
4                                        1,076,526    of the chisel on the
wire at any one of the  wire before the chisel forces the lead wire
bonding points is minimal. The system may  down on to the zone of contact.
This being    be actuated to move from one point to another  the case, the
bond formed has dual characteris-    as fast as an operator can lower and
raise  tics, namely those of a compression bond and 5  the chisel on to and
away from  the work.  alloy bond. The bodies having surfaces to be  70
The rapidity with which the bond is effected  bonded are initially
supported in a flow of     is due to the concentration of the flow of
heated gas and are subsequently forced into     heated gas on to the
limited area at which  contact. The surfaces are maintained in the     the
bonding is to take place. This means that  gas stream during the interval
from prior to 10  the limited area may be raised to substantially  the time
of contact until after the contact 75     higher temperatures than is
possible through  under the pressure of the chisel. The surfaces
conventional methods where the entire mass is  thus brought into contact
are preheated and     heated. The substantially higher temperatures  are
thus amenable to bonding.     may be tolerated in limited zones since the
With the weight of a chisel supported by 15  temperature gradients are very
high and dam-  the lead wire, a highly confined, preferably  80     aging
temperatures will not be applied to such  continuous, flow of heated gas is
directed on     critical zones as junctions in the semiconductor  to the
lead wire and the contact to heat the     device. By employing high
temperature gas,  lead wire and the contact to a bonding tem-     much
shorter intervals are permissible to heat  perature. The hypodermic needle
of Fig. 4 20  the materials to a bonding temperature. Thus,  is heated by
flow of current along a length  85     there is provided a system  for
substantially  of the needle. An induction  heating arrange-     increased
ability to secure lead wires on to  ment, as well-known in the art, may be
em-     minute conductive areas.                      ployed to heat needle
50. If desired, a photo-       In accordance with one embodiment of the
cell may be employed in place of the thermo- 25  invention, the needle 50
had an outside dia-  couple to sense the temperature of the needle.  90
meter of 0.064 inches and an inside diameter  In carrying out this
embodiment, a force is     of 0.046 inches. Forming gas comprised of
applied to a heated transistor element such     90%  nitrogen and 10%
hydrogen was forced  as a lead wire to bring it into contact with
through the needle at a rate of about 700  a conductive structure of a
transistor at a bond 30  c.c.'s per minute. The needle was maintained
site. The jet of heated gas is directed on to  95 



at a temperature in the range of 350[err]C to  an area substantially
limited to the site for     500[err]C and preferably at about 400[err]C.
The  localised heating of the lead wire and the     chisel body made of
high speed tool steel had  structure to a bonding temperature. A method
a diameter of 0.094 inches and a total weight  embodying the invention may
also be em- 35  on the tip of the order of about 15 grams.  ployed to bond
a wafer 13 to header 12 in 100     The chisel point was worked into the
form  that both elements may be heated locally prior     of a rectangle
0.0035 inches long and 0.0008  to contact by a confined flow of heated gas.
inches wide. The lead wire had a diameter  While a specific form of
apparatus has been     of 0.0007 inches and was of commerically pure
illustrated for use on connection with carrying 40  gold. The two
conductive stripes on the wafer  out the foregoing method, some of the
steps 105     13 were of gold and aluminium alloyed into  are carried out
by hand under observation of     a germanium substrate.
an operation in a microscope field.        In the foregoing, the operation
has been    WHAT WE CLAIM IS: -     described in connection with bonding
lead       1. A method of bonding two elements of 45  wires from a single
supply source to several  a semiconductor device which  comprises:  110
different terminals. In some operations, where  supporting one of said
elements in proximity     contact areas are of different metals, different
to the other, playing a jet of heated gas to     temperature ranges and/or
a lead wire of  dimensionally limited zones on both of said     different
metal may be employed than the tem-  elements, and while said elements are
in said 50  peratures above-noted and the gold lead wire  jet mechanically
forcing the first element onto 115     above-described. Dual lead wire feed
units may  the other by mechanical contact to bond them     thus be
employed wherein the lead wire supply  together.     unit is provided with
two capillaries and two   2. A method as claimed in claim 1, includ-
holders for supply spools. Further, dual chisel  ing the step of forming
the jet of heated gas 55  and heating units may be employed in which  into
a jet having a cross section which is 120     the temperature and the flow
rates may differ  sufficiently small to effect heating of substan-     so
as to accommodate the bonding require-  tially  only the said dimensionally
limited     ments of two different metal systems.       zones, and wherein
the mechanical contact        It has been further found that the most  with
said first element is in an area which 60  improved bond obtainable with
the present  is very small compared to the areas of each  125     system is
achieved by reason of the fact that  of said zones.     both a bond site
and the lead wire are heated   3. A method as claimed in claim 1, wherein
prior to any contact being made therebetween.  one of the elements is a
lead wire and the     That is, in each case the heated jet of gas  other is
conductive structure on a header. 65  plays on the bond site and upon the
lead    4. A method as claimed in claim 3, includ- 130  
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cell may be employed in place of the thermo- 25  invention, the needle 50
had an outside dia-  couple to sense the temperature of the needle.  90
meter of 0.064 inches and an inside diameter  In carrying out this
embodiment, a force is     of 0.046 inches. Forming gas comprised of
applied to a heated transistor element such     90%  nitrogen and 10%
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30  c.c.'s per minute. The needle was maintained  site. The jet of heated
gas is directed on to  95     at a temperature in the range of 3500C to  an
area substantially limited to the site for     500[err]C and preferably at
about 400:C. The  localised heating of the lead wire and the     chisel
body made of high speed tool steel had  structure to a bonding temperature.
A method     a diameter of 0.094 inches and a total weight  embodying the
invention may also be em- 35  on the tip of the order of about 15 grams.
ployed to bond a wafer 13 to header 12 in 100     The chisel point was
worked into the form  that both elements may be heated locally prior     of
a rectangle 0.0035 inches long and 0.0008  to contact by a confined flow of
heated gas.     inches wide. The lead wire had a diameter  While a specific
form of apparatus has been     of 0.0007 inches and was of commerically
pure  illustrated for use on connection with carrying 40 gold. The two
conductive stripes on the wafer out the foregoing method, some of the steps
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operation in a microscope field.       In the foregoing, the operation has
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different terminals. In some operations, where  supporting one of said
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units may  the other by mechanical contact to bond them     thus be
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rates may differ  sufficiently small to effect heating of substan-     so
as to accommodate the bonding require-  tially  only the said dimensionally
limited     ments of two different metal systems.       zones, and wherein
the mechanical contact       It has been further found that the most  with
said first element is in an area which 60  improved bond obtainable with
the present  is very small compared to the areas of each  125     system is
achieved by reason of the fact that  of said zones.     both a bond site
and the lead wire are heated   3. A method as claimed in claim 1, wherein
prior to any contact being made therebetween.  one of the elements is a
lead wire and the     That is, in each case the heated jet of gas  other is
conductive structure on a header. 65  plays on the bond site and upon the
lead    4. A method as claimed in claim 3, includ- 130 



1,076,526                                        5     ing the steps of
moving a free end of the  needle supported with said tool and with the
lead wire over the conductive structure, and  tip of the needle adjacent
the tip of the tool,     maintaining a predetermined load on the lead  the
needle being so disposed that in use of     wire to force the wire into
contact with said  the apparatus a flow of hot gas from the said  60 5
structure and directing the jet of heated gas  needle impinges upon said
lead wire under     at the area of contact between the lead wire  the tip
of said tool to heat a limited region     and the conductive structure.
of the semicondutor device and said lead wire        5. A method of bonding
two elements of  to bonding temperature.     a semiconductor device,
substantially as herein    11. Apparatus as claimed in claim  10, in-  65
10  described with reference to the accompanying  cluding means operable to
heat the needle to     drawings.                                     cause
heating of gas flow through the needle.        6. Apparatus for bonding an
element to a     12. Apparatus as claimed in claim  10 or     zone on a
semiconductor device which in-  claim  11, wherein the means for holding
the     cludes: a tool so supported that it can be  header is a support or
clamp.                   70 15  engaged with said element to press the
element   13. Apparatus as claimed in any one of     against said zone
means operable to direct  claims 10, 11 and 12, wherein the lead wire     a
jet of gas on to said element and said zone,  supply means includes a
nozzle.     and means operable to heat said gas to a     14. Apparatus as
claimed in any one of     predetermined bonding temperature.
claims 10, 11 12 and 13, wherein the tool 75 20    7. Apparatus as claimed
in claim 6, in which  having a tip is a chisel.     the gas jet directing
means is operable to direct    15. Apparatus as claimed in claim  14,     a
flow of heated gas to impinge upon a limited  wherein the tip of the chisel
is relatively sharp     region surrounding the contact region between  and
is of a length sufficient to effect engage-     said element and said zone.
ment between the lead wire and the selected  80 25    8. Apparatus for
bonding a lead to a con-  portion of the semiconductor device.     ductive
zone on a semiconductor device, which  16. Apparatus as claimed in any one
of     includes: a tool so supported that it can be  claims 10, 11, 12, 13,
14 and 15, wherein 



engaged with said lead to press the lead against  the semiconductor device
comprises a wafer     said zone, means operable to direct a flow   of
semiconductor material and the selected  85 30  of gas through a hollow
needle and on to  portion of the semiconductor device comprises     said
lead and zone, the hollow needle having,  a contact disposed on the wafer
of semiconduc-     in operation of the apparatus, its outlet end  tor
material.     disposed adjacent to and directed toward the   17. Apparatus
as claimed in claim  16,     end of said tool, and means operable to heat
wherein the wafer of semiconductor material 90 35  said gas to a
predetermined bonding tempera-  comprises a transistor.     ture.
18. Apparatus for bonding material to a        9. Apparatus as claimed in
claim 8, wherein  zone on a semiconductor device as claimed in     the tool
is a chisel arranged to be vertically  claim 6, substantially as described
herein with     oriented in operation of the apparatus, wherein  reference
to the accompanying drawings.  95 40  the needle has the outlet end thereof
angularly    19. Apparatus for bonding a lead to a con-     directed
downward toward said lead and said  ductive zone on a semiconductor device
as     zone, and means operable to heat the needle.  claimed in claim 8,
substantially as described        10. Apparatus for bonding a lead wire to
herein with reference to the accompanying     a selected portion of a
semiconductor device  drawings.                                     100 45
mounted on a header, including means operable    20. Apparatus for bonding
a lead wire to     to hold the header lead wire supply means  a selected
portion of a semiconductor device     operable to supply a lead wire, means
movable  mounted on a header as claimed in claim     in three co-ordinates
to support the lead wire  10, substantially as herein described with refer-
supply means above said header and to hold  ence to and as shown by the
accompanying  105 50  said lead wire with an end thereof at a select-
drawings.     ed position above said semiconductor device,
ABEL & IMRAY.     a tool having a tip, means movable in three
Chartered Patent Agents     co-ordinates to support the tool above said
Quality House,     lead wire and to engage the tip of the tool
Quality Court, 55  and the lead wire with the weight of said
Chancery Lane,     tool imposed upon said lead wire, and a hollow
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