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(33) Umted Staws of Americ

(71) WEsnmN ELBGI‘RIC CoM-_.
PANY INCORPORATED .of: 195 :Broadway,

i New Yotk .City, New York State; United

States; of ‘America; a. Corporation orgamzed
5 and existing’ under. the law.
New :York, ‘United. States. of:“America; -do
hereby declare the invention; for which we
© praythat “a patent may .be granted 10 us,
and the’ method ' by which it is to be pe

by the. iollowmg statément
. “This:
g workpleces to :substrates. - -
. ~The : cofinection of. ssmxconductor and
15 other: -very-small componentsto printed cir-
ciit : boards and . thin~ ﬁ‘lms

wire: lcad may be’ deforméd-;-.or work hard-

ened to breakage: point. Damage to the sub-"

£i:; strate may ‘also. oceur, since integrated cir-

cuit and pnnted' '1rcu1t .sub trates may be'

25 bnttle

. Two-well-knd
.. usé for bonding a lead to
.. ulirasonic- bonding "and 1hermocompre351on
bonding, Ini' the first, the substrate is clamped
on an anvil; ‘the’ lead is positioned ‘thereon,
and the ‘bonding tip of an’ultrasonic -horn
. is"used:to clamp. the lead in place. A brief
.. application ‘of - mechanical : ‘€nergy in the
- form of ultrasonic vibrations in-a- direction
'35 parallel 16 the _substrate surface makes the

. face-over the thin film on the substrate

40 ated by

-~ nation- of thermal and’ mechan al energy,
inthe form ‘of
~ 45 for example b

[Przce 25 p]

-(54) IMPRQVEMENTS IN OR RELA ING 'To METHOD
=+ OF BONDING WORKPIECBS TO ! SUBSTRATES

f'the State of

10 formed; toibe particularly: described in and'

vention relates to the bondmg of’

- substrates.
iculasly that” -

bond. The:'w ping motion of ‘the lead syr-

¢ surfice ‘breaks -up films thereon ‘to provide:
mascent‘bondlng surfaces The heat gener-.

Gtiod ‘inferface combined
with thé ‘hascent. surface, produces a true’
metallurgxcal bond. Tn_ the second; a comb-"

at: and. pressure- supplxed .
heated ram, are used to

“h 1239631 °

make the bond The techmque used is Sirni-
Iar “to; ultrasomc bondmg except' that “the
lieated ram is used instead ‘of an- ultrasemc-
bondmg tip, to: trans '-th N

workpleoes 5 ' :

These miethods:. of bondmg may result in
eithier” of two major- defects: in . the bonds.
The-first of these.is thatthe bond may be °
relatively easﬂy pulled: apart, $6 that ‘sybse-
quent: strain on.the: bond ‘results in its rup-- 55
ture. The: second is at:one or both'of the-
bonded metiibers SO. deformcd that they.
are Seriously weakened 80 that strain results
in breakage of o “other -of the bonded

60
1ese.., faylts::. partlcularly Iikely 1o
cur-in the simultaneous making-of several
bonds,- so_that such simultaneous “bonding
has not been commcrmally successful; T.
while ‘the design of:a he
sonic’ bondmg tip bi

ough to, make several

“bonds is. possible,. variations in the'‘size of .

the lead: wire or the balled tip theréof will
prevent such devices from rellably bondmg
each lead'.. to the’ substrate_ ;if

are exactly ‘the .same'

per cent smaller, a flat. e
will ‘make only, 8 bonds: nough ‘pres-
sure -is’‘applied to contact all ‘ten Jeads, 8
of them -will be deformed too much, fesult-
ing ‘in"aweak bond, Also; the leads may
be of exactly equal size, ‘but the - thickness
of the:metallic land areas on'the substrates

‘may -vary, the thickness: of ‘the ‘substrate 30

may, vary, or the. bonding -tip may be ‘worn
or’ ‘misal gned sufficiently - to* prevent the
energy’-sourée (ram ‘of ulirasonic bondmg
tip) from  making’ an ‘energy transmlttmg
couple’ with each lead. Thus, the problem is 85
ng '-botzlxldmg leads . ‘simultancously

a- group; . simultangously,-every time:
Attempts have, been made to apply the
same _chmques ultraso c and thermocom- 9%
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pression but mainly the latter, to the bond-

"™ ing of beam lead devices to substrates. This
' presents the same kind of problems, but to - -

a much greater degree. Because the leads
§ are so small, it is.very easy to produce too
much deformatron in a bond. Also the
simultaneous application of pressure to all
" of the leads of such a device at their outer

"ends tends to cause the inner ends of the

*10.}eads and the device itself to move up-
wardly, away from the substrate, so that
" the device is highly stressed, which can lead
to cracking, altered electrical characteristics,
or bond failure. The latter may occur im-
15 mediately, or may be delayed.. -

As an example, a simplé beam lead devme
may have 12 or 16 leads, cach 5 mils by
1/2 mil. What is believed to be the closest
tolerance obtainable on the thickness of a

20 plated slice"of silicon is + 0.2 mil, Whlle,

this is a very close tolerance iindeed, in

absolute terms, it amounts to 440 per cent

of the desired Tead thickness. Thus, even if

the bonding tip is perfectly flat and. per-
25 fectly aligned, a fact which is not. always
true, it’ is- quite possible that it will not
snnultaneously couple with all of the leads,
and bording will be moomplete .

Lastly, while there exist methods of check-.
ing .the existence of a bond, ie., electrical
testing, the only reliable method of . deter-
- mining the strength of a bond is by mecha-
nically testing it to failure, ie., the well-
known shear peel test. There is no quali-
tative’ non-destructwe method of estxmatmg
bond: strength.

It is the .object of the mventxon to provxde
a bondmg method which will increase the
proportion of good bonds obtained and
which may also be used to make: simul-
taneous bonds.

According to the invention, there is pro-
vided a method of bonding together a lead

30

35

40

and a meta] film on' a rigid substrate com- .

45 prising the steps of placing the lead upon
the metal film, advancing a pressure means
to apply a pressure to an elastically or a
plastically compliant means arranged on the

side of the lead so as to compress the com-'

' 50 plinant means and thereby transmit a pres-
sure to the lead, the pressures being ap-
plied in the same direction, and applying

heat and/or ultrasonic vibration to produce

with the pressure applied to the  lead
thermocompression bonding or ultrasonic
bonding. of the lead to the film, the com-
pliant means being subsequently removed.
The invention also provides a method of

55

bondmg a lead from- an integrated - cirenit:
device to a substrate- comprising applying .

60
pressure to the lead positioned on the sub-

- strate. through -an immediately adjacent

elastically or plastically compliant means
and bonding the lead and the substrate by
65 thermocompression bonding or ultrasonic

bondmg with or.- w1thout heat, the com-

pliant means being subsequently removed.
‘The invention further provides a method

of -bonding ‘together a brittle - crystal body
and a metal-film on'a rigid substrate com-

- prising the steps of placing the crystal upon

the metal film; advancing a pressure means
to apply a pressure to the crystal through

-an immediately adjacent elastically or plasti-
" cally - compliant - ‘means and bonding the
-crystal and the substrate by thermocom-

pression or ultrasonic bonding with or with-
out heif, the compliant means being subse-
quently removed.

While a compliant medium may be easy
or difficult to deform, it will transmit pres-
sure while absorbing energy. Thus, if a 100
pound weight is placed on a 1 inch cube of
steel “resting on a: rigid support, the steel
will deform very little and the -pressure on
the support will be 100 psi.:If the cube is
made of hard rubber rather than steel, the
deformation will be much greater but the
pressure’ on ‘the support will still be 100
psi, The energy of deformation in each in-
stance is represented by the distance moved
by the weight. If the weight squeezed the
rubber to a height of 3/4 inch, for example,
the energy of deformation would be (1-3/4)
X 1/12 X 100 = 2.09 foot -pounds. The
potential energy represented by the 100- psi

75
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pressure on the support still available to. -

perform. . work. An alternative method of
effecting pressure transmission with absorb-
tion -of energy is to use a relatively rigid
body which is resiliently mounted, so that
the combination forms a -more comphant
member, although the body is not readlly
deformable, -

. If a second piece of deformable matenal.

is placed between the rigid support and the
hard rubber cube, there will be a relative
deformation of both the second deformable

material and the cube. Naturally, if the -
‘110

second material is also a cube. of hard rub-

ber, the deformation of both pieces will be

equal. The distribution of deformation be-
tween two dissimilar materials can be de-

termined from the stress-strain curve of each

material. That is, under a given stress, the

strain of each material can be read d1rect1y.

100

105

115

from the curve. This is not limited by the -

points .on the curves- where the mode of
deformation changes from elastic to- plastic
(i.e: the elastic limit). ‘Thus, ‘if a cube of

material A is resting on a cube of material

B which is, in turn, resting on a‘rigid sup-
port, and a weight is placed on cube A, the
deformation- of both may. be. elastic or plas-
tic, or one may-deform elastically while ‘the
other deforms plastically. In -any:case;

clear that under the influence of pressure

_the'

_behaviour of the respective materials can'be ..

predicted from the stress-strain curve.s =
From the foregoing it is believed to be’

120
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will -be:. consxderably -dliff
qual. cubes; both ‘materia
flattén; .ie.;. bulge outwardly
Xhere they are not oonﬁned

_h1s w1l1 cause an . appropnate in- es) unt
> in the stram (defonna’uon) of both. B¢

applied,. wh1ch determmes the deformatlon '
: of both- ‘materials.” Thus, - by: controllmg the _substrates by conventional- thermocompres—
geometry of the two matenals -8 relatively 's10n or ultrasomc techmques it was neces-:.
S small force -can - -be: made to' 1S i ' ¢ 95

1 By ‘using ‘a deformable' comphan medium,
om the stress-stram curve of' however, plastlc deformatmn after the bond o
crﬁed tem- )

ultrasomc bondmg of chxps ‘cut | from smgle
__lg'-'shces of: silicon’ or: other rl tle crys-'

5 105

';_'-two bodles (1) Selection: ; talsA;
0 (2). Total- mechanical energy: _pphed (3).' ~a8  wotild be’ produced by pnor
-Geometry'_of the p1eces, and (4) Application’ -methods will’ result in’ fracture;
of- . - do not d'eform;;at least in the ordi 3
"I"To-illustrate. th above dxscussmn relafing of - the ‘word. *.Yet, ‘they .are _successfiilly
_ to . a_.deformable :medium, suppose it is borided tosubstrates by the use of a deform-: .
5 desited 4o bond a 16-lead beam. device (gold ablé compliant medium with heat and ulfa- 110
leads) to the gold-land areas on’a subsiraté, sonic energy. ‘All"of the.deformation ‘is ap-
using & ram pressure of 30 pounds at 400°C parently confined to the! plated surface ad-
- “The ‘Jeads .are’ material ‘B, the- land areas jacent the substrate.:’ Sxm11a'rly, “beam
., are. the -rigid “support, ‘and - material A is lead devices may be: bonded to” substrates

) what is: referred.to herein as thé compliant without significant visible ‘deformation. M 2 =
member. o medium - whichis also - deform- In one embodiment of the’ present in-
able. ~To -select .a- suitable. compliant vention, the workpieces and’ the’ substrate
. -medium, the ‘stress-strain curve of gold at are positioned on asupportmg anyil or table

.. 400°:is plotted ‘preferably on:a Iog-log plot and the compliant medium ‘is -placed over

where the:yield point is on the ordinate, and the desired bond area. In’ ‘this embodlment 120
* the slope of ‘the curve is the strain hardening deformable ‘metals havmg tough ‘adh
‘index. From: this- plot, the: stréss necessary- oxide surface” films -aré:: preferred as~ the
to. achieve any.-degree of deformation.of the comphant ‘medigm, and’ thermocompressmn_j
gold ‘can: be: determmed X .50 per cent de- is-the preferred mode: of. bondmg Any non- .
formation -of ‘the lead is desn'ed the parti- wetting surface . should =~ be ' satisfactory, 125
ilar ‘stress. to-achieve it is selected If the though. A heated ram is. used to plastically
o_omphant ‘medium-is twice as.thi ' deform the oomphant medxu_m [
lead,: 1t w111 -only - deform: 25 ]
de “the” lead -50 per.cent "0 any g _ _ .
“curve whlch" ,_;ph nt' medlum from bondmg to ‘either of 130
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20

3 sure in thermocompression

10 ployed.

the workpieces (it -is assumed herein that
all bond surfaces are free of surface films
or contaminanis) While' a heated ram is
the normal mode of applyin%geat and. pres-

_ nding, it will
be understood that the heat can be supplied
in a varlety of ways: a hot gas may be
passed around the bond area, the anvil may
be heated, or resistance heating can be em-

A surprising aspect of this 'em._bodiment
of the invention is that the plastically de-

formed compliant mediym has, after bond-

ing, a perfect replica of the bond area im-
pressed therein which can be use to deter-
mine the fact that a bond has been made.

It has been discovered that, when a good.

bond has been made, this replica bears every
detail . thereof, including even surface im-
perfections, but where ‘the bond is a poor
one, the replica is also poor and has a much
different appearance. Further, the compliant
medium may be formed into a lead frame
which holds one or a large number of beam

2 lead devices in a manner which facilitates

positioning of the leads on the substrate,
The use of a compliant plastically deform-
able medjum is also most desirable for mak-
ing 'reliable bonds on a mass production

30 basis. The devices, for example beam lead

- integrated circuits, are mounted a few centi-

35

40

45

meters apart on a ribbon or tape of alu-
minium as the. compliant medium. For small
(i.. 3-lead) devices, attachment to the rib-
bon may be by adhesive. With larger de-

vices now available, it is preferred to have.

apertures or windows in the ribbon large
enough to retain the body of the device.
The aluminiym is provided with indexing
means such as edge markings or holes, and
the devices are ‘positioned on the ribbon in
an exact relation thereto. The substrate is
positioned under the ram, the ribbon or
tape is indexed in position, and the bond
is made. A new substrate is placed under

- the ram (which can be done automatically),

50

85

60

the tape is advanced ome space, and the
next bond is made. Alignment of the ram,
wear of the ram surface, and material pick-
up on the ram tip are eliminated as prob-
lems, because a “fresh” compliant medium
is used to make each bond. The “used™
tape bears a replica of each bond for check-
ing purposes.

Bonds may also be made by applying
ultrasonic epergy through a plastically de-
formable compliant medium, and this tech-
nigue is preferred in bonding brittle chips
of silicon or the like to thin films on sub-
strates (as used herein the terms “ultrasonic
energy” or “ultrasonic vibratory - energy”
are intended to include vibratory energy of
substantially any frequency, roughly, from
60 hertz into the kilohertz range). The chip

65 ordinarily has both major surfaces metal-

lized and plated bé;qxg-it is cut from the
slice. The substrate is mounted on-an anvil,

the chip'is’ positioned thereon, and a com- .-

pliant medium, typically a piece of alu-

" minjum several times thicker than the chip,
is placed “thereon. Heat is applied for a -

fraction .of 'a second and both heat and
ultrasopic energy are applied to the piece

of aluminium for an additional fraction of -

a second. The heat softens the aluminium

slightly and, with the application of ultra-

sonic energy, the aluminium plastically. de-
forms around the chip, again only slightly,
but enough {o establish an energy-transmit-
ting couple with the chip. Within much less

than one second, thé chip is bonded to the

substrate. Bonds have also been made with
ultrasonic energy using plastically deform-

~ able polytetrafluorethylene known as Teflon

(trade-mark) as the compliant medium be-

tween the workpiece. and the bonding tip.
In another embodiment of the invention,

the workpieces and the substrate are again

75

80

85

positioned on an anvil or table, but in -this

instance the table itself is capable of ultra-
sonic vibration in a direction parallel to the
surface. A compliant medium jis lowered

over the bond area to clamp the workpieces

together and ultrasonic energy is used .to
make the bond, Heat may be advantageously
applied to the bond region through the com-
pliant medium, thus reducing the amount

*of ultrasonic energy required to make the

bond. _ .

In this embodiment the compliant medium
preferably deforms elastically, and is at-
tached to the bottom of a piunger. It may
‘be an organic material such as silicone rub-
ber or, alternatively, it may take the form
of a plurality of spring-loaded pins mounted

in a jig, the position of each pin corres--

ponding to a single bond area. The use of
such a jig is mainly useful in the bonding
of relatively large devices. - :

- Understanding of the invention will be
facilitated by referring to the following de-
tailed description of several embodiments,
in conjunction with the accompanying
drawings, wherein: ' '

FIGS. 1A and 1B are side and end eleva-
tions, respectively, showing all parts in place
for bonding a lead to a thin film on a sub-
strate by thermocompression bonding ‘in
accordance with the invéntion;

FIGS. 2A and 2B are similar to FIGS.
1A and 1B, showing all parts during thermo-
compression bonding in accordance with the
invention. - - : _ o :

FIGS. 3A and 3B are similar to FIGS.
1A,B and 2A.B, showing all parts after
thermocompression bonding is complete;

FIG. 4 is a side elevation of a beam lead
device positioned on a substrate;

FIG. 5 is similar to FIG. 4 and shows the
compliant medium in place;

95
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eg dev1<:e on a spbstrate ‘ready |
onic:; bondmg' in accordance with

-(for.examj)' alyminitim,’
and. tantalum) a‘ﬁyays ha e S

us' ‘in ‘thermocompression bonding; -
FIG; “13+is a-side: elevation of ‘&' jig"f

th: 3
“oul tight- through: lead 14
the.case; S_uoceSSful bonds of g

( 18 isa parl:xa.l perspect‘xve
ine: capable:of making either :

105

explanat:lon

I ultrasomc bond in accord
- : _would _ppear that in
_ insulating’ substrat 10 havnig ‘a’ my alli
5 land area 12 on the surface thereof.is placed 1'10'
upport! (not shown).: A lead 14 :: twee '
I area 12 at’ the desired
or purposes ;
% 'gh ;alumlna'ceranuc and land a_rea- s
ieces: othe support and, as i
plied, w1re 16 and lead. 14%com-" 120
125

-J.s_..Of_ the. tYpeﬁ_of bondmg.e'mploi"

COmplete as’ shown in FIGS 3
_he'--imtlal ‘bulges have been de: .is a ‘time and -temperature dependent pro-
2 With' the compliant ‘medium_ bo

, and wire..16 “has’ de- ' cess. .- .
' & tly --'longer hondmg time’ can be em:- 130




for, greater diftusion

ploged, thus allowing

at-the interface, So that a strong and betier

bond resylts. Lhe same considerations apply
to ultrasonic bonding as fo thermocompres-
sion fechnjques, but the mechanisms at work
are quite different. For .example, in ultra-
sonic bonding, heat .is generated by both
 internal and -external friction and hysteresis,
ip addition fo any.external sources that
mi%ht.be nsed. L

IGS. 4-7 also illustrate the bonding of

a heam-lead integrated circuit device fo a-

thin film .on ;2 sybstrate in a similar manner
to that shown in -connection with FIGS.
1-3. .As shown in FIG. 4, the device com-
prises a silicon chip. 28 having gold leads
30 dssuing therefrom, It rests.on a substrate
32 having metallic land areas (mot shown)
under each lead. o
As shown jin FIG. 5, a hollow compliant
preform or lead frame 34 is placed .over
leads 30 -and .around device 28. Preform 34
extends substantially above the top. of device
28 so that, during bonding, the hot ram will
25 not press upon device 28. o
Bonding is-illustrated in FIG. .6. A hot
ram 36 is pressed down on the assembly,

15

20

causing.deformation of preform 34 and leads.

30.in the same manner .as .described -herein-
above dn .connection. .with, FIG: 1-3. It will

30 .
~ be.noted ‘that preform 34 .deforms plastically

in. exact compliance with the leads even -

when they are very closely spaced. FIG. 7
illustrates the .bonded device after removal
of the preform, = R
The extent of deformation of -the- leads
during -bonding is apparently -a function of
the geometry of the compliant medium and
the physical properties of -the materials,
more than anything else. FIGS. ;1-3 and
4-7 illustrate .two .shapes .of a compliant
medium and two somewhat different lead
deformations. Where the compliant medium
is sheet .which.covers essentially -the entire
-45 lead right up to the device, bonds are made
- with little or no visible deformation.of the
lead. In the bonding of simple beam lead

A5

devices, a solid sheet of the compliant

medium e.g. of polytetrafluorethylene which
covers the entire device and the leads may
be used, when the device is strong enough.
Ram pressure is applied overall, the. medium
deforms around the device and the leads,
and makes good .bonds. Bonding of the
88 device is manifestly impossible, since the
device and .the leads are -subjected to .the
same forces. L S
The foregoing can -be -illustrated -by a
specific .example of the: bonding of a 16-
~60 lead beam leaded device to-the. Au/Ti alloy
* land . areas on .a -glass .substrate.- The com-
pliant medium was aluminium_ 0.005 .inch
thick .with a square -0.0535 inch hole
punched therein. The -device was positioned

165 on.the substrate .and .the .alyminium :was

.50
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L5 seconds with a. fotal ram pressure of

about 48 poynds (3 é)m;n ynds-per lead) at a
temperature of 400°C. La\t@fﬁgdefonn '%ion
%f) the b??!!@hgluej izbandmsw:s Jess fhar
ndtpgbp' “blasted lopse - wuh@m psi - oqm- ®

pressed air. When a sharp probo \as used
to shear the device from fhe subairat, ol

16 feads broko off ad remained boded fo

the. substrate. o
In general, it has been foynd that suc-
cessfyl thermocompression bonds can be
made by this.method at-temperatures in .the
range of 350°C-500°C, bonding cycles .of -
1.t0 even 5 seconds and ram pressures ;of
30:50 pounds. It 'will \be appreciated, how-
ever, that all of these parameters are re-

lated. At lower ‘temperatures,  for example,
longer .cycles are in'order, and vice versa.
FIGS. 8-11 illustrate another method of 90
cffecting bonding. Tn this embodiment. a -
support or tablé 38 is provided which is
connected jto ;an ultrasonic. hora for vibra-
tlon in a direction parallel to the upper sur-
face. It is convenient to provide a slight 95
depression 40 in the upper surface of sup-
port. 38 which .conforms fo the size of the
substrae to the thin film. of which leads are
to be bonded. A substrate 42°is placed in
this depression and, as shown in FIGS..8 100
and 9,:a beam lead device 44 is positioned
thereon. A plunger or clamp 46 has a fip
48 made of .an elastically déformable .mate-
rial.e.g. an organic material such as silicone
rubber which is capable of .deforming 105
around a device and clamping all the leads,
regardless .of size differences, -securely to
substrate 42. Plunger 46 can be . hydraulic;
cam actuated, solenoid actuated, or other
suitable means can be.employed. .
-Ultrasonic energy is applied and causes
support 38 to vibrate.in the direction shown
by the arrow in FIG. 9, ie., parallel to the
surface. The bond may be made in the con-
ventional ultrasonic manner without heat-
ing or alternatively by thermocompression
bonding_'\ i
_ It has been heretofore disclosed that heat
can be advantageously applied during ultra-
sonic bonding with the benefit of prevent-
ing work hardening of the leads. The appli-
cation of heat through a conventional ultra-
sonic .bonding tip .creates problems, how-
ever, in.that the sonie.properties of the tip
are. in part temperature dependent. = This
problem -is eliminated. in .the -present em-
bodiment of the invention:because the heat
can be applied through plunger 46 and com-
pliant medium 48, - o

85

110
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| 6
placed thercover, the hole just. fitting oyer
the hody of the device. The ram was stain: -
Trade Tler tp by gt Repiderel . it
Kage. Margy) tp heated oy a 150 wdtt capt- ~ - .
ridge heater. B%ﬂdingg.ﬂ% ‘carried out for 70

The. bonding of two balled - wire -le.ads o 130 |



; 6’_9 ‘A ‘plate 80 is’ apertured 82,
n on thé’ bondmg ‘machine,” and

“médium 84 1s attached’ perm

to-the” underS1 “ther urid

. be'; )
gu:atlon for bondmg devi
0 ‘siibstidites Of vaiying: sizes
GS 1_6 and 17 1111:1strate the;

this’ mann T, pre per. gxstratmn ‘e
with its Corresponding lapd area on the'
strate is ‘considera; s1mp11ﬁed ' he ot

.of. . coppe stud 2 ﬁts ugly The head POrtlo' L
: ICStS on. the surface of the :

o 3115
refprm 93 tay" be molybdenum. ungsten. T

ilver-impregnated: tungsten compact, or T
;_hke The ob;ect thereof 8 to” a’bsorb_ﬂr S

- per

nt‘in-exact reglstry 10.:

‘machine: "A. set of apertures

al* in numb¢r o ahd

ith the leads on ~the
A “pin -T2 ha
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50 25 16 clamp the assombly in place. Need-
less to. say, emly a.very. slight clamping
 pressure is employed. Heat and - ultrasonic

- energy-are. applied. for .a fraction of a sec-
5 ond, the: bonding tip vibrating

in. the direc-
tion shown by:the:arrow-in FIG. 17, As
" also-shown:in FIG..17, compliant. medium
95 deforms: around- wafer 94, .and - the brief
application- of .bond energy: is..sufficient o

10 bond wafer 94 to preform.-93. without de-

formation or cracking of the wafer. Of
course, total: bonding energy applied will
vary. with -the size -of the ‘wafer and the

.+ materials involved. . --'© .o e
15 Inan embodiment of the invention, a

* gallium arsenide junction laser: diode .was

metallized with gold on -both sides and

bonded to 'an Au/Ti plated substrate. The

.. chip: measured about 10.mils square, and
20

was less. than 5 mils thick. The chip was
placed on .the surface of a’ substrate, and
a piece: of high purity aluminium 15 mils
thick was. placed thereover. -An- ultrasonic

. bonding tip was placed over the_ assembly
25

and about 1.5..pounds clamping . pressure
was used. Heat, supplied through the bond-
ing tip, was turned on and, 1 second later,
the ultrasonic energy was applied-at a level

.-' . of 1 watt from a 40 Kh.. generator for 0.5
30

second. The exact temperature reached by

the aluminium or .the -chip could not be.

measured, but the. -bonding . tip reached
315°C. Existence: of a true bond was con-

- firmed by connecting the_chip into a.circuit
s through the gold on the substrate and the

40

plate top contact; the chip functioned as a

laser diode and emitted light. .

" FIG. 18 is a simplified  perspective view
of a bonding machine designed to carry out
bonding by the emboediments of the inven-
tion. It- will be understood that for com-

" mercial usage machines ‘will be. constructed

to employ a particular. em]:odiment rather

. than .any embodiment.

45

With reference to FIG. 18, a base 100 is
integral with a back portion 102 which,
together, form the support for the machine.
A generally U-shaped arm 104 (shown par-

- tially) extends outwardly from the back 102

50

55

60

and” supports a suitable binocular micro-
scope (not shown) for use by the 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

to vibrate plate 108 in the horizontal plane. .

The ultrasonic' energy source is conven-
tional and is niot shown. A second plate 112
is screwed onto plate 108 by means- of four
screws 114. Plate 112 is provided with a
ocentral depression 116 on the top surface
thereof adapted to contain and retain .a
specific substrate. The reason for providing
separate plate 112 is so that variously sized
substrates or circuit boards can be- easily

65 accommodated.

" An upright member-118 is ‘centrally loc-

ted against: back 102; this. is.provided for

the mounting.of  the. vertically, movable..por-

tions -of the..machine. Member .118 has ‘a

rack -120 .on: the forward vertical surface.

thereof which engages a ‘pinion or pinions

_(not shown) on the vertically. moyable .ele-,

ments,-much in the samé manner as the

barrel, of a microscope is. raised and.low-.

ered on its frame,.. . .

" For - thermocompression; -bonding, a hy-

draulic or solenoid actuated ram mechanism,
122 is mounted on member 118, Ram mech-

anism. 122 has a downwardly extending ram - -

124 with a replaceable tip-126. The reason
for having a replaceable tip 126 is, so that
variously. sized . devices can be -accommo-

apertured,.or it may be a flat piece of molyb-
denum (i.e, where a lead frame is employed).
Coarse -and. fine adjustments 128,130 are
provided for positioning. ram 124 prior to

80

dated, Thus, ip 126 may.be of a plastically -
deformable.. film-forming metal, it may be

85

bonding, A dial 132 indicates ram pressure . '

and. a dial 134 indicates ram temperature.
Power: necessary for actuating and heating
the ram is_provided via liie 137. Other con-
trols may. be provided as. required.

. For ultrasonic bonding in accordance with ::

the' invention,.ram mechanism . 122 is re-
placed by fixture 136. This also. has a pin-
ion gear or geafs (not shown) and is adapted
to be. mounted. on'rack 120 on member 118.

%

95 .

Fixture 136 has a simple frame 138 with an ©

aperture . 140 having an annular shoulder
142 therein.. Aperture. 140 and shoulder 142
are adapted to, contain and retain a jig such
as is .illustrated in FIGS, 13-15. Threaded

100

posts (not- shown) are provided on shoulder : -

142 to register with the. apertures (68, 82)
of the jig so that the latter can be screwed

down. . For ultrasonic bonding, an ultra-

sonic horn would be used in place of ram
assembly 122, )

In bonding by either method the sub-
strate is placed in depression 116 and the
device (or leads) is positioned thereon. The
operative element, either ram 124 or fixture
136 is then lowered to engage the assembly,
and bonding energy is supplied by either
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

105

110

115

bond at least 12 16-lead beam lead .devices 1'-20

to. individual substrates in an hour and can

maintain this rate all day without un- -

due fatigue. The reject rate is negligible.

ment and large lead frames, the production
rate should be much higher. For example,
small holes can be punched in the lead
frame at .specified positions. and optical

“With suitable automatic - positioning equip- .

125

equipment used: to determine: exact posi- -

tioning. The most significant advantage is,

of course, that the produ_ction rate and reli-

130
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ability will be ju
complex’ device, ev
or moreleads; since:it is no more difficult
to “bond." The further. advantage, ‘when a.
5 plastically deformable -metal is. used as the
comphant medium, ‘of having. ‘an’ exact
replica of each and ~every bond made, isia
most -substantial ‘one.”For a ‘given -work-
piece, 2 series of replicas can be:used as'a

10 standard against which_each rephca can-be

judged; indicating both the existence. of a.
bond for each lead and bond quality. When -

“"the “metallic - compliant medium: is-in . the

form of a lead frame, there is the addmonal;

15. advantage of presentmg the devxce in a
readily handleable manner which 3
position on the substrite.

~ WHAT WE CLAIM IS: —
"1 A method of bondmg togeth:
20 and a metal film on a rigid substrate ‘com-

prising the steps of placing the: lead upon .,
the ‘metal film, advancing a pressure means.
to apply a pressure to an elastically or a -

plastically compliant means arranged on the

23 side of the lead so as t0-compress. the com: -
pliant means and thereby transmit-apres-
sure to the lead, the pressures being applied.-: I
in the same direction; .and applying heat "
and/or ultrasonic vxbratxon to produoe with: -

30 the pressure applied ‘to’ the lead thermo-

or-ultrasonic bonding .
of the lead {o the film.the complxant means -

compression. bonding

being subsequently removed,

2. A method of bonding a lcad 0 an ’
35 integrated circuit device:to a substrate com-:

prising, applying pressure to the lead posi

tioned on the substrate through an immedi- "

iately adjacent elastically or plastically com

pliant means and bonding the lead and the™
40 substrate by thermocompressmn bonding or -
“ means and bonding the crystal’ and the sub-

the.

ultrasonic bonding with or without heat;

compliant means being . subsequently
moved.

3. A method as claxmed in cla;m

. 45 claim 2 wherein the compliant means is

metal having an adherent oxide coatmg -'

thereon, for example .aluminium.

4. A method as claimed in claiixx"l or .'

claim 2 ‘wherein the comphant means is
50 polytetrafivorethylene. -

5. A method as clai ed in any one of .
“method of any one of claims 1 to 16 ar-

claims 1 to. 4 wherein the compliant means

is capable of retaining an- mmressnon of a”

bond when made,
55 6. A method as clalmed m ¢

wherein a_plurality of leads are prov ded )
and in which the substrate comprises a "

pluanty of metallic land areas, the bonding
being effected between: the leads and the
60 land areas.

A ‘method as clamed in claim 6
wherem the thefrmocompression bond is car-
, ried out at a temperatut 'of 350°C- 500°C
= - for 1'to 5 seconds.’

65 8 A -method as clalmed in clalm 6

1 one having. a'-hundwd :

-areas are an Au/Ti alloy.

i bntﬂe crystal body and a metal film on a

“-wherein bonding is eﬁected :at a temperature
‘of 400°C for 1 to 5 seconds and at a pres-
".sure of 3 pounds per lead,

. 9.- A method as claimed in claim 6

“wherein 16 leads are provided and the land 70

10. A method as claimed in claim "1

in which bonds are effected . between one or . -

more discrete first Jeads and the substrate

-wherein the compliant means comprises pne 75
or. more resiliently mounted pins, a separate

one of which is adapted: to: engage each of

“the leads,

11. A method as cla:med in claim 10

-'wherem the leads are maintained in position 80
- - prior to bonding by means of a jig having
" a separate aperture theréin for each of the

resiliently mounted pins. -

. 12. A method as claxmed in any one of
the preceding claims in which the ultrasonic 85
bonding is in a direction-of vibration sab-

stantially parallel to the. plane of the sub-

strate, -
‘13. A method as clalmed in claim 2
wherem the compliant- means is provided

_with an aperture or apertures adapted to

retain the electrical device in position dur-

.ing bonding.

-14.. A method as clmmed in any one of
laims 6 to 9 wherein the'leads are main- 95
ained in position with respect to the com-

-'_..phant member by adheswe pnor to bond-
- 1ng,

15' A méthod of bondmg together a 100

d substrate comprising.the steps of plac-
ng the crystal upon the metal film, advanc-

"ing a pressure means to apply a pressure

o ‘the crystal through an immediately ad-

jacent " elastically or plastically compliant 105

trate by thermocompresslon ‘or ultrasonic

" bonding with or without heat, the compliant
.means being subsequently removed.

_16.. :A method of bonding together work- 119
pieces substantially as herein described with
eference 10 FIGS, 1A to 3B or FIGS. 4 to

t‘FIGS. 8 and 9 or FIGS: 10, 11, 13 and

14, or FIG. 12 or FIGS. 16 and 17 of the

accg}mpanymg drawings.: 115
1

An apparatus for carrymg out the

anged and adapted to Operate substantially
hereu_x described with reference to and as

..18 An article having ‘4" bonded joint
made in accordance thh { me’thod of any

one of clalms 1:t0 16.
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is eﬁected at a 'temperature :

' or.1:to 5 seconds and at a pres-

re ‘of 3° ‘pounds per. lead. -

9,. A ‘method as ‘claimed in claim 6
erein 16 leads are provided and‘the land 70
§.are an Au/T1 alloy.

'. A'-method a8 clalmed in c1a1m 1

‘or- %7151 e d 1
to ‘bond, The further adva:tita ge, when
5 plastically _d_efox:m_able metal is used as’

- compliant ' medium, of having an
. replica of ee.ch and every bond made

' more msxl' 'ntly mounted pms, a separate
je: ihi s_ adapted to engage each of

whercm the leads are- mamtamed in position 80
prior to bonding by means of a jig having
a separate aperture therein for each of the
resiliently mounted pms
. 12. A method as: claimed in any one of
the preceding claims’in which the ultrasonic 85
‘bonding is in'a direction of vibration sub-
" stantially parallel to the plane of the sub-
strate.
S 130 A method as ‘claimed in claim 2
wherein the “compliant means is provided 90
with an aperture or apentutes adapted to
retain the electncal dev:ce in position dur-
] ing bonding
nd/or ultrasonic ‘14, A method as cla:med in any one of
30 the pressure applicd to the Iead - ‘thermo- claims 6 to.9 wherein the leads are main- 95
“‘compression bonding or ultrasonic’ bonding tained m position with respect to the com-
of the lead to the filni thie oomphant means pliant member by adhesive prior to bond-
bemg subsequently. removed : B mg.
2. A m od 3 15. A method: of bonding together a
brittle crystal body and a metal film on a 100
rigid substrate comprising the steps of plac-
ing the crystal upon:the metal film, advanc-
ing a pressure means to apply a pressure
1 to the crystal through an immediately ad-
__préss]on bondmg or jacent elastically or.plastically .compliant 105
' or w1thout heat 'the “mieans and-bonding the‘crystal and the sub-
strate by .thermocompression or ultrasonic
‘bonding with or without heat, the compliant
means beiig subsequently femoved.
.16, A method of bonding together work- 11¥
pieces substantially’as herein described with
+ reference. to FIGS. 1A to 3B or FIGS, 4 to
7 or FIGS. 8 and 9-or FIGS. 10, 11, 13 and
is 14, or FIG, 12 or FIGS. 16 and 17 of the
accompanymg drawings. 115
An: apparatus for carrying out the
method of any one of claims 1 to 16 ar-
_ranged and adapted .o operate substantially
- as herein described with reference to and as
. shown in FIG. l . of the accompanying 120
drawings:
18. An" arucle havmg a bonded joint
made in accordance with the method of any
. one;of claxms 1 to.16.
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