
5                             1239631           FIG. 6 is a side elevation
of the assembly    the entire bond area on both workpieces.    of fig. 5
during theromocompression bond-    The flow of the lead metal in the area
ing in accordance with the invention.          against the land metal 12
contributes to the       FIG. 7 is a side elevation of the device of
uqlity of the bond.     FIG. 4 after bonding.                          When
bonding is complete, ram 18 is       FIG. 8 is a side elevation showing a
raised and wire 16 is removed. The existence       beam lead device on a
substrate ready for     of the bond can be checked by examination
ultrasonic bonding in accordance with an-     of the impression left in
wire 16, which is other embodiment of the invention:                an
exact replica of the bond area. This is         FIG. 9 is a side elevation
of the assembly  of course greatly preferable to the destryct-         of
FIG. 10 during ultrasonic bonding;             ive shear-peel test.
FIG. 10 is a side elevation showing all   The wire 16 will not itself bond
to the        parts in place for ultrasonic bonding of a     workpieces
because of the tough oxide film     plurality of balled wire leads to a
thin film   on its surface. Since film-forming metals     on a substrate in
accordance with another    (for example, aluminium, nickel, titanium
embodiment of the inevntion;         and tantalum)always have such oxide
films      FIG. 11 is a side elevation showing the   and the thickness
thereof can be readily         assembly of FIG. 10 during ultrasonic bond-
controlled by anodizing, they are preffered     ing;
as the compliant medium in this embodi-     FIG. 12 is a perspective view
of a lead   ment. Other materials can be employed and        frame for a
beam lead device or devices for   paring materials used to prevent bonding
use in thermocompression bonding;          of the medium to th workpiece,
but part-           FIG. 13 is a side elevation of a jig for    ing
materials will of course be avoided        use in ultrasonic bonding in
accordance with     where they might present a contamination      the
invention;                                              problem.      FIG.
14 is a plan view of the jig shown   Since gold is a relatively soft metal,
com-         in FIG. 13;                             pared to aluminium, it
might be expected         FIG. 15 is a cross-sectional elevation of  that
the wire, 16 would seriously deform  or     an alternative embodiment of
the jig of  cut right through lead 14, but this is not     FIGS. 13 and 14;
the case. Sucessful bonds of gold leads have     FIG. 16 is an elevational
view, partly in  even been made using nickel as the com-          bonding
of a silicon single crystal chip to  aluminium.         a substrate in
accordance with the invens-       The foregoing bonding method results in
tion;                                  in fewer unsatisfactory  bonds than
result      FIG. 17 is similar to FIG. 16 showing  from convention
ultrasonic and thermo-         the same parts during bonding; and
compression techniques and the individual           FIG. 18 is a partial
perspective view of a  bonds are of superior quality and indicated
machine capable of making either       by shear-peel tests.   40
compression or ultrasonic bonds in accord-    The following is a possible
explanation 105         ance with the invention.                  of this
superiority. It would appear that in           FIGS. 1-3 illustrate bonding
of a single    any particular case, and assuming a constant         lead to
a thin film on a rigid substate. An  bonding time, that there is a range of
total     insulating substrate 10 having a metallic  bonding energy which
will produce a good     land area l2 on the surface thereof is placed
bond and this energy can be divided be-     on a rigid support (not shown).
A lead 14  tween mechanical and thermal energy in any         is placed
over land area 12 at the desired desired way. If insufficient total bonding
point. For purposes of illustration, substrate  energy is applied, the lead
will not adhere         10 is a high alumina ceramic, and land area
satisfactorily to the substrate and may be      12 and lead 14 are both
gold. The com-  pulled off. If too much bonding energy is      pliant
medium is in the form of a wire 16 applied, the lead is damaged and will
break         of an oxide film-forming metal such as alu-   when pulled.
minium. A heated ram 18 initially clamps    In bonding with a compliant
medium in    the workpieces to the support and, as pres-  accordance with
the above embodiment, the    sure is applied, wire 16 and lead 14 com-
upper limit of total bonding energy that    mence to deform, as shown in
FIGS. 2 (A produces a good bond is raised substantially,       and B). In
particular, the lines of contact since the compliant medium is deforming
20 between the two pieces becomes a zone rather than the workpiece and this
reduces         of contact 22, and bulges 24 appear on the the risk of
over-deforming the lead. The   unconfined edges of lead 14. At the same
actual mechanism  of bonding at the inter- 125     time, wire 16 deforms
around lead 14. When  face i s believed to be diffusion, regardless
bonding is complete as shown in FIGS. 3  of the type of bonding employed.
Diffusion         A and B, the initial bulges have been de-   is a time and
temperature dependent pro-         formed into area 26, and wire 16 has de-
cess. With the compliant medium bonding,       formed plastically so as to
completely cover  a slightly longer bonding time can be em-
ployed, thus allowing for greater diffusion     placed therepver, the hole
just fitting over      at the interface, so that a strong and beyyer    the
body of device. The ram was stain-      bond results. The same
considerations apply     less steel with a flat, Inconel (Regiatered
to ultrasonic bonding as to thermocompres-     Trade Mark) tip heated by a
150 watt cart-   sion techniques, but the mechanisms at work    ridge
heater. Bonding was carried out for      are quite different. For example,
in ultra-    1.5 seconds with a totla ram pressure of      sonic bonding,
heat is generated by both    about 48 pounds (3 pounds per lead) at a
internal and exyernal friction and hysteresis,     temperature of
400[err]C. Lateral deformation      in addition to any external sources
that     of the beams due to bonding was less than   might be used.
10 per cent. After bonding, the device could        FIGS. 4-7 also
illustrate the bonding of     not be blasted loose with 400 psi com-      a
beam-lead integrated circuit device to a   pressed air. When a sharp probe
was used      thin film on a substrate in a similar manner  to shear the
devuce from the substrate, all      to that show in connection with FIGS.
16 leads broke off and remained bonded to   1-3. As shown in FIG. 4, the
device com-  the substrate.      prises a silicon chip 28 having gold leads
In genaral, it has been found that suc-      30 issuing therefrom. It rests
on a substrate  cessful thermocompression bonds can be      32 having
metallic land areas (not shown)  made by this method at temperatures in the
under each lead.                           range of 350C-500[err]C, bonding
cycles of  20  As shown in FIG. 5, a hollow compliant  1 to even 5 seconds
and ram pressures of     preform  or lead frame 34 is placed over  30-50
pounds. It will be appreciated, how-     leads 30 and around device 28.
Preform 34  ever, that all of these parameters are re-     extends
substantially above the top of device  lated. At lower temperatures, for
example,     28 so that, during bonding, the hot ram will  longer cycles
are in order, and vice versa  25 not press upon device 28.
FIG. 8-11 illustrate another method of       Bonding is illustrated in FIG.
6. A hot  effecting bonding. In this embodiment a     ram 36 is pressed
down on the assembly,  support or table 38 is provided which is     causing
deformation of preform 34 and leads  connected to an ultrasonic horn for
vibra-     30 in the same manner as described herein-  tion in a direction
parellel the upper sur-  30 above in connection with FIG. 1-3. It will
face. It is convenient to provide a slight     be noted that preform 34
deforms plastically  depression 40 in the upper surface of sup-     in
exact compliance with the leads even  port 38 which conforms to the size of
the     when they are very closely spaced FIG. 7  substrate to the thin
film of which leads are     illustrates the bonded device after removal  to
be bonded. A substrate 42 is placed in  85 of the preform.
this depression and, as shown in FIGS. 8 100       The extent of
deformation of the leads  and 9, a beam lead device 44 is positioned
during bonding is apparently a function of  thereon. A plunger or clamp 46
has a tip     the geometry of the compliant medium and  48 made of an
elastically deformable mate-     the physical properties of the materials,
rial eg. anorganic material such as silicone  40 more than anything else.
FIGS. 1-3 and  rubber which  is capable of deforming     4-7 illustrate two
shapes of a compliant  around a device and clamping all the leads,
medium  and two somewhat different lead  regardless of size differencs,
securely to     deformations. Where the 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 made  suitable means can be employed.       110
with little or no visible deformation of the  Ultrasonic energy is applied
and 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. of
polytetrafluorethylene which  surface. The bond may be made in the con- 50
covers the entire device and the leads may  ventional ultrasonic manner
without heat- 115     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 be advantageously applied during ultra-  55 device is manifestly
impossible, since the  sonic bonding with the benefit of prevent- 120
device and the leads are subjected to the  ing work hardening of the leads.
The appli-     same forces.                               cation of heat
through a conventional ultra-       The foregoing can be illustrated by a
sonic bonding tip creates problems, how-     specific example of the
bonding of a 16-  ever, in that the sonic properties of the tip 60 lead
beam leaded device to the Au/Ti alloy  are in part temperature dependent.
This     land areas on a glass substrate. The com-  problem is eliminated
in the present em-     pliant medium  was aluminium 0.005 inch  bodiment of
the invention because the heat     thick with a square 0.0535  inch  hole
can be applied through plunger 46 and com-     punched therein. The device
was positioned  pliant medium 48. on the substrite and the aluminium was
The bonding of two balled wire leads to                     land areas on a
substrate is shown in FIGS.  70 with a spring 78 partially compressed
10 and 11. The substrate 42 has two con-   between collar 76 and the
underside of plate   ductive land areas 50 and two balled laeds    66,
stop-key 74 serving to retain each pin            52 are positioned
thereon. It will be noted    72 in position.          that leads 52 differ
sunstantially in size. In    Plate 66 is mounted in a vertically mov-
this instance descrete, complaint spring-    able firxture a bonding
machine and , when            loaded plungers 54 are employed instead of
the devive similar to the device 60 is posi-            compliant member
48, each plunger 54 ac-   tioned on a suitable substrate on the sup-
commodating one lead and clamping it    port, the fixture is lowered. The
tips of pins            firmly to the substrate. Bonding is carried    72
engage the individual leads and, as the      out in the same manner as
described above    fixture is lowered still more, springs 78 are
in connection with FIGS. 8 and 9 and heat    further compressed, exerting
through pins    is advantageously supplied through plun-    72 a clamping
force sufficient to effrct bond-    gers 54. It will be apprecited thatthe
em-    ing upon the application of heat and/or         bodiments of FIGS.
10 and 11 (and the   ultrasonic energy. The small size of pins 72
equipment described below in connection    may preclude the application of
heat derect-      with FIGS. 13 and 14) is suitable only for    ly
therethrouhj, in which case a hot gas      bonding wire leads or relatively
large de-    can be passed around the bond regions or           vices, and
could not be used for bonding   other means can be employed.       very
small beam lead devices or interfrated    FIG. 15 illustrates a jig useful
for carry-       circuit devices. Further, it does not have the   ing out
bonding of a beam-lead device in       advantage ofproducing a bond
replica.        accordance with the embodiment shown in    FIG. 12
illustrates the use of a compliant   FIGS. 8 and 9 . A plate 80 is a
pertured 82      medium particularly a film-forming metal,    for retention
on the bonding machine and      as a lead frame for one or more discrete
a compliant medium 84 is attached perman-      beam lead devices to be
thermo-compression   nently to the underside thereof around a
bounded . A rectangular frame 56 having an    central aperture 86, said
compliant medium           aperture 58 is provided, into  which the  84
engaging with the beam leads of a beam    device 60 is placed through the
bottom    lead device. Aperture 86 is provided only    the leads 62
oddevice 60 being lightly ad-    for visual checking of registry of the
sub-       hered to the underside of frame 56 by use of   strate, device
and medium 84. Compliant       an adhesive. Alternatively, aperture 58 may
medium 84 is prefersbly an elastically de-       be sized to that the body
60 fits snugly    formable material such as silicone rubber       therein
and is frictionally retained. Index-   or the like. It is to be noted that
jigs shown     ing marks 64 are provided on the outside     in FIGS. 13-15
may be made with any de-     of frame 56 and are designed to register
sired configuration for bonding devices, wire           with corresponding
marks on the substarte    leads to substrates of varying sizes.      to
which the devices is to be attached. Simi-   FIGS. 16 and 17 illustrate the
preferred      lar marks (not shown) on the underside of  embodiment of the
invention for bonding         frame 56 will facilitate the accurate place-
brittle chips cut from single crystal slices  ment of the device within the
frame. In    to a substrate. These figures illustrate bond-           this
manner, proper registration of each lead   ing of a silicon chip to a
copper stud for           with its correspondng land area on the sub-
use as a power rectifier.           strate is considerably simplified. The
dotted   An anvil 88 has a hole 90 into which a           lines 65 show how
frame 56 may be part of  copper stud 92 fits snugly. The head portion
a much larger frame holding a plurality of  of stud 92 rests on the surface
of the anvil.           devices 60. As noted hereinabove, the lead.  Stud
92 is usually made of copper so as to      frame may take the form of a
longs ribbon  act as a heat sink and, since silicon and           or tape
of the compliant medim. Also, in-  copper have very different thermal
expan-       dexing may be accomplished with optical sion properties, it is
necessary to attacha a          equipment by having small holes in the
suitable preform  93 to the surface thereof.          tape or lead frame.
Preform 93 may be molybdenum, tungsten.             FIG. 13 and 14 are
elevation and plan  a silver-impregnated tungsten compact, or views
respectively, of a jig for clawing a  the like. The object thereof is to
absorb the     device similar to the device 60 shown in thermal stresses of
the copper and prevent          GIG. 12 for bonding in accordance with the
the active element from cracking. The pre-          embodiment illustrated
in FIGS. 10 and    form 93 is usually to copper stud 92.  11. A plate 66 is
provided with apertures   A wafer of silicon 94 is positioned on pre-
68 for attachment in exact registry to pins  form 93. Wafer 94 must be
metallized and        on a bonding machine. A set of apertures  plated on
its lower side but this must also          70 is provided equal in number
to and   be dine for soldering or brazing. The com-          spaced for
registry with the leads on the  pliant medium 95, which agin may be a
device to be bonded. A pin 72 having a  film-forming 'metal such as
alumimium, is          stop-key 74 near one end and a collar 76   laid over
silicon wafer 94, and the bonding       near the other is placed in each
aperture  tip 96 is positioned thereover and lowered
1 239 631     so as to clamp the assembly in place. Need-    An upright
member 118 is centrally loca-   less to say only a very slight clamping
ted against back 102, this is provided for   pressure is employed. Heat and
ultrasonic  the mounting of the vertically movable por-   energy are
applied for a fraction of a sec-  tions of the machine. Member 118 has a 5
ond, the bonding tip vibrating in the direc-  rack 120 on the forward
vertical surface   tion shown by the arrow in FIG. 17. As  thereof which
engages a pinion or pinions   also shown in FIG.17, compliant medium   (not
shown) on the vertically movable ele-   95 deforms around wafer 94, and the
brief  ments,  much in the same manner as the   application of bond energy
is sufficient to  barrel of a microscope is raised and low- 10 bond wafer
94 to preform 93 without de-  ered on its frame.   formation or cracking of
the wafer. Of    For, thermocompression bonding, a hy-   course, total
bonding energy applied will  draulic or solenoid actuated ram mechanism
vary with the size of the wafer and the  122 is mounted on member 118. Ram
mech   materials involve.                        anism 122 has a downwardly
extending ram 15  In an embodiment of the invention, a  124 with a
replaceable tip 126. The reason 86    gallium arsenide junction laser diode
was  for having a replaceable tip 126 is, so that    metallized with gold
on both sides and  variously sized devices can be accommo-    bonded to an
Au/Ti plated substrate. The  dated. Thus, tip 126 may be of a plastically
chip measured about 10 mils square, and   deformable film-forming metal, it
may be 20 was less than 5 mils thick. The chip was  apertured, or it may be
a flat piece of molyb-    placed on the surface of substrate, and  denum
(i.e. where a lead frame is employed).    a piece of high purity aluminium
15 mils  Coarse and fine adjustments 128, 130 are    thick was placed
thereover. An ultrasonic  provided for positioning ram 124 prior to
bonding tip was placed over the assembly  bonding. A dial 132 indicates ram
pressure 25 and about 1.5 pounds clamping pressure  and a dial 134
indicates ram temperature. 90    was used. Heat, supplied through the bond-
Power necessary for actuating and heating    ing tip, was turned on and, 1
second later,  the ram is provided via line 137. Other con-    the
ultrasonic energy was applied at a level  trols may be provided as
required.    of 1 watt from a 40 Kh. generator for 0.5   For ultrasonic
bonding in accordance with 30 second. The exact temperature reached by  the
invention, ram  mechanism  122 is re- 95    the aluminium. or the chip
could not be  placed by fixture 136. This also has a pin-    measured, but
the A bonding tip reached  ion gear or gears (not shown) and is adapted
315[err]C. Existence of a true bond was con-  to be mounted on rack 120 on
member 118. firmed by connecting the chip into a circuit  Fixture 136 has a
simple frame 138 with an 35 through the gold on the substrate and the
aperture 140 having an annular shoulder    plate top contact; the chip
functioned as a  142 therein. Aperture 140 and shoulder 142    laser diode
and emitted light.            are adapted to contain and retain a jig such
FIG. 18 is a simplified perspective view   as is illustrated in FIGS.
13-15. Threaded    of a bonding machine designed to carry out  posts (not
shown) are provided on shoulder 40 bonding by the embodiments of the inven-
142 to register with the apertures (68, 82) 165     tion. It will be
understood that for com-  of the jig so that the latter can be screwed
mercial usage machines will be constructed  down. For ultrasonic bonding,
an ultra-     to employ a particular. embodiment rather  sonic horn would
be used in place of ram     than any embodiment.
assembly 122.       With reference to FIG. 18, a base 100 is  In bonding by
either method the sub- 110  45  integral with a back portion 102 which,
strate is placed in depression 116 and the     together, form the support
for the machine.  device (or leads) is positioned thereon. The     A
generally U-shaped arm 104 (shown par-  operative element, either ram 124
or fixture     tially) extends outwardly from the back 102  136 is then,
lowered to engage the assembly,  50 and supports a suitable binocular
micro-  and bonding energy is supplied by either 115     scope (not shown)
for use by the operator  ram 124 or horn 110. In either case, all of     in
positioning the various parts. Base 100  the leads are bonded
simultaneously, and     has provided thereon a rigid table 106 on  bonding
is both quick and reliable. For     which there rests a plate 108 which is
example, a reasonably skilled worker can     coupled to an ultrasonic horn
110 adapted  bond at least 12 16-lead beam lead,devices     to vibrate
plate 108 in the horizontal plane.  to individual substrates in an hour and
can 120     The ultrasonic energy source is conven-  maintain this rate all
day without un-     tional and is not shown. A second plate 112  due
fatigue. The reject rate is negligible.     is screwed onto plate 108 by
means of four  With suitable automatic positioning equip-     screws 114.
Plate 112 is provided with a  ment and large lead frames, the production
60 central depression 116 on the top surface  rate, should be much higher.
For example, 125     thereof adapted to contain and retain  a  small holes
can be punched in the lead     specific substrate. The reason for providing
frame at specified positions and optical     separate plate 112 is so that
variously sized  equipment used to determine exact posi-     substrates or
circuit boards can be easily  tioning. The most significant advantage is,
65 accommodated.                              of course, that the
production rate and reli- 130
1239631       ability will be just the same for a more  wherein bonding is
effected at a temperature      complex device, even, one having a hundred
of 400[err]C for 1 to 5 seconds and at a pres- or more leads, since it is
no more difficult  sure of 3 pounds per lead.      to bond. The further
advantage, when a    9. A  method as claimed in claim  6    5 plastically
deformable metal is used as the wherein 16 leads are provided and the land
70      compliant medium, of having an exact  areas are an Au/Ti alloy.
replica of each and every bond made, is a    10. A method as claimed in
claim  1      most substantial one. For a given work-  in which bonds are
effected between one or      piece, a series of replicas can be used as a
more discrete first leads and the substrate   10 standard against which
each replica can be  wherein the compliant means comprises one 75
judged, indicating both the existence off a  or more resiliently mounted
pins, a separate      bond for each lead and bond quality. When  one of
which is adapted to engage each of      the metallic compliant medium is in
the  the leads.      form of a lead frame, there is the additional  11. A
method as claimed in claim  10   15 advantage of presenting the device in a
wherein the leads are maintained in position 80      readily handleable
manner which is easy to prior to bonding by means of a jig having
position on the substrate.                 a separate aperture therein for
each of the         WHAT WE CLAIM IS: -                      resiliently
mounted pins.         1. A method of bonding together a lead  12. A method
as claimed in any one of   20 and a metal film on a rigid substrate coin
the preceding claims in which the ultrasonic 85      prising the steps of
placing the lead upon  bonding 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.
plastically compliant means arranged on the    13. A method as claimed in
claim  2   25 side of the lead so as to compress the com-  wherein the
compliant means is provided 90      pliant means and thereby transmit a
pres-  with an aperture or apertures adapted to      sure to the lead, the
pressures being applied  retain the electrical device in position dur-
in the same direction, and applying heat  ing bonding.      and/or
ultrasonic vibration to produce with  14. A method as claimed in any one of
30 the pressure applied to the lead thermo-  claims 6 to 9 wherein the
leads are main- 95       compression bonding or ultrasonic bonding  tained
in position with respect to the com-       of the lead to the film the
compliant means  pliant member by adhesive prior to bond-       being
subsequently removed.                ing.         2. A method of bonding a
lead from an  15. A  method of bonding together a   35 integrated circuit
device to a substrate com-  brittle crystal body and a metal film on a 100
prising, applying pressure to the lead posi-   rigid substrate comprising
the steps of plac-       tioned on the substrate through an immedi-  ing
the crystal upon the metal film, advanc-       iately adjacent elastically
or plastially com- ing a pressure means to apply a pressure       pliant
means and bonding the lead and the    to the crystal through an immediately
ad-   40 substrate by thermocompression bonding or  jacent elastically or
plastically compliant 105       ultrasonic bonding with or without heat,
the      means and bonding the crystal and the sub-       compliant means
being subsequently  re-  strate by thermocompression or ultrasonic
moved.                                     bonding with or without heat,
the compliant         3. A method as claimed in claim 1 or  means being
subsequently removed,    45 claim 2 wherein the compliant means is a    16.
A method of bonding together work-       metal having an adherent oxide
coating  pieces substantially as herein described with       thereon, for
example, aluminium.           reference to FIGS. 1A to 3B or FIGS. 4 to
4. A method as claimed in claim 1 or  7 or FIGS. 8 and 9 or FIGS. 10, 11,
13 and       claim  2 wherein the compliant means is  14, or FIG. 12 or
FIGS. 16 and 17 of the   50 polytetrafluorethylene.
accompanying drawings.                    115         5. A method as
claimed in any one of    17. An apparatus for carrying out the       claims
1 to 4 wherein the compliant means  method of any one of claims 1 to 16 ar-
is capable of retaining an impression of a  ranged and adapted to operate
substantially       bond when made.                            as herein
described with reference to and as    55   6. A  method as claimed in claim
2   shown in FIG. 18 zof the accompanying 120       wherein a plurality of
leads are provided  drawings.       and in which the substrate comprises a
18. An article having a bonded joint       pluarity of metallic land areas,
the bonding  made in accordance with the method of any       being effected
between the leads and the  one of claims 1 to 16.    60 land areas.
P. S. BROWN,         7. A method as claimed in claim  6
Chartered Patent Agent,       wherein the thermocompression bond is car-
5 Mornington Road, ried out at a temperature of 350[err]C-500[err]C
Woodford Green,       for 1 to 5 seconds.
Essex.   65  8. A  method as claimed in claim  6               Agent for
the Applicants.   Printed for Her Majesty's Stationery Office by The
Tweeddale Press Ltd., Berwick-upon-Tweed, 1971   Published at the Patent
Office, 25 Southampton  Buildings, London WC2A  lAY from  which copies
may be obtained.    [err]    


