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~ewiYork; ·UQ.ited. ~~tes: o(''~rica; do ...- uu uu wu .. 
ooreby,,declare· the invention;'for which we either <>f· two major defet:.tsdn ~- bonds. , ,:­
ptayAhat ''a patent )11.ay .be. granted . to us. The·•first of ·these. is -~af -the. bond_· tn._ay be 
and ~e ··method by. whicll' -it 'is to be per- re~ativ~Iy· ~si1y .Pulled ~part,"so that su.bse: 

Io forined~ to-:lJ.e particularly d~Ctj.bed in'.· 1md quent :.strain 'On •the •. bC}Jld J;esµ].ts io. its JUP· · SS 
by>.the-fQllowing statement:+- - · ture. The. seeoµd is ~~tone ()t_:~th"cif tbe 

. _, . '-This 'invention_ :refates t6 ·.:tli~ bon~ing of' ~iided memljers ~~ 'so~.<Jefo~~· that they, 
·· .. __ . workpi~¢e( to -~ubstrates. . · , . . . . are '8eriously wea)cen~. $<l that-stra.l,i1 results 

-'·The · conneetiOn of .. semiConductor and in ;~i'~akage o(orie or otl\er.-of the: bonded 
U C?ther'.vecy:'small_components;'to_printed cir~ m~_.·Th•.~l>ee· ... 
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60 
c'uit ~-boards and .. thin· filnis ;o.zl- substrates. + K~ w .... 1 ,. 

. pre~Jits. many_;diftlculiies~ :p~Uctilatly. :that'· · occilidn' the simultll,neQUs m,ak:ing·of several 
:;: of . avoiding::: dainage::·C·to '. th~/'c<)lnponeii:~ ooilds,- so that lltJ.~h. simultaneous ''boriding 

whie;h, :in ·the' ci.se. ,of 'semioo~<t'uctor crystaI has not '}?een cofumercially suc~ssfliJ! Thus, 
20 lilay>be:very: brittl~{or in the'fase'of a fine wbile'lhe d()sign_()f-a li¢ate(J.:~ ot. :ultra- 65 

.wire ·Jead:may: be deformed'.·o.f:work hard~ spnic 1>9nc;lin~ tip big:¢:nc)ugh'tq_rii~i(several 
ened to b~akagep9iritDaniage t.{):the sµb": ·bo~ds 'i~ possibJe •. v'1'iati,oils iii the"size of 

>:; strat~ may •also ~r. sin<?e .iiitegfil,ted .cir- the lead<wite or t1le: -ballecl:tip thereof will 
cuit aild :printed• circuit substrates may be preveri~ s:uch ~yices fr()n,i reli~bly · bondiil.g 

25 brittle:· · · · · • · · · . < .. >. · each.lead to the ·substrate; ·Thus/if 101eads 70 
· TW() ··well-known •· metbod_s-. 'at ·present in aiie :positfoned eii ·a. ~ul)sttate •an'(! 8 of ·them 

.·. . use for h9J.iding a lead to .'a, .-substrate are are' e:xfl..ctly tile sapie '>siie -biit' 2 are 10-20 
.. -ul~solljc ]?anding .and tbe~moC():rripression per cent_.·smaller, a fiat ram ·o.r·bmiding tip 

... bonding'. :Irt' the fi.rst, the subs.t,i'ate is"clamped will ·make QnlY. .8 bon.c1s; -.or; if' enough i>res-
·30 on an, anvil; :the lead is positiOn.ed •thereon, sure is-'applied 19 c<>nt~cfJi.U: •ten leads~ 8 -15 

and ~e ·bonding tip of an'_µltiasonic horn of thefi:!_.wm be defOrmeq too·much,' iesult-
is: used'. to: clam.p, the lead iA place. A brief ing · in'• a weak b911d. Al~q~ the leads may 
applieatioii ·of mechanical ''energy in the be of exactly equaLsize~ bU:t 'the~ thickness 
form of ultrasonic vibrations in. a direction of the:Jnetallic · 1ai:td 'areas on··ithe. substrates 

3S parallel t6 'tlie substrate surlace makes the . may vary, -the -thickness• of :the· ·substrate 80 
~nd; • The ::"wiping motion oCthe lead su.r~·- may; v~ry, or the bo1l~g tip· fuay b¢.· worn 
face>ovet lhC' thin film on"'fhe Substrate Or:: •misaligned,. sufficiently to'; prevent tJie 

~ surface breaks up films. thereon: to provide energyi:_sourct} (ram or UJ.-traSollic bonding 
. mascenVoondfug:_sU!faces.· The 'heat gener~ tip) 'fl'Om :making• an • energy~trilnsmitting 
40 ated by:·:.frietion at the· jnterface combined ~ouplcfwith eacblead.' Thus;tbe·problem is 85 

with th~ i;ias(!ent stuface.: produces a true.: nQt ' bQnding· leads,· s_imultaneC>uidy ·[!er se, 
metall~giCal- btind •. 'In.the:second;; a. comb~' but;,·tather rtliably.:bOnding,evezy lead m· 

.. ·· . nation of -thern:i.a.1- and. mechanfoal:' energy, a:. group'; sim-gltan~ou$].y; every time; 
in· the f0rn1 of Jieat. and pressu# ·supplied, · Attempts ha'Ve. :been made to apPly the 

45 for example, ~Y •:a b~ated rari), are tised ;fo same t~chniques, ultra~_nfo. and thennocom- 90 
[Price 2$pf: ::_:--:_. · . <.':, · · • · · ·· · > ·c· ·_: • 

. .'...; ·: ·' . . ·. ":._:. , . . . =·~ 
:. .. ,.-:.·.:·: ,:.·· .--·. 

.. • ,,. "'; .. 

'.·. _;;; . 

..... : -~ . ··>.:: 

:· .. :·.:: . ·--.. .. . . :: . ,, 



11 •· 
1239631 

pression but mainly the latter, to the bond- bonding with or ·. without heat, the com-
, ing of beam lead devices to substrates. This. pliant m:~ns being· suh$equently removed. -.;- .__ 

' · · presents the same kind of problems, but to. · . The invention further ·provides a· methOd . ~ ·':-J:· ~ 
a much greater· degree. Because .the leads of ·bonding ~:tOgether a brittle ·crystal body ·.. · t 

5 are so small, it)s,very easy to produce too and a ~etal:·filin on ·a rigid substrate com- 70 ',:<. f 
much deformation:, .m a bond. Also the · prising the step8 of placing the crystal upon f 
simultaneous application of pressure to all the metal film; advancing a pressure means * 
of the leads of such a device at -their outer to apply a pressure to the crystal through 
ends tends to cause ·the inner ends of the an immedi.ately adjacent elastically or plasti-

10- Jeads and the device ··itself to · move ·up-· cally · cc>tnpliant ·. means and bonding the 75 
wardly, away from the substrate, so ·that crystal and "Uie. su~strate "y thermocom-

- the device is highly stressed, which can lead pression or ultnlsonic bonding with or with-
•to cracking, altered electrical characteristics, out heat, the ci>mpliant means being subse-
or bond failure. The latter may occur im- quently removed. 

IS mediately, or. may .be· delayed... . · · . While a eompliant medium may be easy 80 
As an example, a simple beam lead device or difficult to deform, it will transmit pres­

may have 12 or 16 leads, each 5 mils by sure while absorbing energy. Thus, if a 100 
1/2 miL Wha~ is bel.ieyed, to be the closest pound weight is placed.oq a 1 inch cube of 
tolerance obtainable on the thickness of a ~re.el ·resting on a· rigid support; .the .steel 

20 plated slice· of silicon· is ± 0.2 mi( WbJie. will· ddoon very little and the . pressure on BS 
-thi~ is a vei-y c~ose tolerance in~. in the $µpp0rt will be 100 psi. If the cube is 
absolute terms, it amounts to ±40 p_er cent made.of bard robber rather -than steel. the 
of the desired lead thickness. Thµs, e\!'en if d,eformation will be much greater but . the 
tli~ bonding tip is perfectly fiat and . _per- pressure· on the support will still be 100 

2S fectly aligned, a fact w~i<:h is not;. a.Iways psi, The energy of def on.nation in each in- 90 
true;· it' is· quite possible that· i~ will not stance. is re.presented by the distance moved 
sil:n,ult~eously couple with alf of the leads. J:,y the· weight: lf the weight squeeZed the 
and b~n<Jllig will.. be incomple~. . .·. . rubber to a height of 3/4 inch, for example, 

I,.astly/Wbile •there exist .me:thod.$ of ch~.,., th,e energy of deformation would be (1~3 / 4) 
30 ing :-th~ 'e:idstence of a bon4, i.e.~· electrical x 1/ 12 x 100 = 2.09 foot :pounds. The 9S 

testing, the o~y reliable .m~od of deter-· PQtent~al eqergy ~presented by the 100· psi 
mining ~e strength of a bond is by mecha- pressure on ,the support still available to 
nically ,testing it to failµre, i.e., the well- pe~f~~ . work. An altemative method of 
knovyn shear peel test. There is no quail- eifecting pressµre tran11mission with absorb-

3S tative·,non-destructive method of estimating tjoµ. of .energy is to use a relatively rigid 100 
bo:nd· strength. · . . . . bodY whicb .. is ~ently mounted, so ·that 

It is :tl1e ,objeqt of the inyeµtion to provide the·· combinatjon forms a·· more compliant 
a. bonding method which will increase ·the member,. altho11gh ·the body is not readily 
prop0rtion of good bonds obtained and deformable. · . . . 

40 which may also be used to make simul- If ·a ·second piece of deformable material 105 
taneous bonds. i~ placed between the rigid support and the 
A~cording to th~ invention. there is pro.,. hard rubber cube, there will be a relative 

vided a method .of. bonding togetheJ;"· a lead deformation of both the second deformable 
and a ·metal :film on· a rigid substrate com.-. materi~l and ·the .. cube. Naturally~ if ,the . 

4S prising the steps of placing ·the lead upon second material is also a cube of hard rub- · 110 
the metal film, ·advancing a pressure means ber, .the deformation of both pieces will be 
to apPly a pressure to an elastically ·or a equal. The distribution of deformation be­
plastically compliant means arranged on the tween two dissimilar materials can be de-
side of the lead so as to cc:impress •the com- termined from ·the stress-strain curve of each 

50 plinant means and there~y transmit a pres- ~ateri81. ·That is~ wider a given stress, the 115 
sure to the lead. the pressures being ap- strain of each material can be read directly 
plied in the same direction, and applying from the ·curve~ This is not limited by the ·· -
heat and/ or ultrasonic vibration to produce. points .o.i;i. -the curves where the mod,e of 
with the pressure applied to ·the · lead deformation changes from elastic to· plastic 

55 thermocompression bonding or ultrasonic (i.e: the elastic limit). Thus, if a cube· of 120 
bonding of -the lead :to the· film, the com" material A is resting on a cube of" material 
pliant ·means being subsequently remQved. B which is, in tum. res~ on a' rigid sup-

The invention also provides a method of pol"I:, and a weight_is placed Qn cube A •. the 
bonding a lead frOm.- an integrated· circuit· deformation of both· may.~ ~las.tic or ·pl~s-

60 device to a substrate comprising applying tic, or one may-deform elasti.9!l1Jy y.rJiile :-the 125 
pressure to .the· 1ead positioned· on the .su.b- other defo~s plastically. In ·any,~·~ase; ·:th~· 
strate through . an immediately adjacent · . b,ehaviour- of the respective m~terlals ~-n· l:;le :·- .. 
elastically or plastically compliant means · predicted from the stress-strain curve)i;. . _ 
and bonding the lead and the substrate by From the foregoing it is believed tO oe · 

65 thermocompression bonding or ultrasonic clear that under the influence of pressure 130 

0- -·~---::- ------------·--· - ----··-··· -- ··-· 
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•equal-.. _cubes~ -both •materialS .'wm···tend· .oo > the ra:m:.;aluitiiriiumiritetface-_is found •to'.be.· 

--:,•:e~~1:-~~:Y'.•a~1~~~0!:fi!~--t!·~~~s~~~{·; -·~tt6fa2Wa°&~~t~!~~:Ot~:zi~~-~~tf · 
A resting on the two bars;-it•Will-'terid fo sure .at -the aluniinium~Iead· mtetface whieh. · .. 

. ·-:· 15 :deforin downwardly, between <>r around _the1 is: .a'_'mitcJ:i/smaJJ.er .. ·at~~ : is. 'iri,' execs~ '.'bf 80 
""- · bars. Jf. now, in: place of cube .A th:~rC:Js.. io().QOO Psi..: *1Jove the_)ii~I(i po,Wt of,bpt~-

. substituted-.a round· rod laid -·acrQ&sollje' two·: n;i,~ta.ls; _, and:.·' deformation : :pr6~ds . 'here.', 
hars;.the stress~straiii situation changes·rad1- ·When· :the alwjiiriium has def()rmed·-'afound' 

. :•. catty,, ,The area of c<>n-tact between ·th~ ~rod. the_lea!lir)nd: touches the··substrate: '(as. des< . 
20 iuidjhe two.>bar{is very small~~so -the ~tres,s' -~~ill~: in,';(J.et.!lil· hereinbelow), :the. area of 85 

·· · · :· :· (f<>r;the: ··same ~pplied weight) ·ni-U~t ~ ·very' cp~~Ct jn,¢r¢ase's (&n,4 the pressure. de¢teas- · 
•' , Iarge,'This· _will cause an appropriate· in. es}up.til _i:Uf -the .same< as tb,e ·area: of~he 

crea~e .in: the. Strain ~(defOrmatiQll) · :of lJ9th,. r~::alU~ttlµ'Qi .. in~e$Ce, . i.e.~ Jhe · p'iessure.~ 

~:1;~!ita1~;o:~e'i~:~it ~~ :~~~:r;ir: ~&~: t9:-: a~pf --·~~·- ~i·· an~:· .-defd°:\~·~o~·- 9o 
·applied, -'whi~h. determines the. defomia:tion ·Jn the' ·bonding of. leads to. thin 'films )>il 

<~-:: ·.- : ofbOth ma~erials. T,hus. by. C9#ttolling. the ~1!1>8.tt~tes by conventional therniocomp_tes.: 
.. : ~- ._·. ' geometry oftlre'"two materials; ~ relatively "siori :~r ultras(jnic tech:iliqqes,: itwas neces.;_: 

,_ •. _ ·_-__ i ___ -.:_:_·-__ •.· __ :· :. >.-s:Jllall force can be-.made to:caltse a'rela-.. sary that$e.I~ad be sub~tantially-_deforriied-~ __ , 
'f · __ 39.tJ.vely:)arge: deformation. <:··;;>_- . . -' ··a~inst t~ .~u1Jstrate to.achie,ve ge)od bond~·: 95 

, ... ... · . ·. The: inOde and . -amount· .. of d,e~or¢ation · ing, although · _defotmati9ir .P.¢r ·si(-4id. nQi. 
-- Will:alsq<be radically ·influenced--by' the ap- n:eeessatjly mean Jl _good b<;!i:id-• was rtuide~. 

> _:-. .PliC:atic:)n. of ·th~~i.energy, :This· is alsb By.·using ·a 'qefor,D;iable~_-C:onipliiµ,,r J11eclill#i~~ 
· :•:\_ predictable ._from· the stress.:sfrain curve of however. plasftc 'deformation afte( the bond •. r 

35 t}ie:- ,,ch9sen materials at .the s~Cified tern- i~ made, 'riiay'.]:1e so slighhs t9' ht} esse:iltially .. 100 
perattire; ···· -· ,:._ · · · · invisible~ -Th_is may 1'C.'illusiia_ted' __ by :;tlie_· 

.In.summary. the' following fa'.~o.rs ~an be ultrasonicJ>Ol),din_g of:phips: C~t fl'oiri' smgle 
,. ; used . tQ control r¢Jative defor:tilation: b¢twee:Ii. cfy~t11l slifu.s. o_f: silicon or other brittle" crys-

. ~- .. the_ two bodies·: (1} Selection .of iiiatefi~ls; tals~: A;ny d.eforination·ohuch· materials such 
-.•._· · .' '.'•40 (2), Total:.'mecbanical eriergy•.:"!lppli~; (3). a~'. wow~ bt(produ~ed by:pricir af.t bofidbig tos 

_.. ·· : / ' Geoinetty of the;pieces;_and (4}1',ppliCation· methods vyiW_resul~ in Jrac~l!re; '_the}r'juS( 
· . · ,,. . ol•heat.o_ . .._- . •: · _,,_· :· . · · · 4o n:o~ ~¢foi'n,:i; at leastih ·tl;te•(?i(linafy:)e.n~ 

· · · :. ··ro-illusfrate th,e'.above'dis(iussion r~latirig of: the ·:word .. 'Yet. they -are )ucoossftilly 
' : to.· a: ,deforrtiable<inedium. su'Dpose it iS· bonded ;ro substrates by the use of a· deform-: 

,. . _45 desired ~to bond a l6-lead beam:4evice (gold a1;>1¢ co:llli:>liantmediun(:witldi~at.and_ iilQ:a_~ no 
•- · '· l~ads)to the gold land areas on_·-a. substrate. s9.n,ic e~ergy, :An ·of the.deformation 'is ap~ 

.using a ram· pressure of 30 pounds .!l:t 400°C. paiently confined -t<>: the; plated si.u:f!l'~- ad.:­
TJ:te J¢ads are· matetial )3~ tbe•fand are-as. jace.nt . tlie .. substrate: Similar~y: ·:··be~tri 
are-- tl!,e rigid support. and· .. material A. is l~ad . devices. µtay be bgnded . '.t9 ~*bstrate~ 
what is.referred.:to herein as .the· compliant without si~nt viSi~le defoimatio:Q.: ' 115 

::. .· 1llem~r ·or medium_ whic~ is al~o. defo!m· :Jn. one eip])o4Im:enf ~f tlie-'.Pr.esen,tm­
·able. :.To _select a-. swtable: comphant vention ... t:!J_e workpieo.es .-and:· the· _$U~strate 

li; . ·medium, ·the :sttess-stra.in cuni-e. of. gold at are positioned on a supl>ortjng anyil oj table 
·.. . 400° is plotted,' preferably on. a'log-log plot and the compliant inediu111 . is.' pJaced ·.over 
. where· ,the yield· wint is on the ordinate," and the. d~ired Qolld area.: Iii thj~ .e~~odiro.~nt, 120 .. l the sfope of.the curve is the strai:1;1 hard~ning de(o.rh:ial;>le ·:metals havillg tpugh, 11dh¢rCµt 

· · -· i11deX;. F,roin this, plot. -tl!,e stre~s 11ecessf1cy · ci:Xi9~- ~,tir,£1:1,ce films are.• i>refe~r~p: .. a( thci 
: · • : . _. · to.· achieve any ·degree of deformatjon of the comPl-l@t. m~diµm, and · theri:Il:d(:()JIJ.P~Ss!o1t 

·'. . . :- - _.gold can be determinect Jf so -'Per cent d~- is .th~ prefe_rted m~ of bonding~ i\,'µy,n,on;; ... 
· 60 formation of the lead is desired~ the parti- wetpng s.m:f~ce . should : ~ --~ sa,!isfacfory, 125 

. ·:: -.-:- -. · -. __ ·•cµli;lr stress to a~hieve it is 6elerj¢d. I(-~e th~ugb,. A ~!lted ramJs u~tLto.:pl1:1,sticaijy: 
· . . > · compli111it ::medium is twice as :,t:hick as. the d,efoP.D .. ~e< compli~t '. medi~1rt ~9 )iin,ul­

/ ;::.: lead,: l! ·win Qrily deform. ;25 per ,cerit in t~~e.?~~Iy 1*~lce :the bond Jienveell _tbe ~ork"'. 
· . -·· ;: . , deforming the 1-ead -50 -per. cent. :so. any . p,1~~~~~ · 'rb.¢, o:ir;1de -fili;n -P~Vents _the c:om-

. · ()5 ri,taterfal having>a stress,-strain,·chrve· which . pliant" medium from_ b(>ndihg fo 'Cither 'of 130 
:;•;: . 
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the wo.rkpieces (i.t ,is a&smned herein that liied and plated befQre jt is cut frc;;ni the 
all bona sQJ.fa~s are free of $Ui"face films slk:e. The s~b&tfate J.s mounted on ari anvil. 
Qt contaminants). Whil~' a heated ram is· the chip' is· positioned· thcre<>:n. and a com- .•. · ~ - • 
the n.ormal m~e of applying heat and .Pres~ Pl!~t . ,m.edi11w. JYpiCallr a· ~i«"e · of · W.;u-. S sure in tbermocon.ipression bl)nding. ~t Will ·· mi.mum -sever~ tilll.es thicket than the chip. 7() · ~e und¢rstood that the hel!-t can be supplied is pla~ thereon. Heat· .is applied for a 
m a.. vaP.ety of . ways : . a bOt gas may be fracti.On Qf a. $econd and both beat and 
Passed . a.round the bond ·area-. ~ anvil may liltrasoni~ (ID.ergy are applied to the piece be Ji.~ated. or resistance heating can he em-. of · aluniiniwn· for an additional fr.lction of t.Q ploy~d. · ·· · , . · a second.'. The · h~t softens the aluminium 75 

A s11rprisins aspect of this e.tn.~ent slishtly ·lllld. with ihe applieation of ultra­
of the iJ:Jvention is that the plastiCally de- sonic ene.r8Y4 the aluminium plastically de~· 
formed compliant· medium has. after bond- forms around .the chip. again only slightly. 
ing. a pedect replica of the bond area im.- ~ut enough t<? estab.ij~-an epe~gy-trans~it~ 

''· prcssed therein which can be use to deter- tmg ~oupte with the c~1p. With.fu :m.uch ~ss so Jlline the fact .that· a bond ba-s been made. than· one seCQnd. the ·chip is bonded to the 
It lul.s . ~il discovered that. when a good. substrate. Bonds have also been made with 
bpnd has been made, ·this replica bears every liltrasonic ener,sY U.SinB plastically deform~ 
detail thereof. including ev1'n surface im- able _pplytetra.tluorethylene known as Tetion 

20 perfections. but where ·the bond is a poor (trade-mark) as ·tbe eompliant medi11m· be- 8·S 
one. the replica is also-poor and has a much tween ·the workpiece _and th~ bonding tip. 
dj:lferent appearance. Furth.er; the compliant In another embodiment of ~e iriventii:>n, 
medium may be formed into a. lead frame the . workpi~s and the . substrate are again 
wJHch holds one or a large· number of beam positioned on an anvil or table. but in -this 

~ lead devices in a manner which facilita-tes instance the table itself is capable of ultra- 9<> 
· positioning of the leads on the substrate: sonic. vibration in a direction parallel to the 

The use of a compliant plastieatly deform- surface. A. compliant medium is lowered 
able medium is also mosfdesirl!!ble for mak- over the bond area tri clamp the workpieces 
ing · reliable bonds on a mass production together and ultrasonic energy is used . to 

30 basis. The devic¢s. for example beam lead make the bond. Heat may be advantageously 95 
integrated circuits. are mounted a few centi- applied to ·the bond region through the com­
meters apart. on a ribbon .or tape of alu- pliant medium. thus reducing the amount 
mini um as the compliant medium. FPr small · . of ultrasQnic energy required to~ make the 
(i.e. 3.-lead) devices. attachment to the rib- bond. · · 

35 bon may be by adhesive. With larger de- In this embodiment the compliant medium 100. 
vices now available. it is preferred .to have preferably deforms elastically. and is at­
apertures or windows in the ribbon lar~ tached to the bottom of a plunger. It may 
enough to retain the body of ·the device. •be an organic material such as silicone rub-
The aluminium is provided with indexing ber Qr, alternatively. it may take the form 

40 mea:Qs such as edge markings or holes. and of a pluraUty of spring-loaded pins motinted I 05 
the devices are positioned on the ri•bbon in in a jig. the position of eacb pin corres-
an exact relation thereto: The substrate is ponding to a single bond area. The use . of 
positioned under the ram. the ribbon or such a jig is maillly useful in ·the bonding 
tape is indexed in position. and the bond of relatively large devices. . 

45 is made. A new substra-te is placed under Understanding of the invention will be 110 
the ram (which can be done automatically). facilitated by referring to .the following de-
.the_ ·tape is advanced one space, and the tailed description of several embodiments. 
next bond is made. Alignment of the ram. iii conjunction with the accompanying 
wear of ·the ram surface, and material pick~ drawings. wherein: · 

50 up on .the ram .tip are ~liminated as prob- FIGS. lA and 1B are side and end eleva~ 115 
· lems, because a "fresh" compliant medium tions. respectively. showing all parts in place 

is used to make each bond. The "used'" for bonding a lead .to a thin film on a sub-
tape bears a replica of each bond for check- strate by thermocompression bonding "in 
ing purposes. accordance with the invention; 

SS Bonds may also be made by applying FIGS. 2A and 28 are similar to FIGS. 120 
ultrasonic energy .through a plastically de- IA and lB. showing all parts during thermo-
formable compliant medium. and this tech~ compression bonding in accordance with the 

.. 

.. 

• 

nique is preferred in •bonding brittle chips invention. · ... 
of silicon or the like to thin films on sub- FIGS. 3A and 3B are similar to FIGS. 

60 strat.es (as used herein the terms "(lltra8onic" lA,B and 2A;B, showing all parts after 125 
energy" or "ultrasonic vibratory · energy" thermocompression bonding is complete; 
are intended to include· vibratory energy of FIG. 4 is a side elevation of a beam lead 
substantially any frequency. roughly. from device positioned on a substrate; 
60 hertz into .the kilohertz range). The chip FIG. 5 is similar to FIG. 4 and shows the 

65 ordinarily has both major stirfaces metal- compliant medium in place; 13(} 

........... ··- --·-" . 



,;, 
~: . 

< 

y 
14 

"-.>:· ...... :, :,..:· ... \= :< ..... <·. ;; 1:;J.XiJ~·~3:1: .. :. "-·· : ... : . ::.'· . ~i 
. '· r: ··:~~-·/·· .. :' .. ·~l& .. •··6:is···i.::~i~~·~1ey~~~~··dt:'.~~1ts~~~Iy!· .. :'.:'.~~·:>~i~ti!Je•.·/~4:~ ~~::.:Oii'\l)i;:· ... ~f~~i~~: .... -·-· · '-C· . of FIG; S dtlfing thennticbmpres'sion ... bond~·. ·'The. fl.oWcif.theslead/me.tal. Jri::'the''ate~ '26" 

. ~)~ ~ 
• · ·· · :.::·~:o~~:4ri'Jf!i1lli iJJm~~f!itii:.~f ... ~~ ·:~:~~=~iet1:jf~:~:-ft;~e1i~:;1 

• 

·20 · ·pyo;.J2'is·apel'specti've\riew: of a Jead' .••ment. Othet~ateri'ills caP, be•empIOyed'and 85 
: :. frame ·fQr:;i(beam lead device',or .d~ices fol<',:paJ.1.ing mater~ls· used jo preV:ent bOD.dillg 

,., .. . 
·· .. . 
···< 

:~· :·. 

:;;: .. ; 
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.; ·30 FIGS.: .13" and :14; : · · .. · . · ... · · •. ·. •> . .·the.case, Sµccessful~bonds ofgold leads· have 95 
·> I?~G, 'i€tis ;a~ .eleva!i~n~ ;yiew,ipartly ilil .: .... ev~· :~n··.n:ia4e ·µ~~ )1ck,~~,:~s' tI1e;: .~om:~ 
se¢tio:n, · ~l;l()wing· alh ~ m pla~·; for the: .• pbant-111,e<,iiun:i; wJ:tlch 1~ ~ven harder· .than 

Po~4i11g.,of .. ~ :silit:.C?n ·s~le C!Ys~l.c:cJ;iiP}~··· .aitunimum .. i> .·. · · .. · ····;:'. :··· .r ~·.·.':,. :·,·. ,.'·;::·,.·;· ·. 

: · . . a : supstrate m .acx:ordance w1th 'the· mven- -:. · JDi.e;::foregomg bc>pdn;ig method, results· m 

· .. >;.·,
3
s ~!'Fia;:J 1 :.·i~;:~im.i~~i to ~!6;: 'i6t··;·~hb~irig :.:·~~~#;;t~v~i~;!i~rii~~~:~~1~~t.:1~~ 

100 

the same parts::dunng bottdfug; and:· .,;r:-_· · ··c~mpi:es,s1Qn:tec'ln11qµes anct the''Ittdiv1dual 

\~ ~i:¥~1~~-in~;;t~;~ ids 
,,, .~IGS. 1.;.3 Illustrate bonding of;a:,sd1&:le ,,.-anxpai:«~lar case, and assµmmg a constant 

-~ l~ 

pomt.'For purposes of illustration; substrate· : en~~gy::1~ applied, the Jea~ will not adhere 

so l~:;i~hf#a~1r;i: c:o~;~1d~diii~~~::::3~tt~~~~~tt~~J~8W.6l~!;~e;;k 1:· fi'.s 
; ~phant,-~1.1:Wli.1S::~ ~e form of a wire16 ;appµ~d,:the)ead·1s dafil_age.d and vvll.l.break · 

. ·~~ .~ ~ 
· .55 sure is .applied; wire 16 and lead. 14.oom- up~r hm1t. of total b6ndlllg energy that ·120 

· inehce ·to 'deform. -as shown in FIGS ... 2· .. (A :·produces a good bond is raised,.substaritially, 

• .· ::..:. ~Q~~~#~~di~~;J:~ic!: ·~~rif;s f~~~ _:_;:;;~i~~~an
00:t~a::i;:¥u~i;~~e~= 

'>; · >:: of contact 22, ,and bulges 24 ·aJ>near:o1rthe . •:the .nsk o~ .. over-deformm~·.the lead;· ·The . 

::.·~ ·-~~~~~~~;~C!s1:;g~;:~e~~-~~ ~! Lr~:~s U::n~~~~t0°~1':°Jt~1!f~;~_~;~;!~; '.r2s 
:'b0n4fu.g'. ~s Complete, .as· shown in I FIGS;· 3 . <>f the fype: of bo.D.du:~g CD1ployed; Ditfusion 
A and B/!h~··iajti~ bulg~ ~ave ~µ.<Ie:: .is· a time and tempeni,tuie dependent. pro~ 

.. ·}opne'd'.}nto:~tea_ 26._ .8:1ld wJi:e .16'_11~s de-,~.~~: ;Witl(.the. oom:P.lii!11~ ~~~:tll,lio~~g~ . 
. .- 65 . formed plastically $0 as to completely' cover ' a slightly J<>nger bonding time' ca1i be · em~ 130 

. . .. -.:· . .-·'> -.;·.·:: .. ,., . . ,· ..... . . 
. · . . ·.•·.;:·: :,.:.-,_'.: .. :·:.:.· .. :..:.:.:· ,, ::'.r~ .i. • .-··,. • 

. ;:··. :,· . 
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.. : . . ·: ;,'··· .. 

. ~ . ; · ..... 

\' . 

. '~. ;,:-.: ;·. ·.\": 
.. -.-. ·.·. 

-~·..:... .·'··.- ·, : .... _.· 



I 
/ 

. , 

P!<?Jt~~ ·~ys 4~. for,~ ,4~iP~: ·R.~P -~~v.e;r~, ~ ·b@fe i~~t .~~~ ,9-~~ 
~::~~ AI~q:i. ~o m,at ~ ~qi;ig ,~c;t ·, t$Pr . r: AA

1
~ ... ~l-': J&~ .#f1~c::J1¥ ,r~. wa~,-~, _ . ~~ bAAd:~~~· '!AA -~alpe ·~P~!e~tt.!?P.S '-PplY ess s , ,WJ._.. : a. ·~ft .·• ~~~&._~a!~~ . ...,, ;:t .. 

t? ultraso1!-1c bondiitg as Jp ·~~°'991'1FPS· n'J)d~~ge4~h-·.e··'a··~t.~e· ·r;~.· tjpo. n~!JJ . .m.;Q ..... ,Y.~·· a.· ..... !.rfl.~~ ... ~.~~. ·~.·orttµ._·t·~._.4'.·~ .. r- '7··in .. ,., .:! s.Jon 1~'1~~s~ h¥t theF, l;JlOcbim,t~. 3ct ~rk He ~ ,.... ..,..,,.&~\(\.I. _ ......... l'AI 
~ ,.q~te ~e~ .. 1 ,.e~~ .. ~ u~ 1.5 ,~,s ;wi~ ,a. ~ot;r.rapi: pi9,gs!iff ,of 
~~c .l?p~~ ~·~ l,. ~ .f.3. p '¥ .. . • . a,\\(jlu,_t .~ttp,a~4$ (~ ,I>O.W~-:~r ~ -~~ .~· • 
mtc;nµµ .an4,e~tiei;n8il ftjd,1'?~.~114 ~yst~iu~, 0t~f.··th~e.AAJl1~1J'm. pf.4f0t,

0
°C ..... LJ.,a~~f.~ .~£.Q$a#.,qµ 

..a 41 .. ~ition to . ~iY . ~*t~ ~1;>µrces ~t 1.1\'4 ' ,Q.Yi" bondiili ~ ~)I ~ 
"'might ·be ~d. . ·· lPf.1'PJ...~~0.Af.(er1. ~A9Hi~--~k~~Yl#~GQWd ~ ·PIGS. 44 also illustrate .;~~ .bQJ;J.~ ,qf no ~ : . ~~eij .· P.9~ · :yv4J:i . ="J.(V pS1 . cqm-

a be~-l~d in~te4 · c~~t de.vl~ ·.to a· ~s~ 1J.4:. -~ .a. -~ri.p,rctQe .. :~~ .~pd. 
thin film .Qn ia. s~os.trate in .. a. .siiµilar ~e,r !~ '~~~. ~b'. ~- ~v~ . .fw.d .. I01 ·Al~ .. ~~~tt:~te,. ajl 
~· · 1th8,t ,s.ho:\W ·_u.;_ eo~~oD. · With ~IGS. .~el ... es~~+.!~ ... 'P ~WI-~·~· ~-~~ :~~. t~ fin If l-3. ,As shO.wn .in ,FlG. A. ;t;lle .4evfoe .~w;n,. ."ffl ..... wua.,,, .,.., 
p~s a. ~icon .chjp 2~. )l~~t.~c;I le~-~ '"It(gen~ra:I. lt.fui,s -~~~ fqµn9 ;~t s.uc~ · · 
30 dssuing •the~, It re.sts ,ori ~. su}>~tol.te ~~fW · _,tµ~-~~~sij,()µ. ~ds : ~· :~ 
32 J;aa.vbig met~llic land ·ar~s ,(not .~owµ) :i;n~cfe b,y ,(W.S .:rµ~W.qd At "t~nmera~~ .w. ,iqe 
qnder .e.acli lead. . range of 350°C-S00°C, bonding cyeles .(# · 

ZO .As shO.wn ,in FIG. s .. a .hollow compliant 1 .«.>, ~vc;n 5 -~cw.\~ .. ~~ ratn J~fl'~urell ;of ~~ ·· 
p.reiorm or lead frame 34 is :PJaGCd ,over lQ,50 .po,,oo~. lt .w.UI <be, a.p~at~d. ,4ow,. 
leiads 30 and .. arQund · de:vice 2&. :P,.refo:tm 34 ever, that ·:Wl ,9-f ;~~~ :,P#Antijters · :iltC . i:e~ 
extend$ sub~tantially abpve.the.t<ip.~f.d~vi~ lat~d,.:At -1~~ J~µ>.;Pe~tw:~s./f~~ eX!itJnple, 
28 ·SO that, ,d~ ;~nd)ng. 6\~ pot Xalll. Will longer ,cy.c]:es -~~ JD OW~r, and V{~ veT-9(!.· is not press upon device 28. . . FIGS. 3;.u illustrate ail.other. method :of 90 

Bonding is illustrated in FIG: .. 6. A ]1,ot efl;e.ct4tg ·bon~g. Jn this embQdllD.eiit. a ·. 
ram· 36 Js ,pressed· down 011 Uie ~l!enil>ly. supp<>it or tabfe 38 is provided·:wJ1.iclt is 
ca.uiihig~defo.rmation <>~,preifonn 34_an_d le~d$. CQnn~cted 1to ;~ .ultra.$Qpic. hom ;fQi ·v:ibra~ 
3.0 . .in :the same ·m~~r ,a,s .ti~s.<;ribed •herem- ~ion .iii a ".~~tiq1,1,p,aajleJ .to' t4C U,pper si.µ--

30 abov.e dn .co.tlnection .W.ith,F.lG~ 1-a. It .. will face. I~ is co~ven'ient to l'r<>V.i4e a sligltt ~~ 
~-noted that i>refqnn 34 .defonn,s plasti<,:!lily dep.re&l!1on .40 .m .fu,e uppet ..11urface of. sup.. · 
~n- exact compliance .with $e :l~ds even · port 3.8 .w.hich .conforms .:to the .size ·of ihe 
when they are vecy cl-OSdy spaced. FIG. 7 sµbstrate .to. the. thin ~:tili:n. of ,which :ieads '.are 
illustrates .the ,bonded device after removal to Qe. bo~d~~:t. A .sql,)stiate .4~''is j;>JaCed ·m. ,as of. the prefottn. . . . . . this depressfon and. as shown m:· FIGS . .,~ 100 

the extent of deformation of · ~e · le~ds ~~ 9. :!'!-~ ;lead , \'.fevi~ AA ;is positi~ed · · 
during .-bonding is .apparently -a function of thereon. ·""·.plunger .or ~Jamp .46 'has. a ,qp 
-the geometzy of the co~pliant m.edium and 48 -~d,e .of,$ e~.stically Q.efqrpial.lle ;mate.; 
the physical properties .of ·the ·materi31.s. :i:-i!il-.e~. an.(){Sa¢c,material such ~s siliC9ne 

40 more than anything else. -FIGS. ;l-3 and J;Ubber which is <,:l:\.ptJ:>)e qf :4~fQrming ),QS 
4-7 illustrate .. two . sha,pes · of a CQmpliant around a device and, clamp.j.qg: all the leads. 
medium and two somewhat different lead ~g!lfdless ,of ,s~ diff~ren~s~· ~urely to 
deformations. Where. tlte compliant medium substrate .42. Plunger .46 can be hydraulic, 
is sheet .which. covers. essentially the entire cam actuated, .solenoid actuated. or other 

.45 lead right up to the. device. bonds .are maqe suitable means c;:aD be.employed. 110 
with little or no visible deformation.of the ·Ultrasonic energy is ·applied a:Q.d causes 
lead. In the :bonding of simple beam lead support 38. to vibrate in the direction shown 
devices. a· solid sheet of the compliant . by.the arrow in FIG. 9-.i.e .• parallel to the 
medium e.g. ofpolytetrafi~orethylene which surface. The bol'.ld.may be made in the con-

SO covers the,entiie device and the leads may ve11tional ultrasonic manner without heat- US 
be used, when the device is strong enough. ing . or alternatively by thermocompression 
Ram pressure is applied overall.· the medium bonding., · · 
deforms around the device and the leads. .It has been heretofore disclosed .that heat 
and makes good .bonds. Bonding of the can.~ advantageously applied during ultra· ,. 

. :SS device is manifestly impossible, since the $Onie bon4ing · with the benefit of prevent.. 120 
deviee and the leads are subjected to . the ing work hardening of ·the leads. The appli-
same forces. · · · . <,:~tion of l;teat ·through a conventional :ultra· 

The foregaing can . be illustrated -by a sonic ,bondiDg itip . creates problems. how- 11 
specific example of the bonding 9f a 16- ever. in that the sonie.properties of the -tip 

-.~o lead·beamleadeddevice to.the.Au/Tialloy are jn part .temperature ~ependent This ·NS 
. · land . areas on . .a ·glass .substrate.· The co:µi- problem is eliminated in . the :present .eni- . 

pliant .medium .was aluminium. 0.005.inch bodiment Qf the.inv:entiDn,beca.Use the heat 
.thick -with .a square ·. 0.0535 inch. hol~ 9.aii be .appiied thrQri~ ,p.1uligerA6 and com-
punched there~. The 'de:vi,ce was .~siti<m,¢ pliant.J!li~dimn ,.48~ · · · · 

i'fo5 on, the subStl:.ate .a,nd ··:tP.e .aluminium :iwas - ,'J'he. bon@i~ of .tw.o b.all~-wire 1ea.Q.s.~ ;l~ 
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. ,; WI.th FI.GS .. ·~· .. ·and ;14) •.Is. suital,>le o,iily .. .for " Jy ,· theret!iroflg1i,' · 111 •'.which case .. a :tJ,ot ps . 

~-· ·· .. · . '1::~~t~u}~*1:~.t0~be~~~~~~z~;~ ·.;·.:riee~~r~~~;#~g,~~;~ ·7~~-:·0:r. ... . . · · :\ ~ very . smitlf bel:ll:ll: lead devices ;or.: mtegrated .. / :FIG; .JS .~I~ustrat~s a '.Jig•.useful fQr. carry- · 85 .· .. · · · 

.;2&,.~~ja1a~:~ . 
&_>!14~4·. A:''re~a~a.r .ff~e -~6 ·!t~y~· aµ . c~fral"a~~--~6. said ,compliant medium·,. . .. 

.. ·~fi;~-~l1iiJ!·,t•~~~-~ : .• an. adb.es1ve;· Alt~l'lla'tlvely /aperture•~~ ~ay·-.;; m~n1ni .. ·34· .1s ptefe.1;ably ::an ·'.el~s-tically ,d~'.'" 

... '.'."" Ji~~l"i•l·;lilBi~1l~~·~ ;.··· 
\Yl~ cqrrespo11dins::nu\rks. on):ije";su'b.sttate ... ·J~4s tQ ~µosftlites of varymg'•s1~. :: <: ... 
i~-;~~¢.J(th~·."a~yi~Js .~fO. be ~Wi.chepk~~-·· : ; .J•:~9~>.16:: ~d ".17.· · ~I~~~~te ·tbe _P~~e~~. . la:r- .marks (not. $hown)._on '.the .. -. under~~de of : ·emood1ment· of the mvent1on '°for tx?nclitJ.g . .... ,~ i~lai!~fi.,l~ir&a~:~~,~~ ·. 

·· ··, strate is'•c:Orisider~bly::simplified/~Tlie'ddtted< ;,.. ... Aii>anv1L88 has a>hole<90 into which· a: · . · , ·" . 
..• ?.45 IWe~ 65 .. s~q~,,~o,~.fnfo1e ~6 :t:nar~:'.~t;:of;. ~pp~fstlid'92 tits.~!1$1}1/'Th.e:·he~<f ~i,tign:.:110.'· .:•:. , " ' a ,much -!~get "frame;.holdlng a plUfa11ty: of: ,, of .. s~:ud·.92 i:ests onJlie s~fa~· of t}le :a~v1~, ... 

··~qii~]E~5!,·~~~~iir1Sm/ ··· . , " !1'9wpmeI1,t.·by:·liavmg:: smalLbole11;'Jn: .tlie sUitabk preform 9~ ·to .. the surface tlJ.ereqf .. ·:< ,.. · ,'.' tape or lead frame. . · · ': · « ::<·:Preform 93 ~Y~ be_µ'lolyl;4e:tj.u~~:·.turi.gst~:O:; · ·· 
. : .' .. FIG. J3" and :14 are elevatfon, and ,pliln"":·a silver".'impre~ated' ~tungsten compact, "or 

·0:·::~s · ~~t~:f~~~r~~;:·~~:41!fJ~6~~~:t'~~;~,. :;·;:;~~t ~~;~tw;r~;.i~r~0~:~.~~i~~~r .120.:: .. ~- .. · .. · · ·· ·.·· FlG. ·12· for bOnditig m a,<;c0rda..n:ce .witli.:tl;te,o; the acttve el~ment.from' craeking;:;Tbe pre" ·· · 0 

> - , ~f1~~. J~·~1rf:iJ:d~<J::~~r~;~ .. ·' "~WJJr~~f~:g~n?§;~~~i#t:!~.;~:di!;~. · .·. 
. 68 for' attaclu.ll~t 'm exact ·teg111try,:twpms • f9mt· 9~. Wafer 94 mu.st: be metallized· and ·. 6Q o!).~ .. ·~ '.p§pcli~g.:·111,chi~,C: :a. s.~ of ,apertll!('.1( i)>la1C,d; Op. ~ts . ~O~e~. si.µe( but ::,'f)i.is Itrµ.st ;aJSo : '. 12$. . · . · . . 70 ·1s prov.i,4e4· ~~u.at in nwpw tp: and ·be. done for soJdenng or b.1;~zmg~' T,he con,.'- ·.· .. · ... ·· .... ·; ~P.~~}of.t~~~.tiyO:"!ith :~e ·ieaas·o:?Jhe;.:'.Pli~t,~~iu~· 95~:~11ic~r·';l.~in:)i~Iit".bC",/J.•.· · · . · •. • pev1ce:t() be oo:nded.;::..A·pm'-12havmg ~<fil:v;t~fomung metal,such air::aJ.umllllum~Js: . · ·. ··• • · ~t~P.;:k~i':?,4 Ji~:~µe ;e~d .~~ ... a\callat 76: "· J~i~ o~~r spi~ "'faft;f:~4 .. :,~d,:the' bOn(fu.ig:.. . '.·· .· 65 1:1ear tbe · Qt]ier: ,1s .placed in" each .aperture: tif; 9~ is positioned< thereover:. and lowered 130· :~- .:~· .. · .. "\''>:.:··:::~·; :(·.:.·> .. '.·, ... '.~.>~:;:_~::.~-:~---~._, .. : .. ···:· .... ·:·:·,_.:,)_:;-:·:~·:~·-· .. :_.:· ... ":"; .. ~,· ' ... ' .· ··'··· · ... ·:/ .-:~,··-~---~- .... • .. · ~-·.·;···<·:·._,_. .. :":·· .:. 
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so ,as ta. clamp the afise111bly jn.,pla,~.:Need­
less to. say; only a. :vecy. slight,, clamping 
pressure is employed. Heat iJnd · ul:tra~c 

•.· energy· are. applied. for .a fracti9n of ii sec­
s ond ... the:bonding,tip .. vibrat~ in .. th~ direc~ 

tfotl shown by : the al"I'()W , in FIG._ 17.. As 
·also· shown in •FIG .. :17 .. :compliant. mediµm 

95,defomis· around-.;wafer 94 •. and·t]ie brief 
: application oLbond ene.rgy is,,~ufficie~t·~ 
1.0 bond wafet 94 to prefo,rm;·93 :without de­

fonnation . -or cracking . of the. w~er. · Qf. 
course. -,total· bonding .eu~rgy appl!ed w.iU 
vary. with the size .:of .the wafet an<l the 

, :· niateri~ls involved. · · · .. · .. . ·, .. ·. .· : . 
15 · ·In ;an embodiment . of· ~he invention, a 

· galJjum arsenide junction ~se.r. diod,e was 
metallized with gold · .on . bo~ si9es a:11,4 
bonded to· an Au/Ti' plated sub$'.trate. 1Jie 

. . cb.ip measlired abo'!it lQ. mils squ~. and 
20 was less. than. 5 mils . thi~. Th.~ .chjp was 

placed on the surface. of. a .subs~rate, and 
a ·piece: of high purity. alum.iniui;n 15. mils 
-thick was t>laced ·thereover, An ultrasonic 

. . bonding tip was placed :over the __ as8erii]?ly 
2S and about LS .. pounds clamping . pressure 

was used. Heat. supplied, :through the, bond".' 
ing tip, was turiled·on and, J second later. 
the ultrasonic energy was applied· at a lev~l 
of· 1 watt. from a 40 Kb .. gener~tor for 0.5 

30 second. The ·exact temperature rea~ed .bY 
the aluminium. or . the chip could not be 
measUred. but .the ::bondfug tip reached 
3l5°C. Existence: of a. true bonq wa.s con-

. .. firmed•. by connecting ·the .. chip intp .a . circliit 
35 through the gold on: th~ su:bst,rate and, the 

plate top contact; the chip :fµnctioned as a. 
laser diode and emitted light . . 
·. FIG. 18 is a simplified_ perspective view 
of a: bonding ma~hine d_esigned to qirry. 9ut 

40 bonding by the emb<>cfuiJ.®-ts. of;the inven­
tion. It- will .be understood that for com~ 

· mercial usage machines will be constructed 
to employ a particular. elIJ.bodim.ent rather 

· ·than .any embodiment. . . · . . 

45 
With reference to FIG; .18, a base 100 is 

integral with a ba4 portion 102 which, 
together. form the support for the machine. 
A generally U-shaped arm 104 (shown par­
. tially) extends outwardly from the back lOZ 

50 and· supports a s.uitable binocular Jllicro­
scope (not shown) for use by ilie operator 
in· positioning the. various parts. Base 100 
has provided thereon a rigid table 106 on 
which ·there rests a: plate 108 which is 
coupled to an ultrasonic horn 110 adapted 

55 to vibrate pl&te 108 in the horizontal plane. 
The ultrasonic· energy source is conven­
tional and 1s n:ot shown. A second Plate 112 
is screwed onto plate 108 by mean&- of four 
screws 114 .. Plate 112 is provided with a 

60 central deuression 116 on - the too surface 
.thereo'f adapted to contaiu. and - retain . a 
specific substrate. ·Tue reason for provi~g 
separate plate 112 is so tha·t variously sized 
substrates or circuit boards can be· easily 

65 accommodated. 
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·, J\p ~uki8b(ril~mbe~ · i is'.:ls ~nirally ·loci;. 
·~ · .aga,iµs~ ba,qk ~Q2; , this, is , ... w~vid~cl ,~or 
·the m.oUJ1ti.ng ... of. tb:e: yertically, .m0vable . por;; . 
tjons .of the. )lJ.acbine., Member .HS ha!! ~.a ? 

rack. 120 . Qri.: ihe forward vertical . sui'face. 79 
there<)f wliiCh. .. ~ e1,lg8ges a :pinion or pinions 

_(riot slJ.oym) . .on ·4te .vertically'. n;lovable ,ele", 
ments, .. much in ·.·the same. manner. ·as the· 

baiie( of a: ~o~C<?Pe i(riiised !iild Jow~ .· 'l;~ 
ered: on its .fraine, . . . . .. . . 7S 
:. Foi .. , .. tJierm~~o~presSi~:-.Q<>n~ •. a· by,.'. 
drauli,c ,or; solenoid .actuated.ram nieeb,anism 
122.is mounted.on· meuiber.118; Ram mech~ 
ai:iism .t2f has a' downwardly extendfo.g rairi .· 
124wi.th. a repfa~able tip·l26. The reason so 
for having. a. repla~able tjp · 126 is. so that 
variously. sized, deviees ·can be · accommo,;. 
. da~ec1.:;Thus~ .iip)26 may.;be -Of a plastically 
cle~orma,ble .. , !i!m:fo~ing ·m~tal,· it may· be 
apert~d~.or 1t inay be a flat piece of molyb- IS~ 
denum. (Le~.where a .lead .frame is .. eniployed). 
<:;o~se ·. aficl fine. .. adjµstments .128, : 130 are 
pr()vicl.ed ,for .positjonfo.g:" ram 124· 'prior· to 
'bond,ing; ~. diat 132 .indicates .ram pressure 
and .. a dia1. )34. i:l;ldicates ram temperature. 90 
:fow~r:. n~essai:y for. actuating. imd heating 
the ra~ .is. prov~de4 via liiie · 137. Othei" con~ 
trols m!lY· be pr()yided ~s. required .. 
... · For. tJJtrasomc bonding in accordance with ·"" 
the· inventiari •.. ~ram . mechaiiism . 122 . is re- 95 _ 
place~ .by ~tw:e 136. This also. has a pin-
10~ gear or g~ats (not shown) and is adapted 
to be .. mounted. on: rack. 120 on member 118. 
fixture 13·6· ha:S a simp1e .. frame i38 with an 
aperture -.\40 . having . an annular shoulder 
M2 'th.erein.: Aperture 14Q and shoulder 142 lOO 
are adapted to contain and retain a jig such 
a,s is illustrated in· FIGS. 13-15. Threaded 
posts . (not, sll,o'1vn.). are provided· on· shoulder 
142 to· register with. the apertures (68; · 82) 105 
()f ·ate jig so that .the latter can be screwed 
down .. For . ul~asonie .bonding, an ultra­
sonic horn would ·be used in nlace of ram 
assembly 122. .. - -

In bonding . by either method the sub- 116 
strate is placed in depression 116 and the 
device (or. leads) is t><>sitioned thereon. The 
operative element, either .ram 124 or fixture 
136 is then, lowered to engage the assembly. . 
and bonding energy ~s supplied by either 115 
ram 124 or horn 110; In either case, all of 
the leads are bonded simultaneously, and 
bonding is both quick. and reliable. For 
example, a reasonably skilled worker can 
bond at least 12 16-Iead beam lead ,devices 
to individual substrates in an hour and can 120 
maintain this rate: all day without un-
due fatigue. The reject rcite is negligible. 

· Witlt suitable. alito~tic positioning equip~ . 
ment . and large lead frames, the production 
rate. should be much higher. For example, 12' 
small holes can be punched in the lead 
frame . ·at .. speeified positions. and optical 
equipment used: ·to determine• exact p<>si­
tionmg. The most ·significant ·advantage is. 
of course, that the production rate and reli- 130 

• 
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ability will be just:.. the same foi :a·,· ·m,ore · ·wherein bOnding is eff~ed at a temperature 
complex deyice. even. one having :a.·hundted of 400°C for 1 to s second,s and at a pres­

-} \.... or more leads~ ~inee it is no more difficult · •sure of 3 pounds per Iea«J . 
··- to "boild.-~TJ:ie ·funber, advantage; whe~ a. , 9. · A m~thod as claimed in claim 6 

5 plastically defOrtnable .metal is 'used as the ·:·wherein 16 leads are provided and the land 70 
compl~ant· riiediµn;.~,:of haviilg<an. exaet ··.areas are an Au/Ti alloy.·· 
replica of each aild every bond made, is a 10.. A method as claimed in claim -1 
most substantial one. ·For a given work- ·-in which bonds are eff~ed,.between one or . 
piece. a series of replicas can be used as·a more discrete first leadi(and the substrate 

10 standard against which. each replica can be :wherein the compliarit means comprises· <me 75 
judged; indicating bo:th the existe:llee of a or. more resiliently molinted pins. a separate 

. _ .bon(i ·for e~ch .lead ~ri~l. bond quality; WbeD, : one· of which is adapted'. to: engage each of 
the ·metallic comphant medium is ·.'in the .the leads. . .·· · ,· .. 
form of a lead frame, there is ·the additioriat . .11. A method as claimed in claim 10 

IS advantage · of pre~~mt.irig the dCvice in .: a: . ·wherein the leads are riiaiJl·tai,ned in position ~O 
readily bandleable·]Daajl.er whic,h·is:.ea&Y:to .. prior to bonding by means-of a jig having 

--~~~::;~;e:~~~ge~Li:~i;ll~. ~e~~~;ie:ii~~s~~!::~;o:e:: :~et:: 
10 aild' a metal film on··a rigid substrate com~··.· the .. precedingclaims m wbi~·the ultrasonic 85 

pi'isiilg the steps of placing theJead up()D. . , .oonding is in a direction of vibration sub· 
the metal film'~ advancing a pressure means ... stantially parallel to the plane of the sub-
to apply a pressure tO an elastically or a . . strate. . , 
~lasticaUy compliant·]]le8ils arnu:iged;on ~ . '13~ .. A method ~s cla~D1c=d !n claiJ;n 2 

2S side of the lead• so as ·to compre$S the com~·. . ~herein the compbant means 1s provided 90 

pliant means and th~reby tranSJ!lit a pres- · . 'Yit~ an apertu~e or a~~s a~~pted to 
~ure to the lead: the. Pressures be~ ·applie~~ .·. !eta,m th~ electrical device in pos1t1on dur-
m the same dzrect1Qn~ :~ applymg heat ·.mg bo~ding. . 
and/or ultrason~c Yil)ra-tion to pr<>dl.ice with.:·:·• .·. ~4. A method as .clajm.ed)n any_ one .of 

30 the pressul'.e applied .to· the lea~Ltherm.(}o:' ·claims 6 to 9 wherem t1ie Jeitds are mam- 95 
compression bonding •9r 'ultrasoni~ l)Onding • ·fain~~ in position with respeot ·to the com-
of the lead to fAe film.the complia:llfmeans · pliant member by adhesive ·prior to bond-
being subsequen~ly ren.ioyed. < .. :> · ' i:ng. . ' " 

2 A meth~d of bOl,tding a lead.from an > ~ 15. A method of bondiilg together a 
35 integrated circuit device to a substrate.eom.~.··bri~e crystal body and a .:IJl"tal film on a 100 

prising. applying: pre~~ure to the lea:d posi~ :rigid. subs-trate comprising .·the steps of plac­
tioned on -the substrate ·through an immedi-. J~g the crystal upon the metal film. advanc­
ia~ely adjacent elastic~y or plastiCally com~:>" }pg .a pressure means to a,Pl>ly a. pressure 
pllant means and bOndmg the lead and the •- to ·the· crystal through a11. muned1ately ad-

40 substra~~. by· th~IJ:noeplllpress!on bonding. or_: . jacent · elasticall~ or J>lAstically compliant 105 
ultraS<?Wc bondmg w1~ or without heat~ the,: m~ans and bonding. the crystal and the sub­
compliant means being subsequently_ .re-- ,st.rate by thetniocoinpression :·or ultrasonic 
moved. -· .. ·· .. · .. ··· . ·:; <, -bonding with or without he!l1:. the compliant 

3. A method as c}ai'med in claim t o'r .:tµeans being subsequently removed. · 
45 claim 2 wherein the compliant means is a ) )6. A method of bondiri.g toF.ther work· JlY 

metal having an .adherent oxide ,coating :. pieces substantially as ~tein .. described with 
thereon. for example. alu.ininium. < ,: < reference -to FIGS. lA to 3B' ot FIGS. 4 to 

4. A meil,tQd as clauned in claim' 1· or ,7''Q(F1GS. 8 and 9 or FIG$/10~ 11. 13 and 
claim 2 whe~~il!. the; Compliant means is '14,)Jr FIG. 12 or FIGS. 16 and 17 of the 

SO -polytetra:fiuorethylene. · > : ; O a~ompanying drawings: ·· :. 115 
5. A method as claim,@ in any 'one of / '1_7: An apparatus for Ca.riying out the 

~laims 1 to. 4 wherein· .the compliant ineans m~th()d o~ any one of claims l to 16 ar-
1s capable of retaining ·.~ impression of .a · t2tnged and adapted to o~te substan·tially 
bond when made. · · .· ·: < >-i _:ca·s·-herein described with· reference to and as 

55 6 .. A method as claimed in claim' 2· ·,.~li<>wn in FIG. 18 of t1te acc'ompanying 120 
wherein a plurality of l~ll,ds are provided 'dtawiµgs. . ; : , , 
and in which the substrate comprises a · " JS: An article having:, a -bonded joint 
pl'uarity of metallic land ateas. the bonding made in accordance with t~e' method of any 
being effected between the leads· and the one of Claims L·to 16.· . : , · 

60 land areas. . . · , · ':~·~ ·:, ·; :\ P~ .:·s.-· B~OWN, ... 
7. .·A ·method as c:Iaimed in claim Q . Chartered Patent'; Agent~ 

~herein tlie thetmoeompressfon bond is car- : · S Mo.rilington' ~ad.· ; 
ned out at a temperatur~ of 350°C,;500°C 'Woodford Green. 
for l to S seconds. · .. · : ···· · < • • Essex. ·· · · · 

·: :65 8. ·A m,~thod as claimed in claim 6 · .. ··:.::-·.:Agent for the ApplicantS. 
. . . ~; : . . .. . ~ 
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abilitj}-~jj,lf •be j~st _ : Satl!~ for a ·more -- wherein bondihg is efteeted at a tem'peratilre 
..r<: .-. ·. -compiex"itevice. even: .h~-ahtindred _of 400°c for __ 1 ·-to S seeonds and at a pres-

·'" , ~---'\.,'.:or more Iea<}s, sin~ : : tto'1r,:'o.t¢- diftfotil('i Ai.ii:e ·of 3 'pouncls ~r lead . 

• . -~--- '. 's ~=y ~ro=:r~!:ialiJ:~!~~~> __ ~-~fil;tei~ 1:=: a:: p:.~~ :d ~~~: 70 
-: - -- -- --_--- compliant · medium. -.of having an -:ex#cV ' _fi~41s are 1111' Au/Ti alloy. -_ _ 

_--~.-• replica ef ·each and e.very bo~d iilade~ if:ll _ •' ·-IQ. A _-me~ as: _cbfu,ne4 in claim -1 
most~ :q'.bsUlJ1ual ~;- For -a given -:·woi:k•: --\in wJi,icJ:i;:bc>D,c:J;s ··are effected· betw~n one or -
pi~~-~tsefies of _ - - -.scan- be use(i:af~ <:~ore. d..i~~i'ete first le~ds.:aird the :s!Jbstrate 

. -~-.. 

---· 

10 stan- agajnst w -e.acb repljca can--be--..-:wherein ~ compliant_m~ comprtses one 75 
ju _ ")lj_qating _ '.the existence- of a · :or )nore ~silie:iitly m<>11il~ed pinS, a separate 
bon(l..:,fQl' ~~h lead' 'bond qual~;. When -'ooe• of whiChjs adapted. to'. engage each of 
the ~tall~c ~omp medium: 1s\fo.-''the :tlle ·le.ad.s. - \ - >' -- -
fonn; ()~~a lejd. ff _·_ _el'.e iHhe addiiidrial• ' ' JI:· A met.hod as;• claimed in claim 10 

IS adv~~ta'ge <lf p - g ~ device:'m<a> \V:h~rein the leads are,riJ.amt4in¢d in position ,80 
__ rea<Ji!t1lan4leable .,,,,<-~-· 1 w~ic~ is '~sy t_<>~- -Jiiior to bond)ilg by Die~s 'of a jig having 

,. pos~1on (>n the su-_ -··rp. - · - a· separate a~rture the~1il f<>r each of the 
_-- : <WHAT WB _IS:~ >- , resiliently mounted piJl~; 
'_-._--- > /l. A lpe:thod _o_--;,,, n~gtogethei-~:lea<f. 12._ A !Beth~ as_cclai~d in any one '!f 
20 an~ a metal fil~ Q.b;: a.rigid substrate ~J:Ii· the preceding claims m which the ultrasomc 85 

_-- prising the steps ·· -1•$.s the leii:d- iipori bonging -is in a diie<>tjon of vibration sub-
·-> _the metal fi1m, a4 .• )t:pressur¢ niea:ris · stantially parallel to the plane of the sub-

••-- - - to a\>ply a pres~U¢(t'0"1m: elastically or _:~- strate. ·-:-- _ ____ . . . 
-_ - plastically complta~fin~:-arranged;on the 13: A, method a:s· claimed m claun 2 
2S si~e of the lead so .:;~s -'!6 cp~press the com- wherein the ·'oompliant means is provided 90 

-- pbant means and t)j~fe.by'"ttansmita pres- with an- aperture Qt ·apeJ:ltures adapted to 
sure -to the lead, ~&i:JteS-.Sures being' ·applied retain _tlie ~Iectricar~viee in p<>sition dur-

-in the same direcyon; ~a applyijig ~t ing bondiria. _ -_ _ -
•-·-- - and/or ultrasonic_yj;f>~tiO!l to prod11ce with ~4. A method a~}_l~llled in anY, one .of 

30 the_ pressure app}f.~ to tbe lead thermo- claims 6 to _,9 whe~: the leads are mam- 95 
--- compression 1'9n!11 or Ultrasonic- 00ndfug tained in posi-tion with respect to the com-

_of .-the lead to the_-__ · m•"tJie· comp1iant means pliant member by adhesive prior to bond-
- .beuig subsequ~tly>~o.v.ed. '_ _ .. ;. ing. .. ; _ . 

' ".'./ 2 A m~o~ .o~J~1~)8 a lea'tf.rom _ail .15. A ID.C-thod -;of bonding together a 
_:_ 35 mte~tedCJrCUtt · ~2W-:,'A substrate eom- brittle crystal body and a metal film on a 100 

~sing. applying - .- -_::!Q the 1~~ :~i· :tigid su1'stra!C compri~ing ·the steps of plac-
-_ tioned on ·the s.._b -dirough aJi;:immed~· mg the cry_stal upon:: the· metal film. advanc-

'"-· i~!ely adjacent el ~}';_Of. plasti*31_ly-fu.m_- ing a pressure ~s- to ~pply ~ press~ 
pliant means an JAl\. the lead·--and -the to the crystal tbr()ugh an l,D11lled1ately ad· 

40 substra:-te by thern.j.~}#ession bonding or jacent elastically or 'plas-tically c01Dpliant 105 
- .__ ul~c bondin¢~~~~~-,b~ without;:heat,jhe nieans and ~ding;the '~Stal and the sul?­

compliant means;:;-\,emg 'subsequently re- strate by- ;thermoeompress1on or ultrasontc 
- _• -m9v:ed. ,~ . ·:· - · ·bonding with or with()u~ be8:t, the compliant 

· : · : - 3. A method as , )»-ed in c1aim l or means being subsequently removed. 
45 claim 2 wherein ffi~' · - t m&ihsJs a 16. A meth-Od of bonding together work- nu 

-- >metal having ~ :' ~ _oxide: coatipg pieces substatttialty·.as herein described with 
- -- ---- the!CQn, for exagr , : ·:um. :- : .-; ' :•reference. -to FIGS. -1~ w 3B or FIGS. 4 to 

-- •.· __ :_· _ 4. A metbo<.{_;~i{ :' m _ciailiflor 7 or FIGS:'-8 and:9 or FIGS. 10, 11.13 and 
:_ --· cJaim 2 whereinliJij¢. __ ;_ plianL.means 'is 14, or FIG, 12 ~r F.IGS. 16 and 17 of the 
SO: polytetra:ftuoret})Y,;l~pe; - ; ;, -+ aecompanyihg drawip.gs. 115 

- ---- 5. A method~_,_!s claitned in imy''one of 17. - An appar~tu~ for carrying out the 
-- ____ -_--___ clabns 1 to 4_ w&~in the comp]i8:nt mea:ns method tjf any <>11e 'of claims 1 to 16 ar-

-·---- - <.is capaple of ~~ing an impr~~sjori-::c!f·: a :ran~}l~d ad~p~J~'<?~riite su~tan~lly 
.... bond when m~~~- -. <, __ as herein descnbed with reference to and as 

55 6. A me.th~<:as 9Jajmed in claim_ 2 - shoW11 itf.-FIG. ,-18;: of the accompanying 120 
wh~rein a plut~y -ot]~ads arf: provided drawings! , - ' 
an<l in which 'flit~:subS:trate epJlipti8es a 18; _ An. article having a bonded joint 

• _ _ : : pluarity _of m _ iji~' ltµi4~Ju·eas, tlJ,~ 'b~ilding made in. accordan,ce with the method of any 
_________ -------:·being effected',~, . ·-if-the lea:ds\and-'the_ one.ofclaims l toJ6. __ _ 
, <iO land ateas. -~ C : , ,, ___ , : P. ·s~ JJROWN. 

-- 7. A m~thod as daimed ,·iri{Clrum' _ 6 - Chjlrtered ~tent Agent, 
wherein the thetm9cpmpression bond'is .¢ar- 5 Mornington Road, 
ried out a·t a 'jpjerat~ of 3_5,~~C~~oo°C W~Esf.Ord Green. 
for: l .t() S seco~~: . :;. ,:- __ _;,- - , -. -_ sex. 

65 8. A inetb~~~JiS. -· - .· •iii Claim ~- Agtmt fo(the Applicants . 
. -.~~;:-~-_: .. -.--- .-~ . .. /.: . . 
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