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stripes on semiconductor wafers and to termi-
nal posts, the practices followed in the art
have involved heating the entire transistor
structure including header, wafer, and lead
wires while bonding the lead wircs to the de-
sired conductive portions of thc transistor
while maintaining contact bctween the ele-
ments to be fused. By reason of characteristics
inherent in the semiconductor device, it is
necessary to limit the temperature to which
the device may be elevated in order to avoid
destroying junctions therein. It has further
been found that prior art techniques are time-
consuming and yield relatively low production.

According to the present invention, a meth-
od of bonding two clements of a semiconductor
device, e.g. a lead wire and a conductive struc-
ture on a header, comprises the steps of sup-
porting one of the elements in proximity to
the other playing a jet of heated gas to dimen-
sionally limited zones of both clements, and
while the elements are in the jet mechanically
forcing the first element on to the other by
mechanical contact to bond them together.

[Price 45. 6d.]

be ¢ngiged ¢yith ghd glemenhitq

temperature. The tool can be a chisel arranged
to be vertically oricntated in operation of the
apparatus to engage with and press the element
against the said zonc. Preferably the chiscl
bhas a tip which is relatively sharp and of
a length suflicient to cffect engagement be-
tween the element and the said zone on the
semiconductor device. The jet of gas can be
formed by passing the gas through a hollow
needle the outlet end of which is disposed
a_djacent to and directed towards the chisel
tip.

In a specific embodiment, a lead wire placed
over a metal contact is pressed on to the con-
tact by a preloaded chisel. A heated hypoder-
mic needle is directed towards the contact
zone. Means are provided for flowing a gas
of predetermined composition through the
needle for transfer of heat from the walls of
the needle to the contact zone for bonding
of the lead.

By way of example, the invention will be
described in greater detail with reference to
the accompanying drawings, in which: —
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31 near the upper cnd thereof. Thus, the knob
29 resting on a smooth, flat surface 36 may
be moved in X and Y co-ordinates with sub-
stantial displacements. However, the frame 34,
by reason of the ball and socket coupling 35,
will follow the movement of the knob with
proportionally reduced displacements. The re-
duction depends upon the relative distances
between ball and sockets 29 and 32 and ball
and sockets 32 and 35.

Three slide elements are coupled to the
floating frame 34. The first or Y-centre slide
clement 39 is mounted on rollers 37 and 38
for support by the fixed frame 33. The frame
33 has a downwardly-opening channel with
outer flanges or plates which form races for
the rollers 37 and 38.

The element 39 rolls along the Y-axis as
viewed in Fig. 1. A second bar, an X-centre
slide 40, is similarly roller-mounted so that
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temperature of the needle with a thermocouple

58 and utilising this condition to control the

current source 55. Thus, with the needle 50

maintained at an elevated temperature, gas

flowing through the needle will be heated prior
to impinging on the bonding zone.

In operation, the lead wire 10 projects from
the end of the lead wire spout 21 to overlie
the post 11. The knob 29 is then manipulated
to position the chisel 25 directly above the
lead wire, the handle 30 then being depressed
to lower the arm 27. The weight of the chisel
25 then rests upon the lead wire 10. Flow of
heated gas heats the limited area to bond the
lead wire to the top of the post 11. The mani-
pulator knob 29 and handle 30 are then
actuated to elevate the chiszl 25 from the
lead wire 10. In practice, the chisel is
then moved slightly in the X direction
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securely fixed to
the chisel 25 by a set screw 75. The chisel
25 normally is supported by the gear 74 rest-
ing on the upper surface of bearing 72. The
tube 70 is supported at the end of the arm
27.

The gear 74 meshes with an idler gear 76
which is mounted on a shaft {(not shown)
directly behind the chisel 25 and which is
driven by a third gear forming a part of
a pulley structure 77. A belt 78 engages the
pulley structure 77 to impart rotational motion
to the idler 76 and thence to the sprocket gear
74 to orient the blade of the chisel 25.

The lower end of the chisel 25 is sharpened
to provide a limited contact area on the upper
surface of the lead wire 10 as the latter is
pressed down on to the upper surfacc of the
post 11, The needle 50 is mounted in a holder
which makes electrical contact at the upper
end of the needle. More particularly, a clamp
device 78 is clamped on to the needle 50 as
by screws 79 and 80. The needle 50 is of
the common hypodermic variety having a base
fixture 81 and a nipple 82 on to which the
tube 51 of Fig. 1 is to be attached. The clamp
78 is mounted in a holder 83 which is secured
to the arm 27 by screws 84 and 85. The
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the post 11. In practice, the anglg at which the
heated gas impinges upon the work,
the distance from the point of the needle
50 to the work, the dimensions of
the chiscl, the gas flow rate, and the
needie temperature are variables which
may be adjusted for optimum operating condi-
tions. It has been found, howcver, that there
arc a number of different settings of the var-
ious parameters that will be found suitable as
may be determined through trial and error.
With such a system it is possible to attach
leads at a substamally increased production
rate. In timing operations where operators of
some aptitude have been scasoned to operation
of this system, an interval of no more than
about four seconds may be required between
the instant that the lead wire 10 is indexed to
a position over post 11 until the lead wire
feed 20 is retracted and broken from the
weld on the semiconductor stripe. This involves
lowering the chisel on to the wire 10 at three
different locations on the post 11, indexing
the chisel and the lead wire above a selected
stripe on the semiconductor wafer, lowering the
chisel on to the wire at that location for one
bonding operation, and breaking the lead wire
from the latter bond zone. The dwell time
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€rent terminals; In some operations, where
contact areas are of different metals, different
temperature ranges and/or a lead wire of
different metal may be employed than the tem-
peratures above-noted and the gold lead wire
above-described. Dual lead wire feed units may
thus be employed wherein the lead wire supply
unit is provided with two capillaries and two
holders for supply spools. Further, dual chisel
and heating units may be employed in which
the temperature and the flow rates may differ
50 as to accommodate the bonding require-
ments of two different metal systems.

It has been further found that the most
improved bond obtainable with the present
system js achieved by reason of the fact that
both a bond site and the lead wire are heated
prior to any contact being made therebetween.
That is, in each case the heated jet of gas
plays on the bond site and upon the lead
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uctor device which  comprises:
supporting one of said elements in proximity
to the other, playing a jet of heated gas to
dimensionally limited zones on both of said
elements, and while said elements are in said
jet mechanically forcing the first element onto
the other by mechanical contact to bond them
together.

2. A method as claimed in claim 1, includ-
ing the step of forming the jet of heated gas
into a jet having a cross section which is
sufficiently small to effect heating of substan-
tially only the said dimensionally limited
zones, and wherein the mechanical contact
with said first element is in an area which
is very small compared to the areas of each
of said zones.

3. A method as claimed in claim 1, wherein
one of the elements is a lead wire and the
other is conductive structure on a header.

4. A method as claimed in claim 3, includ-
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In the foregoing, the operation has been
described in connection with bonding lead
wires from a single supply source to several
different terminals. In some operations, where
contact areas are of different metals, different
temperature ranges and/or a lead wire of
different metal may be employed than the tem-
peratures above-noted and the gold lead wire
above-described. Dual lead wire feed units may
thus be employed wherein the lead wire supply
unit is provided with two capillaries and two
holders for supply spools. Further, dual chisel
and heating units may be employed in which
the temperature and the flow rates may differ
so as to accommodate the bonding require-
ments of two different metal systems.

It has been further found that the most
improved bond obtainable with the present
systern is achieved by reason of the fact that
both a bond site and the lead wire are heated
prior to any contact being made therebetween.
That is, in each case the heated jet of gas
plays on the bond site and upon the lead
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illustrated for use on connection with carrying
out the foregoing method, some of the steps
are carried out by hand under observation of
an operation in a microscope field.

WHAT WE CLAIM IS: —

1. A method of bonding two elements of
a semiconductor device which comprises:
supporting one of said elements in proximity
to the other, playing a jet of heated gas to
dimensionally limited zones on both of said
elements, and while said elements are in said
jet mechanically forcing the first element onto
the other by mechanical contact to bond them
together.

2. A method as claimed in claim 1, includ-
ing the step of forming the jet of heated gas
into a jet having a cross section which is
sufficiently small to effect heating of substan-
tially only the said dimensionally limited
zones, and wherein the mechanical contact
with said first element is in an area which
is very small compared to the areas of each
of said zones.

3. A method as claimed in claim 1, wherein
one of the elements is a lead wire and the
other is conductive structure on a header.

4. A method as claimed in claim 3, includ-
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the tool 1s a chisel arranged to be vertically
oriented in operation of the apparatus, wherein
the needle has the outlet end thereof angularly
directed downward toward said lead and said
zone, and means operable to heat the needle.

10. Apparatus for bonding a lead wire to
a selected portion of a semiconductor device
mounted on a header, including means operable
to hold the header lead wire supply means
operable to supply a lead wire, means movable
in three co-ordinates to support the lead wire
supply means above said header and to hold
said lead wire with an end thereof at a select-
ed position above said semiconductor device,
a tool having a tip, means movable in three
co-ordinates to support the tool above said
lead wire and to engage the tip of the tool
and the lead wire with the weight of said
tool imposed upon said lead wire, and a hollow
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com fises a tr s1stor

E;Q Mfor Wn@rng:matenal to a
zone on a semiconductor device as claimed in
claim 6, substantially as described herein with
reference to the accompanying drawings.

19. Apparatus for bonding a lead to a con-
ductive zone on a semiconductor device as
claimed in claim 8, substantially as described
herein with reference to the accompanying
drawings.

20. Apparatus for bonding a lead wire to
a selected portion of a semiconductor device
mounted on a header as claimed in claim
10, substantially as herein described with refer-
ence to and as shown by the accompanying

drawings.
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