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-1- Descri pti on Met hod and Appar at us
f or Chip Placenent Technical Field This invention is
general |y dihe8kefst 0 @ method and 5 apparatus for bringing $cqaigegAesik
into reglster W a support with a high degree of precision. Mre
particularly this invention relates to theprecise al i gnnent of an

el ectronic chip on a supporting structure. Background Art 10

Consi derabl e effort has been direct edDésextipeiani ng net hods and

appar atus for precisel WmAASLA | QM rus CPOPOBEYD p HEQ anran el ectronic
chip, on a second 0npUnEnr—-S9%H%%%La‘suppur@ﬁn%‘S;Ttmﬁ%nﬁy substrate
of any of diverZachnigal Fieddcordance with one prior art 15 approach
robotic device 'nctruftgslﬁv&hégensxgt §8hboall @R U PaRSERSd Pand

seni conductor device, as th onponent or .pi ece, into reglstratlon
with | eads SonaRpParasugs£Pat Pr&§9&n§uﬂpGPf“Pﬁ’§@ttr date Feglater Wieh a

Comﬁonfenth 8t ﬁb?&ewn.Bth.Chh.bh degeew dxfOpite%tl@ﬂdﬂmgewof@atures on 20
each of the conponen orting,struct are a

| ocati ons rentg FB@F&QXbiﬁggt&P.Sﬁt gﬁgfﬁb3° éhﬁqqr%ﬁ%ﬁilly be
joined. If a atignolentystean’ edlentronhie chn.posmt i2o rsudpditeing et rectierece

when each video i magerS-cundP uced and the position of each feature on

t he conmponent 25 t he position of the supporting structure,
cal cul ati dfs can t Fonsidexabde efdorsr hiage beepedigre to devehopimrgof

the conponent gefuslist b?a\de"a%a&ﬁlt%fs' ¥t @x@asel B RERONE o 0 be 1N
register. After the travers ete, the robotic device brings the
two pi eces i nFEMBONET At 'aépn%géﬁeﬁglﬁ§eg&§ﬂQﬁﬁ SRRy (M RARCRAuCt or

devi ce to tbapduent',alstich amMIWMﬂgolyﬁrumﬁyﬁé es® subsbhstechber ed
this met hod aRBYaBla v Er Anac i oy d¥oResEaAns MTCR R0 PERPRG=Ba: ent s:
35 Uk eappraseh, L et mb@tﬂat @WJN@ incoaRiesB 4 twidep ospstem tal .
aon oy *HE3E BEEUr e 810 ARABIR ! oo £, hitofel 27
regi stration Se@ponent or piece, 1nto registration w1th leads on a
substrate as a supportlng structure as a second component
or piece. Basically, the video system images features on
20 each of the component -and supporting structure when they
are at locations remote from a work station at which they
will actually be joined. If a control system “"knows" the
position of the robotic device when each video image is
produced and the position of each feature on the component
25 with respect to the position of the supporting structure,
calculations can then be made to determine a véctor over
which one of the components must traverse relative to the
other component to be in register. After the traversal is
- complete, the robotic device brings the two pieces into
30 contact, generally by displacing the semiconductor device
to the substrate. 1In addition to robotic systems
manufactured by the assignee of this invention, there are
. a number of variations on this method and apparatus that
are exemplified in the following patents:
35 _ United States Letters Patent No. 3,923,584 to Hojo et
‘al. (1975) discloses one such positioning arrangement for
providing a face down bonder. The surfaces of the two
components to be mated together in registration are



- 2- . established as opposed surfaces; the conmponent positions are

adj ust abl e hori zontally and vertically. A conmpound prismconprises a
truncated quadrangular right prismwth a 45[err] truncation and a

rect angul agygysisgsgst hat forma 5 parallel opiped with a half- spdwvessp28i4 1 or
filmat a common interface and with a total . reflecting mrror film at
a vertical surface of the rectangul ar prisf2-Wen the two conponents are -
spaced apart, the prismis interposed between themto allow i mages to be

t aken of the tewtdbBlishpdnaat oppored Shgfanagestheecpmpempnﬂmpqaﬁﬁimms
mechanismis r veg t a t 5M5§
United States fp?t guég?%23_3$91§8§8§ﬂ$2 %93 IQ%RE Lebetc% g
di scl oses an PripmefeTRE}FEE ﬁhérunﬁeteéegu&dmngmlam G- Gty iRgel gty rwith

carrying a parj gsertgufuleioatl GndAl rectBhigtdlard Wi ithathedy g of a
ﬁ]CFOSCOpe or t hou5|ng

el e r.ent, I'tqrs external
features in® P ﬁfﬁi#e#BPéggargnghoﬁeggiﬁl§ﬁ ﬁfgﬁ mirror Giilm ptga es
Letters Patentcdiomod, iR6efflcel888d) with2@ tBtalkirefllentingj sdlmsas £hlwnner
| ead bonder in C . d_ .zl [ i d
at a die defe 'lfl {c}g?rg'rlaca h%%ﬁg%% |8§ ?’E% rq‘gl%%ég'lgdl%ag g)fr%'cstlve |ée'g.1£)ﬂg
Next a di e poskwPoRamMPpaERESnaget spaced apsdita itheg@rieme is iditexposed

| ocation. A | egdrpasht tﬂ@&' tBahhebdr dakeel 1D Fe IRMA JPOUHL Swd he

positional pattern of |eads on a carrier tape. Once these |Images have
been proceéébdc°mp°§SBF§pr|QFEeanﬁnﬁEﬁBQQSa§§d§a$§§bdQMﬁm?RQR9q f or mati on

in the images ﬁé@ﬂuﬁeémbﬂ.st hemoved, B60 tEBRTRAES component dHdrE bStBESSght
Letters Patent 657, 170 (1987) to 30 Mull er discloses a process for

bondi ng an eIeE Ehé ‘conponent to a connecting tag block in a nmachine and
t ape -for carryi pited Statesodessersn BakentalNg .nst,r4ﬂna,r114144(1'$83) to

| ocated above epUpPRE! A9 Wl oles i’ 1A &/ RS thae THS16680! 85

an operator to see t e ape as as one Integrate Cl r cui posSI |oned
on the tabll® t graPPANg ﬁlévwew#@trh&artrwnswtaemtedmn cisubgtatper | Hn

aligned wWith optical device in the form of a microscope or television
camera apparently monitors external housing features in
order to assure proper alignment. ' . _
United States Letters Patent No. 4,526,646 (1983) to
20 Suzuki et al. discloses an inner lead bonder in which a
die is fed along a path. It first is positioned at a die
defect camera that enables the removal of defective dies.
Next a die positional pattern detecting camera images the
die at one location. A lead positional pattern detecting
25 camera monitors the positional pattern of leads on a
-carrier tape. Once these images have been processed,
appropriate alignment is made based upon the information
in the images produced by the later two cameras.
United States Letters Patent No. 4,657,170 (1987) to
30 Miller discloses a process for bonding an electric
component to a connecting tag block in a machine and tape
-for carrying out the process. An optical instrument 44 is
located above a supporﬁing table at which assembly occurs.
This enables an operator to see the tape as well as one
35 integrated circuit positioned on the table to determine
whether the integrated circuit is properly aligned with
the tape. Adjustment of the position is then allowed.



the tape. Adjustnent of the position is then all owed.

- 3- United States Letters Patent No. 4,671,446 (1987) to

Sher man di scl oses a nethod and system for automatically bondi ng a | ead
wire on a sguefédesctor. In accordance with this nethod, apcynsesi2si4
carrying surface is 5 illumnated at the Brewster's angle with a beam of

| i ght rays having a wavelength in the rande of the light - transnission
coefficient of the sem conductor materi al constituting the chip. Either

the illumnating beafindited Stiasescfiatdians RakeRt ¥Rt ht af el pbfri(288 7o to
produce a 10 di s?u ﬁ&fiﬁd{bdlrgs%“ss'é Xnéﬁhé&'eaﬂdgé‘}siémfGi'eQu{'_bﬁEhtl@%Llly

contact and the reflected fromthe sem conduct or

i |luninating |i&en & 18ad e 97 12 Fencondpetgs, tBn aﬁ&PF fince
frequency beam gfiti ghilé ayschodle a comsadt ¢srrjnhﬂgcedrﬁaoér ast in the

hosi tronng. 5 adumiated HE i ndudt Lo 2812l wPER A TpREm AR S it
4,899, 921_(1990ﬁays hawEayl & waveﬂensﬁkcinsebearaggﬁEQ£ tpbpaddold i n which
~an  optical %éuﬁéé‘:[c?x{ @&a@ffcfe:gg' Bt easéﬂ?ééﬁaﬁéto%hﬁa% rabe

Il um nates both erfacing surfaces I p an
substrate and comsgtetturing fhe - i nEbth er thengliumingsings bean Qx

al i g{mgnt ' tshcorﬁr?ét%eﬁtt@cﬁ&h&am o8 %ﬁﬁdéﬁ%ﬂpémafh%?ﬂ/ tbg ?@dﬁd@ de
nount ed oOn e Stra al es, Le S Pat.e
o8 075 1981 aiEerends (in intensisy GfcthootiontopeElRckan hra &hs

pI aci ng a seraannﬁnctmd cthe bight stéfleated ﬂrombnhec seticoriductor
gri pper separat [ d S t I ISt
. Ff% %ﬁiﬁmégégﬁgg li ﬁt ﬂg%gég hréugPhe 31 ter t?he

tel evision caner ures image of
substrate toI(MxﬂmdarpamraomarIOWdﬁrﬁqupB¢Mtbean Qécénahtammmﬁ tiheis

stationary with resuf€Speclnhfniod EORPLABLALH CARPLUETRCAD | meﬁaﬂs hes

chip when engaged b e robot to ocate angt her pair of datu
poi nts. A nadhi feOXe sli'%%dla%ét@h?b?bééésggrt RECYiAdpng inputs to positioning

eqguipment.

United States Letters Patent No. 4,899,921 (1990) to
Bendat et al. discloses alignment apparatus in which an
optlcal probe is intermediate a chip and a substrate. The

20 probe illuminates both the counterfacing surfaces of both
the chip and substrate and combines the two images into a
single image. After the alignment is correct, the probe
is withdrawn to allow the chip to be mounted on the
substrate.

25 United States Lettexs Patent No. 4,980,971 (1991l) to
Bartschat et al. discloses a system for precisely placing
a semiconductor chip on a substrate. A robotic arm with a
gripper separately picks up the chip and the substrate. A
. first television camera, carried by the robotic arm,

30  captures the image of the substrate to locate a pair of
datum points. A second camera, that is stationary with
xespect to the robotic arm, captures the image of the chip

- when engaged by the robot to locate another pair of datum
-points. A machine vision system processes the output

35 signals of both cameras to establish the precise location
of the datum points on each of the substrate and chip.
This controls the robotic arm to cause the gripper to
place the chip on the substrate at a precise location.



35 signals of both caneras to establish the precise |ocation of the

datum poi nts on each of the substrate and chip. This controls the
robotic armto cause the gripper to pl ace the chip on the substrate at
a preci se \\eralisss3. -PCT/US98/12514

United States Letters Patent: No. 5,195,234 (1993) to Pine et al.
di scl oses a nethod and apparatus for visuat4- alignnent of parts that"’

i ncl udes a device, such as a robotic armfor pickin an(rj?d!ol afi%r;%a %rt
on an object. 5 OneUndtrdcSkBtes LRTLEERoFELeRt: N Sl Huti B3 h Work
envel ope that poabakesathedabiceosesAaoinethodednde appatidthis efor nfbsuali on

fromthe optics_device for. |locati re__ & iln%rw%@%fgks g} t.he ob%' ecck'i V\éthi n the
work envel ope RHEBEBERE Of o PAETS, PXALARSHISSE £ ETATE wiTHCE 2 | Andnar k
in the 10 wor kreboelieparmif fer piekimy endapdacdmy ed patie awean object.

conponents g e.displ | i3 :

United States Egﬁﬁsgg‘g%thg{%%ﬁo%%g %f%\?é%i%%&@%@t%m&%{éi%ﬁ %Fs%lggglsc a
burn-in socket envyedope & SO IR Jestm cAnRiher Vet hat

ixing an | r?ESE%E%%%VEQ*‘T‘%&?&'&"wﬁ%“nﬂ’fm@fﬁ} o

transparent nmerBRATEERR S the Qb s e WYt sfvelopshbhereRY

el ectrodes of gose@lilon@ldignment P cHee gat adi i) the batdmarkhinr ehess of

the chip caont ai ner and el ectyd.cal I,y cQ tQ.in el r s of
the chip ﬂioﬁ’loé‘iﬁ%&nvlﬁ;‘)@seé ofA tee?dstx%)en %#A@Qf%pée&%dal %%rrgﬁ of
the | eads, chi gosipertemddearmdisplaged xslattivaldwo isach andiintated by

Vi ewi ng througgﬁg&c}A}B tape fromthe cover 25 nenber by video or other
means. nited States Letters ‘Patent No. 5,590,456 (1997) to

Armington et al. di $EHdad Shrtamhektars FatemleiNet (5,523 586i #3988 to
P oUGh ot e L e e e onany ol west
roug a ransparent . al | gnnen 00 al ., e CO onen (0] e
bobot om0 18" AL s Coru i hASD Rt A ChiTon ch SERRSPRBent *cbver

member. The cover member is constituted by fixing an

inexpensive TAB tape, which can be finally processed, to a
transparent member of glass or other transparent material. -
-The chip élect:odes of a semiconductor chip to be tested

20 are set in the recess of the chip container and
electrically connect to internal electrodes of the chip
container by use of leads on the TAB tape. The alignment
of the leads, chip electrodes and internal electrodes is
facilitated by viewing through the TAB tape from the cover

25 member by video or other means.

United States Letters Patent No. 5,590,456 (1997) to
Armington et al. discloses an apparatus for precisely
aligning and placing optoelectric components on a
. substrate. A single camera looks through a transparent

30 . alignment tool that holds the component to the substrate
"~ below it thus allbwing both the component and the
substrate to be seen together by the camera. The
-alignment tool and substrate are adjusted to align the two
- precisely and then are brought together while being seen
35 by the camera. If the optoelectric component is a laser
chip, the chip can be energized while on the glass
alignment tool to producé a laser spot that is



substrate to be seen together by the canera. The al i gnnent tool and

substrate are adjusted to align the two preci sely and then are brought
t oget her while being seen 35 by the canera. If the optoelectric conponent

is a |l aser Qlg3: the chip can be energized while on the ole¥es9sn2si4

al L gnnent toc?l 0 produce a | aser spot that is superi nposed

on the visible light image via a series of -5-lenses and mrrors.

There now exists a new class of electronic chip- substrat e conbi nati ons

cal l ed chip scaseperikpgsed Fhetbecwinibitadightsimegeeyist a mexiep afd

substrate carryyan Pgng agmgzxggr?nd term nals respectively. The bonding
pads are typi 5P S square; the |eads have a cross .
section of about 2 rﬁ[‘hgrel Aowr gEAsSts &s%f“’ec&ﬁ?ﬁoﬁrﬁ slectronig SR~ the

fOlbotltC deV: ce gﬁ?%tﬁbtﬁ?cF:hlblﬁﬁ'EE@ﬁ%nE&ltL%dth:h\Mﬁ 1@@1@5@&1&%& er r"l‘hé

mi ypi ca W t hin Ql eranc s than CrLo

of the foreg nﬁ°‘&BEFE§€ﬁé‘§g \?H"%af:ﬁg 8&:32‘5 6’2‘ atf’f‘ﬂ %’fﬁ%t%ﬁ’é}(
patent, di spl ackendiagcpadsnant temahaﬂ.lsve:etwetdtamll}e.r dherbonding pads

| mages rel ated Lool boph chTI0RELANS. bade WeRatel il ibadMayd b Abkigs

corrpr er al ert s and genera
i nvol ves a si gnskectaon @lfsplb@s@rr@nml hi & mg:qﬂxamsure mnr@prégtﬁn

the ten-m cron i | f
gi&%‘émgfg, B a fifoi‘idh@ den%f‘ecemsaéo £ 1A 95 d c&P%ﬁéhEQ to

t axes or exceed |t|es o t hese raohotic eV|ces reover,
at this gy u Wi ERd it lﬁé‘ts mdan Ja@licrklsrpeitdtin & reelerance of
el aborate and th_@gscqmﬁymmg nﬁ_adxidafsa,t I on procedures that further degrade

have been suggest ed P3G it RIS (RSTIRFIN bECEuEh, Che | SBRaRELn
Uni ted_ St at e fl ehiec Aanidatghan N ai 51&19&1:,( B ] 4ce Hi Ghef eomwpehent
3;ih ?chlgzgi ace§r§%Vﬁ§%owar a subs gnaﬁ%gglg?%$%§?peglEhgagd
connect ed t o1% h@osuiltdiona eave &e@mrde&ermlned ThlS relative motion
comprises lateral and vertical components and generally
involves a significant displacement. Achieving placement
accuracies in the ten-micron range while maintaining '
. acceptable rates of operation taxes or exceeds the
20 capabilities of these robotic devices. Moreover, at this
requirement for precision changes in temperature require
elaborate and time-consuming calibration procedures that
further degrade operating speed. ‘As a consequence
alternate or supplemental procedures have been suggested
25 to enhance the positioning processes. For example, United
States Letters Patent No. 5,518,964 (1996) to DiStefano et
- al., discloses a microelectronic connection component that
is pogitioned with the leads faced down toward a substrate
and onto terminals connected to the substrate in a Z or S
30 fashion. United States Letters Patent No. 5,348,214
- {1994) to Nishiguchi et al. discloses a method of mounting
- a plurality of semiconductor elements each having bump
- electrodes on a wiring board by pressing the semiconductor
‘elements to the wiring board while aligning the electrodes
35 and then heating the structure. Any misalignment in the
initial positioning of the chip with the board apparently
is corrected provided the bump electrodes lie somewhere in
the concavity of the electrodes on the wiring board.



30 fashion. United States Letters Patent No. 5, 348, 214 (1994) to

Ni shi guchi et al. discloses a nethod of nounting a plurality of

sem conductor el enments each havi ng bunp el ectrodes on a wiring board by
pressi ng t Reo 98846 PNduct or el ements to the wiring board mOTAUSS125¢hi ng
the el ectrodes 35 and then heating the structure. Any msalignment in the
initial positioning of the chip with the be&rd apparently ~° i's corrected
provi ded the bunp el ectrodes |lie sonewhere in the concavity of the

el ectrodes on the wilhitgd&dates Letters Patent Noynf Q¥R RI3cslPB8RIeke
Patent No. 5, 0%2d3niciRoa: . da.héic%&@@ne&wérnﬁtwéoapgraach
alternative approach mhereb §§§1 t eps of f%ictrlcall conne g at

| east one pahexsbyh Hhss v?%n?ﬁté B¥e8%h Fﬁﬁ n§>s§

the bunps into Qfﬁ buntr}k &ﬁmfm&ﬁndﬁmtqmo&a\gicg inchudssrhténging
seni conduct of VI I s moved r Iy Kk S whi | e
noni tori ng whet “@ﬁ ’tfﬂ:eo co%&}ént%/ﬁ% éhf or rre %ﬁgt e gg?fggékéga?ﬁe

packagi ng substsubsetraten &he szanicondyctor sdevitecisi vaved rehatived tio
each 10 other. if yurét@%ﬁlpé RORELELIRS Rhethey ele@%&%méﬂg

devi ce or dlfferent parr ectrodes on _the ackagi ng device may b
energi zed foraﬂﬁ{ﬂ#ﬁ#ﬁsv§Q¢We QRHEF%OWWE%?%% o §eoHaFH§9§Bﬁ|§HR&5ﬁﬁﬁe

device. Thus j# hex shsdsinoné lpabpidpe éhecevieallyfl bonnbetwdenot kactb
devi ces mhen the corres ond| qgff rs o es are.n
e

s_and ele
regi ster. otheg; ¢ ¥%Pgl¥hggnPaﬁ5.°§,ﬁiﬁ?égﬁ EF9§3) Hh$
Ni shi guchi et q¢ackh§rﬁ@s@sv$¢elbradbfﬁereattpamasimé ehectroldieshoan the
optical device is Jocated el f 2 n Stk
Coherent i ght PITEAS IS SacTLYE Pt H‘ﬁ £GEk8a2Ro8 1 L BhnBHRS Il%thht
refl ected by thintencomgedticed bumaadoaubb@raemlcenduchpyr flevdgee pathtva ns.

The inclinationye %‘}sééxﬁ J@Qﬁﬁlﬁsnbeaﬂ gHal eﬁa-rtahg %EQ&t bakRekh Reld Or med
by observation of 1 nterference gges caused by e, 25 interference

bet ween t helBi gReVigeF cvheq FP%nF?FEe ARARES palﬁéa& aRY"PRgRRS ef | ect ed
by the substratgledbfodes are in register.

United States Letters Patent No. 5,212,880 (1993) to
-Nishiguchi et al. discloses still another alternative in
which an optical device is located between the flip chip
-20. and the substrate. Coherent light irradiates the bonding
head and substrate and light reflected by the bonding head
and substrate form interference patterns. The inclination
of the bonding head against the substrate is performed by
obsérvation of interference fringes caused by the
25 interference between the light reflected from the bonding
head and light reflected'by the substrate. The
disappearance of the interference fringes indicates that
the bonding head and the substrate are in exact parallel
relationship. _
30 - The foregoing patents thereby disclose a number of
alternative or supplemental approaches for enhancing the
“.alignment capabilities of prior art assembly apparatus.
In accordance with these patents conventional assembly
apparatus provides an initial alignment. Final alignment
35 is achieved mechanically, as when bumps on the chip drop
into concavities on the wiring board, or electrically, as
monitoring different pairs of leads to determine when
appropriate conductive paths are established. Each
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di sappear ance of the interfe nd| cates that t he bondi ng
head and the substrate are i relati onship. 30 The

f oregoi ng patents thereby di urrber alternative or

suppl ey 4ss@dpr oaches for enhancing the -aI i gnment m@grebisiasies of
. prior art assenbly apparatus. In accordance with these patents

conventional assenbly appar atus provFdes an initial -alignnment. Final

alignment 35 is achieved nechanically, as when bunps on the chip drop
_into concavapproagh tmergasesy theatdmetxRagitian |and attachanrhapi ng

different paiys %ﬂs%@a%et 0 @9liey W phtfiuce a aé)j@rﬁpﬁ@é&c cgeduetwa pat hs
are established. Each gﬁroage_r
hi s

i ncreases t @ BFPAUCS 108 TAEST -andFhg AIGPERative (f a’%‘ﬁ?ﬁ%‘t‘?
can pr oducan}@resﬂtglacfdmﬁy ofedirad l:mbou:n: Meoditds oI Rt tacrdhge the

alternatiye of..incr rent I c devices will

i ncreaseI h&S (?5lsst o “ﬁ?g#ea’é‘\ﬁecse ] (?rp Jt‘??/gi?v% b‘%éét 1F\s{| need\tlamd

i's an appar aiaededldmmh(appamtu%tami nmmthtﬁlmtosat; aaékeonsbilent i onal

roboti ¢ appay fetr& cf%\fﬁ,értaa £ SEbENY £o881L0 naeﬁla%uwév
ica ction

wi t hout any SI gn'l ecrease | n produ tes,
si gni fi cant nemyiaet enhapqed QAR ENINGREHIICY ﬂﬂb‘b’éﬂ%né@ym any

envi ronnent aélg%ﬁ@iéarm&ieé}éecé@% DAl EVEM | Pates, witR6GEORAYI L is an
object of this |nvent|on to provide a nethod and apparat us gor enabl ing the
JoIRFRAR h 2P

preci se 4P gHekEigant RATHHE i FSs® rarg uyet Anot her
obj ect of t hirfddguRidnad of drfy pvirienments hocondiic bopar at us for precisely

| ocating el ectri.cal terr%rﬁal S..QN: & supporting structure with bondi-ng pads
on an el ect m—%&%ﬁ%not her object of this inventionis to
provi de a met hod Ehrerefpce atusipan ioeject yohidaptedifvent henatibonat ed

assentl ¥ of SaPLEEd S endd dnd egosens | 100 ChABL ! Phe! Becpioic! | on

of a chip package anot her ect o IS | ventlon is to
provi de a5m§=! Hegnmes °%p$a@%ﬂ8ne$%r°neﬁh%%EPﬂﬁtlﬂﬁeStE‘éﬁ'a'Brﬁl ty of

conventi onal aSS%ﬁ’h@ﬁ%%@@ @p P81 6 oL AVEhEL6R 18086t pBYREEeOR an
el ectroni ¢ chi (g éu orti n@ ructure,in anlautonat edlna uf, acrlurl ng
apparatus \VE¥RCOG AN PR3 R8ntOT | ppgcisely locating e detrica

terminals on a supporting structure with bonding pads on o
~an electronic chip.
20 . 8till another object of this invention is to provide
. a method and apparatus particularly adapted for the
automated assembly of an electronic chip on a supporting
£ilm during the production- of a chip scale package.
Still another object of this invention is to provide
25 a method and apparatus for enhancing the capability of
conventional assembly apparatus to perform precise
positioning of an electronic chip on a supporting
structure in an automated manufacturing apparatus with an
.. insignificant impact on production rates.
30 . Ih accordance with one aspect of this invention, a
. £irst component with at least one alignment feature on one
surface thereof and a second component with at least one
-alignment feature at an area of tramnsparency therethrough
~are brought into a proximate spaced position such that a
35 superposed image of corresponding alignment features on
" the components can be generated in response to light
. .reflected: from the first component. The superimposed
'iidage is then analyzed to generate alignment signals that
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production rates. Various distin it aspects of this
i nvention are defined in clains 1, 51 “ d 22 appended hereto.
I n accordance with one enbodi ment of t ' a first conponent

with at | eagdogmsuesl i gnment feature on one surface thereof -grnesssAcssdd
conponent with at |east one alignnent feature at an area of ‘transparency

t heret hrough are brought into a proxinate-$gaced position such'that a
super posed image of correspondjing aljgnnent features on the conponents can

be generated i gnakdsoisinab registratiertef thenfinstrang: s nent. The
super i nposed | REpdredt®n anal yzed to generate
REPLACEMENT SHEET o 8 al ignnment signal s
that enable final rdgt AFRTRPSE YHED 13PQEReR REREGRICE o FPaRedryention,
accordance wit Ifiarsit eend esdaohdestppdrtsi posivtohing, firsst anad second

supports positignl L St .C ) , g€ach_having.align t
Foatur es, | mod naHREntd A SHER IS TRTRORRRGE. FRREN-RR, R RRdN e
first support |fcond compénent abnporefergnosi phhahy whiflke thecdidst
component on onfugidia: Oloédes oERECPELsE! Bdfipofint "RIBARATIY o 13N NI 2
gi ven depth of field, characteristic inmages the aplg ment features Tromthe
ot her side of t3RFINE FANREBRENER ORRcRitRcOR FhenEsLcreacs ®lane wiAhin

thle depgh_ of fi:'ﬂﬁsb@}‘géiie_rfaﬁaghehaemﬁgahpgivéﬁf a{e iwzablfpeftiféc}a rects an

enl arged i e t,0 . [ OL{LONS.0 nl_arged i e.are
convert ed irr%go ée}faé%_?%%?%éggﬁe%ﬁggsgaﬁéet ﬁzﬁggﬁgﬁ%e%ﬁﬁg“%%ﬁ% tglfcond
conponents to bethevughdei afothenreferencer piape whegnstthet iadignment | n
accordance Wit helthbeanakaey: eRRALABN B! BES 1RO Re AhadPPar at us
is provided for positioning an electronic chip, having bondl My pads on
a pl anar surfacZeReERESY - oANACPEASELaPRLR FATEEASs anperd@nasd darge to a
transparent aredschbebfovhetel pBRLLONEEHIEC Ehedehl@Tdeir iflaRfd r{d ¢ chip for
nmovenment in_an x-g hogl ontgl g&an% gwqcalogg and abq%% axi h

per pendi cul ar t 5OFKEX 9§ pPERe SR ERBLE, Y& FIF R HFai 'rﬁ?éﬁ%? the
substrate in afhvstzentiabepbadecompanessl tot bee briovaidr igeeradrgsact in

si mul t aneousl y %Egégsgng §g&ggqtgghgrged I mges of first and second spaced
pr edet er mi ned portions OF the substrate

F In accordance with still another aspect of this

invention, an apparatus for positioning an electronic chip
20 having bonding pads on a planar surface thereof on a
substrate with leads formed thereon in transparent areas
thereof. A robotic device carries the electronic chip for
movement in an x-y horizontal plane and along and about a
- Z axis perpendicular to the x-y plane. A substrate
25 support maintains the substrate in a horizontal plane. A
real time imager generateé simultaneously first and second
enlarged images of first and second spaced predetermined
. portions of the substrate and the chip based upon light
reflected from the chip. A processor generates alignment
30 signals in response to the first and second enlarged
-images. A control, that initially aligns the chip and
substrate in a closely spaced relation, performs a final
alignment in response to the alignment signals and then
moves the electronic chip along the Z axis into contact
35 with the substrate thereby to mount the electronic chip to

"the substrate.
CEN
S SHEET HAS BE
[TLIEPLACED R




and the chip based upon light reflected fromthe chip. A processor
generates alignnent signals in response to the first and second enl arged

i mges. A control, that initially aligns the chip and substrate in a

cl osely quﬁsngﬁggtlon performs a final alignnment in respopea/isysiipsi4

al i gnnment signals and then noves the electronic chip along the Z axis into
contact with the substrate thereby to nount-@-he electronic chipto the

substrate. - 9- Brief Description
of Draw ngs i De =T padgsi cul arly point out and

di stinctly claimthep té{ £m Lt I iEMfQ%l tTBgtvthpus

obj ects, advant ages and TJQ%a d%ess ? % 8eﬁoﬁgn wi |l be nore

ful l'y apparent dxmwﬁﬁfb}adﬂr@l‘bfthe ?‘h‘@:‘?%ﬂ@%ﬁgrdeﬁaﬁ:héé a&@@ﬂtﬂ-ﬂrb'n in
conj unction w tfhd Reariods COpPecs ngadi’rém\tagésl andhihelelli Feater@eRs®e this

nuner al s refer to |ike and i
per spective 5|éMFY?P%&%EKWgﬁiﬁ?%fm?ﬁpagﬂﬁfgtﬁgpﬁﬁ?nﬁngQFIﬁgrﬁﬁéﬁﬁﬁbﬁﬁ%nce
with this invenih@nfollowing &e€iiléd descPiBpaienyiawecnianetlianged florthe

of an electronlc chi l@gddggQ gtf?ﬁéhigﬁwﬁ%kg EE@Er%P éﬁ! : 3A

is a perspectlfﬁ € apparatu and
FIG 3Bis a persﬁenttoelwkempastsn gndat@rwhephl of one portlon of the

optical path of 3 [ I lof0f certain
of Fr%g? ﬁ is aBEFrsﬁégilée %1@@ EB %ﬂ%@@ Fehdl lofo

i ght paths enab further .
under st andi A§ oﬂppﬁrétﬂﬁvéﬁFleﬁeréblng 1nFF€F°5dP§°§'M¥§h<9¥%% igvemeion;

met hodol ogy of this FIGSnVQﬁt hAA; 2B are vibWe, Gndepilehyed forage oif &M
approximately al ctroni d substrate;, FIG 7 is

ned c cC
an image of a cﬁ#%cﬁﬁﬁnéﬁbg FBt@nngBBsggaEan? Eho¥md®™ FIF -ador dance
with this invention; FIG. 3A iEl & p8rspegtioespdemw of \arewpdficaie gabdt uie

for  carryingihe subsLeakeos pro. 1, ShE Fld.S 3 WP o kRdiledt SHORRLLY

shown in FIG ]
15 1n greater detail of one portion of the optical path of

 FIG. 3A;

FIG. 4 is an enlarged detail of certain light paths
of FIGS. 3A and 3B that will enable a further
understanding of this invention;

20 FIG. 5 is a flow chart of the methodology of this
invention;

FIG. 6 depicts an image of an approximately aligned
electronic chip and substrate; ~

FIG. 7 is an image of a chip and substrate after

25 final alignment in accordance with this invention;

FIG. 8 is a perspective view of one fixture for
carrying the substrate;

FIG. 9 is a top view of a support shown in FIG. 8;
and

30 .+ FIGS. 10 and 11 are top plan views of supports that
can be used in conjunction with FIG. 8 in lieu of the
support shown in FIG. 9.

Best Mode For Carryi Out the Invention
FIG. 1 schematically depicts a robotic system 10
35 adapted for implementing this invention. The robotic
system 10 includes a robotic arm 11 and a positioner 12
capable of moving the arm 11 in a horizontal x-y plane,



and 30 FIGS. 10 and 11 are top plan views of supports that can be

used in conjunction with FIG 8 in lieu of the support shown in FIG 9.
Best Mbde For Carrying Qut the Invention FIG 1 schematically

depi cts a rywgisgso3yst em 10 35 adapted for inplenmenting this BOIVEsSIsiies14 The
robotic system 10 includes a robotic arm1l and a p05|t|oner 12

capabl e of noving the arm 11 in a horizontalOx-y pl ane,

-10- and along a vertical, or z axis that is_perpendicular_to t he

x-y plane. In tabong BHVRRLIGAL: PReZeA¥iSf thRE is merpendiswlartd |y
adapted for rotgfd ng-pbevhnéhe Inaxdqitiohoa ahgukans et ke kndf the
Conventionally the chugk 13 5 Cfiklea a Vv cgun1grggg 14.t hat contacts, an
upper surface Aarmslliis generaii¥i @ABRFFA15°%48° FPgtaPEW% Z 1HErRby
to carry and supppranghidael eoctr 6pi mothon. orConnpnnénnally'Ehe mmndk(nﬁﬂ 12
therefore isgabj £9e£08a%§c#3§ %réghgﬁtign fatNeBntlcts %%{ ef(su ?hce

"z" and "[erP]" gr eées A su strate support
fixture - nount®dofnanhelecbvenicsgbipniléo, asapr fdxss §@Mﬂ9ﬂﬁn§nrtherQhE

formof a tape gQ éarfyssﬁangugﬁwenené B3ectsonte chliy @ Gbrffoddads.

Such robotic systens a nhown in _the art. ConSequently detail ed
di scussi ons on The pegabtieneyrLychherefore, dp §§°§-Fe|‘h§’ losatendheind

nﬁchamb sns for gpaverbhne cmpommﬁsmpt a»fcwstt"rolv-yac;t l--Qrvs,arﬁiJofe'ané@ﬂees
the robotic

not [nc hi s _des FIGS. 2A
and 2B eachlﬁbp?%nkﬁ §BWCaI FB§?$5ﬁ£E ENPE % ﬁé l?i&%ﬂ\ﬁ)#ﬁﬁﬁ%f? a
typi cal substrameuﬁﬁedAlhothen1robshnbasysZEmonOLhcamnaaswansnhﬂnmaﬂé in
general Ty sl os cern BECH, Fp7d] 25 W Seihd Gt 3y agid
termnals, etc. P&Erégéﬁybefl}eﬁﬁélcated are consti tuted,
Such robotic systems are well known in the art.

15 Consequently detailed discussions on the computer driven

control systems, commands and wmechanisms for converting
- commands into control actions, such as moving the robotic
arm, are not included in this description.
FIGS. 2A and 2B each depict a typical electronic ch1p

20 16; PFIG. 2A also depicts. a typical substrate 20. A bottom

surface 21 on the electronic chip 16 includes an array of
~ .- bonding pads 22 in some predetermined pattern, generally
along opposite edges. Bonding pads 22, often called
terminals, etc. as previously indicated, are constituted,

25 in one embodiment of electronic chip 16, by 4-mil square
conductive surfaces. As will be apparent, the bonding
pads can be larger or smaller than and have a shape that
differs from the 4-mil square shape of the pads 22
specifically shown in FIG. 2B.

- 30 The substrate 20 carries a plurality of conductive
leads 23 that are organized in an array and span apertures
through the substrate thereby to define areas of
transparency 24A and 24B in FIG. 2A. The leads 23 are
spaced in the areas of transparency 24A and 24B to

35 correspond to the arrays of the bonding bads 22 at
opposite sides or edges of the bottom surface 21. For
example, a bonding pad 22 could be a 4-mil square with
each lead 23 in the substrate 20 having a width of about 2



25 in one enbodi ment of electronic chip 16, by 4-m | square conductive
surfaces. As will be apparent, the bonding pads can be | arger or

smal | er -t han and have a shape that differs fromthe 4-m | square shape
of the padswigegisssorspecifically shown in FIG 2B. 30 ThepeTvushs/e2ses 20
carries a plurality of conductive | eads 23 that are organized in an
array and span apertures t hrough the sutistrate thereby to define areas
of transparency 24A and 24B in FIG 2A. The | eads 23 are spaced in
the areas of trmhipapdficheing gracedptco 132 dO1Es FHd® (N (IRNERF aysPof the

Eondl ng pads cméhdgctOQPEQﬁ gszgk@e&dg bﬁ@ﬁe%a@h tlf&d)cﬁi%%ﬁéasﬁ aﬁ

or exanple, a bon co e a uar e

lead 23 in the 8%K&¥rQfe g‘@‘%ﬁ&&f’ﬁgpé &Gn%g}?oﬁo & ot e subs}:rﬂage.
and being spacedottmebtevmylﬁhmi oadan z:;eratmr moke witdeldy dmacedno@érest ends
fromeach le on n tQ h ottom
of the substrat rggrc%%leecttlgvg '?T:]Lt@e ’%%lgfag' rrcg)orﬁ?éviﬁitaé?%/gs%%cg over a
5 larger area t eleaticonist ehépt éﬁn&hmmhmrﬂlhstxm 20e| ectronic chip

16 through the SUbStP%tE%rZ:Q.ng again tefeid] ng, agaééhﬁ s'&ema:iﬁoFS:E.QEs
system 30 drives y, z, |err] p05|t|oner 12 t re Initial
posi ti oni-ng the &iedtr &ni @ msﬁtﬂ@@ i%% tharehe Wﬁgtbﬁﬁénﬂo

are spaced fromghulelelc@sRIing ool grmee &, 1ﬁ§"ﬁsume 21 sameus@nainghgads
substrate 20 | ncl udi n egfgg eads ?(_1 Lirﬁ @ shown in FIG : pi cal
spacing is itP t RES &R %E om, &R 405 YﬁF‘BEIWacta‘F %?)parrl?;\?u‘épgﬁrl n FIG
1 then views salrifguaee if foket mmnmamrﬁmnﬁda@ ;um beddsr28esdehlas
t hrough t he tran e 1S 2A4A te n

| MAGE 2 signals. i% g%lnt%i szést e%p%@?%ses &fﬂﬁg ST g ﬂ@%“’g‘éﬁgr gtfe

al i gnment  si gnaItQ Uamidisabl dn optheglo APParatud 31 oin e)bb@& t1obheheviews

el ectronic chi pah drfhent tﬁ&eﬁﬂéé'&ﬂ%ﬁé%m@l&@réﬂd é'tsﬁﬂétfaéé' ol N
[err]. Once 20 that p05|t|on| ng i's Czi% o control system 30 noves

the arm 11 ahdl CHFdghefths SyanspaLse R 4R Qn%x?%B and generates

-IMAGE 1 and IMAGE 2 signals. The control system 30 uses
these signals to geherate alignment signals that enable
the positioner 12 to .reposition the. electronic chip 16 in
the x-y plane and angularly about the z axis in 6. Once
20 . that positioning is complete, the control system 30 moves
the arm 11 and consequently the chip 16 along the z axis
to attach the chip 16 to the substrate 20 by adhesive or
other means (not shown, but known in the art).
A typical substrate 20 as shown in FIG. 1 has
25 multiple positions 20A through 20N for receiving multiple
electronic chips. After one chip has been placed, an x-y
positioner 33, that carries the optical system 31,
relocates the optical system 31 to illuminate an image at
a new chip position. Likewise the x, y, 2z, © positioner
30 12 picks up another chip and moves to a corresponding
- position. At the new position the visualization and
_.alignment process occurs again. As will be described
later, the fixture 17 may incorporate a substrate support
structure that prevents the substrate 20 from stretching
35 or otherwisé deforming during the attachment process.
FIG. 3A depicts one embodiment of the optical system
31 in greater detail. A parallel light source 34 directs
light to a mirror 35 canted at a 45° angle thereby to



to attach the chip 16 to the substrate 20 by adhesive or ot her neans

(not shown, but known in the art). . A typical substrate 20 as shown
in FIG ‘1 has 25 nultiple positions 20A through 20N for receiving nultiple
el ectroni c wo 988408  t er one chi p has been placed, an x-y PRET/USWN361433
that carries the optical system 31, rel ocates the opti cal systen131 to
I1lumnate an i nage at a new chip p03|tr63‘ leeMAse the x, y, z, [err]

positioner 30 12 picks u not her chip, and noves to corr di
bosi tion. Al t R TARES 1 TR TRER P RTSREPhn QRASREIAR] SRt O T
occurs again. u%awéxhcdaﬁpaissesubem transparehby Arshsr24A7amay 24B. The

' b h 20
from Str ot ohi not S35, RESarLevaLd, SHEGUST, | BheRRSLFTbRch Bt Bl
FIG 3A deplctszbn%nénhbdlhen@lng paQSO%zubaves9shegh degzeei pigr dutter

detail. A pagald fkféw&e vavaEs 3f, dbeerbétivitl 9hboh8efudhtnyy ﬁ%ﬂ?@“t ed

at a 45[err] angle thereb
i || uninate the PREALRE Fh?%?%@tth%rtEﬂPﬁpérFPEYdaGPaﬁl3@ refilggts Off the

enconpasses botéuffa@épmeaﬁa BoBASNG4Paasd224BrIGhe 2A be@lE33 oF &he
visual | y opaque, eral

urface e_bondi n ads 22
have a hi gh ded? %%c °nbﬁt glal}%ere ?ngFﬁeslb?ﬁtrégFé F&' bplague
Consequent |y | ildads 2pabackgcahteugh t he transparency areas 24 reflects

ol ectronic 4bip 16, TESovs SEPLORsPeYS, RA1aELEY boRadhl Bl pddna 228
backscatters. 1and corre@ondaesl é9§d§M3édF§éeBBBbéndanglp®d§-fZ@d DO B

and COfreSpondl§8c£§6H5t33ée§ﬂét2§ﬁe'ﬂliuﬁhﬂﬁEhBhe rovasied byS®dd On to
depict the |Ilun1nat|on EFOVI parallel light fromthe mrror

34. For purposeeappll égprgr?WGFhﬁ UﬁFF?rlﬁﬁern@@FaP@nMQﬁQ§3°ﬁl1 FIG 4
one 15 light ragzlaﬁlf:yprmtae i bmmts35ntéarmeaiatbr opgicishe In mmsmr&ié

o g AF SASERE Y BECGELA" ol BLERER 48 el g e, >
through the . transparent area 24 padt refidecssd oz3Bthe hdighdyt nefledrive
mirror surface formed by a bonding pad 22a. Other light
.rays such as light rays 37 and 38 pass through the .
transparent area 24 past the lead 23B to reflect off the
20 bonding pad 22B directly back along the incident path and
backlight the lead 23B. Another light ray 39,
intermediate the light rays 37 and 38, strikes the opaque
lead 23. This surface is highly diffractive and
essentially backscatters the light randomly so that
25 essentially no light returns along a path parallel to the
paths 36, 37 and 38. Other rays 39A reflect from the
bottom surface 21 of the electronic chip 16 back through
the transparent area 24. The reflected light from the
electronic chip 16 therefore carries two images, namely
30 the image of the bonding pads 22 and the image of the
. leads 23 in superposition. This superposed image contains
- information by which the alignment of the bonding pads 22
-and leads 23 can be attained.
Referring again to FIG. 3A the reflected light then
35 passes to a prism or other beam splitter 40, that may be
in line between the mirror 35 and the substrate 20. The
beam splitter 40 is transmissive with respect to light
from the parallel light source 34 and mirror 35, but the




20 bondi ng pad 22B directly back along the incident path and backl i ght
the | ead 23B. Another light ray 39, I nternmedi ate the light rays 37 and
38, strikes the opaque | ead 23. This surface is highly diffractive and
essenti al | xv@aggﬁggtters the light randomy so that 25 essenpcghisgs/msisi ght
returns along a path parallel to the pat hs 36, 37 and 38. O her rays 39A
reflect fromthe bottom surface 21 of tdu3-electronic chip 16 back

t hr ough the transparent area 24. The reflected light fromthe '
el ectroni ¢ chi peafa spdridhtere 4Cameifdecbs dmejemsrimndie B3OEléctednydgbt t he
bondi ng pads 2 n [ 3, | POSATLRL hS
super posed i ma %cg#g%nsﬂ%gfﬁitﬁ{eo%}%ﬁtg#lﬁ&d%}%é] ]'Erﬁ]es&gﬁ gnmﬁ%ﬁg%ogﬁg
bondi ng pads 2¥ariakie laxmddixed apemtang tanfedl. The lepsctliaglagaes to
FIG 3A the rei;h%Ctiﬁ&dbé HY Pgrifiuced DARES itniagﬁa Rt SN wdclet FseaepBint
splitter 40, that may be i.n line hetween the rror 35 and e

. h
substrate 2 PROng anp&AS A ¢ & g e LR e Pehd; 44

il e s e e
- 13- eam spl i tt.er refle ar_ di ver reflected lig an
i mage fromt heegﬁegﬁﬁz&ﬁ D acl%%:t}blsa%c%ﬁalfefﬁélbrﬁm variable or fixed

aperture |lens 41. Tim laanswbodimentyeshown tir FIRge3B oca preamcepiditselr i4fage

at a back focal v AX4 : | v 0 as 43
and 44 are Ségﬁ%r?}ﬂ%?ﬁ%%éﬁ?fﬁ%rtfypﬁ% %%%%%ﬁegeﬁa%%grggi zed
i mge at tH& miguonmi4t and 45 that, aye enifodiRidt PIFBIAULAY FPRPOGRMEIgam

splitter 45 dBaldvhh%rwiﬁ&aih@ﬁ]&élﬂdéﬂasrﬁlsetdsptiéahtakﬂsazmgilr of 18
O 1 it 0.2 e el S PRLLL UL T EIPOSL PR poDSha a0 Lo
defl ect the i mdarne mormablmetmoroptical taeisps cahdadoenwardiy .
Sgg?r?gﬁgyé 50 and gggﬁ?égéé%??J%%§}Hiﬁéégﬁi§€o$§§4é;a%%E§8ﬂ4 8régeive t he
| i ght rays iPorpasicinnexrsp$? tand 2L, iyegpectively. The mirrors 46 and
47 receive the light rays from the beam splitter 45 in a
diverging manner and reflect those rays so the image
- .continues to diverge and enlarge even as it reflects back
toward video cameras 43 and 44 along axes 52 and 53
20.-. respectively. The cameras 43 and 44 are positioned to
. produce partial images from each of the transparent areas
24A and 24B, typically from opposite ends of these areas.
Each of the cameras 43 and 44 produces electronic
- signals representing the corresponding image portions they
25 each receive in conventional fashion. Typically the
cameras 43 and 44 will be video imaging matrices that
. provide a pixel by pixel representation of the image and
- will be located at the back focal point of the lens 41 as
. shown in FIG. 3A.
300 While the embodiment of FIG. 3A provides appropriate
~ images, the optical path lengths required for the
magnification without introducing undesired aberrations,
distortions and the like can be quite long. As a result,
it can, in some situations, be difficult to adopt such an
35 - optical system with the space constraints of an existing
robotic system. FIG. 3B effectively folds the optical
.path and minimizes the volume required to house the
optics. In either embodiment, however, the image produced



di vergi ng manner and reflect those rays so the inmage continues to
diverge and enlarge even as it reflects back toward vi deo caneras 43 and
44 al ong axes 52 and 53 20 respectively. The canmeras 43 and 44 are
posi ti oned inpog/sgasduce partial images from each of the trandQEele1258teas
24A and 24B, typically fromopposite ends of these areas. Each of
the canmeras 43 and 44 produces el ectronic -14signals representing the
correspondi ng i mage, portions they 25 ea¢h receivye in_conventiqnal shj on.
Tyl car Ly the | HC EhRoPasmASPIARLER 4B LopOTeRISY EHAGRHS It St @adTalSh,
provide a pixel thg pbsgtibapressnt ahdoBlobft FaG.mage faed 1itats |dydteem

| ocated at the back,focal point of the lens 41 as shown in FIG 3A 30
Wil e the enbod?ﬁgﬁprs PG 3A provides appropriate i mges, the

optical path |engthsFI@qubrddpfictst hbe proceps iy atiioh wikeh@pparatwsutnng
undesired abgrrations, ' hhan th ' n it ey | : a
rosurt, U BIE"L, inclHiind bhdBoticay mydrth S 22 M., AEELESe
optical system aht Rlegbropicechdpsifaitor 8 subatratisdhynder dweentrol
system FIG 3Bggf tget bbﬁ?ﬁt%&'i@%dt RRneRUICHystem BRI N HKbYidd H&sSetbAts
vol unme required %p house hi %ptlc%: | n_either ﬁbomlﬂgﬂf hqﬁever, t he
i mage produced the previously mentioned conventiona progedures £oXe peam
splitter 40 is geeatieyiag ahgedleotraddict icdnp 16 tfwowaesisippley sarid and 51

f FIG 3B fggill i ' . depi
gr ocess hy \ﬂhaq:l:ﬁ’l"ttsﬁ‘&ggg%g‘tgg%? icnig)I E‘%%tdl%%el r‘rbcﬁouxd]i‘?\]g&{ E\éeo cilpqﬁeg%ﬂ%%%ggﬁ 31
In FIG 3, affi2@sas showsl dox FdRSs A prab 40 drssrdence, 2remded the
control of Beoctul of ki AlliiiinettS M e 2P hd CUESEILS.  ThEBe

previ ously ment Foned conventional procedures for rieving the
el ectroni ¢ chi pSPeinGmadofighFhe #@EXE Refweshithe t¢RIsHEaeing ose

proximty to thgusfadlesdlcf the?@lactdtniit idhip G% MY aflie bsubs£566N20,
LoD, 00 o AR S MR R il 5" A 0F A8 451801 oy 0
. 31. As previously indicated, typical spacing should not
- exceed about 10 mils and typically will be in the order of
- ;5.mils. It is this spacing that constitutes a condition -~
of close proximity.

20 . As will now be apparent, z-axis motion over such a 5-
10 mil distance is unlikely to introduce any significant ©
or x-y alignment errors. Consequently, with acceptable
tolerance levels, the location of the bonding pads 22 and
leads 23 after correction by visualization will be the

25 location of actual contact .

Next, step 61 causes the control system 30 to
generate an image by reflecting light off the chip surface
21 as shown in FIGS. 1 and 4. The optical system 31 then
directs the enlarged images so discrete portions are

30 received by the video cameras 43 and 44. Normally the
locations are chosen to be as widely épaced as possible on

- the chip.

FIG. 6 depicts a typical image obtained by one of the
video cameras 43 and 44 when a misalignment exists. This

35 image depicts several features including bonding pads 22
on the electronic chip 16 and portions of leads 23 that
cross the transparency area 24 of the substrate 20. The
image of FIG. 6 has essentially three levels of gray. The



surfaces of the electronic chip 16 and the substrate 20 15 should be within
the depth of field of the optical system 31. As previously indicated,

typi cal .spaci ng shoul d not exceed about 10 mls and typically will be in
t he order ?«,g\ It is this spacing that constitutes peTRosddndsan

of . cl ose pI‘OXI m As will now be apparent, z-axis notion over
such a 5- 10 m | d| stance is unlikely t«8ntroduce any significant [err]
or x-y alignnent errors. Consequently, with acceptable t ol erance | evel s,
the | ocation oboinkidnbopdidsg zﬂamazmaighumymim@t eshitoe reecauseby
visual i zation I lo G |

61 causes the \g%lnt rll(;% &J;% “%klggurgtg(r\ztzft%ean I ma % The % télﬁ%al | ght

off the chip s@3f aad areap &# M\/rﬁﬁ Rddasent) Hhey WaW%‘B?Kaﬁr§?s?ém 31
then — direct g idernlangadt Hashusd Hidnd asaa:mawéhssaf@oﬁothecel ved by

t he video carreras 43 an 4 Nor, are.chosen to _he as
wi del y space?d SUGFEES ':3’{? subwtc%k%o as prev:.otﬁn% LS ?EF@ he
typical imge &Hip mﬂ:ﬂace)rm. dfas reen 1ntaﬂmﬁxzetmrgsa¢31avudl4hewhaaea its

m sal i gnment ex| st Thi, s, cts i ng
bondi ng pads 2%Y rfsaéaﬁ é ércef m%e‘g agéoégf%%%géfa g 23 that

cross the transmmﬁaugl oﬁd:h@zbmidlnm md%t?%tt e 20. The i mage of FIG 6
has essential ly thr m 3¢ in FIG. 1 then uses step 66 in
22 areﬁ gﬁ;% test or nost V\htl-'te because P their

sarSf aces Eggg' r%@?ﬁﬁn%fp%ﬁqmt%/ confrntigral chimde PYACeffingdeapady i
ES EdJ affgﬁstpﬁ;oé rﬁ%%?ﬁfh%rmcé’ée thﬁrﬁeigﬁélgr5ﬁ5th§26?gaerbmm chip
‘i cated.  The 10 e peafEfon of Sadh el ety de EinParkychBe pazala
its surfacethﬂtlmheyﬁéemnpye $Sepo$7sndgmt1§hed thet pesitiow tefce of
t he bondi ng pa? such 4§ €f é!éﬁe&?’ghé”t%;@ 1daly %3“5%%. step
66 in 10 FIG A per% orma conven?% | mage processtng anal ysi ¢
15 the substrate 20. _
Step 70 in FIG. 5 determines the linear and angular
positioning error based upon the location of the features.
As shown in FIG. 6, for example, there is a linear -
positioning error of about the width of one of the tape
20 leads 23 because they lie to the left of the corresponding
bonding pads 22 (i.e., an error of 2 mils). Once those
errors have been determined, step 71 relocates the
electronic chip 16 to the position shown in FIG. 7 wherein
each lead 23 is centered on corresponding bonding pad 22.
25 Next the control system 30 uses step 72 to translate
the robotic arm 11 in FIG. 1 along the z axis over the
short 5-mil to 10-mil distance toward the substrate 20 and
affixes the electronic chip 16 in place with the bonding
pads 22 on the electronic chip in register with
30 corresponding leads 23 on the substrate 20.
Next the control system 30 determines whether
.additional chips are to be located in step 73. If all the
- chips have been mounted to the substrate, the process is
- complete. cherwise the control system 30 will return to
35 step 60 to relocate the optical system 31 and the robotic
" arm 11 as previously indicated so that they are in
alignment with another electronic chip position on the
substrate 20.



to identify and |l ocate the features on the electronic chip 16 by the
position of each el enent defined by the pixels that they occupy. Step 67
i dentifi-es the position of features, such as the position of the tape

| eads 23, owoldaskid substrate 20. ' Step 70 in FIG 5 raTAWSHs18814t he
| i near and angul ar positioning error based upon the location of the
features. As shown in FIG 6, for exanpt¥-there is a |inear

positioning error of about. the width of one of Ihe t ape_ 20 Igads 53 %ecause
they lie to the |ef (TYRiqad e sphRiTREe 240 RtCpalisisoiprmgd
error of 2 ml pijaPiamd haae stretdlorsf rmﬁcé)ewdeappnié&d step 71

rel ocates the i ¢ chi to t sition _sho Ln_El 7 erein
each | ead 23|fP?§ﬁﬁQ§ riﬁFi%)ﬁ%%b B€€d+%ggﬁﬁﬁnggghESPEOSESﬁe t he
control syst emvi{lalseshe tigbat2id oarmamsl acmallytpeesaeet theaedettromnid G

1 along the g :}{isp Oé/i%’fﬁ%}gst}ﬁ é&{; frDedi| é O-g}gtghFﬁQHEQ t%‘ﬂ%‘} e

substrate 20 an ronlc
bondi ng padeo@tion ok thecleads cz%hl pTe nPF@Q?@t‘-eﬁuﬁht Atzetch and

correspondi ng |Gadse)s? fﬁkéﬁ@&siﬁﬁiéﬁéetﬁg accuracy oRekhet Peg888Fa@lion
system 30 detern1nes whet her

are to be | ocate n step
73. 1f all the ©f theibrnding E@Qﬁ g%uﬂ?gai?ﬁg?h%3suBsFPQP@Ftt g%f%ss i s
conpl ete. O herguis€tidees CHMt cah lsgsleaaeedvxuhaereauchlpOpaSitamp 60 to

relpcate’th optlcalgigstgn%ﬁ&wgng %Qgggggogbc at ﬁ@ g%il?ec rOmg)usly

i ndi cated sOthat th nment mn ano ch
position on thepositioms8tat eThe. support 80 could also be one support of

- 16- . T%Qi @#éy 6@%&&&8&&@&29 hﬁdgkﬁyaﬁgu@g&em@ gio orIsi | m

t hat can stret ces are a per pen n120 as
during the proe%%ssb9wn 19h5§ﬁsthg PBBO?anaPHPEI E&PH&FI?“& § he
el ectronic 5 chéRgagek nﬁhetbﬁbsubatéane 1ﬁucihssbr1ah@hl Ngncahiadd Rirditnlar
| ocation of he | eads 23 pre t ucgdstret agq aré:@greb fg{ther
i nprove t he *3ccBTRR 18?“Fh3 Veﬁ?gfﬁ P?oﬁ Ecn
: opposite sides of the support 80. The notches are
positioned to register with the portions of the image on
which the video cameras 43 and 44 are trained.
Consequently although the support 80 obliterates portions
20 of the image in the center of the chips, those exposed
- through the v-notches 83 and 84 will produce images at the
video cameras 43 and 44.
FIG. 10 depicts a support 85 that has chamfered
corners 86 and 87. FIG. 11 discloses still another
25 support 90 that has concavities 91 and 92 formed on
opposite sides. Still other approaches can be utilized to
establish optical paths and will be dependent upon a
particular approach which is to be used to provide maximum
accuracy of the positioning. |
30 Thus it will be apparent that an apparatus and method
according to this invention provide extremely accurate
registration of electronic chip bonding pads to supporting
substrate leads. This is achieved by apparatus that
positions both the electronic chip and the substrate for
35 relative motion with counterfacing surfaces within the
depth of field of the optical system, in the order of a
few mils. The optical sYstem produces enlarged images
preferably from spaced positions on the chip, thereby to



of the bonding pads 22 and | eads 23, a support for the substrate 20 can

be | ocated under a chip position. 10 FIG 8 shows a support 80 that
underlies a chip position 81. The support 80 could al so be one support
of an ar{wogisedsuch supports underlying multiple positionspcr/us¢si2sipwn
in.FIGS. 8 and99 an upper planar surface 82 engages the substrate 20 in
its plane. In this particular 15 embodi nent1a-v-notch 83 and v-notch 84 are
formed on opposi te sides of the support 80. The notches are

positioned to resgiksierthe iquansl figration of ary enugusobn reghistratieons deo
cameras 43 and f4.arf é&f’#é’@g:ton 1%@&‘&“%«% Yré‘ﬂ:éEQHQHPVBEeSHQE@ %/Ogrg:ves

obliterates portions 20 e In the center of hi, ps,

exposed t hr ddigh ol At (,‘F@'St dﬁ’cFlB@ WWSBFGHGCE]‘Pﬁngég &Pet Fase

video caneras 4¥F é’f4 .may contain G s ﬁ@@tcférapidﬁéﬁtin§5ah|9'ahdmﬁa
chanf er ed rn anot her 25 support

c Sc
50t hat has EoRRIHIE o8 (He S35s ArEns RS 3B ieki R beocean | e
approaches can H=s Lbeém ZBound that eshhibd| apbropthcehabiebspiaadewent be
dependent uUpON Bsyyad 'Sfllérf %P@f@n%hbﬁh '§?%8a95¥)5!§eﬂﬁtsgspm\ﬂlge
maxi mum accuracy o he p05| Ionin ar ent
that an appar athighreredeaeton ra%@%o‘#%l%h@ othenrvisengenvedk ipned, d@bOth
extremely accurgdpicesg.€gistration of electronic chip bonding pads to
supporting substrafe |eads., This is, achi b ppar at us t hat )
posi tions bdPh the eFdts rHAYERLIFH lé‘?\% l?ﬁ%nsgb }Q\P’@gf EF‘ ssTg o Rerkainn
W t h counterl;] acemlgoaiméﬁcss Wit hirbllHee appdepht thati abdyotodi€ iepit itis
system in the 0 y 1O ces

Sdi Se & B?yéﬁglaléélo gﬁ Qgﬁkggkug %&Eﬁ% qﬁﬁﬁﬁgw

enl arged i nmages pre era romspace rons~on chi
to from the invention. T erefo;:e, it iengbee intent of the

quant [ {1 0ati on Ghodilled! £ Phtnbcé BbPLER Mouch PAeaR16AL! fiid 01 | S Tade,

the robotic devi nmer el noves t he chi Iinto contact wth a substrate

that, in théscdg‘édlfl‘é?t%aﬁé aﬁa?°@%nWéFh1§ Ebﬁpsnlef éplﬁllé'véim wFong of

u ndue this invention.




5 stretching of the t-ape-during the affixation process. It has been
found that th proach enabl es pl acene accuracies of a few mcrons
on a repeat abI e ba5| S l\mu u !H'lgﬂi’lﬁl‘HFuctlon rates using otherw se
convent i onaoeseios C This invention has permusdsszsiosed
in terms of certain enbodl ments. 1t will be apparent that nmany

nodi fi cati ons can be nade to the discl o38c¢d apparatus wi thout departing
fromthe invention. Therefore, it is the intent of the appended cl ai s
to cover all such variations and 15 nodi €l&dfMSons as cone within the true
spirit and scope of this invention.

18 rat,us fqr accuratel

posi tioning a 1irstAEBﬁﬁaﬁHﬁt%E§VPﬁ&urate P ogt iGndng %ﬁﬁﬁﬁnaﬁaxﬂ?ﬁ%nGn
a surface thereof aadmpanentsawiehoad desptnene Bddignhent rfanrEiemtonar aa
t her et hr ough and a a tur I n

appar atus conpri si nsup or% ?‘t‘wgp‘gl % g%lg‘%%%ggg% %x%a @} %‘i—&%ﬁé}g Said
positions ofs posuhéchnnsta@@@rse@@n@qmmnmammns relative to each
other, said positiogjng g?%'ﬁ;llo?ﬁ # Hieahie fdr %Iontrolll Y@+ (e D

its aI I gnment feature su faci secon corrponent B)

optical neans positioned PORitHENS d% She ﬁé-%m second cm
opposite fromthe alg)gnnmepcifceat wtreenwrffo&cegeneratmgtﬁ édpefpcséédcgﬁagaent

for generating a superpos cqnt.ai ni ng ,the nnNen
features of the first oF the gr}&gg‘e‘}?g%gefcef%&ﬁﬁfn tﬁ'x 8D 1i ght

reflected 10 - . from sevond iceiponesiorisntyesparmal toptight refhested
i ncl udi ng: 1), Fpdd Hle ﬁ%tc%onﬂi&ﬁﬂ Ngynd i ght  through the
second conponent t ranspar ent area al i gnnent

feature surface of tHe fiimage pERARERINg means respenwiNe fartheel i ght

ray axes that are  guyperposed PRidRNESH nd¥atiiey adldnmmanefeature
surf ace, and , . oy . . ‘e
signals indicating the relative positions of
15 components, said positioning means responding to
the alignment signals by bringing the components

into register.

2. Pogitioning apparatus as recited in claim 1 wherein
said positioning means includes:

20 i) supporting means for supporting the first
component for movement relative to the
second component, and

ii) means for moving said supporting means in a
plane parailel to the plane of the second

25 _ _ component and in a direction along an axis
perpendicular to the plane and for rotating
said supporting means about the axis.

3. Positioning apparatus as recited in claim 1 wherein
the second component lies in a reference plane and
30 said positioning means includes:
i) means for moving the first component in an
x-y plane parallel to the reference plane
~ and in a z’plane perpendicular to the x-y
This Sheet Has Been Replaced plane, and
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ii) alens set that receives the Iigh

) | | r “‘\ed fromthe
e vgnrent-rcatore-surfoceof AT, comenen: e the

conponent o 9g/58403 whereby*tHe “ light received in the lperpusssatsid
I ncl udes a superposed i mage contai ning at | east one al i gnnment
feature fromeach of the first and -19- second conponents, and
C) inmge processing nmeans responsive to the superposed i mage for

generating first and secddd smegngfon said moving means for supporting 19
alignment signals fromfirst gnd $e¢aRdRRddneht Hor angular lhvereatposed

I mge whereby the first and secgnd, __ sets of_alignhnent signals
indicate the relative re&é§ﬂ?ﬁbﬁ§<ﬁhqxﬁﬁiﬂﬂ9n?9ﬁbﬂﬂ%ﬁg'said
posi tioni ng means continuously nmaintains the conmponents in

reans move t hodcom BRETELRiRY BPRETAru M F SN in claim, 3 EEkRER [
in claiml v#erein add optisedomgagendsednddses in a second conponent

plane and said ~_posilihoni iaJHRARGY K Wit for directingSYPEAE!! NG
neans for supporting the first conponent fof rovement
relative to the second along paxrldsHedaysurichrough the segongdeans

for moving said supporting Rupondrdt transparent areapt@neh@afakkel to

t he second conponent plane and in, g direction along an axis
perpendicul ar to CQWRQQﬁﬂﬁnﬂ}QRﬂnﬁﬁéhﬁ ﬁﬁﬁédﬁx%ﬂdtgﬁg f&at i ng
sai d 10 . supporting pegpendimitat e dbhes. réferdnsetpbanag and
apparatus as recited 0 G MistGEl: G convaRelnd £ORENFREILGERA N 2

reference plane and said oSl t1oning neans 1IN
means for moving the first cor&m@rﬁl’ﬁ rE kst -gomponent to an eplamged

parallel to the reference plangnsfd disPldying at least oné! 80€gnment

per pendi cular to the x-y plane, and il neans, on sai @ novin
nmeans for supporting the feature from ejch oﬁ%ﬁt§$5?taﬁﬁ | §Fcon
novenent rejgtive to compondiiits second conponent. 4. Posi ti oni ng

apparatus as recited in claim1 wherein said

5. Pogsitioning apparatus as recited in claim 4 wherein
said image processing means includes:
i) first and second video camera means for
generating video signals in response to an

20 image presented thereto,

.ii) means for directing first and second

' portions of the image to said first and
second video cameras as enlarged images,
and '

25 : iii) means for converting the video signals
corrésponding to the enlarged images into
features,

iv) weans responsive to the features for
generating the alignment signals.

30 6. Positioning apparatus as recited in claim 2 wherein
said image processing means includes:
i) first and second video camera means for
—_— generating videc signals in response to an

_ - image presented thereto,
. This Sheet pyg Been R
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| mage processi ng neans i ncl udes: i) first and "second video

canera neans for ng vi deo si gnallhgshggtﬁg Qe(ﬁ'k% te
an | mge Mlllll\lllllhlﬂﬁmﬂll EBOARRAD
di recting fwgsés/said second *pofti bns" of® the ﬂ HMage
to said first and second VI%;O caner as as

portions of the -20-

super posed i nage, and i3 |||)fg§ens e%%{ convertln the vi deo

si gnal s codids p HEFRy Heeshing 8t RRIMAS of

the superposed inmage i nto posiddridmAlds &he image to said IERFESEaRh&Ng the
positions of the II rts';] and e sf%conq:acsorg)S enﬁarg%‘gnﬂfl%ﬁ?ﬁ th V)
means responsive to the positi s (hdes 4] e
al i gnnent signals 5. Apparatamsl f or positioning a first conponent having

first é gnnment feat é‘lrﬂ'anrren ‘fd(za%%rﬁ;é dﬂﬁr%% avfc?é:&?%i%%als

conponent havi ng second eatures an parency ,
sai d positioning apparatus cofaurasgpnding Ao the renlaxged ieaeed ivtpport

means for establishing featd¥§§t|0ns of the first and second
conponents, respectivel Wi th the alugnnent geature rface of
the first conponent facirg’t hd® i eatures £Qgond

support neans mai ntaining the erﬁllgnment si@n@lseference
plane and said first support neans mai ntai ning the first conponent
in a plane parallel . to the reference plane on one side of the
reference 10 7. mpga;;atus fCB; Pwﬂmlngr@efgenermmpgnm*anhahangng a

gi ven depth £523 ffaﬂ ﬁf%é Cort 4 SEPELEL T PRe RO PPLLGAL

super posed i nage of t i rst™ and secon nnment eatures, said
optical image gener &SGRPHEIRPREMy having Sec%lﬂ’eﬁl@ﬂe’éﬁ featuraer id de

of the reference pl aﬂﬁaas of transipelSERer thidggh Nehe UPEEHRa edompBaent)
response to eflected fromthe first, con onent feature

ht r
ali gnment surface Efan’r%&@ﬁﬁ THEI NG APRAT RO oF SR T iS1ng : t r anspar ency
areas whenl5the fik)t Sixst sanmdnsecond suppoxrt i mearst fbraposisiendng

w thin the depth of fieldEhe first and second components respectively,
said second support means maintaining the second -
. component in a reference plane and said first
- component in a plane parallel to the reference
20 - plane on one side of the reference plane,

B) image generating means having a given depth of
field characteristic for imaging the first and
second alignment features from the other side of
the reference plane when the first and second

25 alignment features are within the depth of
field,

C) video means for converting an image into
electronic video signals,

D) optical path means for directing portions of the

30 : image from said image generating means to said
. video means, and

E) means for bringing the first and second
components into registration in response to the
electronic video signals from said video means.

35 8. Positioning apparatué as recited in claim 7 wherein
said second component support means includes




C video neans for convertln an to el ectronic™ = = —-video_ _ _
signal s, opti cal \m recting spaceqhggﬂegt ns of
t he superposed i mge fr |0a

i nage as Been Rep]aced
generati ng rnp@wsssss sai d vi deo rreans and neans Mmu

relative notion between said first and second

response to the el ectronic video sRkarals fromsaid V|deo nmeans
thereby to bring said first and second conponents into
registration. 6. PobtPeabirag ﬁbﬁﬁ@ﬁtu@eaesréateemednaCEasanﬁ\Mmagangsajd

second conponent SUDQQﬁérH’EQﬁé m8shHdgAql eral béé@n&”&% bnen &
i ntermedi ate said |na gﬁgenerggéngeneans and the econ conponent f or

supporting the seconﬂ hBdt °°ndlSEHPPBEn§oPFe§péﬁGPﬁ@CFb t he

position of tgefflrSécrrespaﬂﬁﬂﬁgntohﬁhedpba%ﬁhbﬁeéfSEﬁaofhf@%a@ﬁﬂﬂBﬂéﬁﬂ”9

portions ef1ni | throu I C n e rom.tne

first and seond cong gnggcégﬁ;ﬁésguPBOgg HeﬂﬁﬁlégF&gagﬁg POXidons free of

interference. 7. Poéefnumnggvappalapathastheoughdwhﬁchlahnu&mmhﬁﬂﬁkﬁnaamd

first support means d r Ll aning a Jn
gLy daaa BBebhE PBRbbRARERICERABESECLo ﬁ&%#:;ﬁ%}%ﬁ%

the first conponent In ane para fere

for moving the flrstpéﬁhpﬂﬁéﬁﬁ ﬁﬁeﬁhaf 1nter§p§ﬁgceand anng and about an
axi s perpendicular to that pl ane, notion along the axis bringing the
first conponent roximt contact with the second conponent .

8. Positioning appaPﬁ?ﬁg §§1P30P éarF Ug| aBnrsChherein SdRdm 7 whergin
generating m®ans i nceaddsfirst support)meanpaiﬁbﬂaaeblgbbo&Q@r@%51tlon1ng

f di d
sour ce. por pend cul ar oA £ h*gmf’cgmﬁl BRe£R25R Lohponpps, dn, £his, niade
first conponent throngﬁaiﬁél to the referenceapdpaecandafeas mofvitie tdeeond

conponent to first coﬁﬁEh@ﬁtalﬁ'Ethoﬁlﬁh%W and along a qlgﬁﬁﬁﬂ(éi

pat h neans for generating an ge g
refl ected fromthe f§§%§r85rpend1° ar to Ehﬁﬁnﬁéﬁpesump é@noﬁhﬂngfhh%t

conponent tRBSough axis brlnglngtbhetf&ﬂSﬁabeﬁboﬁéﬁﬁslﬁEo[@Qd%%ﬁyﬁy and
cormponent contact with the second component.

I n

10. Positioning apparatus as recited in claim 7 wherein
"said image generating means includes:

i) a parallel light source,

20 ii) means for directing light from said
parallel light source perpendicularly to
the alignment features on the first
component through the transparent areas of
the second-component to define a field of

25 _ view,

iii) optical path means for generating an
enlarged image from light reflected from
the first component through the transparent

_ areas including the alignment features of

30 . the first and second components in the
field of view, and

iy) means for directing a portion of the
enlarged image to said video means thereby
to generate an image of the alignment

35 features on the substrate and the chip.
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I ncl udi ng a super pose

2 e e:ULIIH Illﬂ IIIlHﬂ Ilﬁaaﬁzdf zscar‘?egs{;’;;“;z%;ﬁ;aﬁmﬁ%

enl arged WO 98/5840: | rrage to sal d video means there
I mage of the alignnment features on the substrate
chip. 9. Positioning apparatus as recited 227 cIa|n18 e|n sald

vi deo neans includes first and second, vi deo caner ﬁs sai d |rectlng
means dlrectlnblflrgPSéEH°§é98nﬁpgﬁ5§EHS as LEFLEE 18fcﬂﬁé“bﬂﬂhr $HRge
to said first and seamddv1deovmdanscaneladesréipsctandlﬁeddmawﬁndéd)
generate first and o] i S t e I| tesf

t he first and sgggegggoﬁggngﬁga d?%eBEgﬂg glrtﬁg nglgpﬁgr gﬁ]sflétg&% Legczl?

in claim9 wherein secdnd sparpdspozhdonscohd t\hed@@l@armdasn@marm esamges

having a g grey geake aﬂa sabdnAt ¥ 8eboakicrad, n&e%@e@tfl'\fe?l.t anshereb
second support neans 1nto ali I ncl udes neans proceSS|ng t

i mages to identify F€a98P§§a§gCSFHFﬁgaP9 secon@hé“@ﬂ@?:ﬁﬁﬂR¥Q§eQQlen3d

enl arged i mage port adAgnméht AppeugessohokheoFirstniahd @ecmetronic chip
havi ng bondi ng gads Qn.a pl anar surface thereof in register on a
substrate with | ead§oPBPREG“Prier eon across at | east one t ranspar ent

area, said positioning apparatus conprising: A) a robotic device

having a chip garri %ga@aemﬁgt QpB‘iratus as rera\t%% Dy 3 25y :{hﬁ%ﬂé’?&fﬁ

pl ane and al ong~ and axi s pe pendlcular to
pl ane, 1) a Sad& fixsts apéo ﬁ@c-patﬁi Ydidecaidamey ash genaratt ] :emmes

a horizonal pl ane havmg) a b Sicilel B MAIE ML TR Iy said
si mul t aneously r and second enl arged .i of flrst and
second : spddEst 5‘9’@35&’—8%%@& GEs lr‘??é’g?(sllt?ﬁ & and
the chip based upon iicdhidersefleanise £cfr prddesiinip the images tths oldemt bey

transparent areas OffeH% x%@%tcrc%%lélga%% the gregrné#?j%g 6?%1’{%2&91319&1

super posed i mages o e bon sin
predet ermi A porti dmage portlons.

13. Apparatus for positioning an electronic chip having
.+ bonding pads on a planar surface thereof in register
on a substrate with leads formed thereon across at
least one transparent area, said positioning
20 apparatus comprising:
A) a robotic device having a chip carrier adapted
to be moved in an x-y horizontal plane and along
and about a z-axis perpendicular to the x-y
plane, ‘
25 B) a substrate support for maintaining the
substrate in a horizonal plane,

C) real-time imaging means for generating
simultaneously first and second enlarged images
of first and second spaced, predetermined
30 : _ portions of the substrate and the chip based

upon light reflected from the chip,

D) processing means for generating alignment

: siénals in response to the first and second
enlarged images, and
35 E) control means for initially causing the robotic
device to align the chipland the substrate while

! THIS SHEET HAS BEEN
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23 D) processing neans”fo- e IWg alignnment signals in
response to the first andm“wm{\\a | mges, and E) control
¢t hé

means for initially ax v obfoti c device to align the
chi p and t Rgo9sksdos at e chi p and substr at epaeTAISIBATHRY
spaced, said control means further performng a fina
alignnment in response to the al ir8ment signals and noving the
chip support neans along the z-axis to contact the

substrate thereby to noufbetGeiBhARd; SUPRETaLEsPrg S1oEelY BRAGedd Faid

positioning a first conpesfBiroli inbBahir Shrtherabegfefiinceal Fikmabn a
surface thereof and a second conponent _with second.al i nt_fe res
and transparent area?gbgnWﬁgts%Boﬁﬁsggﬁg%ngﬁt% aF&ﬁ%ﬁﬁ%ﬁ?cﬁﬁﬁﬁ%g?ng
t he st eps of: A) andcwavingl thg théppssippoats refanshaliongttbadaxis
second 5 conponenty pghabkkerhe ?%Bt%*&%r £ty & Al AMEL he
feature surface of the first conEonent acing the second

conponent , B) opti €hiPytgehiBraSHR§LZaEper posed i mage of the first

and second alignnent features in response to |ight reflected from

the first conpognent,_ said i e ... __s_generation including the steps
o : COTPRE" o BeehRg RBenpoRibPRiAty R o ed ot EEBRe
second conponent wldgamenentteasneas bn at Burface thereof omla geeeohd

feature surface of t £ 0 . ralle
tﬁgﬁpohggg %QQB_QQQEQd alﬁggﬁ?nt fﬁﬁ%ﬁm%%

light ray axes endicul e feature
al i gnment sk face, transparent aregsdof the secqnd qomupangnt, coaidyi ng

sel ected portions ofih@d com ing the istpd §f¢ ected fromthe alignnent

rig
feature surfacg of, the first caonponent, and through the
transparent areas of)the o feladfdye positions of Ghecfirgt
portion exiting the secorghd @Eemicomponents, I ncl udi ng a superposed
| mge of at least ofg o erating a SdrtiTRled S JfomEED oL LhS
15 second alignment features in response to light

reflected from the first component, and
C) responding to the superposed image by generating
alignment signals.indicating the relative
positions of the first and second components,
20 said controlling step bringing the first and
second components into register in response to
the alignment signals.

15. A method as recited in claim 14 wherein said

_ positioning step includes:

25 _ : i) supporting the first component for movement
relative to the second component,.and.

- 1i) moving the supported first component in a

plane parallel to a reference plane and in
a direction along an axis perpendicular to

30 ) the reference plane and rotating the
supported first component about the axis.

16. A method as recited in claim 14 wherein the second
component lies in a reference plane and said

positioning includes: e
This Sheet Hag Been

o, . / /”/I// /Ii /l ///I /I7 77)7%‘1 ‘T

L




24 second components, -and - C) generating, in response

to the superposed inmage in each _portion of the optically conveyed
sel ected portio lmum! ﬁMEaI s indicating the relative

posi ti ons ayolobssfosr st aFm ®hts, said POMIUS9s/2514
step maintaining the first*ard decbnd conponents into register in
response to the alignnent signal s24s the first and second
conponents are brought into contact. 13. ,nethod as recited in

claim 12 wherein said poddtiofPNgng t éHPPﬁEF&@e irst component in an
supporting the first conpomest plade paredlelt to the referendelplane to

t he second conponent, and vrng t he sunported f|r
conponent in a plane and 1np3¥§| PeP R&ﬁﬂﬁdﬁiﬁﬁﬁ? %EideX a
direction al ong pdian®xi aander pendi cul ar to the reference

pllane and rqfating the Sﬁﬂﬁor%%ﬁ-{gr the’ %’%ﬁ:’éﬁ?’ﬁed irst com&:onéﬁ)@m t he

axis. 14. Anethod as recited In im1 rernt e sec conponent
lies in a reference plane and a8gwW33dyi Bed@tige to jthg yraend componept.
novi ng the supported first conponent in an Xx-y pl ane paraIIe

<y plane, andi7- & method 35 et tat 1 s € e B SRR aR b |
x-y plane, an . riy
relative to the secmm&neommmmudes.15 A method as recited in cIa|n112
wherein said superposed I Sy . i

L : . port | %@gbﬁ:{xﬁéé Qr{eérﬂac ﬂ:qce directing p%hrl; st and

defining first and second
second enl &%ed i nages, and along Pﬁﬂ%lleg}em ithyough sthe agricondcond

sets of video _ cunttent Er R Qidd So AWk SEEPRd

enl ar ged I mages, g convertrjg t he vrdeo srgnals
corresponding to - CQERPNEH RAL 3% ur es,
25 perpendicular to the reference plane, and

ii) 1lens means for converting light reflected
15 _ from the first component to an enlarged
image displaying at least one alignment
feature from the first and second
components.

18. A method as recited in claim 17 wherein said

20 superposed. image generation includes:

i) defining first and second portions of the
image as first and second enlarged images,
and

ii) generating first and second sets of video

25 : . signals in response to first and second

enlarged images,

iiji) converting the video signals corresponding
to the enlarged images into features,

iv) generating the alignment signals in

30 . response to the features.

19. A method as recited in claim 15 wherein said
superposed image generation includes:
i) defining first and second portions of the

image as first and second enlarged images,
3 5 and . P P [ ——
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iv) generating the allgnnent smanals in response

position features. !MI I gml tioni ng e Has Ffac
havi ng allgnnent featur rface there iﬁpect

to a secongiragaaent with al i gnrrent "f et Ut es for rred
transparent areas therethrough, said met hod conpri si ng the steps of :
A supporting the second conponent in a2%ference plane,
supporting the first conponent proximally to the second

conponent on one si de ofiithhe gesfexadiiq fiiwrt and secondj s@tst ofpvidee

surface facing the second congaffils in reéaonggngéafiggtogﬁacgggﬁndw|th an

| mage ‘generating neans hav | ven depth of field

characteristic, an ?qﬁﬁﬁg%énéhﬂQé%g the alignment features of the

fi;st I and secqﬁd)C?ﬁnﬁ&mmihérth&t¢%ﬁf6h§igﬁaﬂ§ ﬁbrrbeponﬁlng

ref erence plLane in response cte r pl anar
D nad88 spve foarures

surface of Phe first conpone areas of
t he second conponent wham%tugeneratlng the gnhignméntt aigsads the first and

second conponents _ egéﬁﬂgéééjkét@hgepégtggegleId D)

converting spaced portions | mage I nt el ectronic
video signals representing enlarged | mages, E) bringing

the first angp, Sei&'q{ikgthé‘&nﬂ%'%éltiéﬁﬂng a flrst eeﬂpehém:l ﬁ&vlllihg
response to the el ectronic vi

g ig | s ntsaﬁgg 0 gns,
and F) ther et E9PRRY| ERATYFEROR| * <P ﬂﬁrs§86 #<€o wi
into contaot whilgespectitoiagsetondneompanentt wéth alignmentefiesttnateson

Cher o sy apd S CFOPAeSOMRODEN o TWranfplBLUR a28ak EhbEd chiblll T 1°

wherein said step o suppor
provi di ng Ioca$azédmsub@@r@Oﬁprtﬂéngeébﬁdstspﬁonént |nterned|ate the

| magi ng generating ﬂ?anss@%paréfﬁﬁttﬁé §8£5RAPEBADBACHE in a HeFdIRsHdd On
of the first component, sa | ocal'i zed support defining visual paths

t hrough which an inmge oplane, 26 t he
alignment figatures pf thguppostifgdthecoigseoaphpenent proSdihallas o tithe

the image generating ggggﬁd Lémponegt on one side of the reference
plane,

C) generating, with an image generating means
having a given depth of field characteristic, an

20 image of the alignment features on the first and
second components from the other side of the
reference plane when the alignment features on
the first and second components are within the
depth of field,

25 D) converting portions of the image into electromnic
video signals representing enlarged images,

E) moving the first and second components into
registration in response to the electronic video
signals from said video means, and.

30. . . F) thereafter displacing the first and second

. components into contact.

21. A method as recited in claim 20 wherein said step of
supporﬁing the second component includes providing
localized support of the second component

35 intermediate the imaging generating means at a

location corresponding to the position of the first
THIS SHEET HAS BEEN
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interference. 18. A nethod as reC|ted in claim"'i'7"”\'/§i"1"é'f_é_i'_n sai d

first component support ‘“m s posi ti ORjA@ndf Has Been Replackd r st
conponent in a plane paral M\g‘ﬁn nce pl ane t he
first conpoweyys/ssdest he pl a na- al“ong and about Bﬂmmm di cul ar
to the plane, notion along the axi s brlngingthef into
proximty and contact with the second -@&monent. 19. A nethod as
recited in claim 18 wherein said imge e)dgeneratl ng step i ncl udes:

i) generating paralccapoReg,, said 1°°a1314 sypReatt defitHag | vigral
perpendi cularly topaih® through whlch.aﬂsmmaya oﬁ*ﬁﬁé”é%i%ﬂﬁbnéhe first

conponent thro:é%th ft ransparent ar %as to define a field

of view, ifeAEur &S t&’& qamRpRents AN PAFHEL
reflected fromthe fho tma:mmagfee@eﬂdnamigig Intaans free of intdxrPevencent
areas including alignnent features of the first and second

conponents in the field of vi ew and V)
generating % 22.ded mekhpsd ast rqmé‘@d dmrici@dm 21 wherein sai@afiret on

the first and secongyma suppaitt indy BGOSR ddsd ishitt ShALY 48 the

wherein said vi deo [ mage en ratl ng step 1 ncludes gt_' enerating_first and
second vi deo &Somm G & & PR IRk thoishefreference

enl ar ged o i mage ;ﬂ][mreetand @n@&rify a:#he fﬂ:rﬁtdéﬁtdnp&ﬁ?md inreges piane,
super posed al i gnment_ feat.ur es irst and secon conponent s.
A nethod as recited qr“iealg:}g éﬁth %@:ﬁh%&emcular"tﬁ ’éﬂ gr ey

scal e and sedd net hgulaedi tmadriadn aliong tihess axis hprioneissy nghe heirseges to
i dentify and 'OCateééﬁidﬂ ﬂH”EHHo:?roxfﬁ¥¥§”§ﬁhEgéﬁgéuéwkléht@ﬁeg§3¥o%8a£$

of the enlarged i mg port
22. A nethod for atct%‘lﬂﬂqﬂjlta-n el ectroni c chip havi ng bondi ng pads
al ong one surface thereof to a substrate having | eads formed thereon

o e e AR o A LA 3 WL BB g
generating step inc¢ludes: '

15 i) generating parallel light,

ii) directing the light perpendicularly to the
o : alignment features on the first component
through the transparent areas to define a
field of view,

20 . iii) generating an enlarged image from light
reflected from the first component through
the transparent areas including alignment
features of the first and second components
in the field of view, and

25 , iv) generating a video image of predetermined
features on the first and second
components.

. 24. A method as recited in claim 23 wherein said video
image generating step includes generating first and

30 second video images of first and second spaced

portioqs of the enlarged image thereby to generate
first and second images of superposed alignment
features on the first and second components.

e | THIS SHEET HAS BEEN
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close proximty to the substrate wi'th the bondi ng pads and | eads

I n approxi mat e allgnnent W bondi ng pads on the chip facing
t he substrate, ’ 'I ﬂﬂ;'ﬂrﬂﬂm g l'i ght through the transparent
area . ‘WO 98/58403t he substrate to troni c chi p surf aaErnIs9s/12514

carrying the bonding pads al ong parallel axes that are
perpendi cul ar to the chip plane, : O '@%ﬂeratlng an enl arged i nage of
at | east one paortiaon nage |n the light reflected fromthe
el ectroni ¢ chid®-suf¥ He&hog &fgﬁe(q?é:ec‘* gdfierein the videeh i mage

i ncl udes super posedniagRge havfe tdﬂgxihgﬂ(bdlﬂle arlxd saldnﬁéiﬁh@adaaailéionally D)
it o el ectronic

converting the enlar I
fepresenting the enPH nges é’%ESSlng I‘:She FRERR 1) 1‘??@tl£¥e§{1fiohr?’€ate
signal to definethen alignment feagnmestacconiingpresthei ggemrnpcale of

m sal i gnmeng  bet wegh,g enl rged t_.,_h@agtp 1&91&?%’5 and the | eads, F)
noving the electronic int o ane correct the
al i gnnment, and (©) nDV|ng t he electronlc Chlp |nto contact with the

substrate whi g MiMithicl fdie AltLHEY DeteBePibfic chip havehgCtronic
chip and substrate.

bonding pads along one surface thereof to a substrate

having leads formed thereon through a transparent

area comprising the steps of:

10 a) positioning the electronic chip in a chip plane
in close proximity to the substrate with the
bonding pads and leads in approximate alignment,

B)  directing parallel light through the transparent
area of the substrate to the electronic chip

15 © * surface carrying the bonding padé,

C) generating an enlarged image of at least one
portion of an image generated by light reflected
from the electronic'chip surface through the
transparent area,

20 D)  converting the enlarged image into an electronic

| " signal representing the enlarged image,

" B) processing the electronic signal to define an
alignment error representing any misalignment
between the bonding pads and the leads,

25 F) . wmoving the electronic chip in the chip plane to
correct the alignment, and

G) moving the electronic chip into contact with the

. substrate.’
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