Method and apparatus for mounting semiconductor chips FIELD OF THE INVENTION [0001]The
invention relates to a method and an apparatus for mounting semiconductor chips on substrates. Such
automatic mounting apparatuses are known in technical circles as die bonders. They comprise a
dispensing station for applying adhesive to the substrate locations of the substrates and a bonding
station for placing the semiconductor chips on the substrate locations provided with adhesive.
BACKGROUND OF MdEnNVENT IE8Y {0002 substiatemcantainsaipredaierminechhumber of
substrate locations on which respectively one semiconductor chip is mounted. The processing is
typically accomplished in such a manner that in a first step at the dispensing station a portion of
adhesive is dispensed to each substrate goeatior of the; suhstrate.okhe substrate is then transported to
the bonding station and the semiconductor chips are applied. There are now applications in which

several thausayid small semjconduyclor chins.ate pounted an saghpubsiuate. The.uraber of substrate

locations can beso large that even at a very high throughput rate (UPH = units per hour) the automatic
mounting BEPaIatNE reéquFes UM TorPrRiiAg alPetistPate 8ERIBHS Gthe SubRtAte ¥ith
adhesive thabislongesshandhersar-called ¢ duellitiae” of rdneeutimel ofidbeddhesivecsThe dwell time
specifies for a certain adhesive how long the maximum time betw the applicati esive
and the plggénr%]éﬁ%f?héisse?ﬁ%%ﬁ%%ct%% C ﬁgnm%%eamg%ﬁ?%ugﬁg%%e%n%s %ﬁ%&%@%\?groblem
is specificaprtatanskintforhs Grksporigsoradhashershipliecica Rbstrite Roe4HdY i tife course of
time whichsskindeegrtively. influgncesthe bebayiour pfdhe adhasive during thedmaelirhingdofethieve .
semiconductor chip. This problem is circumvented nowadays either by providing only a portion of the
substrate locations with adhesive and;then-fitting vith seppicepgpgtorghips and passing the substrate
several times through the die bonder until all the substrate locations are fitted with semiconductor
chips or by arranging the dispensing station and the bonding stations as close as possible to one
another so-fii4he aPphE&esH %?%d%%%?\?elPosoﬁepsﬂef)ds?ra?égrolggt‘lgor? Lé%%etﬁeoﬁi%gﬁqse%nﬁao The
semiconductoa chipthereomhdar tajes pracei withya sherteetimedelt Thedel solutionsuidirdvafibas
disadvantages SUMMARY QF THEINVENTION: 10031t is the ebiect.aftbe inventian ta develap a
better solution for these applications. [0004]Each substrate has a é)redetermined J‘lumber M. o

substrate REHOAS WhRhHrPEHEHGEdShTbnE afd RBRIAR i the ThERASF of & 1HATREITa

X, Wihere the rows
run paralleldoithe directioreofltsansport and tirescolunsits amne pefpendicdutdrriatiheldiradtfon of transport.

Each subsfialg is dividgd.accardingio,the, inventiog,inio. K sustapfially same-sizechsyl-regions, i.e.
each sub-region comprises substantially N = M/K substrate locations. The number of sub-regllons is at

least K = 2PFrid €8micBRAGCRF CHIRY af8mdGRtettiith the TBRGNIRG L thousand sma

semiconductor chips are mounted on each substrate. The number of
substrate locations can be so large that even at a very high
throughput rate (UPH = units per hour) the automatic mounting
apparatus requires a time for providing all the substrate locations of
the substrate with adhesive that is longer than the so-called "dwell
time" or "dry out time" of the adhesive. The dwell time specifies for
a certain adhesive how long the maximum time between the application
of the adhesive and the placement of the semiconductor chip may be
without quality problems occurring. The problem is specifically that a
skin forms on a portion of adhesive applied to a substrate location in
the course of time which skin negatively influences the behaviour of
the adhesive during the mounting of the semiconductor chip. This
problem is circumvented nowadays either by providing only a portion of
the substrate locations with adhesive and then fitting with
semiconductor chips and passing the substrate several times through
the die bonder until all the substrate locations are fitted with
semiconductor chips or by arranging the dispensing station and the

bonding stations as close as possible to one another so that the



transporting the substrate to the dispensing station, dispensing an adhesive portion to each of the
substrate locations of the first sub-region, transporting the substrate to the bonding station, placing
semiconductor chips on the substrate locations of the first sub-region, transporting the substrate back
to the dispensing station, dispensing an adhesive p_orﬁoﬁ to each of the substrate locations of the
second suegion,  transperting, e substrals, Lo (e bending stalion, placing semigondugiar chigs on
the substrate locations of the second sub-region, and continuing so until all the sub-regions of the
substrate dreitfeshAPrSEIRicOndiEtBr ERfISI0005THERK R P Bade thafoRBSUSSTrdtéter the
other is pradded with adbesbrupodionsand fitted vith seniconsduciareehips, where one substrate is
always located at the dispensing station and at the same time another substrate is located at the
bonding station. In order that an automatjg,sRaYyenee 1$;P0seie1a Biffer station is disposed between
the dispensing station and the bonding station, which is configured as a passing place at which one or

two substr be transported from the dispensing station to the bonding station and one substrate
to be trans%rtg?st%gc)l]in thlgto;%oi%lee d?rge}:ﬁgercl f(r)oér)nttqﬁ% ggﬁf(‘ﬁrﬁ%lﬁgt%ﬁ tgﬁﬁsqgfgpgn%%ggﬁgtion can Cross.
The buffer seaticn ¢ tHerefdlecsenfigurktcrttesnporarily receive one or two substrates and remove
them from the transport path. [0006]T designates the mean cycle time required at the dispensing
station to sy 4] portscaf adbesiveto asubstrate teaation asd Td.designates theinseara cycle time

required atlt(p((:ea ondlngnﬁgg%natgeolace a sgmc%nq:%%tgrgggo on.a sugstrgteckoec%g)rpﬁg e ime Atl

required to provﬁé) all the substrate Tocations of a sub-region With adhesive portions is therefore Ats=

N * Tj. ThetfirelAe2 fuifed S plates asEmidrribbtdr Sipote afl the Stbdtrté |16caiemesrqand
subregion imthereianenAt2=M *pkxpbha tivie At whichirlapses betwaes therapplication efaaghesive to a

specific substrate lgcation and the placement of a semiconductor chip at this specific_su strate
location is ?ﬁéﬁeﬁgﬁg the Far%é‘r’%) ?hcfe ?v%%r#érsl%?gn%hﬁz,l%?%lzorﬁa&?r%%rﬁ(ﬁﬁ%&inwﬁ%re the
transport tFaaFro 286 disPersingastation 16 thedsdhdibg statcivis Aeghgible i eshfjarisor? e dwell

time tp is aitimeyprovided by-the maewfactuer ohthe,aghesivewvhioh-spegcifigs how lang thesmaximum

time between agpli%%tion of the aglhesive aHd lacement of the semiconductor c_Lhie, may be without
. = Z. e .semicon uc?or chips ar$(m?unt? with the follo 1ng steps: .
quality problems ‘occurring. Tn principle, the namber K of sub-regions should bé as small as possible

but selected && ahatiretdmaditipg substrate to the dispensing station,

- dispensing an adhesive portion to each of the substrate locations of
the first sub-region,

- transporting the substrate to the bonding station,

- placing semiconductor chips on the substrate locations of the first
sub-region,

- transporting the substrate back to the dispensing station,

- dispensing an adhesive portion to each of the substrate locations of
the second sub-region,

- transporting the substrate to the bonding station,

- placing semiconductor chips on the substrate locations of the second
sub-region, and continuing so until all the sub-regions of the

substrate are fitted with semiconductor chips.

[0005] Here it is the case that one substrate after the other is
provided with adhesive portions and fitted with semiconductor chips,
where one substrate is always located at the dispensing station and at
the same time another substrate is located at the bonding station. In
order that an automatic sequence is possible, a buffer station is
disposed between the dispensing station and the bonding station, which
is configured as a passing place at which one or two substrates to be

transported from the dispensing station to the bonding station and one



At < tp is usually satisfied. [0007]The number K can be determined, for example, as follows: a)
calculate the time Atn required by the dispensing station to provide all M substrate locations of a
substrate with adhesive as At81= M * Ta, b) calculate the time At82 required by the bonding station to
fit all M substrate locations of a substrate with a semiconductor chip as At82 = M * 12, c¢) select the
time AtsasJeJarger otipe g fmes. AL and 83, e, Als= maximumipin AB2). d) galdlate
ratio R = Ats/tp, e) determine the number K either by rounding up the ratio R to the next higher integer
or rounding WP the Pafid R - fiReABkPIMHIRE infeget™ [0DOSHF tHE AuRbEeK iS trREdiPRink® by
rounding uphikesraiioeRdortheqiaxdigbet sitpges thep thecimeawvbich elapses beweerapplicaiion of
adhesive tgeqpoe gu%%rate Iocatiga]a qrghe lacement of the semiconductor chip on this substrate
?f?]%

.. Vv m from e SPOrt p . X .
location is definitely shorter than the dwell time tp. owever, the ratio R is only somewhat larger than
anintegerL, e.g. R=L.13 or R =L.23 or is even larger, it is then quite reasonable to determine the

e , (
number K Bg%%hdingj[ thEFa6GTR totvrt B thE PRxEEmdlier ifite get Bhd §Pedifichlly bdtaREBIhEGuality
can satisfysthetrieguitementsliynposed ini arspetifidiapplication despitesexceedingdtheidwelhtiher-LE,.
This decisjongis g the disgretion gf the process.endinesr[0009]ihcan g ihe case.that the K

sub-regions are not exactly the same size, e.g. because the total number of Substrate locations M is

not divisibRBy thé nBRTHEPR A WhRIBURBEe? ot etairePorne Caldmh in84cH E88e i< to be
finish-processedsntl the pumbetcofaaaluatts ehastibsteate is aot civdsibie bythe-meyben Kvasia whole

number. It ¢an s be the case that fhe K subiregions gre.only sypstanially,the same size- [0010]1

the K sub-regions into which the substrate Is divided are substantially the same size, then it is

sufficient iPECBuffe s SEatipPdUsdaitetdd tivat Grid stibtrat® s bettadsyortdd o the dispensing
station to theghending siatios ackone syhstrate,to badrarisporied whthehoppeske ditestivadrorhihe

bonding stgljon,othe.dispensing.stajon,can, cross. Jp order ihat sybstiates diided i fifferent-sized
sub-regions, typically K-1 same-size sub-regions and one smaller sub-region, can be processed, the

buffer statR¥PffRtbe adaptetrdicosdunisubsiatesttotha dratipottelrirony fie aisherRftg &eation to
the bondingsstation-and enersubstiratetodze tiadaspested fiem the bonging statios to the dispensing
station. B%I’CEEDmEaignBAETL?l\,I OAE:2 ':IEw eRfAéth.lt\lleG E.‘I[‘%IllJSRp%§t time from the dispensing
station to the bonding station is negligible in comparison. The dwell
time tp is a time provided by the manufacturer of the adhesive which
specifies how long the maximum time between application of the
adhesive and placement of the semiconductor chip may be without
quality problems occurring. In principle, the number K of sub-regions

should be as small as possible but selected so that the condition

At < tpis usually satisfied.

[0007] The number K can be determined, for example, as follows:

a) calculate the time Atg required by the dispensing station to
provide all M substrate locations of a substrate with adhesive as
Atgy = M * 14,

b) calculate the time Atg, required by the bonding station to fit all M
substrate locations of a substrate with a semiconductor chip as
Atg; = M * 15,

c) select the time Atg as the larger of the two times Atg and Atsgs,
i.e. Atg = maximum(Atg;, Atgs),

d) calculate the ratio R = Atg /tp,

e) determine the number K either by rounding up the ratio R to the
next higher integer or rounding down the ratio R to the next

smaller integer.



[0011]The accompanying drawings, which are incorporated into and constitute a part of this
specification, illustrate 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: - 5 - Figs. Figs. 1, 3,"2 4 show the parts of an apparatus for mounting

semicondulysgqn a ﬁ%bsctﬁatenﬂ%%%%s"’}{yf gr yoderstanding the lvention. shaw enjarged sections of
Fig.1 and 2,respectively, ang Figs. 5,
the next higher integer, then the time which elapses between
application of adhesive to one substrate location and the placement of
the semiconductor chip on this substrate location is definitely
shorter than the dwell time tp. If, however, the ratio R is only
somewhat larger than an integer L, e.g. R = L.13 or R = L.23 or is
even larger, it is then quite reasonable to determine the number K by
rounding the ratio R down to the next smaller integer and specifically
because the quality can satisfy the requirements imposed in a specific

application despite exceeding the dwell time tp. This decision is at

the discretion of the process engineer.

[0009] It can be the case that the K sub-regions are not exactly the
same size, e.g. because the total number of substrate locations M is
not divisible by the number K as a whole number or because one column
in each case is to be finish-processed and the number of columns of a
substrate is not divisible by the number K as a whole number. It can
thus be the case that the K sub-regions are only substantially the

same size.

[0010] If the K sub-regions into which the substrate is divided are
substantially the same size, then it is sufficient if the buffer
station is adapted so that one substrate to be transported from the
dispensing station to the bonding station and one substrate to be
transported in the opposite direction from the bonding station to the
dispensing station can cross. In order that substrates divided into
different-sized sub-regions, typically K-1 same-size sub-regions and
one smaller sub-region, can be processed, the buffer station must be
adapted to cross two substrates to be transported from the dispensing
station to the bonding station and one substrate to be transported

from the bonding station to the dispensing station.
BRIEF DESCRIPTION OF THE DRAWING FIGURES

[0011] The accompanying drawings, which are incorporated into and
constitute a part of this specification, illustrate 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:



6 show sequence diagrams. DETAILED DESCRIPTION OF THE INVENTION [0012]Figures 1 and 2
show the parts of an apparatus for mounting semiconductors on a substrate, a so-called die bonder,
required for understanding the invention. Figure 3 shows an enlarged section of Fig. 1, Fig. 4 shows
an enlarged section of Fig. 2. The apparatus compriges a dispensing station 1, a buffer station 2, a
bonding station 3, which are arranged successively in the said sequence, and a transport device for
transportingrRhgssuldstrates. Irs Hus extasn ple, tthe dfarsparp paveteusoigrisesuma pgrallel-running guide

rails 5 on which the substrate§e{ﬁ§53.ﬂg&ttlgp§t yyo gl pS:6 ga%var@g&as@p@l rtoopr at an acute angle

to the guide rails 5, where for transporting each of the clamps 6 clamps respéctively one substrate
between two clamping jaws atddfiotedNtdthd BesirB¥&thtiBA: The dispensing station 1 is configured

to dispense gdhesive 1o the sypsifais legajianssebaissbstate sThe hongding stajieq shis ¢offgured to
place semiconductor chips on the substrate locations provided with adhesive. The buffer station 2 is
configured to remove from thé"fldansport path a substrate that has been partially fitted with

semiconducteryehips atghe bemdindsegtieRck andayhighss to be transported from the bonding station 3
to the dispensing station 1 and temporarily park it so that one successive substrate or two successive

substrates to which adhesive @%Lp%r\_séﬁg&%aglnﬁp@@q)gt Jihl—%dl' j gﬁtation 1 and which must

now be fitted with semiconductor chips, can be transported from the dispensing station 1 to the

bonding sktatiﬁ 3, i.e. past thefarked substrate [2?013 In th% preferred embodiment shown, the buffer
station 2 EQRths folit SHFaeiFel- uﬂﬂﬂ‘ugfgﬁ Wrziif% REEAED W LLoRREN %Uﬁ)orf)‘?, MRUES Rkt guide
rails 8 disparsecoimda it sirslane and tvetsedond guiie: lsl @ dispasdibimarsecosguploee beated - 6 -

thereaboye, Ehe SHRRANE /1G4 PRVBIRGDLAN iOYEred DYsMaRNSHf 3 Ariyegkd) I dog heighyz running

perpendicular to the transport path. In this example the buffer station 2 can adopt two positions, i.e. a

raised poSltfn A (Fig 91 ahPPRYS)3R iR BE%irRegLIR s §'dde ishWRhARBYGHESails 5 of the
transport davice ses alalvepsthposiiost Bt(Foon 2 ana Bigf. 4g1in stlathdhe Zecortbgdidegrails 9 are flush

with the quide rajls § of jhetranspott deyice. The SURSIPRSPY quide tails & § SRS isaPaaren in

Fig. 2 and Fig. 4, be fabricated from one piece of material. The guide rails 8, 9 facing the clamps 6 are
preferably FGHEAHItIH QVhotrddfhg [StGHSRRY Gl (iR § OFAéiRbeSvay Trdithe CI&MMILs drae
preferably famsedras gwowss. {04 ] Tdus buifer statin lis thusiconfiguireled to dempdadly wdeive one
or two subpsira tr ort device e e th r ) th, i.e. they can
tem porarﬁ)ﬁ %egg%r gﬂ%%%sid@éﬁ}% %be\%s%)l{;)rt! %231%1{ s%a%ﬁoﬁgaérﬁﬂ%%@%t%%{w r’E])i_elg'}lra%ngpg}rpt/ed from
the dispedbirffistioht1 30 IhE HohdiRg seaticle 3" & Bross WRIBstiAE th ¥ #BAShbRGERCiheeverse
direction free theupondeng istain Bdogbetdispensimgestationt t.at e bet ween two cl anpi ng

jaws and noves it to the desired station. The dispensing station 1 is
configured to di spense adhesive to the substrate | ocations of a
substrate. The bonding station 3 is configured to place sem conductor
chips on the substrate | ocations provided with adhesive. The buffer
station 2 is configured to renove fromthe transport path a substrate
that has been partially fitted with semi conductor chips at the bonding
station 3 and which is to be transported fromthe bonding station 3

to the dispensing station 1 and tenporarily park it so that one
successi ve substrate or two successive substrates to which adhesive
portions have been applied at the dispensing station 1 and whi ch mnust

now be fitted with sem conductor chips, can be transported fromthe

di spensing station 1 to the bonding station 3, i.e. past the parked
substrate.
[ 0013] In the preferred enbodi nrent shown, the buffer station 2

contains four parallel-running guide rails fastened to a conmon
support 7, i.e. two first guide rails 8 disposed in a first plane and

two second guide rails 9 disposed in a second pl ane | ocat ed



[0015]Figure 5 shows a sequence diagram which Illustrates by reference to three substrates 31 to 33
how the substrates are processed according to a first exemplary embodiment of the invention in which
the K sub-regions have substantially the same number of substrate locations, i.e. about M/K substrate
locations. In this example K = 3. The location of the gjspensing station 1, the location of the buffer
station 2 and the location of the bonding station 3 are marked by arrows, t designates the time axis.
The bufferistatab @vis. loTated uipposition Aamhkesaraicosdiuntar toipsr & mpunted orotheasubstrates

as follows; A) i first substiate G s rpusRerd fa e disagsing safine 1 Bhs pupsite

locations of the first sub-region of the substrate 31 are provided with adhesive portions. Cl) The first
substrate! 31 idtrangpBrebeot e Behdifly Sthibhes theCSEtAtPRUDEWAPSS ik tRiifspdrtéd t&the
dispensingastationpesi + Ddn Thg substrateatacations ) thienfinshiscb-tegion iof $he guibsérataiaxase
provided i ive partions. Parallel to this,the.s rat ons ir -req| the
substrate%?ari?ﬂtgtgd @VI%?] slgﬁ%cgr% g(%t_orr%r?iés ..éE I?fEi_c a? %g gtﬁgﬂgvo&;ét\} Egtéat%qsag?aﬁ g UgéZ} %& the
steps: THOsUbsRAtS S i Grandpdfedicthetuffer $Ritoh herrepafdr Statish pas!srolight fhto

position B.| dée subsirateeSgus deanspartedtothe hendingsiaiian devinere it passesgbepasiéer station
2. The buffer, station 2 ig, braught intg pasijtion. A, The substrate §j is transported tg the dispensing
station lﬁﬂfq%:r glﬂ)é’[féf(% %c%ﬁ%hs%o%)thg saéod%%rde gtﬁblrﬁ;%icsbf § éﬁ.abr}és{rie Z{j B
fabricated fromone piece of nmaterial. The guide rails 8, 9 facing the
clanps 6 are preferably forned with a protruding stop, the guide rails

8, 9 facing away fromthe clanps 6 are preferably forned as grooves.

[ 0014] The buffer station 2 is thus configured to tenporarily
receive one or two substrates fromthe transport device and renove
themfromthe transport path, i.e. they can tenporarily be parked
outside the transport path, so that one or two substrates to be
transported fromthe dispensing station 1 to the bonding station 3 can
cross a substrate to be transported in the reverse direction fromthe

bondi ng station 3 to the dispensing station 1

[ 0015] Figure 5 shows a sequence diagramwhich illustrates by
reference to three substrates S1 to S3 how the substrates are
processed according to a first exenplary enbodi nent of the invention
in which the K sub-regi ons have substantially the sanme nunber of
substrate locations, i.e. about MK substrate |locations. In this
exanple K = 3. The location of the dispensing station 1, the |ocation
of the buffer station 2 and the | ocation of the bonding station 3 are
mar ked by arrows, t designhates the time axis. The buffer station 2 is
| ocated in position A The sem conductor chips are nounted on the
substrates as foll ows:

Al) The first substrate S1 is transported to the dispensing station 1.

Bl) The substrate | ocations of the first sub-region of the substrate

S1 are provided with adhesive portions.

Cl) The first substrate S1 is transported to the bonding station 3,
t he second substrate S2 is transported to the di spensing station
1.



31 are provided with adhesive portions. Parallel to this, the substrate locations of the first sub-region of
the substrate 32 are fitted with semiconductor chips. Gl) Exchanging the two substrates S1 and 52 by
the steps: The substrate 32 is transported to the buffer station 2. The buffer station 2 is brought into
position B. The substrate Si is transported to the bdnainé station 3 where it passes the buffer station

2. The buffer station 2 js brought.into position A. The substrate 52 is transpofted o ispensin
station I. H% ll' hggs?ut?sﬁre?t%ﬁ%u(%tiéﬁg%%tﬁg sse%%nghs?ut?-lréaf%nsgg t_hregéﬁ%%t%té %%%rg%rgvided wifcljw
adhesive portiorS. Parller &y Heisdtive sDb3HRES lotatPsiarie- sécdiid $8b-regidi bf the Rbstrate Si
are fitted with semmiconeucion ebips: &) Exchanging the twewsuhsitates SianthS2sas #t steeESL KI) The
substrate locations of the tfgjrd ﬁl?-rseg%on 011; éh% ,gg]t_)sggée SSi are provided with adhesive portions.

Parallel to this, t%%esufblsFtFaete [6tations of the second Su -I?egion of the substrate S2 are fitted with

semiconductor ¢hipsahly fixchanrgingdheuworsubsiates Shand Sdasthstepedk): M1) The substrate
locations of the third sub-region of the substrate 52 are provided with adhesive portionf. Parallel to
this. the - The substrate S1 is transported to the buffer station Z.

- The buffer station 2 is brought into position B.

- The substrate S2 is transported to the bonding station 3 where

it passes the buffer station 2.
- The buffer station 2 is brought into position A.
- The substrate S1 is transported to the dispensing station 1.

F1l) The substrate locations of the second sub-region of the substrate
S1 are provided with adhesive portions. Parallel to this, the
substrate locations of the first sub-region of the substrate S2

are fitted with semiconductor chips.
Gl) Exchanging the two substrates S1 and S2 by the steps:
- The substrate S2 is transported to the buffer station 2.
- The buffer station 2 is brought into position B.
- The substrate S1 is transported to the bonding station 3 where
it passes the buffer station 2.
- The buffer station 2 is brought into position A.
- The substrate S2 is transported to the dispensing station 1.

H1) The substrate locations of the second sub-region of the substrate
S2 are provided with adhesive portions. Parallel to this, the
substrate locations of the second sub-region of the substrate S1
are fitted with semiconductor chips.

I1) Exchanging the two substrates S1 and S2 as in step El).

K1) The substrate locations of the third sub-region of the substrate
S1 are provided with adhesive portions. Parallel to this, the
substrate locations of the second sub-region of the substrate S2
are fitted with semiconductor chips.

L1l) Exchanging the two substrates S1 and S2 as in step Gl1).

M1) The substrate locations of the third sub-region of the substrate

S2 are provided with adhesive portions. Parallel to this, the



- 8 - substrate locations of the third sub-region of the substrate Si are fitted with semiconductor chips.
Ni) The substrate Si is transported to the outlet of the automatic mounting apparatus. 01) The
substrate S2 is transported to the bonding station. PI) The substrate S3 is transported to the
dispensing station 1. 41) The substrate locations of the first sub-region of the substrate S3 are

provided with adhesiye portions. Parallel to this, th sy%s rate Jacations of the third, sub-region of the
substrate S2 arglf%tse%fva\%tﬁ sgeorﬁl%%lno u?:jrgrgcr}%jﬁ)%. f§0116 '_I'%e secc%nd substrate S2 is now finish fitted
with semiconduettt chip$ ahdistfanspérteads Hheoutietdf the automatic mounting apparatus. The

mounting gf the semiconductar.chipsis continued,with substiate 33 a0d qfbet substiatesinithe same
way. [0017]The step sequence Si is carried out when the mean cycle time T1 of the dispensing station
1 is shorter tharPf& hid%h 8YER H&St2 of the bonding station 3. When Ti> i2, the substrates Si and

52 are exchangeddnstead ofihe step sequance &l vith the followingstep saqiange EI The substrate
52 is transported to the buffer station 2. The buffer station 2 is brought into position B. The substrate

Si is transpénted 6 tieldispeising Statiort 12RARSIEE Pase s the IR StalGN FLaFhebuUtfer station 2
iStnOUth&Hq)H9§§k¥&€§trate locations of the first sub-region of the substrate
S3 are provided with adhesive portions. Parallel to this, the
substrate locations of the third sub-region of the substrate S2

are fitted with semiconductor chips.

[0016] The second substrate S2 is now finish fitted with
semiconductor chips and is transported to the outlet of the automatic
mounting apparatus. The mounting of the semiconductor chips is

continued with substrate S3 and other substrates in the same way.

[0017] The step sequence El is carried out when the mean cycle time

1, of the dispensing station 1 is shorter than the mean cycle time 1,

of the bonding station 3. When 1, > 1,, the substrates S1 and S2 are

exchanged instead of the step sequence El1 with the following step

sequence E1’:

- The substrate S2 is transported to the buffer station 2.

- The buffer station 2 is brought into position B.

- The substrate S1 is transported to the dispensing station 1, where
it passes the buffer station 2.

- The buffer station 2 is brought into position A.

- The substrate S2 is transported to the bonding station 3.

The same applies for the step sequence Gl.

[0018] Figure 6 shows a sequence diagram which illustrates how the
substrates are processed according to a second exemplary embodiment of
the invention in which K-1 sub-regions have substantially the same
number of substrate locations, and one sub-region has approximately
half as many substrate locations (e.g. M = 18000, K = 3, Ny = N; =
7200, N3 = 3600, where N; to N3 designate the number of the substrate
locations of the three sub-regions). The buffer station 2 is located
in position A. The semiconductor chips are mounted on the substrates

as follows:



The substrate 32 is transported to the bonding station 3. The same applies for the step sequence Gl.
[0018]Figure 6 shows a sequence diagram which illustrates how the substrates are processed
according to a second exemplary embodiment of the invention in which K-1 sub-regions have
substantially the same number of substrate locations, and one sub-region has approximately half as

many sub %teql&%%gt%‘i@fsstﬁe-gu M Z18009, Kz 3%1%\'%}%?58%5@5299’ H?’J%%GS Qyhere NLONg 1.

designate the number of the su strate locations e three sub-regions). The buffér station 2 is

located in BésitiBReA SThe e oheitrtcoekipd fareMolinted ofthierSisFaes 4 fol WS T AZYThe first
substrate Si is treanspestesktovthe-dispensingistation 1pB2}) Idessubstrate locations of the first

sub-region of the substrate Si are provided with adhesive portions. 02) The fitst trate Sids
transporteg%& ?P%%onﬁ?r% s?éjt%osr? %f%hee Es%céﬁd%uab%?aoté%é ist?ra%%;%t%%%ot e ispenging' station
1. D2) The substte $6catichsub e fifst tb-tsgibhaoTahesisbtiate 2 dfe hevrRigtPwithadiEsive

portions. Paralle] to this, the substrate locations of the first sub-region of the substrate Si are fitted with
I 1

semiconductor ¢hips. E% xchanging the two substrates Si.and S2 as in step.E| or Si %ftg first
process dlébs%ribe . 5551 Eréau est?é’t%%lg%:%ﬂts)ngécj)fftshg s%ejbf)sntd ssllfbé-réa%hogft fe Jscll?gst?gtes ?gree
provided with adifesive portonsieBardllidt te dhiss ive snpstracs focalivrslofthetfrst 3t refficn of the

substrate S2 are fiiedwith semigenddsteschins. ¢2)-Exchapging thentwae stibstrates St apd S2 as in
step 01 or, by analogy with El', a steg 01'. H2 Tt%e substrate locations of the second sub-region of the
substrate 32 aré pfovided Wit abResR SR

58HIOHS.%¥aI‘%ﬂéPFO'thiS, the substrate locations of the second
sub-regionE&H the:stipstiate Sitdre fitted withssemicondiictondhips. 49) Exciawifd the thb siistrates
Siand 32 as in step ELQLEI' K2rdhe gubstratelgcations of the third sub-region of the substrate Si are
provided with adhesive portions. As soon as this is completed, the substrate Si 'sttﬁaens rted tqutehe

buffer station’2 2R tHEEUEt e SR (raREpShebts tﬁgcﬁggeﬁgi%ﬁrﬁgfigﬁ LTS Subshate focations

of the first sub-regiciref theosubstdatei th adhesive portions. Parallel to this, the
substrate locations of the first sub-region of the substrate S2
are fitted with semiconductor chips.

G2) Exchanging the two substrates S1 and S2 as in step Gl or, by
analogy with E1’, a step G1'.

H2) The substrate locations of the second sub-region of the substrate
S2 are provided with adhesive portions. Parallel to this, the
substrate locations of the second sub-region of the substrate S1
are fitted with semiconductor chips.

I2) Exchanging the two substrates S1 and S2 as in step El or El1’.

K2) The substrate locations of the third sub-region of the substrate
S1 are provided with adhesive portions. As soon as this is
completed, the substrate S1 is transported to the buffer station 2
and the substrate S3 is transported to the dispensing station 1.
The substrate locations of the first sub-region of the substrate
S3 are provided with adhesive portions. Parallel to this, the
substrate locations of the second sub-region of the substrate S2
are fitted with semiconductor chips.

In order that there is no unproductive empty time either at the
dispensing station 1 or at the bonding station 3, the number of
substrate locations of the first sub-region of the third substrate
S3 is substantially the same as the number of substrate locations
of the third sub-region of the first substrate S1. This is also

the case with the substrates S2 and S4.



S3 are provided with adhesive portions. Parallel to this, the substrate locations of the second
sub-region of the substrate S2 are fitted with semiconductor chips. In order that there is no
unproductive empty time either at the dispensing station 1 or at the bonding station 3, the number of
substrate locations of the first sub-region of the third dibstrate 33 is substantially the same as the

number of strate locations, of the third sub-region of the first substrate Si. This.is alsa the e with
the substra’]%gg 3 Xé%é Iég4l.nEZ)t e Véongfrl]lg %%é: ?\%%ss%stﬁa%és éS§| a"ﬁld£ 53 wi?h the ?su]l::)strate S2 by: the
substrate S3 is trafi§porBEIbthE D fFferistatibRZPPEE o subtates Sishh ¢ 53R new 1685tett Gne

behind the othekitbtherbutfer statipny2 s he-buffer statiern ds dfeugbhiitia pasitient s r The sttstrate

52 is transporteg ! %Qle: dsi p%r}%iggzstation 1, where it passes the buffer station 2. The buffer station 2
is brought into position AT Thé subsfrate Si is transported to the bonding station 3. M2) The substrate

locations of the thifdSub&gfon ot #é euibstrase 'S2oae pravidedreit BiPresRre portions. As soon as

this is completed, the-subsisate; 82 isiransported i the uffer skation pdhemadhesiveqortions are

applied to the sul setg%teiltocaggng Sg)f éﬂ% fgst §ut%-regiotnigf th?e substrate S4. As soon as this is
completed, the substrate SH98 ?ransporteau Fo file Buffer Station 2. The two substrates S2 and S4 are

now located one b&hind e ethertiattherbuffésstationad tPardiiel ke #iis L firstRy-the substrate locations

of the third sub-regiga ofipgsubstraie Siarefittad vith-semicandugenghipg. 4% 896n as.the third

subregion of the substrate Si is completely fitted, the substrate S1 is transported fo the outlet of the
automatic qun%un%}ﬁ% gbl%&rta]fﬁ% %n]dot%aets% Str&te 53% Fr%ﬁ%%o?t%%~f¥8ﬁllﬁle 8%5%‘&&}5%3% ﬁggﬁe
bonding station 32 Taweespiysivaieldcatiohsasfithe first sabtiegion dithesubstrateSFaie then fitted

with semicondugigrchips.dy2} Fxchapging the sybstaies.sdnd o4 withihe $Histeates3 byon

2. Then adhesive portions are applied to the substrate locations
of the first sub-region of the substrate S4. As soon as this 1is
completed, the substrate S4 is transported to the buffer station
2. The two substrates S2 and S4 are now located one behind the
other in the buffer station 2. Parallel to this, firstly the
substrate locations of the third sub-region of the substrate S1
are fitted with semiconductor chips. As soon as the third sub-
region of the substrate S1 is completely fitted, the substrate Sl
is transported to the outlet of the automatic mounting apparatus
and the substrate S3 is transported from the buffer station 2 to
the bonding station 3. The substrate locations of the first sub-
region of the substrate S3 are then fitted with semiconductor
chips.

N2) Exchanging the substrates S2 and S4 with the substrate S3 by:
~ The buffer station 2 is brought into position B.

- The substrate S3 is transported to the dispensing station 1,
where it passes the buffer station 2.

- The buffer station 2 is brought into position A.

- The substrate S2 is transported to the bonding station 3.

02) The substrate locations of the second sub-region of the substrate
S3 are provided with adhesive portions. Parallel to this, the
substrate locations of the third sub-region of the substrate S2
are fitted with semiconductor chips. As soon as the third sub-
region of the substrate S2 is completely fitted, the substrate S2

is transported to the outlet of the automatic mounting apparatus



The buffer station 2 is brought into position B. The substrate 53 is transported to the dispensing
station 1, where it passes the buffer station 2. The buffer station 2 is brought into position A. The
substrate S2 is transported to the bonding station 3. 02) The substrate locations of the second
sub-region of the substrate 53 are provided with adheb e portions. Parallel to this, the substrate

locations of the (et syB-region. ot e sybstale oz arefited wilh semiconducter chiRs, 4s soep as the
third subregion of the substrate 32 is compllete y fitted, the substrate 32 is transported to the outlet of
the automatic mbUAtiRGEPFEratlis tarrd the sTBRtrae SUridttadssortd@Rrom thé Muffer st&tioHZ to the
bonding station 3edbersistiate locationrs of the fisksuberegion ©fdhe stbstate Ghate then fitted
with semicondu%tgi chips. P2) Exchanging the substrates 33 and 34 by analogy with step E2. Q2) The
substrate locations 5f the third sub-region of the substrate 33 are provided with adhesive portions.

Parallel to B%s, thechistiae [6BatioHS v ¥aé SecdndEath-Pégion GPmECsibstidte 342refitted with

semicondugtor chipSsubstrate locations of the third sub-region of the substrate
S3 are provided with adhesive portions. Parallel to this, the
substrate locations of the second sub-region of the substrate S4
are fitted with semiconductor chips.

etc.

[0019] These process steps describe the basic principles of the two
processes characteristic of the invention. The person skilled in the
art will coordinate the individual steps or sub-steps to one another
on the basis of his knowledge so that the processing time for the
substrates is minimal, i.e. the throughput UPH of the automatic

mounting apparatus is as high as possible.

[0020] While embodiments and applications of this invention have
been shown and described, it would be apparent to those skilled in the
art having the benefit of this disclosure that many more modifications
than mentioned above are possible without departing from the inventive
concepts herein. The invention, therefore, is not to be restricted

except in the spirit of the appended claims and their equivalents.



etc. [0019]These process steps describe the basic principles of the two processes characteristic of the
invention. The person skilled in the art will coordinate the individual steps or sub-steps to one another
on the basis of his knowledge so that the processing time for the substrates is minimal, i.e. the
throughput UPH of the automatic mounting apparatyis as high as possible. [0020]While
embodiments and applications of this invention have been shown and described, it would be apparent
to those shilled/B the art having the benefit of this disclosure that many more modifications than
mentioned above are possible without departing from the inventive concepts herein. The invention,

thereforeyis gk iolge Sﬁtfl%%ﬂﬁ%p%é‘?ﬁ%ﬁ@ﬁgt(ﬁﬂh@rﬁ%‘?nwﬁ #HRigs and éhﬁirs%%H‘z‘ﬁ'ﬁ@tS -12
- CLAIMS 1. Method for mountin semlcondu?i r chlﬁf?1 in which at a(ijlspensmg station one adhesive
portion aftéAHeBHNs ?ﬁ@ﬁéﬁé’ d BOSUbSHaf istatidis SF A¥unstratt 'S HhdiHEEEAS one
semiconduwtet chipsaftér thesotimdristaesd ort the Sabstra kications providedrinddnddicesive, the
method CQWW'%{FQer dt‘ﬁ@'”&tﬁh@rsu@tb@t&ééﬂt(bﬁt {gastdnossyly @W%ﬁ%@%(ﬂ%@@

semlconductor Chlé)s on each such substrate according to the following steps: A) transporting the

substrate Yo' the®filpeh¥fg L8N OB) RepEAshf%n adhesive portion to each of the substrate
locations of the firstistibagedior cfibetsulistraten) tendmaEtingttive sulistratgitorthe Bovading station

(3), D) placing sgyjRPNHYCia SRS o gL RS Ipcagans ffiihe iRt suBdepigryof the substrate,

according to the follow ng steps:

A) transporting the substrate to the dispensing station (1),

B) dispensing an adhesive portion to each of the substrate |ocations
of the first sub-region of the substrate,

C) transporting the substrate to the bonding station (3),

D) placing sem conductor chips on the substrate |ocations of the first
sub-region of the substrate,

E) transporting the substrate back to the dispensing station (1),

F) dispensing an adhesive portion to each of the substrate |ocations
of the second sub-regi on of the substrate,

G transporting the substrate to the bonding station (3), and

H) placing sem conductor chips on the substrate |ocations of the
second sub-region of the substrate and transporting the substrate
to an outlet if the nunber of the sub-regions is two or repeating
steps Eto H for each further sub-region of the substrate,

wherein the substrate in step E crosses in a buffer station (2)

di sposed between the dispensing station (1) and the bonding station

(3) one or two successive substrates which are transported fromthe

di spensing station (1) to the bonding station (2), so that one

substrate after the other is provided with adhesive portions at the

di spensing station (1) and at the sanme tinme another substrate is

fitted with sem conductor chips at the bonding station (2).

2. Met hod according to claiml, wherein the at | east two sub-
regi ons of each substrate contain substantially the sanme nunber of

substrate | ocati ons.

3. Apparatus for nounting sem conductor chips, the apparatus

conpri sing:



E) transporting the substrate back to the dispensing station (1), F) dispensing an adhesive portion to
each of the substrate locations of the second sub-region of the substrate, G) transporting the substrate
to the bonding station (3), and H) placing semiconductor chips on the substrate locations of the second
sub-region of the substrate and transporting the substyate to an outlet if the number of the sub-regions
is two or repeating  steps E to H for each further sub-region of the substrate, wherein the substrate in
step E crosses ia albsffensiatgprs (2t dispoceyl etmiaayuthe dispetisipg statieu fEsand the bonding

station (%gpﬁ %rng/v? gupﬁgsgil\fgﬁq%ﬁgatpgcvgpiicgngreoyagsgggggrfgq ,the dispensing station (1) to

the bonding station (2), so that one substrate after the other is provided with adhesive portions at the
dispensing station lgl) alnd at the same tgye another substrate js fitted with segﬂconduc;g,r chips at the
bonding station £2)°2 Mo ‘HoPling o Gaith' B4iASriR tRE 3T 2SS BB TEGicHY &P lh
substratet dentaibstibstamtiadigahesmEmermunied ofisubsedie $ooations. 3.Apparatus for mounting
semiconductor chips, the apparatus comprising: - 13 - a dispensing station (1) configured to

dispense adhesiye: paiions:to theyslesteaies ogatienstaf a puhsisata, t headuprdingtsatiandly
configured to place s micor}gu\%or %hips 0 tkge substrate IIo%atj[onst Rrov&ded with adhesive,
a triansport pat ich eads froman inlet to the dispensing stati'on
(1), fromthe dispensing station (1) to the bonding station (3) and

fromthe bonding station (3) to an outlet, and

a buffer station (2) disposed between the dispensing station (1)

and the bonding station (3) and configured to

(A) tenporarily receive fromthe transport device a substrate
which is to be transported fromthe dispensing station (1) to the
bondi ng station (3) and renpove the substrate fromthe transport path
so that another substrate can be transported by the transport device

fromthe bonding station (3) to the dispensing station (1), or

(B) tenporarily receive fromthe transport device a substrate
which is to be transported fromthe bonding station (3) to the
di spensing station (1) and renove the substrate fromthe transport
path so that another substrate can be transported by the transport

device fromthe dispensing station (1) to the bonding station (3).

4. Apparatus according to claim3, wherein the buffer station (2)
is configured to tenporarily receive and renove two substrates from

the transport path.

5. Apparatus according to claim3 or 4, wherein

the transport device has guide rails (5) on which the substrates
to be transported rest,

the buffer station (2) has first and second guide rails (8, 9)
di sposed in two superposed pl anes,

the buffer station (2) is configured to be raised to a raised
position in which the first guide rails (8) are flush wth the guide

rails (5) of the transport device and to be lowered to a | owered



a transport device configured to transport the substrates along a transport path which leads from an
inlet to the dispensing station (1), from the dispensing station (1) to the bonding station (3) and from
the bonding station (3) to an outlet, and a buffer station (2) disposed between the dispensing
station (1) and the bonding station (3) and configuregso. (A) temporarily receive from the transport
device a substrate which is to be transported from the dispensing station (1) to the bonding station (3)
and remqvesthe substnatehirom thestraaspod pathdso that an@ther substiale lcani bé ttanspputateby the
transport davice {rg’n the gqirpgﬁg%' (el En? dispensing station (1), or (B) temporarily
receive from the transport device a substrate which is to be transported from the bonding station (3) to
the dispensing station (1) and remove the substrate from the transport path so that another substrate
can be transported by the transport device from the dispensing station (1) to the bonding station (3).
4. Apparatus according to claim 3, wherein the buffer station (2) is configured to temporarily receive
and remove two substrates from the transport path. 5. Apparatus according to claim 3 or 4, wherein
the transport device has guide rails (5) on which the substrates to be transported rest, the buffer
station (2) has first and second guide rails (8, 9) disposed in two superposed planes, the buffer
station (2) is configured to be raised to a raised position in which the first guide rails (8) are flush with
the guide rails (5) of the transport device and to be lowered to a lowered - 14 - position in which the
second guide rails (9) are flush with the guide rails (5) of the transport device.



