnecesiiasly cbeculeeths t acked
on 300p pésefidifventi6f.ner oriented in the same direction, therefore requiring

wi re bonds to be attached to only two sides
Only the preferred embodiment of the present invention and but a few examples of its

versatility are shown and described in the present disclosure. It is to be understood that the present
invention is capable of use in various other combinations and environments and is capable of

changes or modifications within the scope of the inventive concept as expressed herein.

25



~of the die stack, and enabling the use of sinpler, |ess expensive

substrates with only two layers of 10 wiring. The present inven{ifoBECS2004
applicable to the manufacture of various types of sem conductor packages
where it is desired to prevent a heated substrate fromwarpi ng. The present
i nvention can be practiced by enpl oyi ng conventional materials, nethodol ogy
and equi pnent. Accordingly, the details of such materials, equipnent and
met hodol ogy LA, set 15 forth herein in detail. In the previous

descri ptions,~Tumerous specific details are set forth, such as specific
materials, structures, chemcals, processes, etc., in order to provide a

t horough understandi ng of the present invention. However, it should be
recogni zed that t Han ppRaseHs (109) dor diebonding amemivanductordevite tocusubstastinllyi ng

to the detail LI el set forth..lIn other instances, well known
processi ng stf?dﬁgﬁggé(ﬁZ\ﬂéy?ng}%&?W@%' bed in detail, in order not to
unnecessarsi | y obsewdd(wsaﬁpsmeﬁm@tthééﬁb%&&gs; Only the preferred

i [ d but e

embodi ment of the present invention an w exanples of its
versatility are stidiateablockbld)iimthe tied (1059 forteatng thaissbstmtau(S¥.andt i s to be

understood that the,present, invention is abl f e.in various her
conbi nati ons and gn?’?‘?ﬁi%ﬂ?@plgﬁgﬂ? u égﬁtﬁﬂgﬁgﬁe %E‘ﬂélr?é&“’b[f’ %ﬂib\s‘ir?f%lfé)ons
Wi thin the senpesafongadongit@ital ¥as 6Pthe®Rd (BB)expressed herein. 25 4 0 1 DEC
2004 CLAIMS: 1. An apparatus (100) for die bonding a sem conductor device

to a substanti al | yhe ¢lpmp ingleding:ate (S), the apparatus conprising: 5 a bed
(105) forjgsupporting the rat S) ; at er. bl ock 1 in e bed
(105) forlheat | ng the guggé{pﬁog?( Vf“ga‘?naﬁlé‘!‘]i‘wﬁ&f e%‘é#?pﬂha) ?ar‘l’b%ﬁ?fi’trate
(S) to the bed (1@520,wt25)ecxtdirling asioss iafd (aBbve EOWRRhJIONE subbieitdi By Bal
axis of the bed (105), the clanp includin 10 a clamp b havi n

: od a
plurality of bran St‘?‘imaii%}heelﬁéﬁit‘b%i@*ac%is ‘{ﬂ@@,"_@%@ﬂ@%ﬂéﬁdmagﬂnmdoss
and above a wi dthf%dl?,h@ta %%@E?d&%e'b@d osfli rection normal to the

he be an

| ongi tudi nal axis of | having””an end fixedly attached to
an end of the bed (105);plurality of rollers (140) above the substrate (S) for contacting a pair

15 of opposing outer edges of the substrate (S), and
a plurality of resilient fingers (130, 135), each finger being attached to
the clamp body and one of the rollers (140) for urging the roller (140) against
the substrate (S) while the substrate (S) moves along the longitudinal axis of
the bed (105), preventing the substrate (S) from warping when the substrate o)

20. is heated by the heater block (110).
| 2. An apparatus as claimed in claim 1, wherein the substrate (S) comprises an
organic material, and the heater block (110) is for heating the substrate (S) to between
about 100°C to about 175°C.
25
3. An apparatus as claimed in claim 1 or claim 2, further comprising a vacuum

system for holding the substrate (S) to the bed ( 105).

4. An apparatus as claimed in claim 1, 2 or 3, wherein the rollers (140) comprise
30  ball bearings.



.a plurality of rollers (140) above the substrate (S) for contacting a pair
15 of opposing outer edges of the substrate (S), and a plurality(df DEC 2{][]4
resilient fingers (130, 135), each forger being attached to the clanp b

and one of the rollers (140) for urging the roller (140) against the
substrate (S) while the substrate (S) noves along the |ongitudi nal axis of
the bed (105), preventing the substrate (S) from war pi ng when the substrate

(S) 20 . is geate | ock 2. JAn arat s as clai nme

in claimi1, wher elﬁn?ﬁgm&ﬁgggﬂ%e‘fga%o §l§ém§ﬁ to 3r§ grewn t f‘Bg‘?’%Kl% and
the heater bl B cohpflje spingQrecheat i ng the substrate (S) to between about
“100C to about 175C. 25 3. An apparatus.as clained in claiml or claim 2,

further conprising a vacuum systemfor hol di ng the substrate (S) to the

bed (105 4.6A d | .2 3, wh in t
0o (1950 AP 3S FABTS p Feest oen E d
cl ai med i r5 anyllerg14q) a6¢ adsoEiatkd watifeackBBmeh th?o[‘?zds‘ ji ngers (130, 135)

al ne

conprise spring steel. 6. An apparatus as ¢ in any preceding claim
wherein at least two of the 5 rollers (140) are assomated wi th each

b h (120, 425 . d di | qi
Dhorein the bea | aberParlRP AL Blithedin ard Mereding Gaimbayiorsindie Bsandos)
portion (105bjongpridesisin ﬁipht)p&mbﬁ(mﬁ? a (ﬁé%ﬂam% hﬁt@igﬁ@ﬂ?bﬁﬁsﬁ gt(i)tﬁ)ﬁteﬂom?xi 05b)

conpri si ng: 10 di e bonding head | ocated at ti‘on
for attachi ng( 95@ the apparatyg comprising:t o t he substrate (S); wherein the

The di o osndl ng_ pot S snBREAE dcaR e B it Fonging pptia bR A spebingdhe ' °

semi conduct orsedmundectoadmblédwtﬁél!aﬂ)kﬁﬁb@ S) is moved fromthe die bonding
portion 15 (105b) to the out portion (105c) of the bed (105) after the
sem conduct or deviaerein thg sy (R)ds mmaved from the inpusportion (105a) of the bed

(105) to the die bonding portion (105b) of the bed (105) for attachment of the
semiconductor device, and the substrate (S) is moved from the die bonding portion

15 (105b) to the output portion (105¢) of the bed ( 105) after the semiconductor device is
attached to the substrate (S);

wherein a first branch (120) of the clamp body is proximal to the input portion
| (105¢), and a second branch (125) of the clamp body is proxunal to the output portion
- (1050) and
20 wherein a portion of the plurality of rollers (140) are attached to the second

branch (125) of the clamp body for maintaining a clearance between the
semiconductor device and the clamp body.

8. An apparatus as claimed in any preceding claim, wherein the plurality of
25 rollers (140) comprises six rollers; and
Wwherein two of the rollers are associated with a first one of the branches (120),

and four of the rollers are associated with a second one of the branches (125).

9. A clamp for clamping a substantially flat substrate (S) to a bed (105) of a
30  processing machine, the clamp comprising:



wherein a first branch (120) of the clanp body is proximal to the input
“portion (105c), and a second branch (125) of the clanp body is BrloBEGeR0l§0
the output portion (105c); and 20 wherein a portion of the plurality of ‘
rollers (140) are attached to the second branch (125) of the clanp body
for maintaining a clearance between the sem conductor device and the clanp
body. 8. An apparatus as clainmed in any preceding claim wherein the
plurality of 25 rol]ers (140{ conprises six rollers; and wherein two of

the rollers are as%§ bady(130, 426) hating geplutalitshof bramchdsed20)1 2a0h brapeh

f f th . ] ] .t he br, h 125).
o " ol anp 1 of 2opeietliis S5RSCL Moviia o AL TG @ o FrediB RO Yoy
of a 30 procthedongitudinahaxis of thecbed (20%) dhdHVing dadndFiddly AEchedd04n @l(u_ﬂi gg;m

body (120, 12@)5 h‘i\d?ni a plurality of branches (120), each branch
ext endi ng acr e >k¥bove a width of the substrate (S) in a direction

normal to ¢the | ongi i na is of the bed (105) a aving an end.fixedly .
attached to an en(}9 k#‘“gftlﬁeJ)%lgoéiefslglg)o,s a§0\ée &etﬁ'"gﬁ%?‘tf/?g? rtl‘?roﬁ’q ng A1PALr agove
the substr at eoffpS}inf outes @Ak fithdsudsteate (S)0and OPPOSi ng outer edges of the
substrate (S), and a plurality of resili'ent fingers (130, 135), each finger
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