Met hod for nounting a flip chip on a substrate FIELD OF THE | NVENTI ON
[0001] The invention concerns a nethod for nmounting a flip chip on a
substrate. Aflip chip is a semconductor chip that has a surface with
so-cal | ed bunps over which the electrical connections to the 5 substrate
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caudk | inrreder tacberrkiedp bwildawch brasiee assembly machines, a lot of effort is put into the accuracy of the

mechanical axes of motion. Such an assembly machine comprises for example a flip device that removes

the semiconductor chip from the wafer table and turns it, a pick & place system with a bondhead that
removes the flipped semiconductor chip from the flip device and places it on the substrate, and three
cameras whereby the first camera makes an image of the semiconductor chip presented on the wafer

25 table, the second camera makes an image of the already turned and picked up semiconductor chip - and
therefore flip chip - by the bondhead, i.e. an image of the surface of the semiconductor chip with the
bumps, and the third camera makes an image of the substrate with the pads. The images made by the
second and third cameras are processed in order to determine the position of the flip chip and the position
of the substrate in relation to the axes of motion of the bondhead so that the bondhead can place the flip

30 chip positionally accurate onto the substrate. Temperature fluctuations cause linear expansion and have
the effect that the position of the cameras changes relative to each other and to the axes of motion of the
bondhead. In order to minimise the influence of temperature fluctuations on the placement accuracy, the
distances between the sccond and third camera and the mechanical transport system are kept as short as

possible. Hence an assembly machine is known for example with which the bondhead with the flip chip
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and to the axes of notion of the bondhead. In order to mnimse the

i nfluence of tenperature fluctuations on the placenent accuracy, the

di stances between the second and third canera and the nechani cal transport
system are kept as short as possible. nce an assenbly machine is known
for exanple w th which the bondhead with the flip chip 2 is brought into a
posi ti ons BBYE inapavfisstabaredhe thErte Hen Secead andhirhfangraareyacdr eteunte i n

bet ween ﬂlb@h]p Bhd e ﬁm%tpat@'ﬁ@ Hoh @ a4l Q$@Jo@1¥1§iacdtb9§d 189 ﬂghﬂ?g% |d§[1\ref%8%§ 'tl %9&)%81 and

based on the images delivered by the second carmer a, econd
and t hi rtbireerRsradearend tisibird Eftmca“galr%wnaomw@alb@rﬂmea@rrdh@xd/éw\ecmcd Wlthhhfb hi's

assenbl Vi @mibRodeRARMR  or, MBI AL DMadehenRLag the
cost of tshe Pﬂr(gughput 015] SL]J y I% o HEm N%Eg"\cl[]{?%{lm@g%gi]&g¥ fleﬂ%otgﬁ(%g%tp%gf t he

invention is to develop a nmethod for nmounting a fI| chip that enables high
pl acément accuracy and hi gh t hY¥agHpuOr oo EN’WQ venti on therefore

concern% ‘ﬁ}t“g&b im)untr ng. a seni conduct ar ;A?ﬁ' with nps on

surface I8 ¢ rfg't‘rféteefnreawt ¥ bndsyplona gyt roaﬁr@u e elhy Cl“ﬁéhab?mﬁ@‘s lalglé
brought pidatifert atuacy anl High th@ugput.espondi ng pads on the substrate | ocation.
Positioning of the sem conduct or chip over the substrate |ocation is done
by nean f. three a notion that correspond to two translatory and one
rotary 7?@6# ’Q]Cdﬁwef] e tB‘BFﬁo‘Gﬁ?BC*’é‘@rﬁ”c‘éfrflﬂU(?‘t‘B?““c'ﬁﬁé P SEECEHT P S PP RRAR e r
tabl e, tous ﬂeﬁlcd)g‘ntdﬁﬁlbatﬁmubccai&n ak4 @bstﬂﬁd’ whdr&ly tﬁ@btﬁrhﬁa‘ afd: if)l%ﬁﬁmw cbha&tk)’ﬁihbunps
and passe The head contai.ns a ch grj pper that

is rot at(’(a’b 7> 0‘%“’ga°ﬁd 23 1‘@" “\9:3‘{‘ ’aTﬁ Pgguiop g) OFIRPUNS piae W@YTO"gt%%rtcr“ﬁt"ée‘ltbecsa'f’?ttﬁ‘?? is
pr eﬁent ?ﬁbat:éﬁhe dbre\bg micamof tibe 4x@s f:‘.fhﬁfmaﬁttlelrt bt ]ga@pdm 1 e 1fz@|31$u|@W ang ofid I%My A%(

Wth a first in technica r erre as flipvisi . maki ng
an i mag&YFe ¢ L”;?Oélér# EonYLY B?to’ccﬁigds’%?efc{aﬁ R ﬁ"r?%&et“c‘t?ﬁtbgl agﬂ‘e PERHs
on the serailcd ondestrtice ehh Drca}Sm}AB:idd paeed rsef & EHEhdABI KR bphdeLToffink AGhip
bondhead ﬁ’ﬁ notion are in first 6‘?51 liil ons.

Det er ni Ai %6' ‘eﬁb‘)é%i?‘%’r %‘hﬂ“ mf g?‘f*'@%t@* r’trhe B tReae grion fussenteh 15f nvion

semzconmmmmﬁmdbytm fdsleiuasﬁgmpsto 20 a syst em of coordr nat es defined by the
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?,“c‘ﬁ f“"
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desc: ibes the dcvrairon of the actual position of the semiconductor chip from its set position,
B) With a second camera (in technical jargon referred to as bondvision), making a first image, whereby
the substrate location is visible in the image, determining the position and orientation of the substrate
focation in relation to the system of coordinates defined by the reference marks, whereby fictitious
25 positions are used for the positions of the reference marks that they would take up if the three axes of
motion had been moved from the first positions by a vector v to second positions, and calculating a
second correction vector v; that describes the deviation of the actual position of the substrate location
from its set position,
C) Calculating the positions to be approached by the three axes of motion under consideration of the
30 vector v and the two correction vectors v, and va,
D} Moving the three axes of motion into these calculated positions, _
E) Making a second image with the second camera whereby the reference marks attached to the
bondhead are visible in the image and determining the actual positions of the reference marks,
F) Calculating a third correction vector v,, that describes the deviation of the actual positions of the

35 reference marks from the used fictitious positions of the reference marks assumed in step B on



notion had been noved fromthe first positions by a vector v to second
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BRIEF DESCRIPTION OF THE DRAWING FIGURES

20 [0007] The accompanying drawings, which are incorporated into and constitute a part of this
specification, iflustrate one or more embodiments of the present invention and, together with the detailed
description, serve to explain the principles and implementations of the invention. The figures are not to

scale. In the drawings:

Fig. | shows the components of an assembly machine for mounting a semiconductor chips
25 with bumps as a flip chip onto a substrate that are necessary for the understanding of
the invention,
Figs. 2,3 show geometrical presentations of mathematical relations, and

Figs. 4,5  show examples of reference marks.
DETAILED DESCRIPTION OF THE INVENTION

30 {0008} Fig. I shows the basic idea of the invention based on a schematic presentation of the components
of an assembly machine for mounting a semiconductor chip 2 with bumps 1, a so-called flip chip, onto a

substrate location 3 of a substrate 4 that are necessary for the understanding of the invention. The



20 [0007] The acconpanyi ng draw ngs, which are incorporated into and
constitute a part of this specification, illustrate one or nore

enbodi ments of the present invention and, together with the detail ed
description, serve to explain the principles and inplenentations of the
invention. The figures are not to scal et I'n the draw ngs: Fig. | shows the
conponents of an assenbly nmachine for nounting a sem conductor chips 25
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in the foll ow ng. t he enbodi nent * shown erence
12, 13 éEﬁ’dM@OaP@OéCHOd"WQ@QderQ lyingaditviept tgpvqoq@eﬂletllmaw\han tlfecsnlmatpénctatlc@ﬁ the
bondhead 6. Alter natively, the reference marks 12, 13 and 14 coul d be
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presented on a wafer tab . The assenb | ne conprises a
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are visible arranged adj acent to one another in
translatory position, chardcterised by two coordinates, and the or lentatlon (rotational position),
characterised by an angle of rotation, of the semiconductor chip 2 in relation to the position and
orientation (rotational position) of the substrate location 3. Each degree of freedom is assigned to at least
one axis of motion. Each axis of motion is assigned to a drive so that the corresponding movement can be
25 carried out, The three degrees of freedom can therefore be realised by means of the x-axis of the
transport system for the substrate 4, the y-axis of the bondhead 6 and the angle of rotation 8 of the chip
gripper 11. However, it is of advantage to equip the assembly machine with a further axis of motion 18
that enables movement of the bondhead 6 in x direction whereby this axis of motion 18 can only carry
out movements in the sub-millimetre range but significantly quicker than the transport system for the

30 substrate 4.

{0010} In the ideal situation, i.e. when the semiconductor chip 2 picked up by the bondhead 6 is in its
set position and when the substrate location 3 is also in its set position, in order to deposit the
semiconductor chip 2 onto the substrate location 3 the bondhead 6 only has to be moved by a
predetermined distance AYy in y direction from the location where the position of the semiconductor chip

35 2isdetermined by means of the first camera 7.
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on the substrate location 3. 100091 In order that the bunps |I on the

sem conductor chip 2 can be placed positionally accurate onto the pads 3
on the substrate location so that the bupps | and the pads 10 cone to lie
on one another with 20 the necessary accuracy, three degrees of freedom

have to Bﬁ brought into agreement, nanmely the translatory position,
char act el dd M&y“‘tl\ﬁééh‘-’c%ﬁlmilﬁéfféshlp 2198 theriabintedrit dvicoreordiog atthefaligwing steps

posi ti Onv)/laexetiyhﬁﬂ]aﬁlﬁ et Rsameanal @e ofis 5ah&oh a8 is Qbd LhgnG e tﬁqug)ﬂ%%&ém
chip relation to the position and orientation (rotational position)

of the fgb%ft%‘{‘%“%‘c%ﬂbmﬁe I AR e g @der 41 Pasitisa dremsordsioppitr2 eoeatly | east

one axi sabofi MOIbAte BARNaXh § dBécriBt i ON i s assigned to a drive so that the
correspondi ng novenent can be 25 carried out. The three degrees of freedom

can ther re rea means of the x-axis of the transport system
for fhelgﬁggtpgfguﬁ@“Fﬁ tV”éQP mBF”fﬁ@“ﬁﬁﬁdﬁéﬁﬁyﬁ*ﬁﬁﬁmﬁH@“ﬁﬁ@ﬁ%méﬂwﬁﬁﬁﬁpfon

0 of thaohébd ofthd @ReEriphdr 1 HRVRNYE s thick akS O@Tnoﬁgyﬁﬁta@@aﬁs@&dqgmc@11I:J-'(?e rees of
assenbly machine with a further axis of notion 18 that enables novénent of

the bondiféden dn iy fllaiinee Breirgasititie nestslpsigimias *axi &1ddt. notion 18 can only carry
out novenments in the sub-mllinmetre range but significantly quicker than

the tr aneeay tIn%Mﬁgt%mmE Ot[}c {RBeondQu Qpﬁtﬂ @'Feﬁloéed A9 ilhgjwalf& tzﬁ)hael SI g‘%ﬁ% bé ithe ﬂ

situation, i.e. when the sem conductor chip 2 picked up
is in itl§vicsHyandpassed %‘f‘rf eribe hveheag ﬁel%%ﬂb*s’tquatﬂ]escIsweataucelntractlos 0ﬁtlws@€spmbl[yt s

set |poSintdcBine isl[)all@“gl%l” sutthbiEI%ﬁ%hﬁbhglh@%emﬁ:%m&%nQIHEQC?{leﬁ‘lm/é?i fg)nPnE QaflBible 15

substrate location 3 the b head e nove
pr edet eHitkehP éi?\’é%dﬁdél ngyang hewpagsed e?w|t@ﬂnebpf@wﬁftd{eat|am*ﬁeomnm@¢o@om Hee

posi ti Oﬁfnﬁ)ﬁjhisblﬁleﬁ%ﬁksﬁﬂmw&tcﬂﬁmﬁlghpmﬂ%s 2 is determ ned by neans of the
first canera. 7. 5 % Mounti ng the sem conductor chip 2 on the

subst r at e MPVing trow eldé'é'% APhgaltthe epesemiongigion ghisLepreadyafeepicliye w ishibe Rips
exanpl e i {gedi& @ssunmed that the axis of notion 18 is used (and not the
transport sxsten1 for transporting the substrate 4 in x direction) in order
to posi ri SHk"EE" SutrcCbRGRETOIChimpopdusty plp £ liyordajovheck Metbeithe seatawnductor

| ocati on 3mgm 1§<at@idc%ﬁ§dt%au§1 Jllgqg'gz]d sWch&]&ulaﬂo?clﬁ%%aﬂPIn% kta@%ﬁ%&%h@thex J]@ axi s

of notion 1 y-axis of th and angle o rotation O of
the chip @?Wﬁﬁ@?d@‘$Wb%@§éﬁﬁj@H@dﬁWﬂ@@dH¥@§hWF notion that are assigned to

t he t hr eejdrRY88Sn&fctor fcﬁ%@d@ﬂodd@cﬁﬁ@ncfu@tlol ¥, 'agt’ac[{ntﬂel'hé SN !acqgl%hﬁ)rff rom

de5|gnated X, .Y and O. first phase, the sem conduct or
r enoved fFBﬁ*@%&mﬁhﬁéWdPébWéuﬂﬂwSPDFWéHC%demébYﬂwéhpéévwdé 16 and passed

oveno t 0- t hembrngibeadcdis, ippmdhilidseRitbnd RS @htﬁ@%@smia@mgg{éﬁe LRGE OB 8](1}) Lhe

assenbl y 10 chine is particularly suitab t he sem conduct or
chip 2 is!tersuéa W%)H’ﬁ“%’héto\ﬂé@ffé'rfa%ea%l[’elhqiaﬂﬂps

- Turning the chip gripper 11 to a predetermined rotational position designated in the following as
angle of rotation 6.

- Moving the axis of motion 18 to a predetermined position designated in the following as X,.

25 - Passing over the semiconductor chip 2 from the flip device 16 to the bondhead 6.

- Presenting the substrate location 3 onto which the semiconductor ¢hip 2 is to be mounted.
Wetting the bumps 1 of the semiconductor chip 2 with flux. This step can be omitted when
alternatively the pads 10 of the substrate 4 have flux or so-called tapes are used.
Positioning the bondhead 6 in a predetermined y position so that the two reference marks 12, 13 and

30 14 and the semiconductor chip 2 are located in the field of view of the first camera 7. This y position

is designated as Y.
The three axes of motion therefore have the positions X, Y, and 8,.

[0014] Now, in a second phase, the steps follow that distinguish the method in accordance with the

invention.



by the flip device 16, turned and then passed over to the bondhead 6 at a
predeterm ned | ocation. The first phase then takes place for exanple as
follows: - Myving the wafer table 15 so that the next senmiconductor chip 2
is ready for picking up by the flip device 16. 15 - Making an inage of the
presented sem conductor chip 2 in order fo check whet her the sem conduct or
chip 2 is at the correct |ocation and, if bad sem conductor chips are

mar ked, 18AEEkAWMWEthEle T eamera i eakhbusti opgecHity semjcenductgoodp dwhbiably the image

sem conducdoffaing fePumps | Bfl‘i@@en&%ﬂiﬁ&&%ﬂﬁﬁ;ﬂ({s v&hiaptlﬁ rbtSrefte 9008 1%,61’@ ganduct or
chi p, detachi nggt he sem conductor chip 2 from the wafer tablée 15 and

pi cki ng upteHed Kuthe BoWbtetofete i nthpgeudh positidng l thevpiniomi@etop@ip 2 Withtiartie
flip devi cesydibm of bdpRhNG cfeh@edsc@%eclﬁlrég%@t'@;gce%}‘lﬁel%; 1[3'03119'14%19& &?éuﬂgn%\?ﬁﬁt t he

sem conductor chip by 180 about an axis para to the surface h the
bunps, - TQFRNE VeHe Ve Hirpdegsribspde deviatiop ofthp pettid esitiime dhersomapidbn@l clppi t i on

desi gnat edydnhitd sl&?pcfsmoll.qy\é:t&gmﬁ% thARG! £ p@sfiticﬂl%tf%isgﬂicgl%tlﬁtbr #‘ﬁﬂ%’ % NYohGudxlys of
motion 18 to a predeterm ned position designated in the fo ow ng as XI.
25 - Passiff§"ovéraliHpesismiosigpteidbobungtiipr thefppstivn dfackienes mhoks, cecaléd t o t he

bondhead Giduciakr2885R4 tNGe I lRSdALHe. | ocation 3 onto which the
sem conductor chip 2 is to be nounted. - Wetting the bunps | of the

sem conductor _chip 2 with flux. This step can be omtted when
aIternaﬂ&vglyﬂFﬁ@“ﬁﬁﬁgﬂfﬁ”ﬁwaHW@“@M%@F?%Wéﬂmd%éVéhWﬁd%mbﬁs@@W@éphgﬂ t apes
are ysed. chaRsistd NG ghheiiRoNGheadnBad, NR: el arm L @S0,
thaf t he fm% refergﬂge ﬁﬁrkg 12?h§€ ]z]and(iJi é%“%%ggﬁgﬁt éag nME@%E&Ef%ﬁfchlp.Z
are | ocat edeicreetnit Poéihg semiceridestorothint his direglioncayeirectipn afhi the pasit dfahe i s
desi gnat eq, & T AXOS. Dt herefore have.the positions X1,
Vi ana- 01 TEuTRsoNa  MEnEKas. B oiB L e LIS Rup i SRl B b gt sh
t he met hodMindackbl. dathe examptids tcheferchawyint Posnthe Bentik GOILBA thY) seWdshioh behEi r st
canmera 7, _mki n.image of the sem conductor chip 2 whereby the inmge
cont ai ns fﬂ@g%@g%§1$mg? the semi conductor chip 2 as well as the reference
marks 12, 13 and 14 attached to the bondhead 6, determ ning the actual
posilti off0d7] thhe 2déysiralendlissitetion Nl rdfeiememeldrlat i2o 40 14aleBiyst loeal Ofstem of

Calcul at1 i S e B G ERGE R T SR bS8 of
t he act uabngrosihei big. Dfhawseheseniosiond petaredohiihg @shed rectangle 19 and the actual position
of the semiconductor chip 2 presented with a continuous rectangle 20 as well as the three reference
marks 12, 13 and 14. The correction vector v indicates the value by which the axes of motion have to
20 be moved so that the actual position of the semiconductor chip 2 coincides with its set position. The

axes of the rectangle 19 run preferably parallel to the coordinate axes x and y and its centre is [ocated

for example in the centre of a rectangle formed by the three reference marks 12, 13 and 14.

[0018] B} With the second camera 8, making an image of the substrate 4, determining the actual
position of the substrate location in relation to the system of coordinates defined by the three
25 reference marks 12, 13 and 14 whereby for the position of the three reference marks 12, 13 and 14
their position Ry is used that they take up when the axes of motion are in position (X,%‘-Ax,
Y +AYotAy, 0,+A8), and calculating a second correction vector v, that describes the deviation of the
actual position of the substrate location from its set position. (For this reason, the reference marks that
are actually not present in Fig. 1 are nevertheless presented in grey as reference marks 127, 13°). The
30 significance of the values Ax, Ay and A@ is explained further below. Determining the actual position,
i.e. the translatory position and the orientation of the substrate location 3 is done either by evaluating

the position of its pads 10 or by evaluating the position of reference marks arranged on the substrate
4.

[0019] The deviation of the actual position of the substrate location 3 from its set position is



fromits set position. Determ ning the actual position of the sem conductor
chip 2 is done either by neans of evaluating the position of the bunps |
or the position of reference marks, so-called fiducials, attached to the
sem conductor chip 2. [00161 The deviatiogn of the actual position of the
sem conductor chip 2 fromits set positi én i's 10 characterised by three
quantities Ax,, Ay, and A0l whereby Ax, and Ay, designate the-shifting of a
r ef er ence qhoiagicrised by thrdvajusgities dxdietand AGhivber2by M xndlvy.aetipoime e shyftidg oRct i on

B The cortBAr a0 e SR HEREE B e Ga oo end s hgoRtind |
t he exarrplsebsttmhéomecﬁlej ﬂmceth@mfmmE’pmm 3. M@ e@bild @rp@iontve@br \, Meth&eforedGeeh thyon
of the semgg $ /?é (ihlp 5 }100 71 Fig. 2 illustrates this situation.

The ref er eAc p In s exgipple ANGiierenee %P”Ttéd%ﬂhe §G¥ESRbE! theshpaitivacbtde

Wi t hstwo G&bﬁx@&ll@mu@@r di nate axes, i.e. coordinate axes x and y lying
perpendi cular to one another. Fig. 2 shows the set posi tion presented with
a dashe position sem conductor chip 2

t
pr esent 0% fsgj @6%‘@ °ﬁﬂ%ﬁfé‘“?‘5’8 %hga woYphgsehpary IOIh(gle@ché%caf@f%?Se%ce
marks 12, bl(&eamdtaihdlc?.ﬂ'hei OB hosion\EeE b@tinNaus ke ERDESs (vBIBaMBd piRitIBY oWk Ch
t he axes (g g on, so that the acﬁ ual p§5| tion of the

haye 20 no
seni condudt'8F CERT ¥8i %129(5’8% P‘\f\ff’t‘%'\lﬁt‘%sonéléfiasf’)‘ﬁ‘%ﬁt‘f’i] BRt thefees o5 palongye Phe
rect angl e phQtidnux, ﬂ/K@fYQ*@h}%y,Hﬁ%@)'(ﬁle rdf@efdd @afRan diNatie 4 3%89t Xonddd Y @Rd 1ts -
centre is.located, for exanple in the centre of a rectangle forned by the

Chrdd ref dPEiadngy B8 cqipera $3 CRRErPading OoEEt ISPt phihe Hamsdbtier el g,

maki ng an pbym@efate dibaer aﬁ)umtuﬁlaj R cﬂamdﬂ@ta@d milﬁﬁt BQ bR ReH wabr hPQBbitdOB by t he
substrate Iocathon in fre ation to?f{jhe system of coordj nates defined by the

three 25 refeldite iarieseqdelodsligepyiihe ﬁ%fﬁlyn%?a%@ podid i4end gt fppads
three ref etencesumBiisloddion B3radtehndd pakdnlith RA§/1aQR. R@cb?rcdﬂ%@decrtd?% ink36%s
t ake up qu\’fl he axe&lbﬁf notion are in position (X +Ax

t

Y, + +A0) ,
and cal ¢ Gy i Ba’éeéf’?E‘EE‘?’UW"?/E’&F(S*FO"Q‘?SO(‘I‘iﬁtth%@* P%é@“toﬁ@e él’é%?‘i’ #ti on

of the atich@ln POGicldeORPfis fNpostRstrate | ocation fromits set position.
(For this reason, the reference marks that are actually not present in

Fig. ert hel es presented in grey as reference marks 12', 13'). The
30 si gnf@&laﬁ&"%}f'“t% Y &IURSTRsEsenng Ve VAL st sxpicaidveiar ship 2 Rt PEéICER

Det er m ni pgc hig baelobabd BOSL bis@Rption th& AxENE Al I’—%h%@@l’(y a99® JI‘IIOF&UQQ% LReis
orientation of the substrate location 3 iS done either by eval uatin t he

posi ti on Bfminged dape tegopise piihewathadt i ng the position of reference mar ks
arranged on the substrate 4. [00191 The devi ation of the actual position

of the mobmt KAt €alt @&kt hoditbhOBLE bsorSRhedRShd 1R ak& of motion under consideration
20 of the two correction vectors v, and v, as well as the vector v as
(X FAX AKX AR, Y +AY o+ AY Ay +AY, 0,+A0+AB+AD), i.e. as
X +Ax+Axy+Ax for the position of the bondhead 6 along the x axis, in the example for the axis of
motion 18,
Y +AY oAy Ay, Ay for the position of the bondhead 6 along the y axis, and
25 01+A0,+AD,+AD for the angle of rotation of the chip gripper 11.

[0023] D) Moving the three axes of motion to these calculated positions,

10024] E) With the second camera 8, making an image whereby the image now contains the reference
marks 12, 13 and 14 attached to the bondhead 6, and determining the actual position R; of the three

reference marks 12, 13 and 14.

30 [0025] F) Calculating a third correction vector vi=(Axs, Ays, AO3) that describes the deviation of the
actual position R, of the reference marks 12, 13 and 14 from their position Ry used for determining

the second correction vector v,.



characterised by three quantities Ax,, Ay, and AQ,, whereby Ax, and Ay,
designate the shifting of a reference point S of the substrate |ocation 3
in x direction or y direction and A0O2 the rotation of the substrate

| ocation 3 about the reference point S. The second correction vector v2 is
therefore given by v, = (Ax,, Aye, A0,)$ In the exanple, the reference
point Sis the centre point of the set position of the 5 substrate

| ocat i on[0826][ OD20}t I&sgone3oinhdrgst afditeabird duinscBintvaabi ans gridtg.thad ashayGedtig: set
position N I lqcation.3 as a broken rectangle 21 and the
Potual posyiieofo At EBL SRR B oS B 53" BTl PGP BIBr ¢ ne
t hr ee r ef eceneenheitkscotietiohIegdmdv: b4moehg uill at@dxamnfihheoassieniosidmstchatctddhe
axes of ipn.are in. positiop (X +Ax, Y, +AYo+Ay, 01+AOQ)  (the reference
mar ks 12, 23Tl SorBiaPREot koM b Tl e RS g s g e e o

8) . Gorr espentling tg.theseb pPasito-om,ofo)t he semi conductor chip 2, the set
position of the substrate location 3 is characterised in that the centre
point M he supstrate |location 3 lies in the centre of a rectangle

def i ned [%"75 hlg) t%@%‘élgﬁ}é‘f\@%’hééo%? K$*12, 13 and 14 and that the pads 10 of
the substrate |l ocation 3 are arranged parallel to the x or y axis. The
correct i{@028yelpt drepusttinignik eat@aductdrehipalueshbyubwhitclbcdibg 3axes of notion have
to be noved so that the actual position of the substrate 15 | ocation 3
coincid {th..its s position. [00211 The . val ues Ax, Ay and AQ represent
2 voct of % ihe'epReh BRM L s GG DS R R st T P st RhO B Obe
nmount ed cbip 2tdnéheassunietidcationt hdhe Aoctor vharAyeriseOthatth! AQumultedassiamyl er r or
causgd ISl Seep el nat ed during. the course .of the nethod. 10022] C)
ol S gl & n T OB POl DOk AR ORI RENEE o1 e T A THB RS
under cdirsitddrcatécnn v@0r of cltalreletiv teahieet d@mrivgat ofcsulvof ikntlaMpflucaSesvel | as .

t he vector Xp b HAX2HAX Yo +AYO+AY, +Ay, +Ay, 01+A0, +AO +AQ), i e. as
o g orkl R, S B oo R B e 1 s SR RO o i
exanpl e bteh istaheadaxiognted corrmotly aml, AiBthe YihevAMod;Alyat thayiRat Aysifi@ial dikygacpasits en of

t he bon I hey. axi and . 25 0 +A0, +AC2 +- AQ for .t he angle of
rotati ogag?ggﬁlﬁg}%&)ﬁp%S%tﬁ(?%ﬁggr(“t ﬁlff.dxfs 65@?0%’”%\}? ﬁ%p?ﬁ%uaﬁﬁﬂ‘écémﬁﬁté% of notion
to these cal cul ated positions. 100241 E) Wth the second canera 8, naking
an il frag&0&Plerldbgeschiecdiondey ef thowethor stapssn,tungercedian enmestanas kisvid2 fiokdhand 14
at t acheg; £.0,1ibe.bg ; ¥ i ning the actual position R of the
three F’Igfie(rnencé n%g{}g&%fgi E%&gﬁg%ﬁ&%'@h%gbfg% [ﬁyel?fa(f'gﬁl ating a third

correction vector v3=(Ax3, Ay3, A03) that describes the deviation of the
[0031] Steps A, B, C, D and I are always carried out. Steps E, F, G and M are carried oyt whenever the

vector v is not yet known with the required accuracy or when it can be expected that the vector v could
have changed. If necessary, steps E, I, G and H can be carried out several times in succession until ali

20 components of the third correction vector vy are less than a specified limit value.

[0032] The reference marks 12, 13 and 14 are preferably placed on a plate made of glass in the form of
structured markings in chrome. Glass is transparent so that the reference marks 12, 13 and 14 can be seen
by both cameras 7 and 8. Preferably, a glass is chosen the coefficient of thermal expansion of which is as
low as possible. The dimensions of the plate are selected greater than the dimensions of the largest

25 semiconductor chip to be mounted and the reference marks 12, 13 and 14 placed close to the edge so that
the reference marks 12, 13 and 14 are visible to both cameras 7 and 8 independently of the size of the

semiconductor chip.

[0033] The function of the reference marks 12, 13 and 14 lies in the definition of a local system of

coordinates in relation to which the set position of the semiconductor chip as welt as the set position of
30 the substrate location are defined. As reference marks, in the sense of the invention, other solutions are

also valid that fulfil this function. Instead of the three reference marks 12, 13 and 14 for example two

reference marks {2 and 13 can be foreseen that are formed by two lines aligned orthogonal to one



actual position R of the reference marks 12, 13 and 14 fromtheir position
Ro used for determning the second correction vector v,. 8 [00261 ©§ If
at | east one conponent of the third correction vector v3 is greater than a
specified limt value, noving the corresponding axis of notion to a new
position corrected by the correspondi ng )conponent of the correction vector
v3 or noving all three axes of notion to new positions corrected by the
third compéetdsorshowe irofig\3The referdnec matkt I@rdetaes éhet foeitied offtee %-axit,Hig: phsintd ons
(Xi +AXi + + + + + Al 1
Adapt i ngp%ﬂiﬁgé\ég:fzéfﬁ}e 8§sst|0n d?‘YIQ:WIIS (é%ie !g%iggf‘}/e’s aggﬁé% ff‘Qﬂlg]l dmgﬁ agmthex Qld 1[ or
chip 2 dhtiewnheFigubdteratven lle&eeam mnt ks | 2 pie02glelimhibe p@;mroe@ﬂlm axecn“megooas, and
v, char @51%§151§§/519;9%$ l:&:ll(ﬁnﬁ&skﬂ \/\95!\ 08 R o I%,aﬁ%smthu Sta nﬁ&%[ﬁ%iﬁ ts(i)srdch%p(f ti 5 O

t he substrate l'ocation 3. ector v charac erl t ac cunu 'a ed
p05|ﬁlon@W“%@”ﬂ%é@W&d@ﬁﬁnﬁm@ﬁm@h@&BMdnvwﬂuaheﬁampbmeﬁﬂ§ of the assenbly
machine as a result of thermal influences. The third correction vector v3
char act gpéz¢ swhi€e FRRANLES A6 QW!ﬂUltﬂﬂs @151[1 i tnthaOf bctshg{o% anh qg%”@%acl‘?ﬁzoul@

t he one hand, the nethod described t erefore guar antees t
senlcondﬁéP%?m%Hﬂbﬁéﬁmﬁgbﬁ6&h%@ﬁbﬁbﬂﬁé@@ﬁ1P@héwﬁebéyeﬁ@Unmedﬂmgnwéé®Mwnand
on the qthefienhandabdaate &Qﬁﬁswam&@%kﬁ& tmg‘:ﬂonpl'héﬂ v@ﬁ%%&k@pt?fl& 1C'ﬂ{-<]:tn|1\QHl%‘hS| y
conpensated wi t hout the axes of notion having e perpetu Fi

recal i brireere: i1 5011pbaEiTHe erice M apiribeides am¢l1dpﬁelamtah®wes tcelpsaf@am under
certain circunstances, deviate fromthe given order as certain steps can
be carried out in paraIIeI or in the reverse order. [0031] Steps A B, C, D
and | are always carried out. Steps E, F, Gand | | are carried out

whenever the vector v is not yet known with the required accuracy or when
it can be expected that the vector v could have changed. |f necessary,
steps E, F, G and H can be carried out several tines in succession until

all 20 conponents of the third correction vector v3 are |less than a
specified limt value. [00321 The reference marks 12, 13 and 14 are
preferably placed on a plate nade of glass in the formof structured

mar kings in chrome. Gass is transparent so that the reference marks 12, 13
and 14 can be seen by both caneras 7 and 8. Preferably, a glass is chosen
the coefficient of thermal expansion of which is as |ow as possible. The
di rensions of the plate are selected greater than the dinensions of the

| argest 25 sem conductor chip to be nounted and the reference marks 12, 13
and 14 placed close to the edge so that the reference marks 12, 13 and 14
are visible to both caneras 7 and 8 independently of the size of the

sem conduct or chip,



[ 00331 The function of the reference marks 12, 13 and 14 lies in the
definition of a |ocal systemof coordinates in relation to which the set
position of the sem conductor chip as well as the set position of 30 the
substrate location are defined. As reference marks, in the sense of the

i nvention, other solutions are also valia'that fulfil this function.

| nst ead of the three reference marks 12, 13 and 14 for exanple two

ref erencel ks 12 and 13 can be foreseen that are formed by two |ines
aligned orthogonal to one 9 another as is shown in Fig. 4. The reference
mark 12 deflnes the position of the x-axis, the reference mark 13 defines
the posi tiYrhest for Reusting,aisemspndupier $hor @) hicdna aessirfage veiffshueps 6F osoarsdbsvatees. A

further sabekib@bfa dtlﬁstﬁm%wh@eﬂf/ the bt§1ps mra?e br L‘%ﬂt &Cg}cc%ﬁﬁ&%th%r 552: ?g?}%s 13

define the 05|t|ono the x-axis of | ocal rtesian syst
coor di nat d&¥) oirfee §ibsfsafedogtion wherphycihe P‘@ﬁK’P@ﬁIOéWC sysicenngpr anPidwathe sulisgate

defined i Noddnat isRlohd by HOSs BRLRE RS GHkdfiol fhelllehod cgﬁﬂbﬁsn nd straight through
the reference mark 12. 100341 Wil e enbodi nents and applications of this

i nvent i on MEVE thetsmiondir sia (Adswr 7 walgr table (oul d - be apparent to those
skilled i nuhhg t@remhavdner tNE Depetdtandlt h LS thl%ﬂoorﬁygﬁfagmfth {@m{m?@(ﬁ?

nodi fi cations than nentioned above are possible wthout departing fromthe
i nvent i ve PREHE SMifop@icipr chinéliongrdne perfhead@brefore, is not to he

restrict eql;,(gg,gﬂ@&helsnbstulg@ 1&RIidd By, 0f the appended clainms and their
equi val ents 10, CLAIMS 1. Method for mounting a sem conductor chip (2)

haviflg a'STHhALE b cAmBimE<I{#§PSont 0 a substrate |ocation of a substrate

(4) wherghyithtdrastumps (f)lhaiafLa3ha hd fhleoh t ads
(10) on the lsaub;trlasjﬁ](l)ocgtl%g V\h%?(gg)} tﬁe Opglg?c??%ﬁ:ﬁn) \nle%gh%%@g%ddgg%ggct or

chip (2) &SV™PREDStbEsraieedscpirba Rofs wadl asaeferepsy WSS of eHrdbed b of

notion, t h'tendlﬁeicr(@ﬂ V@]@IW ins k!ﬂ@a axBd SkhdIBntahen %%%&beqy%ﬁ@ﬁet& mnﬁné 7)) p&fuﬂﬂ‘ a
chip (2) by 180 about an axis

waf er tabl edé )gg n‘\%lt e. sem_conduct or

paral | el & {18 8??& Baqat PrsiLivg obtirpenicanductonchexiZnty refdonsie gisksmaiett or chi p
(2) 1over teoréinkondimaarh(6) wfdi’&ﬂ@@a@ﬁk‘sggl 1 lh@atﬁﬂaﬂlfaﬁi‘i@a HRCRk 81 (Bdror vlllpatt he
nmet hod f ur,t her r’ﬁrcr“g”SI %rithe st eps first canera (7), making an

i mge of (FE"LE Mgt Jrtheastup! 1(°25“°V\/H@|h‘éb°ym?%lé“‘tf?f§@@ (@bffitaithset Pesiéonbunps

(1) of BheisartAMEIEEOS),Glikhe@d)r siax%ag’éﬂlrl e:e%? tlfe%t:@sﬁ:@@qudf@f (lﬁ?ls(vjrs?ble inkflo
attached to t 6), wher ehy t hree axes of ion are In

first posi”fﬁ%pfg‘e"ﬁ‘r%ggégg‘?aig’rs heRoPricAEtigbefi the wilistaigmecages Entaiciagpn tofthe fystem
actual posfdob@imatk dtiRdS¢ MGOBRNEL Rk ENDR P 142 WhdrBoy €hiBbIQRsitiOnRrS Yl &Rt
20 positions of the reference marks (12 - 14) that they would take up if the three axes of motion had been
moved from the first positions by a vector v to second positions, and calculating a sccond correction
vector v, that describes the deviation of the actual position of the substrate Jocation (3) from its set
position,
C) caleulating the positions to be approached by the three axes of motion under consideration of the
25 vector v and the two correction vectors v, and v,

D) moving the three axes of motion to these calculated positions, and

E) depositing the semiconductor chip (2) onto the substrate location (3).

2. Method according to claim 1, characterised in that after step D the following steps are carried out:
- with the second camera (8), making a second image whereby the reference marks (12 - 14) attached to
30 the bondhead (6) are visible in the second image, and determining the actual positions of the reference
marks (12 - 14),
- calculating a third correction vector v; that describes the deviation of the actual positions of the
reference marks (12 - 14) from the used fictitious positions of the reference marks (12 - 14) assumed
in step B on evaluation of the first image made by the second camera (8),

35 - adapting the vector vto v =v + v,



15 coordi nates defined by the reference marks (12 - 14) and calculating a
first correction vector v, that describes the deviation of the actual
position of the sem conductor chip (2) fromits set position, B) with a
second camera (8), making a first inmage ereby the substrate | ocation (3)
is visible in the inmage, determning the position and orientation of the
substrate | ocation (3) in relation to the system of coordinates defined by
the ref er elhdideqthpesopponent of e thifheqrispjonfeetor vsilpgrsatgrakints sppeifiallanitigde, f or
the 20 poshbiipng 1Qk: thhsid &hekeh @@'régﬁ({nlﬁﬁlg(t&%is'co?né%nehpl%ta. oYyl o.hake up

if the three axes of notion had been noved fromthe first positions by a
vector v to second positions, and calculating a second correction vector
v, that describes the deviation of the actual position of the substrate

|l ocation (3) fromits set position, C calculating the positions to be
approached by the three axes of notion under consideration of the 25
vector v and the two correction vectors v, and v,, D) noving the three axes
of notion to these cal culated positions, and F) depositing the

sem conductor chip (2) onto the substrate location (3). 2. Method according
to claim1, characterised in that after step D the follow ng steps are
carried out: - with the second canera (8), nmeking a second i mage wher eby
the reference marks (12 - 14) attached to 30 the bondhead (6) are visible
in the second i mage, and determ ning the actual positions of the reference
marks (12 - 14), - calculating a third correction vector v3 that describes
the deviation of the actual positions of the reference marks (12 - 14)
fromthe used fictitious positions of the reference marks (12 - 14) assuned
in step B on evaluation of the first inage made by the second canera (8),
35 - adapting the vector vtov =v +v3, Il - if at |east one conponent
of the third correction vector v3 is greater than a specified |imt val ue,
noving at | east the axis of notion corresponding to this conponent to a
new, corrected position.



