METHOD FOR DETACHING SEMICONDUCTOR CHIPS FROM A FOIL FIELD OF THE INVENTION
[0001] The invention relates to a method for detaching thin semiconductor chips from a foil 5during the
so-called prepeeling phase. BACKGROUND OF THE INVENTION [0002] The semiconductor chips
are typically provided on a foil held by a frame, which islalso known in the field as a tape, for
processing on a semiconductor mounting apparatus, a so called die bonder. The semiconductor chips
adhere to the TRl EThedamORIENA il inecsemmodneiohor dispipesrRlomater tle. The water
table is displaced in order to supply one semiconductor chip after the other at a location and the
supplied semiconductor chip is taken up by a chip gripper and placed on a substrate in cycles. The
removal of the supplied semiconductor chip from the foil is supported by a chip ejector (known in the
field as a die ejector) arranged beneathfig fphEBIROGR) Elie BRfachment of a semiconductor chip
typically occurs in two phases, namely a first phase in which the semiconductor chip is detached at
least partly the foil by the die ejector without assistance by the chip_ arigper, and a second phase
i hich (hd 00 e e (BT ek R AR L BB a0 o e roi.
The first ph&yerg tkacwerbsdexgraeksnaPhprepeeling” phase. The die ejector comprises mechanically
movable means such as 20needles or a displaceable carriage or several plates that can be lifted and
lowered, and several parameters wBrOKERIONTE DPTHHEeNVENTRITRAl means are moved need to be
determined and set in a setup phase. The parameters need to be set in such a way that the prepeeling
process ocd@P92lithie tegishaustar sbisiple tpeldaty ofainsecam enib hel dhanafeantetbiseimi@enductor chip
is not damagieghAmitR AHiesaRge Ho 18 RERRREHNA RiARBAGUS R IRIRIMAS aRrAR Yo Rk is a
25likelihood th ttge semiconductor chi ,wig(aﬁreak gfaf:rt SHEMMARY OF 'IFH,IIE_INVENTI N [0004] It is
the object of fhRCRPEsd NEFTARRRSHES S oL Fr R e il EDg Tsemesuihithsat &P he foil
during the prepesiphargehseaf éstad el e el tebhei siditpitvade n orieraocopphnoee wath carftgttaspect, the
invention refgies e $HEhbMELIOQTIRERIRG Aot RARBAG.IS IRLS MDA AR Sefing time periods

which each defines a duration of a prepeelin St%ﬁ of the detachment process, wherein during each

prepeeling SEpPErang Riered e 87 5ale B tHESc RSB SF HIsiBURRHES SRTLERMAEIRS T fEMand is
bent and Satierviarsls.gesaciiep daip Heettoilkidvensetup fdacaneaysisas shentpliwieglistaps:
illuminating A emiconductor chip to be removed with light which impinges substantially
perpendicularly onto the surface of the semiconductor chip; carrying out the following steps for each

prepeeling steg whose duration is to be determined: initiating the prepeeling step; _
15 ~ [0003] The detachment of a semiconductor chip typically occursin two phases, namely afirst

phase in which the semiconductor chip is detached at |east partly from the foil by the die gector
without assistance by the chip gripper, and a second phase in which the chip gripper grips the
semiconductor chip and detaches the same compl etely from the foil. The first phase is known by
experts as “prepeeling” phase. The die gector comprises mechanically movable means such as

20 needlesor adisplaceable carriage or several plates that can be lifted and lowered, and severa
parameters which determine how the mechanical means are moved need to be determined and set
in a setup phase. The parameters need to be set in such away that the prepeeling process occurs
within the shortest possible period of time on the one hand and the semiconductor chipis not
damaged on the other hand. If the prepeeling processis performed too rapidly, thereisa

25  likelihood that the semiconductor chip will break apart.

SUMMARY OF THE INVENTION

[0004] Itisthe abject of the present invention to improve the detachment of a semiconductor

chip from the foil during the prepedling phase.

[0005] Theinvention generaly relates to methods for detaching a semiconductor chip from the
30 foil during the prepeeling phase. The prepeeling phase is the phase during which the chip gripper



torepeating the two steps: recording of an image of the semiconductor chip and assigning a time
period to the image which has passed since the initiation of the prepeeling step, and checking whether
in the image a peripheral region of the semiconductor chip is darker than a predetermined brightness
value; 15until the check leads to the result that no peripheral region of the semiconductor chip is
darker than the predetermined brightness value; and assigning to the prepeefing step the time period

associated witotthedreh ieeREdRGIMRDE BF Bdbraanperiad Qﬁf@#@ﬂ)&ﬂ@fﬁéﬁ@%ti dVR{Medd magegerdance
with a second %ﬁ{)gct the i.nvens'[é?n r%latets t(g| method ira which the ZOd%Iacn ent Rf tep.e foil is

: . ametro Cda’lprlanﬁl L phage for §erm| an LNg time perio S| .d IDesa..
monitored in realtimé duringthe pr Bee ing phase. method’ comprises the following steps:
illuminating duksting e adienes iobig e dh ¢hetetosrenithidegss Whershn ghping esci ptspestitia lep

perpendiculgriypatdiestiEass: tidBapesniteir LRiPrRRtinG SRERES tHélral l8RE588% Rigpeefing step,

in which firstly at least one ri?ion of the 25semiconductor chip remains sticked to the foil and is bent

and aft@rwafie YRR FREAS AR IP [ AR SR REASS F oA Bs ! HIRVBIRERTing steps comprises the

following steps:ilhitiatistongraespnepedlictgr step (o dpeatiogedve twalsteyhschr eopirdiespadstantiaisgige of the

semiconducégrpgm%% 36heckind wheihein thedRare preripheral region of the semiconductor
han I I

chip is darker a predetermined brightness value; until the check leads to the result that no
peripheral regiofPBYPECSEREIBHRMIES FERRHoisCadH REFPESHACHEN VOB EHRHRBd B AGREFZE8ie; and

at the end of the last pigaaejing Sigpdgraspeng the semiconductor chip by a chip gripper and
35completing the detrach ﬁnEhOft\t/oe emiconductor chip from the foil. [0007] The detachment of the
semiconductor chip frSm the? foil in & eepprepeeling phase occurs for example by means of a die ejector

with liftable and lowerabléepPsdiens ehamisegesd tesmsneieieatelcihavand asion ne atienprgieeiing step
contains the lowering of th prigENEch PlRiBssERs RaMBAlE bR BLIhPNDERNg step, and

checking whether in the image a periphera region of the semiconductor chipis
darker than a predetermined brightness value;
15 until the check leadsto the result that no periphera region of the semiconductor chip
is darker than the predetermined brightness value; and
assigning to the prepeeling step the time period associated with the last recorded

image or atime period derived therefrom.

[0006] In accordance with a second aspect, the invention relates to a method in which the
20  detachment of thefail is monitored in realtime during the prepeeling phase. The method
comprises the following steps:
illuminating a semiconductor chip to be removed with light which impinges substantially
perpendicularly onto the surface of the semiconductor chip;
carrying out at least one prepeeling step, in which firstly at least one region of the
25 semiconductor chip remains sticked to the foil and is bent and afterwards detaches from the fail,
wherein each of the at |east one prepeeling steps comprises the following steps:
initiating the prepeeling step;
repeating the two steps:
recording of an image of the semiconductor chip, and
30 checking whether in the image a periphera region of the semiconductor chipis
darker than a predetermined brightness value;
until the check leadsto the result that no periphera region of the semiconductor chip is
darker than the predetermined brightness value; and
at the end of the last prepeeling step grasping the semiconductor chip by a chip gripper and

35 completing the detachment of the semiconductor chip from the fail.



5[0008] The detachment of the semiconductor chip from the foil in the prepeeling phase can also be
performed by means of a carriage that is displaceable parallel to the surface of the foil. In this case,
the aforementioned initiation in the prepeeling step comprises the displacement of the carriage by a
predetermined distance. BRIEF DESCRIPTION OF THE DRAWING FIGURES 10[0009] The
accompanying drawings, which are incorporated into and constitute a part of this specification,

illustrate ongOU7NOrReRRRNFHENE B SrRisthRBrEERE tRYERURIRTE: inriprspediihghheetritad description,
serve to explain the principles and ijmplementati f the invention. The figures are not to scale. In
the dravingls 5 R RAERE A o By MR TS e iR s el e
15compone#sesfientineddoitidionin thepietegi e strecantins thel ouglne df fie peidomesmiaretaiocesses in
accordancep)itLiGdnantigNekis- 2shows a top view of an arrangement of liftable and lowerable
plates, and Figs. 3 - 13 show images recorded by a camera. DETAILED DESCRIPTION OF THE

INVENTION $19016) Aswiasalisady meationes ndhs Intradyction, fos seicanductor chips of a
wafer adhere 10 a foil Which'is clampedto a rame.cPl*Pe Pame with The fois acebmmodate by a wafer

table. The riesdpedaineactiereeans ob adactegedhib i eslisel aecableipgr i eladhefsartdepogisien ibrituele

available bycHge \akp6rEaiaiaha PRk tE@Er raepEahiiessuRRigs 2emisomdHstor chip from
the foil is smi%gﬁrte%yb a die %L]ector arranged beneath the foil. The semiconductor mounting 25 device

contains a &5 ig\ﬁé?gc imed at the pick point and which is used to determine the
position of the supplied semiconductor chip. This camera is used in accordance with the invention and

in combination with a direct iRRER&PCHH HEQX e dhEURA\UIN b elifftirent processes which relate
to the optimization and/or the monitoring of the detachment process. These processes are: 30- Precise

alignment ofcbEdjserhcasedmptor gl prawings s dce theother aifelins akkideisiin@toraobihkisidhesive
e VTSR, 1y NI E MBS O B B s
detailed description, serve to explain the principles and implementations of the invention. The
figures are not to scale. In the drawings:
Fig. 1 schematically shows by way of example the mutual arrangement of the
15 components of a semiconductor mounting device which are required for
performing the processes in accordance with the invention;
Fig. 2 shows atop view of an arrangement of liftable and lowerable plates, and

Figs. 3- 13 show images recorded by a camera.
DETAILED DESCRIPTION OF THE INVENTION

20 [0010] Aswasaready mentioned in the introduction, the semiconductor chips of awafer
adhere to afoil which is clamped to aframe. The frame with the foil is accommodated by awafer
table. The next respective semiconductor chip to be taken by means of a chip gripper is made
available by the wafer table at a pick point. The detachment of the supplied semiconductor chip
from the foil is supported by a die gjector arranged beneath the foil. The semiconductor mounting

25  device contains a camerawhose field of view isamed at the pick point and which is used to
determine the position of the supplied semiconductor chip. This camerais used in accordance
with the invention and in combination with a direct illumination of the semiconductor chip for
different processes which relate to the optimization and/or the monitoring of the detachment
process. These processes are:

30 - Precisealignment of the semiconductor chip with respect to the die gjector;

- Determination of the adhesive behavior of the semiconductor chip;

- Determination of parameters which control the die gector for detaching the semiconductor chip



Monitoring of the detachment of the chip from the foil, and Individual controlling of the detachment
process from the foil for each semiconductor chip. These processes will be explained below in detail.
5[0011] Fig. 1 schematically shows by way of example the mutual arrangement of the components of
the semiconductor mounting device which are necessa#y for performing the processes in accordance
with the invention. These components comprise a wafer table 1 which accommodates a foil 2 with the
semiconduct@iophiRstdil-a die ejector 4, a camera 5, an illumination device which comprises a

semltranspa_lrﬁnt irror (?aiﬁg‘ doepagﬁal elem nt 7 afn(:]raatrlégp&ll%gurce 8, and an image processing device

9. The camera 'is?rt')r/] iQ y prowdged“a% a%grlr'ﬁccr)o uctor chip, and the optical element 7 is an aperture

and/or a lens|nigi tisdoznkioting of théidstechendighr ecsasceo® thednidhyeacTseminghtiycionr el 18 is an LED for

example. It ig,inpHaRtarinedays aiire shahthedight beams 10 of the illumination device impinge
perpendicularly on the supplied semiconductor chip 3A within a predetermined tolerance value of a

few degree C ra 5 detects the light beams which are reflected perpendicularly by the
supplied se 0@01 d]ﬁ (o]§ %%FS@AC%Fﬁ/d% &5 mﬁ% cgaja‘r"cmel?%fa g?aem”i]clﬁnur%ar(rz?g? C ?Bso?i&einsofar as they are
situated in theTieRETS ofdtie seiheoadueiormeurimg deyiptivdithereaenessd) it gesaminethhage processing

device 9. [0GbEbstba AnvestiaR¥ilitRenexmiained. PRiUCcBIsiBRaReMER & dif fietae 4 Asdescribed in
20detail in the Swissﬁgatent,a @Iiiig]aéion No. 453/12 which is still unpublished on the application date of

this patent 5’65?[851?8 e%?]E‘?‘l' C%Piﬁoggmigg'f‘%%\?eqkﬂ ?)?&{ rs"’li%‘?'r&g’t@@ 11A and L-shaped
plates 11B it shis)@asedexicronack cigmeds a seaigiesznenipenpentlien ptydoedireotidasdesiphated with
x and Yo Fl0st SHRNG S Ut 2 aasrnRlel BIaschidn 3 10D i Whlflgag pe lifted and lowered

in a direction extending perpendicularlyto the foil surface, 25which is designated here as the z

direction. TRET GRS RRSRE LB OREARENS IS BRERFRIRII ALY Highelopd Pl o is situated
at level z=0Owhichive ikgmtsolied His arcnpibTievige slloves|ifisg te foadesrblelagstheoaad for

b loweri 2 P USY . ;
and a preccrg Thets bR SR EESEA WE i B ST RO AR BABIALS ST U fp e once
semicondud$PHRTSSN GREUS@ bR BAYEM] corerrteoieriel glrnas el e Al eédawydesseearhera S. The
semicapduGiaRHGRIDSSesk il HHe SERRINFHVIRIE &6 g ihimeny ehipp dppissauctureless chips.

[0014] Fig. 3 shows a semicqnductor chip 3A which is situated abpve the die ejector 4, and parts of
acjacent SeTRESHNIEST AL SEOTE QTR SR B s 2SR 2 icondluctor
chips 3B arailatesm thafigheof ndflacif tthe tiggherb Saand sLOpbiet tbei lenvrigieski oreggsvodbeimige impinge

perpendicuTIar&Egg,{@gegm@gpack to the camera 5 in the perpendicular direction and appear bright in
the image The grooves 12 between the semiconductor chips 3 which were produced by sawing appear

dark in the Imgﬁ? %% %@g{h}%ﬂn “V\ﬂﬁ%és Q)?p al rbe%l 8&%&9 [)3(/) ]; e(reerfligel(tjo%fdie gjector 4, asdescribed in

20 detail inthe Swiss patent application No. 453/12 which is still unpublished on the application
date of this patent application. Such adie gector 4 comprises several plates 11, i.e. plates 11A
and L-shaped plates 11B in this case, which are aligned in parallel and perpendicularly to
directions designated with x and y. Fig. 2 shows such an arrangement of plates 11 in atop view,
which can be lifted and lowered in a direction extending perpendicularly to the foil surface,

25  whichisdesignated here asthe z direction. The z direction extends perpendicularly to the
drawing plane of Fig. 2. Thefail 2issituated at level z=0. A drive controlled by a control device
allowsllifting the plates 11 together and subsequently lowering them in pairs, starting with the

outermost plates, in a predetermined sequence and a predetermined progression over time.

[0013] Figs. 3to 13 show images of acentral semiconductor chip 3A and adjacent
30  semiconductor chips 3B as recorded by the camera 5. The semiconductor chips used for these

snapshots are so-called dummy chips, i.e. structureless chips.

[0014] Fig. 3 shows a semiconductor chip 3A which is situated above the die gector 4, and

parts of adjacent semiconductor chips 3B. The semiconductor chip 3A and a so the adjacent



5view of the camera 5 in form of a crosshair. Fig. 4 shows a semiconductor chip 3A above the die
ejector 4, whose peripheral regions 13 are bent downwardly. The central flat area of the
semiconductor chip 3A reflects the light of the illumination device perpendicularly back to the camera 5
and appears bright in the image The downwardly bent feripheral regions 13 of the semiconductor chip
3A reflect the light of the illumination device in an angular direction, so that 10the light beams reflected

here do notsr@ﬁi@amet@aénwega@tfaﬁ@y\mmﬁ@wmetﬂnenghas@rﬁeqmarmQtnthetﬁﬁmmaductor

chip 3A therefore appear dark i |n t e |ma e or eye k. The b |or of th r|p eral regions 13 of
8 | biap e behavon oh s peripheraly
or

the semicon d%rt]o'r ”Befﬁr ev% rov o%ce féa’éﬂf%% S RRET y means of the

camera 5 anodveiipess lorseh iaé@ee‘@ﬂbeﬂtbgﬂmvﬁibWWﬁzatmﬁGmﬁmchr@ fhwehidoregirentioned
processes. fhigwdl B) LA f8IIppaRca FrexRiRine o fRuaga R RIGRRFERT AR Y thefiggise ali nment

of the semlconductor chi is withect to the d|e e ector 0015] The wafer table 1 is placed and oriented

(by displacefR ARRIAEFonY A0TALACLRBY RE- 4 ASLSIN AR AP Ao PRSI R éhine or
manually bysantapk relhose péeifitier dbrtgmnid 2jecbenttowswealtly \Way dbatah féat mrieoofdbetor chip 3A is

situated aboyg i o‘?}&o‘?lﬁ%oé/f'réf‘{l@&é‘ﬂt% ﬁ&t%?tﬁgﬂ%m&% SEICARAUGIRT CRP A RlIgned as far

as possible in parallel to the outer L-shaped plates 11 of the die ejector 4. In the case of ideal
centering, tK&REAMEHHI0RBSEHPBR Wﬂ!'ﬁ?@ﬁﬂd‘@ tRyIMI WS tFRDSTEhISEEAS 1361 B sides by a
predetermingehidisiaurts wmx:tmsety@iqa&yu GhBomts iThei mﬁ@mbgmmrah@ﬂ&leu genveandugtor chip 3A

with ref(pec to thﬁt %e?r% %or 4 é:%gtrs Wtah the foIIO\Q)/n:r,g']I SctieR/% %rsd dbenrth t}he aplates l1toa
In

predetermlne% Pt:’elg tzjisa Van geously imensionec Wawaythatthe

peripheral reggions MBﬁm@rmd@ﬁ@t@m%tbem&omn@e@ad%dwtmwmer@r|ezerm1@*é thBeperipheral
regions 1b3 %%Haﬁh &Qﬂh HREpék L&@quoﬁélbﬁt(%%&ﬁ%@ﬁ#ﬁtﬁmcﬂﬂﬁ:iﬂ'l/\ﬁuéhﬂs%ﬂﬂg'@&j Mh&hégép 3A
appears bright in the ipheral regio of t ac emic ctoy chips 3B are
bent 30upw é%%ﬁf %faﬁg #Qise gﬁﬂ &%’fé‘%ﬂﬁﬁskﬁ‘i i%”ih% éll Vhé)éordlng an image
with the camﬂm@ﬂWhmﬂ@t@lm“lmhdmimm praseswenT bswvidteal [ Bolhewipbdeal regions 14 of
the adj%ceng)gregng@m%apmgg&@\ggm appear black in the image are all equally wide. If the

semiconductor chip 3A is not centered with respect to the die ejector 4, the peripheral regions 3514 of
the directly i‘d cent semlcond tr chips Btwh ch appear ba}ck i the |mae have different widths, as
illustrated i : ths Seii FOUrt g tegions. Calculating

corrective VEOQEQ ARhe \&aﬂé(fBableBS)? almw Qrﬁm@(byml mpmmtmm@twmmmw ly by

the automatic semiconductor mounting machine or manually by an operator relative to the die

gjector 4 in such away that a semiconductor chip 3A is situated above the die gector 4, wherein
20  the edges of the semiconductor chip 3A are aligned asfar as possible in paralléel to the outer L-
shaped plates 11 of the die g ector 4. In the case of ideal centering, the semiconductor chip 3A
will protrude beyond the outermost plates 11 on al sides by a predetermined distance which is
typically 0.3 mm. The precise aignment of the semiconductor chip 3A with respect to the die
gjector 4 now occurs with the following steps:
25 - Lifting of the plates 11 to a predetermined height z; > 0.
The height z; is advantageously dimensioned in such away that the peripheral regions 13 of the
semiconductor chip 3A are detached from the foil 2. Once the peripheral regions 13 of the
semiconductor chip 3A have detached from the foil 2, the semiconductor chip 3A appears
bright in the image. The peripheral regions 14 of the adjacent semiconductor chips 3B are bent
30 upwardly with the foil 2 and therefore appear as black areasin the image.
- Recording an image with the camera 5.
When the semiconductor chip 3A has been centered, the peripheral regions 14 of the adjacent
semiconductor chips 3B which appear black in theimage are all equally wide. If the
semiconductor chip 3A is not centered with respect to the die g ector 4, the peripheral regions
35 14 of the directly adjacent semiconductor chips 3B which appear black in the image have



needs to be displaced in the x direction and y direction, or calculating corrective values 5Ax = 1/2(B3 -
B1) and Ay = 1/2 (B4 - B2), by which the die ejector 4 needs to be displaced in the x direction and y
direction so that the semiconductor chip 3 is centered with respect to the plate 11 of the die ejector 4.
Fig. 6 shows an image of the semiconductor chip 3A angl the adjacent semiconductor chips 3B, in
which the peripheral regions 14A of the mutually opposite adjacent semiconductor chips 3B1 10are
equally wide gifidrsmiwiiithstaei pesirheral rrgins 14B of the mutually opposite adjacent semiconductor
chips 3B2 are equally wide, In thjs casg, the semiconductor chip 3A is centered with respect to the die
ejector 4. Tﬁ%gt%er;r)ns'%%%gt%éég egd ?th\?e% ﬁr)llac %ﬁ&?@rﬁ ?rrr‘lr"lpf MG the centering. 2. Determination of
the adhesive Géhdstioe obtivetisenibonductot(BaipBibi0d A6-Sind: th)abihebivh tesgabertiablfoll 2
fluctuates fropadgikiddailsthecasmicondvatesriins divkiadets to aififiersativsipnger extent to the

foil 2 in the various wafers. The adhesive behavior of the semiconductor chips or the adhesiveness of

the foil 2an b&tietétHsinBd WthARE tofBnie st¥yeie NRAG @7 JIsRER e Ped SPlsred dtdPRined height
z0. 202. SettitigeatiorraBd Aldinattignasqotieat ee seminetidilisrart chip/Ati seedssd 4 tR eexpeding toé glatanage with
the camera 5;; &.Mg&ify&gtwmer the entire surface of the semiconductor chip appears bright in the
image If there are still peripheral regions which appear dark in the image then this means that the
25peripheral Fish %ﬁ?ﬂ?@%tﬂﬂ%ﬁé?ﬁ%'ﬁ?@%@r B 3fisnd Prrdiacent REp MG ENeRGRing steps
until the semieandcictae piripHBaeschiohs emapn tByndrik pepiRidreal agiarsmibynawater. ¢ipsamther lifting
of the plates 11 oY 3P RE'SMINGAJINeNEe A A90% DRIRYE AN HSHaREAISchA 2K

semiconductor chips 3B2 are equally wide. In this case, the semiconductor chip 3A is centered

with respect to the die g ector 4.

The steps can be repeated for verifying and/or improving the centering.

2. Determination of the adhesive behavior of the semiconductor chips

15 [0016] Sincethe adhesiveness of the foil 2 fluctuates from foil to foil, the semiconductor chips
3 will adhere to a differently stronger extent to the foil 2 in the various wafers. The adhesive
behavior of the semiconductor chips or the adhesiveness of the foil can be determined with the
following steps:

1. Lifting of the plates 11 to a predetermined height z,.
20 Setting zx = zo.
Allowing a predetermined duration At, to pass.

Recording of an image with the camera 5.

g & » D

V erifying whether the entire surface of the semiconductor chip appears bright in the image. If
there are till periphera regions which appear dark in the image then this means that the
25 peripheral regions are still adhering to the foil.
6. If thisisthe case:
Repeating the following steps until the semiconductor chip does not contain any dark
peripheral regions any more:
6.1 Further lifting of the plates 11 by a predetermined distance Az
30 6.2 Setting anew value zx = zx + Azg;
6.3 Allowing a duration At, to pass, and
6.4 Recording of an image with the camera 5, and
6.5 Verifying whether the entire surface of the semiconductor chip appears bright in the
image or whether it still contains dark peripheral regions.

35  Thedetermined height z« is a measure for the adhesiveness.



6.3 Allowing a duration At to pass, and 6.4 Recording of an image with the camera 5, and 6.5 Verifying
whether the entire surface of the semiconductor chip appears bright in the image or whether it still
contains dark peripheral regions. 35The determined height zK is a measure for the adhesiveness. 3.
Determination of parameters which control the die ejector for detaching the semiconductor chips from
the foil in the mmditphase [0017] The parameters which relate to the detachment of the semiconductor
chip from the foll 5usua||y need to be determined for each wafer individually or optionally for several

wafers of a |ot prjor to rt of the m untin ess and ne d ob on the automatic
semicondu Ige{ ion 01a rh ocﬁrof)t% ds ttheszem conducton, ~+ 1o

ggxidse on the one hand and to such a slow extent on the

other hand h@iqc)ﬁﬁ'@a&mfé@%w&npda rﬁ@ﬁ%%@eﬁﬂé&%&éﬂ&%@ﬁ%ﬁm@f&fad'e

ejector 4 10with liftable and lowerable plates 11, the detachment&Process of the semiconductor chip 3A

from thé foil &g IR RIS GG Ad: 3Rt Hﬂ%énﬂ”gf@'h’&%rooa oYM RMI AL WHRARRE Afhed height

z2 and subseiguenthe teet pfatesyibiirire looeesdnd ety batettbetbetaronetic sEaesnduatpredetermined
sequence apd, aledRIF NG FRrRakal REAIIE SR FiRR M HW%%AF’!H&B&J&WS 11 have

been lifted to the height z2 Is designated with to = 0. The point in time at which 15the two outermost

plates 11 ard ‘PS%%P@EP@ %@@W&@PM‘?“‘FH@ pesAe ﬁﬂ%%&ﬁhﬁ%@%%&%f@ﬂ@mﬂplates 11

are loweredtiigtaesighiatedustdh dlameamy@a i um@bwmahdhmghﬁ@(mmémauelq@som are lowered

is designated etc. The f OWI ram d to be determined: The height
tW 'Ilh a%e and ow Iz?hgsqi‘ ?h ge? roc%% ((%g I\'uezsen"cgggal_h ZgAzfo

22 should bé as as oss e on the one h eca se ofe eaSQy from the
sem|condudfl@rf@th|?)®wwm%ém@ﬁé@rﬁm%@ e B! iviathydRmPE2aRisnealy be so high

e horal o gffmmfﬁwﬁ@ﬂ%?ﬁ R e et o thi
perlp eral re ns cing the semiconductor to be detac WI e bent upwar ylnt IS
e 2 DS AED STt B0 A g i ol i et DR PR R R AGs et
must be detatmpl mmwmheanmawmmae@mmemmmwm the @dridqmnatuctonebipvBiahwhich
protrudg beypnd sheralgiss &&@ﬂ haverplyeles %Eﬁ‘{' af ﬁe%%ﬁﬁpﬂﬁ%%m'ﬁéﬁ%éfom the foil 2

at the end of the respective duration. If such a duration is set at a length that is too short, then there is
a high probSBAfiTY W IRRIAE dh ARV SE R HEAARAH ‘HE%SYF&WHW H@etﬁé/“m%@fe%fgchment
process. If thaetinatipiaksie sel avade itz isition &g hien dhingptesharentqecniodss will take
longer than ﬁ Y, which reduces the throughput of the automatic semiconductor mounting

machine. The height z2 is determined with the following steps:
- Height z,

20  Theheight z, should be as high as possible on the one hand because the foil 2 will detach more
easily from the semiconductor chip 3A with increasing height. On the other hand, the height z,
must only be so high that the stress in the adjacent semiconductor chips 3B will not become too
high, because their peripheral regions 14 facing the semiconductor chip 3A to be detached will
be bent upwardly in this process.

25 - Durations Aty =t;- to, At, = to- ty, Atz = t3- 1, €tc.

Each of the durations At;, At,, Atz etc. must be determined in such away that the peripheral
regions of the semiconductor chip 3A which protrude beyond the plates 11 that have not yet been
lowered are detached completely from the foil 2 at the end of the respective duration. If such a
duration is set at alength that is too short, then thereis a high probability that the semiconductor

30 chip 3A will be destroyed during the further detachment process. If the durations are set at a
length which is too long, then the detachment process will take longer than necessary, which
reduces the throughput of the automatic semiconductor mounting machine.

The height z; is determined with the following steps:
1. Lifting of the plates 11 to a predetermined height z,.

35 2. Settingz, =2



1. Lifting of the plates 11 to a predetermined height zo. 352. Setting z2 = zo. 3. Recording of an image
with the camera 5 and determining the widths B, (i= 1 to 4) of the black peripheral regions 14 of the
directly adjacent semiconductor chips 3B. Determining a width B derived from the widths B1 to B4. 4.
If the determined width B does not exceed a predetermthed maximum width: 5Repeating the following
steps until the determined width B is larger than the maximum width: 4.1 Further lifting of the plates 11

by a predeterniiafdrigienea Majehvd el kena sy alie FdingBeidihandi4- 3 Bayerdiag of an image
with the camera 5 and determining the,new widths B1 to B4 of the black perj ral reqgions 14 of the
tirecty sk rene el o nd S Re e S R IR T rether
the determinedviditith @révestieers thewittbdmuia Bvidth. 5. Determination of the height z2 to the final

value 22 = 72 1ihe J@&mt@ﬁﬁeé&@m&%&ﬂ?@&%&%&%&f%m!e the average of the
widths B1 to B4 or the largest of the widths B1 to B Rlﬁ%[OOlB Fig}% 7 10 9 show the state of the

semicoﬁductoﬂ?ﬁ?ﬁt@ﬂ@ﬁ&o{wwjggﬂﬁ?@é{mgﬁgm MR B S LR ISR Y MU step 3,
i.e. in the state wheradier pifiiesol hb aisecbebhylifted dadhatedightance Kig. 8: after the first passage

through the St69§24éettﬁ’n6'§néﬁv£ﬁ‘u@f’ §t§2t$ Wherg the plate 11 have been lifted to the height zo + Az.
20Fig. 9: after three timeS passage of the steps 4.1 to 4.5, i.e. in the state where the plates 11 have

been lifted to thé-HeRFENS &= MeaewTihe saveiin-ys SHSWHTREIRRNEY ghirdRe PR pictively
made at a point in timebicwpieiptibal pejipharabregionafiingisesmicentiopthicenighipdashich protrudes
beyonqothe platﬁ§l 16£&mﬁ1iﬂigetr?%%\t/\9\r/vi4d%ﬁ%? already detached from the foil 2.
4.5 Checking whether the determined width B exceeds the maximum width.
5. Determination of the height z,to the final value z, = z, - Az.
The width B derived from the widths B, to B, isfor example the average of the widths B; to B,

or the largest of the widths B, to B,.

15 [0018] Figs. 7 to 9 show the state of the semiconductor chip 3A and the adjacent semiconductor
chips 3B asfollows:
Fig. 7. after the step 3, i.e. in the state where the plates 11 have been lifted to the height z,.
Fig. 8: after thefirst passage through the steps 4.1 t0 4.5, i.e. in the state where the plate 11 have
been lifted to the height z, + Az.
20 Fig. 9: after three times passage of the steps 4.1t0 4.5, i.e. in the state where the plates 11 have
been lifted to the height zy + 3*Az.

[0019] The recordings shown in Figs. 7 to 9 were respectively made at a point in time at which
the peripheral region of the semiconductor chip 3A which protrudes beyond the plates 11 of the
die gjector 4 was aready detached from the fail 2.

25  [0020] The durations Aty, At,, At etc. are determined in that the plates 11 are lifted to the height
Z, and the detachment of the semiconductor chip from the foil 2 is monitored during the step-by-
step lowering of the plates 11 in order to determine the point in time at which the foil 2 has been
detached completely at the peripheral regions of the semiconductor chip 3 which protrude
beyond the plates 11 that have still not yet been lowered. The plates 11 are respectively lowered

30 atleast to such an extent that they no longer touch the foil 2.

[0021] Thisoccurs by the following steps for example:
1. Lowering of the outermost plates 11.

2. Repeating the following steps:



25[0020] The durations AT, At2, At3 etc. are determined in that the plates 11 are lifted to the height z2
and the detachment of the semiconductor chip from the foil 2 is monitored during the step-by-step
lowering of the plates 11 in order to determine the point in time at which the foil 2 has been detached
completely at the peripheral regions of the semiconductr chip 3 which protrude beyond the plates 11
that have still not yet been lowered. The plates 11 are respectively lowered 30at least to such an

extent_that theyno Igmiwwhm@@mﬂdﬂ%mrs_by the following steps. for exam_ple: 1. _
Lowering of the £glt%r¥]\% ﬁ]cljaatﬁeﬁz n%l'e%\'/ ifﬁ%?ee%t]ln trrlgcgwgqe% éé%‘?ﬁ-mz-r 1V Fé:ggg‘)?rn c|)tn &Lgrn | jmage with

the camera 5, af Mage Withthe Imaye processing de e respect as to
whether at least onéessttbre ptifiemeriahasimapn13foftibesiemicansiddorahihds 33stidl slidckkick or whether

the entire semicondypigresiin SMHBRRARBA R ey BA! 2;Blgeg@Qgﬂ?ﬁtgmiconductor chip appears bright
for the first time. 3. Determining the duration from the lowering o theglates 11 in step 1 until the

recordifg of thW HFSPG/AGE FUTRRGY 28 SR ARRsarm RING (R B & B appeared bright. The step 2 can
also be perfarmetrmisinghha duegti tinetdima e ovesdng o terplstentlimage hitetil tihe retoedi ng of

predetermined e Gral pAEFRAIN.ANH e MAYER BreiB SRS siguated. 10(0022] Figs. 10 o

13 show the state of the Ssemiconductor chip 3A and the adjacent semiconductor chips 3B as follows:
Fig. 10: at tHEGHRERANAEBE PETRMEEH) SHEB RV B FESBIALESCISE Asdres & B Misheral regions

13 of the segrmecindiist@iehiprdd termorapsaitss deyendditragiates subsquetiobyigetached from the
foil 2. 15Fig. 11: at the point in time ti, where the peripheral regions 13 of the semiconductor chip 3A

which EJOt“fQSQE’FYQ%g 188036RHnB YR AriAced doRmdir dajl 3,044 the igqiealso appear bright.

Fig. 12: shortly after the paint in time ti, after the two outermost plates 11 have been lowered and
before the pERPEFACIRIRS 3B a5 BHEYE miconductor chip 3A which protrude 20beyond the plates 11
remaining akighameighbegohavetiaiagheddfrennthigefailedifting of the plates 11 where the peripheral

regions 13 of the semiconductor chip 3A which protrude beyond the plates 11 have not
yet detached from the fail 2.

15 Fig. 11: atthe point intime t;, where the peripheral regions 13 of the semiconductor chip 3A
which protrude beyond the plates 11 have detached from the foil 2 and therefore also
appear bright.

Fig. 12: shortly after the point in timet,, after the two outermost plates 11 have been lowered
and before the peripheral regions 13 of the semiconductor chip 3A which protrude

20 beyond the plates 11 remaining at the height z, have detached from the fail 2.

Fig. 13: at the point in time t,, where the periphera regions 13 of the semiconductor chip 3A
which protrude beyond the plates 11 remaining at the height z, have detached from the
foil 2.

The state shortly after the point in time t,, after which the two second outermost plates 11 have

25  been lowered and before the periphera regions 13 of the semiconductor chip 3A which protrude

beyond the plates 11 remaining at height z, have detached from the foil 2, correspondsto the
state shown in Fig. 4. The state at the point in time t; corresponds to the state again shown in Fig.
13.

[0023] The areas of awafer in which the semiconductor chips 3 will adhere more strongly to
30 the foil 2 are usually known. The durations At;, At,, Ats €tC. are therefore advantageously
determined at several locations of the wafer and the longest thereof will then be chosen as the
final durations and stored as the process parameter. Alternatively, durations derived from the
determined durations At;, At,, Ats €fC. can be stored as process parameters. A derived durationis

a duration that has been extended for example by a predetermined safety duration At.



Fig. 13: at the point in time t2, where the peripheral regions 13 of the semiconductor chip 3A which
protrude beyond the plates 11 remaining at the height z2 have detached from the foil 2. The state
shortly after the point in time t2, after which the two second outermost plates 11 have 25been lowered
and before the peripheral regions 13 of the semicondudior chip 3A which protrude beyond the plates
11 remaining at height z2 have detached from the foil 2, corresponds to the state shown in Fig. 4. The
state at the gaigiqiichimerte warsesnPnes e phe siataagar phewadns FipihbIicdaPdahi heckeas of a
wafer in Whicn. tEre serHieionduc ort%hips 3 will adhere more strongly to 30the foil 2 are usually known.
The durations" ngtez’ T3 Bre thereisie advantageously determined at several locations of the
durations and stored as the process
parameter. A UYL - O £ 8

(A1 648 AN be

stored as piooess pafianteietse dudetivgd eluratiamisaddesrtnip thah e hearexiendseebten axample by
a predetermined safety duratjon At. 10 Subsequently, the wafer will. then be processed with the
parameters 1 LA R LA b e e R e RS BB g of e
detachmentcamgiaSs d iestrria breandisi gshbfar thenftiriingihe gatepwesigriopessee.g0bp i jeAd lomaas the
detachmentgfthe semiconductor chip from the foil occurs as a prepeeling Swithout any help of the
chip gripper, and the chip gripper is not yet in the field of view of the camera 5, the camera 5 can be
used for mo%it%?ﬁ‘?édﬂﬁé HeTatPRe N BrBE saRer g A5y s FENBHIRY LB LS P RER SHIRNG ot 4R image with
the camera 5 dftesrthe expiration of the respective duration Ati or At2 or At3 etc. to2. Evaluating the

Image with GledmAge RIACHTRIAAIR YIRS rﬁaﬁé SRUAGH RIS §9UF5 FRINGARDUSAL chip appears bright

in the image If this is the case: continuing the detachment process. If this is not the case: terminating
the current detSEMFRBHGROCUB SRR TN VINS™EEm. 5. Individual controlling of the detachment
process from theHigilsfieeash caticogductetachiin pddtke prepeeling phase [0025] The methods 3
and 4 can be lo] ' ified.i from the foll
during the pre%%@l?n%% %@%C%?E%ﬁ]msaé%2‘%@&%@%%%%%&%%@5%gE%E/‘[’f%%f?? ﬁ‘y the method

with the following steps for example; _ _ o
5. Individual controlling of the detachment process from the foil for each semiconductor chipin

15 the prepeeling phase
[0025] The methods 3 and 4 can be combined and dightly modified in order to control the

detachment process from the foil during the prepeeling phase for each semiconductor chip
individually. Thisis provided by the method with the following steps for example:
1. Determining the height z, as described in method 3, either individually for a new wafer or for
20 an entire lot of wafers.
2. Processing of the semiconductor chips of awafer with the following steps.
2.1 Lifting of the plates 11 to the height z..
2.2 carrying out at least one prepeeling step comprising
221 Lowering of the outermost plates 11.
25 2.2.2 Optionaly, waiting for a predetermined duration.
2.2.3 Recording of an image with the camera 5.
2.2.4 BEvaluating the image with the image processing device 9 in the respect whether the
entire semiconductor chip appears bright in the image.
If thisis not the case: repetition of the steps 2.2.2t0 2.2.4.
30 If thisisthe case: continuing with the next prepeeling step with lowering of the next
outermost plates, i.e. the step 2.2.1 for the next outermost plates that have not yet
been lowered, or continuing with grasping the semiconductor chip by the chip

gripper and completing the detachment of the semiconductor chip from the foil.

[0026] In this process, the next plates 11 will always be lowered whenever the foil 2 has



1. Determining the height z2 as described in method 3, either individually for a new wafer or for 20an
entire lot of wafers. 2. Processing of the semiconductor chips of a wafer with the following steps:
2.1 Lifting of the plates 11 to the height z2. 2.2 carrying out at least one prepeeling step comprising
2.2.1 Lowering of the outermost plates 11. 252.2.2 Optidnally, waiting for a predetermined duration.
2.2.3 Recording of an image with the camera 5. 2.2.4 Evaluating the image with the image processing
dhevice 9in H@tﬁép@?ﬁﬁvaamﬁbﬁh%ﬁhﬁg@m?g?ﬁmm ﬁr']ﬂilﬁ GPPRALS RYWNE i the ir:nage If this is lnot
the case: repetition of the steps 2.2.2 to 2.2.4. 30If this is the case: continuing with the t. prepeeling
Step with o REAROO b kb o s b BB U T p R St e iR e
have not yeodseesiithvined dst ot teshaveibrpwinivejed Spivi kitee shimirimetictabl e @ty thee chip gripper and
completing Qaﬁae&&a&am%ﬁb%%mﬁ@ﬂHatearpbi@ﬁéfa&h&hﬁnéﬁélﬂf&%’é@] In this process, the next

plates 11 will always be lowered whenever the foil 2 has 11 detached completely from the

semicondu in3A in the peripheral regigns of the semiconductor chip 3A which protrude beyond
the platses ﬁﬁ% r?raF'\?/eénrYo t;/%rf Sé@ﬂﬁ@\'/é%‘?&ﬁ'? |8r8rgcenjr'gnl?§tﬂ'?lﬁeéefeﬁ%srtﬁplg)tes \g'\ele gjggl){?owered or

until the chigeghipisieessi aibieb e frthd iseatreartiirendly ciip ermPrUpousy fieen firfigna coadusier

detachmenichi9erpartRida2 e thanny eriienripratlitiites fodhrtaras BHesed dignajefdor 4, but can
be applied to eachﬁﬁo?ess in which the foil 2 is de_tache? sttla‘l%?-ﬁ/-ste .or continuously from the

semiconduciSFORYY R BYRIRIRR FFRSHrE ARIaaH e85 MHRERDGARRSA RARHISo be used in
other die ejé6idr&watletens eyl pl atgecsus vitis & Hisplidecaibe tarr hgs stities thethie §atgmpore patent no.

161178for gxamplgiRkin §®§%§%§M 1. 34450l AR eL2HRAREHER A HIRAHG Sl aRQAdescribed

in the Singapore patent no. In this case, the step-by-step lowering of the plates corresponds
to a step-by-SHEFARG5 2T RS SBIAtagENt of the carriage.
[0028] While embodiments and applications of thisinvention 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
15  herein. The invention, therefore, is not to be restricted except in the spirit of the appended claims

and their equivalents.



[0028] 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
15herein. The invention, therefore, is not to be restrictetkexcept in the spirit of the appended claims
and their equivalents. 12 CLAIMS 1. Method for detaching semiconductor chips from a foil, the
method comprisi g2 setup phase for determining and setting time periods which each defines a
duration ofng?p é@eeling step of the detachment process, wherein during each prepeefing step firstly at
least one area of the 5semiconductor chip remains sticked to the foil and is bent and afterwards

detaches frémMeEesifofrstaeiing pvaceneBrFb GRIRR T fdMHwiitymeiepd compriFRmasrBPPR&Miconductor
chip to be respaweehivithgligiatsadieti eingss sinstaaiiadel nes Rendicshany preeding stefacenef the

semiconductor chip; carrying.out the following steps fotr.egach prepeeling step, whose duration is to
be detormirr LA e el S R P T TR TS, o mage of the
semicoAduc@nicpnousial eiBitpniAgstieked teHedad andl fhen erwiaftsiviridssigtsbes siaaehpEoihitiation of

the prepeeliipg siep phrd ehasHEE WaeshehingBedenage a peripheral region of the semiconductor chip
is 15darker than E%%redetermined b i%{étn ss value; until the chepc ds to the result thgﬂt no
BRERPP

e check le
peripheral regiot 3P AR 10 S5 REIOHe RS éWb{‘é ARLYS YPRRRLEYalue; and
assigning tpéneemiepediingtstibp dréatend the sed esslociatedipyith the last recorded image or a time

period derived tBgiefigy o MEiNRMLIRE s achipksemissauraLGiRadron LAk iR Rag o

comprising the following steps: illuminating a semiconductor chip to be removed with light which
imping¥s substantiallPHEHREHRAIERRSH BHEFPhe surface of the semiconductor chip; carrying out at least
one prepeefing step, igpediightihigsily gtpgast one region of the

recording of an image of the semiconductor chip and assigning atime period to
the image which has passed since the initiation of the prepeeling step, and
checking whether in the image a periphera region of the semiconductor chipis
15 darker than a predetermined brightness value;
until the check leadsto the result that no periphera region of the semiconductor chip
is darker than the predetermined brightness value; and
assigning to the prepeeling step the time period associated with the last recorded

image or atime period derived therefrom.

20 2. Method for detaching semiconductor chips from afoil, the method comprising the following
steps:
illuminating a semiconductor chip to be removed with light which impinges substantially
perpendicularly onto the surface of the semiconductor chip;
carrying out at least one prepeeling step, in which firstly at least one region of the
25 semiconductor chip remains sticked to the foil and is bent and afterwards detaches from the fail,
wherein each of the at |east one prepeeling steps comprises the following steps:
initiating the prepeeling step;
repeating the two steps:
recording of an image of the semiconductor chip, and
30 checking whether in the image a periphera region of the semiconductor chipis
darker than a predetermined brightness value;
until the check leadsto the result that no periphera region of the semiconductor chip
is darker than the predetermined brightness value; and
at the end of the last prepeeling step grasping the semiconductor chip by a chip gripper and



25semiconductor chip remains sticked to the foil and is bent and afterwards detaches from the foil,
wherein each of the at least one prepeefing steps comprises the following steps: initiating the
prepeeling step; repeating the two steps: recording of an image of the semiconductor chip, and
30checking whether in the image a peripheral region oftthe semiconductor chip is darker than a
predetermined brightness value; until the check leads to the result that no peripheral region of the

semiconductor ebifpistahgiRictianieat RfeAetarmitiRldsIHA P& almiland at the end of the last

prepeeling step grasping the semiconductor chip by a chip gripper and 13 completing the detachment
of the semi %%qu ther
comprlsmg%osrliq |§%ﬁ%§‘%ﬁ%ﬁ# Ilféb e an%lc%\?v%era le rﬁl%fe%ﬁ“%% %@%etac q’evgn%'t{of the
semicondudtBARREY! SWWGWPM@%Q@YWEF@FM@%SF@H@HH&%@%W &0 (B fhenaietest one

prepeeling %E@M&Iﬂ%&i@r&@ﬁtﬁfm iaftthRe e sial aiesibielinadue beitsies bren lowered. 4.

Method acclordlng alm %, Df& thﬂ?l] furth r 8{%6% \smg( ing a die ejector (4) with a carriage,

which i$ dlsrﬂacea% e para gﬁf?g e sur 21&% oY g?o)(l tachment of the semiconductor

chips (3) from the foil (2), wherein the aforementioned initiation in the at least 10one prepeeling step
comprises the yligRbacRBerih@{dBrirrIrRgeRyY AR Aeiaith toRthUNg0§Rg a die gector (4) with a
carriage, which is displaceable parallel to the surface of the fail (2), for the detachment of the
semiconductor chips (3) from the foil (2), wherein the aforementioned initiation in the at |east
10  one prepeeling step comprises the displacement of the carriage by a predetermined distance.



