-1- APPARATUS AND METHOD FOR MOUNTI NG SEM CONDUCTOR CHI PS ON A SUBSTRgblog 33 -4
BACKGROUND OF THE INVENTION 5 Field of the Invention The present invention
relates to an apparatus and nethod for mounting sem conductor chips ono@g;
substrate. Background of the Prior Art In sem conductor nmanufacture,

sem conductor elenents are provided on a 10 wafer in |arge nunbers i n %P
mutual | y juxtaposed relationship with an integrated circuit. Each wafer is
then nmounted on a carrier and the individual elenents are nmechanically
separated from each other. In the subsequent sem conductor nounting
operation, in a first working step, the chips produced in that waynhave to
be indi vi dual APPARAXTES ANDMBETHODFOR MIOUNTINGSEMICOND Dy
so-called 15 pick-and-place apparatus which |ift a chip at a firsS

|l ocation froma chip carrier, thenQNgPUBSIRATEJeways and deposiy/ it on a
substrate place at a second | ocation. A known apparatus of that kind
includes: - a mani pulator which has a chi p gripper novable with a

reci procating notion betwee BARGROUND OF THENVERT) it positions, 20

- a displacenent table arranged In the region of one Iimt position of the

mani pul at er, Hield ofthe intientiom respective chip at the first location for the
pur poses of being ., eceived by the chl % g[P 5&) and a |rs asuring -
canera directed o PFRSERY IVEntion. Ielatss 1popn App i A s RV,

the provi ded EhiddndA@8r chi g BHQ%gﬁfa?efeed unit arranged |n the region of
the other limt posrtlon ? S5 manipulator, for providing a respective
substrat e pl Baeckatouhdef 4 k Adcation for the purposes of receiving the
chip fromthe chi p grl of¢] er and a second measuring canera or Sensor neans

directed onto the ge‘z,eaueond@e@r.wufmas SepicaRdctey elemeplssireipsAviged ORea
provi ded SUb%?ﬁj? ﬂa?g%enmﬁﬁ&}& & BlubaR flikiidE& IRRALANY with In ORIt ©f

an aut onati c
circuit. Each wafer is then mounted on a carrier and the individual elements are

mechanically separated from each other. In the subsequent semiconductor mounting
operation, in a first working step, the chips produced in that way have to be
individually mounted on a substrate. That operation is implemented by so-called
15 pick-and-place apparatus which lift a chip at a first location from a chip carrier,
then displace it sideways and deposit it on a substrate place at a second location.
A known apparatus of that kind includes:
-a manipulatdr which has a chip gripper movable with a reciprocaﬁng
motion between two mechanically defined limit positions,
20 .' - a displacement table arranged in the region of one limit position of the
| manipulator,- for providing a respective chip at the first location for the purposes of
being received by the chip gripper, and a first measuring camera directed onto the
first location for ascertaining the position of the provided chip, and
- a substrate feed unit arranged in the region of the other limit position of the
25  manipulator, for providing a respective substrate place at the second location for the
purposes of receiving the chip from the chip gripper, and a second measuring
camera or sensor means directed onto the second location for ascertaining the
position of the provided substrate place.

Such a pick-and-place apparatus is a component of an automatic mounting



assenbly which is referred to as a "die bonder”. Apparatus of that kind are
subject to extrenely high demands in regard to a short cycle tine,
mechani cal stiffness and a precise position for the chips on the respective
substrate place. A high degree of positional accuracy on the substrate in
the range of a few mcronetres is required 5 for further processing of
the chips on the so-called wire bonder where the integrated circuit on the
chip is provided at its connecting |ocatipns or bond pads with wire
connections. In the pick-and-place operation the limt position of the chip
relative to LR@nBIPSHHIER B leferRRtowd al 2ié Bohdéeenc @@Pbmisfa th@skibd are ﬁfbtjéclﬂe
chip provided at the first 10 l|ocation, the two limt positions of the
mani pul at or do extremelyi igh rdemaads imoregardt thexr shioyt, cyaledtinbk cmedwinidab stiffiiess land

substrate place which is provided at the secqond | ocatigon. Therefqre, i

or der o sat {ASPOIh FOFLRRTPE e AP an MEERRECTY SRR AGEe: nAgHe eger ot
known nount i s, ' ' = ' &ORR t he
first locati gﬁsf?@ﬁ? So- ch:@dﬁ{v?aljs?le’r %ﬁg% r%tn%g%rﬁwcaymég}uﬁgt or gﬁ%?gt)h@u?g%d
unit at the Xor fureedpiodessing iod the(chips cinthe 3bicalled wike>tonjer whets ttheintepratede
correspondi ngly high degree of precisjon. Measuring caneras_at both

| ocati ons serclgUitPIHHIG ¢hip is PEOVided at B copnecting lncalipnseer bend, padiyWithpRke at e
pl ace respectiﬁ&%%i,gn%nd to control the wafer table and the indexer

respectively°8 asis of image processing. In accordance with the state

of the art, at anypane 'iﬁcl&-ihd—?ﬁ@é Spdratid theV¥ahR 'posRidheof the Ichip delaiveasrthe 20
di spl acenent is effectéd and then,” on the basis of the canmera neasuring

si gnal , fine spbstiat¢ dsiibasjcally infhiencednbydhe position @ftthe rehith proyidad: atotheofirst he
substrate pl qce Jt itﬁ posstﬁhe tQ.use fgt her senfor nmea sggt t he second
| ocat i on %%nstCAfioBs the twa limip PosiHans, of, e mapipylator of fhe chyp. erpper MOVEY pq

by so-called g e,f g@%@’;et Bl?és“lﬁ lof thé sﬂﬁkﬁ%@kﬁc& f%vlﬂélggé %I;mgmi ﬁtef second

phot oel ectric e ich co-operate wt ndexi ng Itting)
bores on t he loeatidnf r Fherefodg,cinoordel toesdtisfy thiet feqeidgnentoin réspecthofiuceadaoy dis
(substrate places); sensors of that kind_can also supply neasuring signals
whi ch char actpsevigesly kaowasmeentingeapparatys te @pciahunits,h ey %Elafﬂ%lé%@bie ahe
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sub- 15 second location (the so-called indexer) - must enjoy the correspondingly high degree

of precision. Measuring cameras at both locations serve t0 monitor the position of

the provided chip and substrate- place respectively, and to control the wafer table

and the indexer respectively on the basis of image processing. In accordance with

the state of the art, at any event in regard to the wafer table, firstly a coarse

20 displacement is effected and then, on the basis of the camera measuring signal, fine

positioning is implemented. To ascertain the position of the substrate place it is

possible to use other sensor means at the second location instead of a (second)

measuring camera. If the substrate is formed by so-called lead frames, then it is

possible to use for example photoelectric edge detec.tors which co-operate with

25 indexing (fitting) bores on the lead frame edge or directly with edges of the chip

islands (substrate places); sensors of that kind can also supply measuring signals
which characterise the respective position of the substrate place in the plane.

The known structure of such mounting apparatus involves a very high level

of resources and expenditure in terms of manufacture of the specified sub-



-3- assenblies and in assenbly and calibration of the apparatus. The
procedure for operational adjustnent to a respective new product is also

ti me-consunmng. There is al so the di sadvantage that the imge processing
operation which is to be effected during each working cycle and which takes
up a relatively large amount of time, 5 wth subsequent fine novenent,
prolongs the cycle tinme. An increase in output (increased cycle rate) while
mai nt ai ni ng an adequate | evel of accuracy and satisfying all other

requi renents scarcely seens possible w tk3the present design concept of the
apparatus, or would result in unacceptable costs. It is an_object of {he
present i nverASSeRblics #dhin assembhy, apd icﬁlébfaB%PZttﬂ% agparays. { hBe proggdutst forgr ¢ h
in the openin £ h i fd 1.0 | v S i f T ties
and di sadvant sCaieal agbiaE RS riipSBile e HOGIY 85 BBl | rite
particul ar, -ij also @ di&ﬂdeﬁﬁta%‘ thahhel iftiage brovessing operation whichdisab ibereffedtethe

| ength of the cycle time without correspondingly increased expenditure in
rel ation to tdhwingaeach warkieg cy¢le and veieh takes upha relativgly | langeramopst of time,

SUMVARY OF THE. ] NVENTI q#oﬁlhev\ed froma irsgl? as qct t he, pr.esent .i nvent.i on
orovi des dopal ik FUOTGRCR TS MAyemenh SPanes dhe SRR AIms, AR MRS B OURHly o
a respective GﬁErQasE& c&&l@:trﬂﬁ) Whﬁghﬁnﬁﬁhﬁlggtgf 5deﬁﬁat§Pe@l bf ﬁéhric?(hﬁaisﬂﬁbfyingi on

di spl aced si deways and deposited on a substrate place at a sécond | ota
conpri sing: 241 other requirensentsa s¢aoeelynseems possibde avidhthe presenp alesighicohcéps of
novable with 'ge(r?rgci rocati ng not i on~bet ween two nechanically defined |imt

posi tions, - s e Ak Fould tesult MYnaceeptrbleCoste 1 egi on of one |imit
L ¢ th L ¢ . O ) . co .
position of the naﬂllg%g‘;etgécéhoﬁgm? é eﬁ{l ﬁge&dnet%pb%%ee% | 6’98?# Béé??&g r gt

| ocation for said provi received nd a

first meaggiridhe KiAdREAfSHH &f ties opuling pbrt ofisl spesifidatiomt whithf ®Vercomes the
ascertaining the position of the provided chip, - a substrate feed unit

arranged in tdiffiquitigsoand> tlisadeantagae whichriare goequntesed dn thérstateuof ghe artor Inor
0% 9110 5 CSREGE) \PSUUSLALS Bl S BT AT Lo LY ™
Sensor nmeans GifLfiRiwRihi dotfespiafitly iRGedse® expORdiRPE 8 raidd tb tHewafer

position of
table, the indexer and the manipulator.

15 SUMMARY OF THE INVENTION

Viewed from a first aspect, the present invention provides apparatus for
mounting semiconductor chips on a substrate, wherein a respective chip is lifted
from a chip carrier at a first location, displaced sideways and deposited on. a
substrate place at a second location, comprising:

20 - a manipulator having a chip gripper v;rhicﬁ is movable with a reciprocating
motion between two mechanically defined limit positions,

- a displacement table arranged in the region of one limit position of the
ma_nipulator for providing a respective chip at the first location for said provided
chip to be received by the chip gripper, and a first measuring camera directed onto

25 the first location for ascertaining the position of the provided chip,

- a substrate feed unit arranged in the region of the other limit position of the
manipulator for providing a respective substrate place at the second location for
receiving the provided chip from the chip gripper and a second measuring camera

or sensor means directed onto the second location for ascertaining the position of



-4- the provided substrate place, a correction notion unit associated with
the mani pul ator, which is controllable on the basis of positional

measur enent values fromthe two nmeasuring caneras or the sensor means in
order to conpensate for positional errors of the 5 provi ded chi p, which
are neasured at the first location, and positional errors of the provided
substrate place, which are neasured at the second |ocation, in each case at
the latest prior to a respective chip being deposited on the substrate

pl ace. Accordingly, in preferred enbodi ménts, associated with the
mani pul ator is a correction notion unit which is controllable on the basis
of positi onatherprawided sebptratepplacesal ues of the two measuring caneras - or the

measuring canmera at fhe first Locatlio e ngQr t econd
| ocation. It is p?oﬁﬁﬁg%“% IB?tboél_r Yot gg%gaﬁéat‘gﬁﬁo epd'giﬁﬁﬁglﬁ%}\’ e‘?&gﬁs 3 -
respect of tpenRiIRKIedSS tiebddis dpdsitionbPmeRsiSsth@f vatues Teorh ithe twd afeakirdtlp and
positional errors in respect of the provided substrate place, which are
measur ed at tdmerssourtlic|scosorimeansiin ardeth ta gempensatehfor| passiomabeirors ob the
deposit of the 1 respective chip on the substrate place.. The inveption
provi des $n PV ‘feéLﬂhél?’ \vﬁlgb,ar? meﬁgl"?fp?th'g’gﬁrﬁéi’f‘%“% aBﬂé’OE}BQPagt"!nf?js BPHl?edur e
- providing gﬂﬁz | fabeiidte @ida%' ﬁrh{&ﬁ Ak thedtthed hodhe ggﬁﬁﬁqwatfbﬂf ?r?‘éd&hﬂ:g&! L onal
devi ati ons can be tolerated. T ey are conpensated by neans ,0f correction
not i ons, pr efherlatestyprior to arespeetive ehip deimgdieposiedencthe Substmterpla¢e. ng cycl e,

I mmedi ately prior 20 to deposit of the chip. In that way it is al so,

possi bl e to el i ni AgFerdingly.oin\nrefeRd smbodiments; @sgaciated withthe pRpipElaten is fent
and a fine L Qs td.k [1f 1 ~UNE T S e W kes
T possi bl e FHTEagR PG G Sidh b dEpRBic b the Uiy Bt bleotl! fkaRrbfiet

the preseat {AMEN6f @8 thdGHédsBEn® Barderds SRithe fneasteing! Afea hOthd FirstOlocation
magni tude of a fewtenths of a mllinetre) and can performthe required

nmotions 25 andthe sgosarkineansrad thecsagond kicgtion.n Itis prowided im ordesfto compensate

i nvention, pgsitign sensors are addijional, rovi ded for detegcti he

1t post t | BRasopRLeTars in drsped ot s rotaded AP, p e are Faseef RS e

measur enent : . ' | ti

ot ocedur o pelpantis fudpoRtondl Erfts iR redpBls o proviald LSRERTIAE, lich are
measured at the second location, in each case at the latest prior to deposit of the

15 respective chip on the substrate place.

The invention provides in particular that, in both those parts of the operating
procedure - providing the chip and providing the substrate place - certain positional
deviations can be tolerated. They are compensated by means of correction motions,
preferably in a procedure towards the end of the working cycle, immediately prior

20 to deposit of the chip. In that way it is also possible to eliminate the division of the
movement into a coarse movement and a fine movement in regard to the specified
sub-units, which also makes it possible to save time. The correction motion unit
used in the case of the present invention requires only a small travel range (order of
magnitude of a few tenths of a millimetre) and can perform the requiréd motions

25  very quickly and accurately.

In an embod.iment of the invention, position sensors are additionally
provided for detecting the limit positions of the manipulator and the chip gripper
respectively. The measurement values thereof are also included in the

compensation procedure performed by the correction motion unit. In that way



-5- inaccuracies which occur in regard to the manipulator, in particular

|l ong-termdrift phenonena, can al so be detected and conpensated. Vi ewed

froma second aspect, the present invention provides a nounting process

usi ng an apparatus according to the first aspect of the invention, wherein
| ateral positional errors - of the chip after provision thereof

at the first location, - of the chip gripper prior to lifting-off the

provided chip at the first location, - Qk.the substrate place after

provi sion at the second | ocation, and 10 - of the chip gripper

prior to deposit at the second | ocation, are neasured during each working

cycl e, the mel2oewracighHhichoeeeur in regard oy the gnanipiator by parkicylar loag:term drify

added and storged r r | Lkonally accurate deposit of
the chip the B@%P?egghé %yg%ggg&égﬁﬁ%m@e té‘?\'sat ed at the mani pul ator

i mredi ately prior YGew@P%fn aOfecbh agkebp, 1Y [\Hs‘r@s'thf Ghvedtioh fRovided aCinb@iting
notion unit. BRI EF DESCRI PTI ON OF THE DRAW NGS An enbodi nent of the

i nvention is precess Using amappasatusaccduting to the fsstraspeasof ithe impemtipng wherein
enbodi nents and w %h rFf er.ence to the drawing in which: 20 Figure 1
shows an ehbodi menfTRI BPSUANRFHIPEs with a highly sinplified di agranmatic

vi ew of the mani puL@fP;eO?ﬁg%ﬁ%s@g{,ﬁfoﬁqhaggfﬁ%é firstTOGHbR, 2 1S @ perspective

view in greater detal rnative conflguration of the apparatus,
Figure 3 is a functicfhélie dhipggeipperf pitre talifeing-offs theh provided Ehipuae tie fasid 25
Figure 4 shows a.tinme graph over a working cycle. DESCRI PTI ON OF

EMBODI MENTS CIOC3in,pRESENT | NVENTI ON The appar atus shown in sinplified form

Tt o oIS e e Bl RS OSAIBCLCT |
of the wafgr formatioPthe dhip fipped pridR ' depusita i ¥écond location, '
are measured during each working cycle,
the measured positional errors are at least partially vectorially added and
stored, and
for the purposes of positionally accurate deposit of the chip the ascertained
15 error sum is compensated at the manipulator immediately prior to deposit of the

chip by control of the correction motion unit.

An embodiment of the invention is described in greater detail hereinafter by
means of embodiments and with reference to the drawing in which:
20 Figure 1 shows an embodiment of an apparatus with a highly simplified
-diagrémmatic view of the manipulator and associated sub-units,
Figure 2 is a perspective view in greater detail of an alternative
configuration of the apparatus, -
Figure 3 is a functional diagram of the api;aratus shown in Figure 2, and
25 Figure 4 shows a time graph over a working cycle.

The apparatus shown in simplified form in Figure 1 is part of a die bonder,
as is vsed in the semiconductor mounting procedure in order to lift semiconductor

chips 10 individually out of the wafer formation in per se known manner and



-6- position themon a substrate 5 and in so doing fix them preferably by
means of adhesive or soft soldering. That procedure is inplenented by a
mani pul ator 1 provided with a chip gripper 2. The chip gripper 2 is a
conponent of a bond head 19 noved by the manipulator, and it can al so be
rai sed and | owered. The bond 5 head and the chip gripper are noved with a
reci procating notion by the mani pul ator between two nechanically defined
limt positions. Arranged in the regionf the one limt position of the
mani pul ator is a displacenent table 3 (the so-called wafer table) on which
are di sposed the chips 10 of a wafer, which adhere to a chip carrier 11.

1
The di spl acenent, table 3 provides a respectjve chip 10' at i ven first
| ocation 10 Pogitipg them en, ab%‘thé%%isvé‘Hje H§S‘P Ig, L% @Fmp%?erﬁﬁy %ysﬂﬁg%sdofn

the region of 0 | L ds BOS il e-nﬁﬂé Mpyl ﬂaxfi o t 4
(so-called iﬁg}gi(}g‘?e) BPg:bﬁaédg% g@r’ at@g%ﬁ%eﬁll%eﬁ W lgﬂéu gtblyla?e p cetgy( or
exanpl e a neppdvid@pWith 25D gribper 2. Thelohip ghpperveis 4 bempoient ofia dohd headr a
stepwi se novenent in order to provide at a second |ocation B a respective

substrate pl d9emared hyithe manipwiater.fand it<en;ajsonbe taked ang lawered 5 Thg bpnd eg

thereto by the chi ri.pper. 2. The first.lo ' . tion
Barc cach adrhent B S Elinmer ol Tgvid B 4eBlerGRupe ooy GERRAASE | |
in Figure 2) pedi@na®io! flechaidallyQiefiakd st posiensd Afanged finhé regiomiof ake A,

canera 7) and the prepared-storage place (second |ocation B, canera 8) are

measur ed by tone limsaposition of dhe: masipilatoreiarasdisplacement dable 3 (theosmcalledgwafer

processi ng prqcesses during, eac rking.cycle, .that.is .o say,,.they .are

processed to t%l-ﬂ@o‘?‘ﬂ""@%”éﬁ%&?&?%g'ﬁgﬁgﬁpﬁ 39 1 W@%Eu?’éﬁh ﬁgﬁ?fﬁltﬁéﬁhlpﬁ%"ﬁ’ée of
h t . : I ” : .

such measur ergn iy AhiSiacdlld (K PRGN 4 FesPRRERRR 1Pk AGfivédirst IiKEEA ON

I s described’ih grea arter.” In th | ustT at ed enbodi nents

two neasypi NG\ EaNiErebeaeseived by tthatldy gipperi2schispestd intthe segion lo€ tieoother
however that, as 25 nentioned hereinbefore, the position of the pre{%a ed
| e

storage pl acdimit pesitor ef thecmamipulatop is Bfeedrinit 4 (sorallad indexer) foy 3 pubsiya

ppr oci ot od PRavae] it RSREE s RoriRfelr s s LisRL Y. T pult

moves the substrate 5 with a stepwise movement in order to provide at a second

Jocation B a respective substrate place which is intended for receiving the chip 10’
15 supplied thereto by the chip gripper 2.

The first location A and the second location B are each defined by the axis
of a measuring camera (7 and 8 respectively in Figure 2). The actual position of
the prepared chip (first location A, camera 7) and the prepared storage place
(second location B, camera 8) are measured by the measuring cameras by means of

20 per se known image processing processés during each working cycle, that is to say,
they are processed to afford corresponding positional measurement values. The use
of such measurement values in accordance with an embodiment of the invention is
described in greater detail hereinafter. In the illustrated embodiments two
measuring cameras are illustrated and described. It is to be noted however that, as

25 mentioned hereinbefore, the position of the prepared storage place at the second
location B can also be measured with suitable sensor means (centering sensor, edge
detector or the like). _

It will be appreciated that, in the case of the illustrated apparatus, the two

locations A, B on the one hand and the two mechanically defined limit positions of



| ocations A, B on the one hand and the two nmechanically defined limt

posi tions of -7- the chip gripper - which are initially assuned to be
constant - on the other hand are brought into conformty as accurately as
possi bl e by suitable adjusting devices and processes. A basic distinction
Is to be drawn however between the "l ocations" defined by the caneras and
the "limt positions" determ ned by the manipulator, as s w il be
apparent hereinafter fromfurther aspects?of the description. The
mani pul ator 1 is nmounted on a base plate 12 and in the present exanple is
in the formof a_so-called thrust crank transm ssion arrangenent. Munted

on the base pHstin gripger,- whichears initially assumed §o he cansiagt nPuaihpother hapd are
connecting ro ] [ A - Al .
The ond of 1 norokunh EuBickAkRRlY o WRREEEFal Polsle Bkl MRy Baest o
pi vot abl y conpaesdst 0Aabadic dstindtfonMs €1 be ndrhwhhewever detwéen the Mdodatians™19
with the chip gripper 2. The slider 16 slides on a |inear guide _nmeans
which, |ike tfefinadubit thegcamearas and & atimit posiiiensf jdetagmined: bie the manipylatos, as2.

movenent o % hr B SRR betFioRfd: hom tpdf nen Ul Y BBelilcr ' 16751 Ui ny

to and 15 fro. ThQ‘hE‘ﬁﬁaxﬁfaﬁlﬁioﬁhtis BRouhiedUiSa Bﬁe}’iﬁ&t@ ltz%dﬁwmgp?é&éﬁtje&aﬁ i the
connecting rod 15 provide the two nechanical |i'mt positions of the slider

16 and the chispinghe figrex oPa soicallesithnist ciank transinissioniasragpementi Meawitedion thees
and the other_in dash-dotted lines). In _the present_ coptext it is assuped
that the arraH@ﬁ?rﬂgﬁF 1235 3 ‘ﬁ’ﬁ‘fﬁ Sﬁﬂﬁé&&#ﬂmgw F‘&E‘gsqfﬁb]rdg, camnecdng red Y18 ned
limt positiOR&mthde | ; h | 1

posi tions canB Q’ngi%gé%&ggtleggggﬂé ﬁﬁa(;}ﬁ'lh?]s g%ﬂné%’n?ﬁhe% g%ft eec%dsnghgr%g ﬂ%ie
thrust crapk 15aa6ciefsoatheswihgeemedtis pivatdbly Somidcieditblaugident @whizh inayrmof
exanple. Finally Figure 1 shows in purely diagramatic forma correction
motion unit 9cauesithg boad beast 19 m/tﬁc ichiphgrippesiZuThe slidar 16 sbidasraca digear

t hereto. The significance .a the node o er,at.i .t hereof .ar.e described
hor 61 nat t or . B8 mdat8 Wiett Hke i Bt neCtor SREIRR. 4.1 BREF Sh s psd P 12
given by way @k BMRIRIEEin VHY} i Sthé ! JRafial3 Lahd! AR sﬁ"ilg“"anhnltfi gmlro
wher ei n conmponents whi ckiln cog{rﬁleespond to each other are denot e(}ﬁtyy thlé tasrgma
ref erences i nmovements thrapghek808rinl alteinatendiredtions, with the slider 16 sliding to and

15 fro. The two straight positions between the swing arm 14 and the connecting rod
15 provide the two mechanical limit positions of the slider 16 and the chip gripper 2
(the one limit position is shown in solid lines and the other inl.dash-dotted lines). In
the present context it is assumed that the arrangement is a .manipulator with two
stable, mechanically defined limit positions; it is to be noted here however that such

20  limit positions can also be achieved in a different manner from the use of the thrust
crank transmission arrangement which is only illustrated by way of example.

Finally Figure 1 shows in purely diagrammatic form a correction motion
unit 9 which is associated with the manipulator 1 or connected thereto.  The
signiﬁcéncé and the mode of operation thereof are described hereinafter. -

25 Figure 2 is a perspective view of an apparatus given by way of example,
which is similar to that shown in Figure 1, wherein components which correspond
to each other are denoted by the same references in the two Figures and will not be
further referred to. The substrate (lead frame) 5 has substrate places 6 which are

advanced with a stepwise motion by the indexer 4 to the location B under the



further referred to. The substrate (lead franme) 5 has substrate places 6
whi ch are advanced with a stepwi se notion by the indexer 4 to the | ocation
B under the measuring canmera 8. Chips which are fixed on substrate

pl aces and which are further transported with the substrate are denoted by
reference nuneral 10". Figure 2 additionally shows a drive unit 18 for the
shaft 13 of the manipulator 1, and also a notor 19a, nounted on the slider
16, for the vertical novenents of the 5 ond head 19. The apparatus is
nmounted on a base structure 20 as shown iR Figure 2. It carries for exanple
a transverse nenber 22 on which the neasuring caneras 7 and 8 are fixed.
Adj usting arrangenents for aligning the cameras and the bond head 9 and
further detai measusinghcamperan®t 8@% rwhieh are fixed qn sdlsmtecnhe@x@ndaquib@re

appar at s of  BeEN ctramspiled R OBF i A8 e Y oiefoRB el 8

positions of FhmrdddAicHaRy siaowamrmsaﬁlt 98 t‘e‘?'ﬁfé)ﬂﬁaftzﬁi @B%@&aﬁ%gmmvel y

and reference surfaces 28 and 29 respectively which co-operate therewith
and whi ch ar eambalso edmotort 19a, mcudted cbthe Bhider 16,dftirtthe vetticakemeovemends o theer s

Thorewt 1 b8 hebemt head T dhe apparaton ot BABHES Qs bASE SERGHE 2045 SIS 26,
27 produci ng Bo %h&ﬂe@'foﬁ i %V&%é’ﬁx%n(ﬂepzﬁ% ﬁgncgr}ﬂe heg&iéfnﬁ%h&?a%)

W th respect e referenc position

herei nafter, maﬁadc&ard)ﬁxémde\d;ﬁstﬁlgammgmaﬁy fer aligring th’eOdSHmerhs axid the bond
particul ar Chl p mount i ng process according to the invention. The

correction nob¢agn9and: fugthenidetails sWijel \are) ngy essentali J@amefoFW(?Qtlféﬁt af¢ Mlgur e
1 and whi ch Iﬁ SOﬁI ated with the mani pulator 1 may be for exanple
enbodi ed as s Wﬁaﬁ Figure 2 in the formof a so-called mcrotable (mcro-

mani pul at 9p) or al g abEoraNER Witheh AlRThitRe. coﬂﬁghrdmntme SapBEﬁWsdﬁdFig%re 2
performvery precise and rapid novenents within a relatively small Wworking

" range in t he maydedrd¥ided-in dier rgicne of thieFvpu limit2posititne ofithe m@nipwlator 1 with
control | abl e on the basis osi tj onal su i val ues of t t

measuri ng canBPsidOTy SERsOTS gﬁdgﬁ dh 27 cd’??P@E‘EYeiY] ?‘RS{TEr&ﬁe‘FﬁeF‘@'(g?ce%tr and” 29
transm tted tQo. L OGAR M WRKKERbpdRd hiewil ddd fflich e GRbMS LRRAL stider 16.

Those additional measuring members make it possible to measure the respective

15 position of the slider and therewith the chip gripper 2 in the two limit positions, by
the sensors 26, 27 producing positional measurement values (in the x- and y-
directions), with ;respect to the reference or target position. As described
hereinafter, use can be made of that procedure in the context of a particular chip
mounting process according to the invention.

2;3 The correction motion unit 9 which is only diagrammatically indicated in
Figure 1 and which is associated with the manipulator 1 may be for example
embodied as shown in Figure 2 in the form of a so-called microtable (micro-
manipulator) or also in some other fashion. That unit is provided to perform very
precise and rdpid movements within a rel.atively small working range in the x- and

25 y- directions (Figure 2). The unit 9 is controllable on the basis of positional
measurement values of the two measuring cameras 7 and 8 and the correction
motions thereof are transmitted to the manipulator and therewith to the chip gripper
2.

.As already stated hereinbefore such positional measurement values are



2. As already stated hereinbefore such positional neasurenent val ues are
-9- obtained in the course of each working cycle by automatic processing of
the i mages of the two neasuring caneras 7 and 8 (or the signals from sensor
means) and correspond to positional errors (in the x- and y- directions) of
the chip 1 provided at the location A or the substrate place 6 provided at
the location B. Positional errors 5 of that kind nay be due to various
causes, in particular they are caused by limted accuracy in regard to
notion of the wafer table 3 and the indesxger 4 which nust both have a
relatively |large working range. Insofar now as the notion unit 9 is
control | ed wighfifed! MahRbisE Bf eXH WolkingdGfle B AGRmAit Prodessing 6f itlel iffages
measur enent val ues, the respective positional errors of the prepared chip
and t he prepafdahe &0 mehairingt eanmrasc @ ande8 clonthe signats froth sénsor mgang)0and s

booi £ on. 1t CRITFIPASE 1 POPLBTAICEtTs finhe:x. 1 L FeHORD G ANE GRP LIREORs 3b - ¢
must be effecgte : e | 2 ' d L e
Moepeotive ot fbogfliod Aol Gk 3abeditd fhod § 0P RALE 100R0RT (PBROL Btokd 0

of the prepapethatikind iy 1 deathyvdrivud Tauesepattear teyraxicamed by lihitéde
"hal f tinme" of the cycle, that is to say prior to the chip being lifted off

the chip car atewracylin segasoetpeionsit thewalesitable 3 apdthe indegersd whigbanpst bothe
chip gripper,2 is a,se-called die.collect tpal.whi n £ he chi at
their upper baged r%ﬁﬁ‘éeﬁyp#'é%euﬁ’ﬁglg% T3eg raﬁ?ogﬁrgﬁ’?aﬁi g%gg'%’"%gt _Var?ogshe-
gripper and thfrSiEdPwitkid fieWvsking éycld B acdordincd vAttE HitogREifRE thdiShreniehiP
side, for exanple with.a 20 suction gripper - it is particularly

advant ageous vhlnes;t thee redpectives pesitionag qroors t ofothel prepasadr ehipnand, shei@regareth i s

ascertained at the first |ocation A then add i} vectorially to the value
subsequedf| y SURsERIG Blacs jarg: cqm@nﬁ%sedatﬂpanths,c Pt ofst fransemet fram ‘g"' 4 t he
sum that is t :the cycle; inthe
vectori al ad&%@?%ﬁﬂgg@rté??{gﬁﬁaﬁéeﬁ%%rﬁég %g%ﬁ%&%gt}@al |y conpensated (in

accordance 25 W Thwill baagpieciatd Bt e odrgoctidn hétiin dihibe amitr B afustobe efféctead
overall turns out to be smaller. . o . :
at the latest prior to each operation of depositing the respective chip 10’ on the

—G )

substrate place. The positional error in respect of the prepared chip may already be

15 compensated approximately at the "half time" of the cycle, that is to say prior to the

chip being lifted off the chip carrier 11, by control of the unit 9. That is desirable

if the chip gripper 2 is a so-called die collect tool which engages the chips at their

upper edges, which presupposes accurate orientation as between the gripper and the

chip. Otherwise - if the chips are engaged at their top side, for example with a

20 suction gripper - it is particulaﬂy advantageous to store the respective positional

measurement value which is ascertained at the first location A, then add it

vectorially to the value subsequently ascertained at the location B, and control the

unit 9 with the sum, that is to say only once, towards the end of the cycle; in the

vectorial addition operation the values can be parﬁaily éompensated (in accordance

25 with x- and y- components) so that the correction motion overall turns out to be
smaller.

Reference will also be made hereinafter to Figures 3 and 4 to describe the

function of the apparatus, and the mounting process, with the inclusion of sensors

26, 27 (Figure 2). The functional diagram in Figure 3 shows the sensors 26 and the



Ref erence will also be nmade hereinafter to Figures 3 and 4 to describe the
function of the apparatus, and the nounting process, with the inclusion of
sensors 26, 27 (Figure 2). The functional diagramin Figure 3 shows the

sensors 26 and the -10- nmeasuring canmera 7 at the first |location A and
the sensors 27 and the neasuring canera 8 at the second |ocation B, in each
case with the signal lines extending fromthem References 32 and 33 denote

i mage processing circuits which are associated with the caneras 7 and 8
respectively and at the outputs of which-appear the 5 respective
posi ti onal neasurenent values in respect of the prepared chip and the
prepared substrate, place respectiyel i%: The four nmeasurengnt val ues

respecti vel y HS3Biing ¢ameray ahthechinst ocatien A qpd the, sensors) &7 and dhe BEaiEREng
| I > . ) _ T o
or i pper at | neumes e (56 QchaJociof B th Bacit fte P Hohab i il Rof 1 .

34. The vect oftieftl. Referonces 32 A denotk ibthge PR6dcssing ircuenwhichnied hssosiateds i S
formed in such a per se known circuit. The vector sumforned (x- and y-
conponent s) i withatheeenngrasit7 and § respecsivelynend arthe quiputy@f cwhiely appearnthel i ne
35, fed to the correction tion unit 9. On.the basis,of that,contral .the
Uni t 9 perd or FREPGHYE RAsHHORRE MERTrEDERt VANGS b FESRECL (Gf DR AP RAEL EBP 4nd, e
order to accupRbgled ffbSirkteOfladd) Rospdtiiely | MR ol iikabliEmeRt Padd ivbige
substrate 15 fn%ngllce. I'n acgﬁol?dance W telg t he fgr egoi ng Igxarrpl e allpelei!&hv 19
~positional erassesained dh the eomse fracworking leycleouceeespbnding yto|lateral gositional
vectorially added and conpensated wifh a single cqrrection prpcedure at the
nani pul at or i?ﬁ‘?@ﬁi‘)}t‘g‘f’ﬁmﬁr S“i’ﬁ“ﬁ%ﬁ ¢ and, the; ghip %Pber(%ﬂ’!"r@‘g% M%EBpl ace
(begi nni ng of_t.he ib [ t 0 C 11
alternative f%ltramfécd)fﬂ){1 eﬁ‘g‘raggg?g dnd(éa)\H/\%v‘é’r%glll% 3%@%%%2@"?%%?’2‘ ?fo\r{ﬂeeﬁbae?rpﬁeg for

the measuied pesitidriad iasi@rement Riludsiefdrfreddn saciciper setarmul cirtuitt Tiw) weetf
the camera 7) to be conpensated in itself, wthout being included in the

addi ti on oper sum dermed t(Ke aod ricu¢ampPanentsh is callest upi afad |spitahle gnementcanghias i s
alternative confi

lifted off the chipn carrier . e q LDI uration i.s
i ndi oat od by PAEER Bt fte, 9. the SerrEiibhndfot St ' O o8 asi of
therefore thecdiidi the BRft P pERormi¥Othe required correction motion at the manipulator 1 in

order to accurately position the chip gripper with the chip 10' over the substrate

15 place.

In accordance with the foregoing example all positional errors which are
measured in the course of a cycle are vectorially added and ;compensated with a
single correction procedure at the manipulator immediately prior to deposit of the
chip on the substrate place (beginning of the bonding operation).

20 - In accordance with an alternative form of the process however it may be
desirable for example for the measured positional error of the prepared chip
(measurement value of the camera 7) to be compensated in itself, without being
included in the addition operation in the circuit 34, more specifically before the chip
is lifted off the chip carrier 11.. This alternative configufation is indicated by the

25 dash-dotted line 35" in Figure 3. In this case therefore the unit 9 performs two
correction motions during a respective cycle.

In the time graph shown in Figure 4 the horizontal bars which are shown
one beneath the other represent the following function portions and time portions

within 2 working cycle T:



correction notions during a respective cycle. In the time graph shown in
Figure 4 the horizontal bars which are shown one beneath the other
represent the follow ng function portions and time portions within a

wor ki ng cycle T: a. noti on of the indexer 4 b. eval uati on of the

| mage of the camera 8 (position of the substrate place at the |ocation B)
C. correction notion or notions of the unit 9 5 d. verti cal
novenents of the bond head 19 with the cfulp gripper 2 (z- direction, Figure
2) e. si deways novenents of the manipulator 1 ("fetch"” and "bring", y-
direction, Figure g) f. mot,om%rlhdaepperations of the sensors 26, 27 at A
and B respectlvel y 10 novenment of the wafer table 3 h.

eval uation of the bnagecwiuation Qfaﬂlerlmage (of abe tdamerB (positioni of te substrate

|l ocation A). It will be a (ﬁ ﬁlt ed tgﬁt all procedures described

herei nafter are progran?agg 7 16 196 e moment in tinme tl is assuned to be
the beginning of & fresk, s I()ﬁlﬂ&lOﬂOI &Rﬂn?%fﬁ:ﬁ’éeufntge when, after the end
of the bonding operation in e prece |ng cycle (bar d.) the indexer 4 is
started i order td prepatiealandvensintssofbthiertand headd® withAhé ehipt gripfee @d(z-
novenent of the substrate 5 has_  occurred, evaluation of the inmage recorded
by the neasuring camer adigeqtiony Figuse Pegins in order to detect the position

of the freshly pre are c Wi t of
the 20 indexer 4 n%é&g%f a@é&exﬁén?s ngt §iamlir’ovagtgri‘eegt tétéahr Je | des
t he bond head 19 to thedllrmhl Pipufe 2) order there to fetch the chlp 10

whi ch was provided (in the course of the preceding cycle) by the wafer
table 3. Before tHe |i mneasuoingtopenations oftthe sensora2tai2iratok anh8 rospedtivednd 19
with the chip gripper 2 over th waf e B’v? i s reached, the neasurenent
val ues ré{%ting t Bt he JOYETRERYP b‘?e‘t' rﬁ'g ded chip from25 inmage

processing of the famer @vafuytiflof'ing iRidé 6'dle! itefa 7'(RBsifiBh Ror'the BRY dritht o

focation A). _

It will be appreciated that all procedures described hereinafter are program-

controlled. The moment in time tl is assumed to be the beginning of a fresh cycle

15 T, being the time when, after the end of the bonding operation in the preceding
cycle (bar d.) the indexer 4 is started in order to prepare a fresh substrate place 6.
After the feed movement of the substrate 5 has occurred, evaluation of the image
recorded by the measuring camera 8 (bar b.) begins in order to detect the position

of the freshly prepared substrate place 6. Simultaneously with the start of the

20 indexer 4 the manipulator 1 is set in movement (bar e.). It guides the bond head 19
to the location A in order there to fetch the chip 10 which was provided (in the
course of the preceding cycle) by the wafer table 3. Before the limit position of the
manipulator or the bond head 19_with the chip gripper 2 over the wafer table is
reached, the measurement values relating to the position of the provided chip from

25 image processing of the camera 7 (bar h.) are available. The chip is now lifted off
the chip carrier 11 by rapid downward movement and lifting motion of the bond
head 19 (bar d.). The manipulator with the chip 10’ engaged by the chip gripper 2

then performs the return movement to the location B. Simultaneously with the

manipulator, the wafer table 3 is also started in order to provide a subsequent chip



the chip carrier 11 by rapid dowward novenent and lifting notion of the
bond head 19 (bar d.). The mani pulator with the chip 10' engaged by the
chip gripper 2 then perfornms the return novenent to the |ocation B.

Si mul taneously with the mani pulator, the wafer table 3 is also started in
order to provide a subsequent chip -12- (bar g.) and that is then

foll owed by the comencenent of evaluation of the imge recorded by the
camera 7 (bar h.). Before the mani pul ator has noved the bond head to the

| ocation B, the results of the inmage processing of the canera 8 are
available, that is to say the precise position of the new substrate place 6
I's known. 5 On the basis of the rel evani2neasurenent val ues as well as
stored and added further error neasurenent values ascertained in the course
of the cycle, the correction notion unit 9 is now controlled, whereby the
chip 10" is positioned precisely over the substrate place 6. Directly

t hereafter thébarcg)l anédabatio Howed by ¢he pompmencenent of bvalnation ¢f] the dmagel

t he bondi ng operati then occurs, That s and therewith the 10 rkin
yol oo i 09 efrontely e Ralees ' dher RancBelR b Heatialet B fbusd i Bon,
t2). If the a [ b d | 6 bididrh 8
posi tions of '?ﬁgd E%Lntge Agcgg?ﬂﬁ'egﬂcl\gsn‘g&i ﬁf%ggar%t Pgo%@sgﬁx&{ ﬁglﬂ?‘eespect i Vgre
monments in ti awailablgchar Baocay the pretise pbsitionof thehrewrsabstraterplate 6ab kaewn.
thereof are incorpqrated intQ 15 the storage operation, the addition

operation &nd Qhiedpsisatithe relent measusemept yalnes af msllpsitored Apd pdded Thrther
et er S £, B ek o ) BEORE b ORIk o
error conpensaiotivh wih9ds mewdyonaelled, whirebly itid ehip 110" i positionedsmbeisely ioveed
off the chip carrier 11, by virtue of the unit 9 being controlled on the
~basis of the fassubisoatg plags 6.c Directlynthereafiendhe bond bead 1} denesitptherhipzan dbg p
(carera A Dol Bk spHHE S nd S AR Blh, Tt B iowin e
B?z L;ggpghoer Wrking dydfe Piiamffieavith itfe BGﬁd:'hE‘ﬂ bERE rhiSed Bgaifi HAF &9 time
2).

If the apparafus is provided with sensors 26, 27 for the limit positions of the
bond head, they come into operation at the respective moments in time in
accordance with bar f., and the measurement values thereof are incorporated into

15 the storage operation, the addition operation and the correction motion, as was
described hereinbefore with reference to Figure 3. As is further indicated in dash-
dotted line in Figure 4, bar c., and as has also been discussed hereinbefore, partial
error compensation can already be effected prior to the chip being lifted off the chip
carrier 11, by virtue of the unit 9 being controlled on the basis of the positional

20  error measurement valueé of the prepared chip (camera A, bar h.). This therefore
corresponds to the alternative configuration indicated by the line 35’ in Figure 3, in
which the positional error of the prepared chip is not included in the summing

procedure.



-13- I/VE CLAIM 1. Apparatus for mounting sem conductor chips on a
substrate, wherein a respective chipis lifted froma chip carrier at a
first location, displaced sideways and deposited on a substrate place at a

second | ocation, conprising: - a nani pulator having a chip gripper which is
novabl e with a reciprocating notion between two nmechanically defined limt
positions, - a displacenent table arranged in the region of one |imt

position of the manipulator for providing a respective chip at the first

| ocation for said provided chip to be recks-ved by the chip gripper, and a
first nmeasuring canera directed onto the first | ocation for ascertaining
the position of the provided chip, - a substrate feed unit arranged in the
regi on of t hd/WEWGLAIM:i t position of the mani pulator for providing a

respective substraje pl gce the se d | ' far recei v t .
proei ded chip fronit hg gﬁﬁfgé‘? |H§)ﬁ)g\%“§t?@ %@é@dﬁg{bﬁﬁgip&roﬁlng s‘gtgsrér“étrea%re T nsor
means direct efyQpdQive i RCRNGE fromad LIP chffieradt Gefifs 16tatién,! dl@plm&ididm%@z )

e

the provided subStrate place, a correction nption unit associated wit
mani pul at or, asiidepositedoama sulistrats| placsrat aisecdrdsiocation, gowprisiogal neasur ement

values fromthe two neasuring, canmeras, or .t he sensor neans .o order t
conpensate for posi? F&?&H%‘P‘?B?"é%? °B’r?egrﬂﬁﬁ§\‘}i WB"% ?”é'ﬁ aaﬁﬁglpﬁ%“ﬁgag ed
at_the first hofigh beeed Bilo RREMIQNG defbéclifhiCositifispr 0Vi ded substrat e

e

pl ace, which are neasured at t seton ocati‘on, I n each case at the

| atest prior to a +asdispladeneent itibie Aaangeddapdr tegibmof bhe limib positior ofl thee.
2. Apparatus according to claim1, further conprising positjional sensors
i ntended to dearipelator dopipreviding & Kespegtive P at whe Brst Jeeation fon §uid pravidad

regi on of the,t imt. i tlans.of . ' . L0, .08 e
the positi on_c&'l\),\?%te g%ﬁeb‘%grsl?%gigrc pngl?éé}gt %L&#tﬁﬁg&f“%% Bﬁ_g'gl(r:aa‘f‘f 0 Zt%g&t he
second | ocat i188 fir@36&#tion\Bt ¥sceftainfi th@F@ﬁﬁbﬁ ¥EtHei prblidé@ehipi on, the :
correction notion unit being additionally controllable on the basis of

posi tional measur enesubstrateufeed fmib arranged i ¢hesregion of the other limit position of the

manipulator for providing a respective substrate place at the second location for

D)

receiving the provided chip from the chip gripper and a second measuring camera
or sensor means directed onto the second location for ascertaining the position of
the provided substrate place,

a correction motion umit associated with the manipulator, which is
controllable on the basis of positional measurement values from the two measuring
cameras or the sensor means in order to compensate for positional errors of the
provided chip, which are measured at the first location, and positional errors of the
provided substrate place, which are measured at the second location, in each case at

the latest prior to a respective chip being deposited on the substrate place.

2. Apparatus according to claim 1, further comprising positional sen.sors
intended to co-operate with the chip gripper, which are arranged in the region of the
two limit positions of the manipulator in order to measure the position of the chip
gripper in relation to the first location and the second location respectively in the
respective limit position, the correction motion unit being additionally controllable

on the basis of positional measurement values from said sensors.

A




-14- 3. A nethod for nounting sem conductor chips on a substrate using an
apparatus according to claim?2, wherein: |lateral positional errors - of the
chip after provision thereof at the first location, - of the chip gripper
prior to lifting-off the provided chip at the first |location, - of the
substrate place after provision at the second |location, and - of the chip
gripper prior to deposit at the second |location, are neasured during each
wor ki ng cycle, the nmeasured positional errors are at |east partially
vectorially added and stored, and for thepurposes of positionally accurate
deposit of the chip the ascertalned error sumis conpensated at the
mani pul ator i mredi ately prior to deposit of the chip by control of the
correction nmotion unit. 4. A process according to claim3, wherein a

nmeasured positionak efr Lor r first
| ocation, w thout elélgrﬂi&ﬁgﬁi féﬁgmﬁﬁhﬁ% (g‘é{- oper a{’ipganggglsgg%o{r]rp & ed
at the nani puh@;@ﬁmg amaﬁg%ﬂaaﬁaowmmﬁ he Chl p being lifted off by the
chip gripper.

b

lateral positional errors

- of the chip after provision thereof at the first location,

- of the chip gripper prior to lifting-off the provided chip at the first
location,

- of the substrate place after provision at the second location, and

- of the chip gripper prior to deposit at the second location,

are measured during each working cycle,

the measured positional errors are at least partially vectorially added and
stored, and

for the purposes of positionally accurate deposit of the chip the ascertained
error sum is compensated at the manipulator immediately prior to deposit of the

chip by control of the correction motion unit.

4. A process according to claim 3, wherein a measured positional error of
the chip after provision thereof at the first location, without being included in the
addition operation, is compensated at the manipulator immediately prior to the chip
being lifted off by the chip gripper. "

* [ L | S *



