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[57] ABSTRACT

Semiconductor devices are mounted on corresponding
lead frames by being inserted into apertures of a mask-
ing member in a desired registration with the lead frame

strip.

30 Claims, 9 Drawing Figures
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1

APPARATUS FOR MOUNTING
SEMICONDUCTOR DEVICES

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

This invention is a continuation-in-part of copending
application Ser. No. 307,374, filed Nov. 17, 1972, now
abandoned for Improvements Related to L.ead Frames,
The Manufacture Thereof and The Mounting of Semi-
conductor Devices Thereon, a divisional thereof; Ser.
No. 457,545, being filed Apr. 3, 1974.

This invention relates to the mounting of semicon-
ductor devices on supports, each support including a
matrix of conductors initially in the form of a lead
frame, the lead frame being part of a load frame strip, a
plurality of identical lead frames being uniformly dis-
tributed along, and being uniformly oriented with re-
spect to, the longitudinal axis of the strip. The lead
frames may be formed in a metal layer [on] or a com-
posite body comprising the metal layer on a major face
of an insulating substrate.

Each lead frame of the strip may comprise the sup-
port for a semiconductor device; or may comprise a
carrier lead frame which is bonded, for example, to a
larger, main lead frame, or to a conventional header
arrangement, to complete the support for the semicon-
ductor device. The semiconductor device on its support
is then encapsulated by being moulded within a plastics
material or by being enclosed in a hermetically-sealed,
evacuated enclosure. At least a part of the conductor
matrix of the lead frame is encapsulated with the semi-
conductor device, the conductor matrix being wholly
encapsulated if it initially comprised part of merely a
carrier lead frame of the support for the semiconductor
device.

The conductor end portions of the conductors of
each lead frame of such a strip is arranged to be such
that a corresponding semiconductor device, when cor-
rectly oriented, is capable of being mounted satisfacto-
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connected exclusively to a co-operating conductor end
portion.

Previously it has been known to use precision optical
aligning means to ensure that the corresponding semi-
conductor devices are sufficiently accurately located on
the end portions of the conductors of the lead frames of
such a strip, in order to arrange that each device contact
may be connected exclusively to a co-operating con-
ductor end portion.

It is an object of the present invention to provide
novel apparatus for mounting corresponding semicon-
ductor devices onto such a lead frame strip, which
apparatus ensures that, without employing precision
optical aligning means, the devices are sufficiently accu-
rately located on the co-operating end portions of the
conductors of the lead frames for the subsequent satis-
factory mounting of the devices.

According to the present invention apparatus for
mounting semiconductor devices each rectangular-
shaped in plan on a strip of corresponding lead frames,
the lead frames being uniformly spaced along the longi-
tudinal axis of the strip, each lead frame having a matrix
of conductors, comprises a masking member defining at
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least one rectangular-shaped aperture, means for feed-
ing the lead frame strip longitudinally through part of
the apparatus with the aperture defined in the masking
member being in a desired registration on a lead frame
of the lead frame strip, conductor end portions for con-
nection to contacts of a corresponding semiconductor
device being exposed through the aperture, the arrange-
ment of the lead frame and the aperture being such that
when a corresponding semiconductor device is inserted
in the required orientation into the aperture each device
contact is exclusively opposite to a co-operating con-
ductor end portion, and in said part of the apparatus
there is included means to bond the device contacts to
the co-operating conductor end portions.

In one form of the apparatus the aperture defined in
the mashing member may have dimensions to allow a
corresponding semiconductor device to be a sufficiently
close fit within the aperture, to ensure that each device
contact exclusively is opposite to the conductor end
portion to which the contact is to be connected, when
the masking member i3 in the required registration with
the lead frame.

In another form of the apparatus the arrangement of
the lead frame strip and the aperture defined in the
masking member may be such that the following walls
of the aperture as the masking member is fed through
the apparatus are inclined in relation to the longitudinal
axis of the lead frame strip, and each device contact
exclusively 18 opposite to the conductor end portion to
which the contact is to be connected when the masking
member is in the required registration with the lead
frame and the device is contiguous with the following
walls of the aperture. Means may be provided to ensure
that the corresponding semiconductor device is contig-
uous with the following walls of the aperture when the
masking member is in the desired registration with the
lead frame.

The aperture defined in the masking member may be
square-shaped in plan, being arranged to receive a cor-
responding semi-conductor device which is also square-
shaped in plan.

The masking member may define a plurality of aper-
tures, the arrangement being such that consecutive ap-
ertures expose conductor end portions of consecutive
jead frames of the lead frame strip.

Automatic means for inserting corresponding semi-
conductor devices in each aperture defined in the mask-
ing member when the masking member is in the desired
registration with the lead frame strip may be provided;
or the devices may be inserted manually.

According to another aspect of the present invention
a method of mounting semiconductor devices each
rectangular-shaped in plan on a strip of corresponding
lead frames, the lead frames being uniformly spaced
along the longitudinal axis of the strip, each lead frame
having a matrix of conductors, comprises placing in the
desired registration on a lead frame of the lead frame
strip a masking member defining at least one rectangu-
lar-shaped aperture, conductor end portions for connec-
tion to contacts of a corresponding semiconductor de-
vice being exposed through the aperture, inserting a
corresponding semiconductor device in the required
orientation into the aperture so that each device contact
is exclusively opposite to a co-operating conductor end
portion, and bonding the device contacts to the co-
operating conductor end portions.
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The present invention will now be described by way
of example with reference to the accompanying draw-
ings, in which

FIG. 1 is a plan view of part of a carner lead frame
strip.

FIG. 2 is an elevation of one embodiment of appara-
tus according to the present invention for mounting
semiconductor devices on the carrier lead frames of the
strip of FIG. 1, the apparatus employing a meshing
member through apertures defined in which, whilst the
mounting operation is being performed, the co-operat-
ing end portions of the conductors of the carrier lead
frames to be connected to the corresponding semicon-
ductor devices are exposed,

FIG. 3 is a plan view of the masking member when on
the carrier lead frame strip,

FIG. 4 is a section through part of a carrier lead
frame of the strip, and also shows a corresponding semi-
conductor device ready to be mounted on the carner
lead frame,

FI1G. 8 is a plan view of a carrier lead frame, carrying
a semiconductor device, and secured to a larger main
lead frame to complete the support for the semiconduc-
tor device,

FIG. 6 shows a completed package for the semicon-
ductor device, the package being in the form of a so-
called “flat pack”, in which package the device and the
carrier lead frame of FIG. § are encapsulated in an
epoXxy resin,

FIG. 7 is a plan view of another embodiment of a lead
frame strip,

FIG. 8 is a plan view of the masking strip when on the
lead frame strip of FIG. 7, and

FIG. 9 is a section on the line IX — IX of FIG. 8, and
also shows a corresponding semiconductor device
ready to be mounted on the lead frame strip.

FIG. 1 shows part of a strip 10 comprising a plurality
of identical carrier lead frames 11. The carrier lead
frames 11 are for use in supports for corresponding
semiconductor devices, and are uniformly distributed
along, and are uniformly orientated with respect to, the
longitudinal axis of the strip 10, the longitudinal axis
being indicated by the broken line 12. The carrier lead
frames 11 are supported on a flat, elongated, insulating
substrate 13 of uniform width, and are shown between
the constituent conductors 14 of the carrier lead frames
11. The insulating substrate 13 is of a polyimide and is
sufficiently thick to provide the requisite support for the
carrier lead frames 11.

Initially sprocket holes 15 are precisely punched adja-
cent to the longitudinal edges of the substrate 13, to
ensure that the substrate is accurately positioned both 1n
apparatus for forming the carrier lead frames 11, and in
apparatus for mounting corresponding semiconductor
devices on the carrier lead frames 11.

The carrier lead frames 11 are formed in a layer of
silver evaporatively deposited on the substrate 13, the
thickness of the silver layer having the desired thickness
for the carrier lead frames. The carrier lead frames 11
are then formed from the silver layer in a precise man-
ner, by a known method employing photolithographic
etching techniques. Thus, the carrier lead frames 11 are
precisely located on the substrate 13 and, in particular,
inner end portions 16 of the conductors 14 of the carrier
lead frames are precisely located in relation to the
spocket holes 13.

The parts of the silver layer extending between the
carrier lead frames 11 are not removed and hence, each
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carrier lead frame is part of an integral structure formed
within the silver layer. The carrier lead frames are com-
pleted by electrolytically depositing on their exposed
surfaces a layer of tin 17, shown 1n FIG. 4.

Each semiconductor device when satisfactorily
mounted on a lead frame of the strip 10 has a contact
connected to a conductor 14 of the lead frame. Thus,
the pattern of the inner conductor end portions 16 of
each carrier lead frame 11 corresponds to the pattern of
contacts on each device.

The apparatus 20 by which the semiconductor de-
vices 21 are mounted on the lead frames is shown par-
tially, and in diagrammatic form, in FIG. 2. The strip 10
of carrier lead frames is fed in a controlled manner over
a worktable 22 by engagement of the sprocket holes 138
with two sprocket wheels 23, a wheel 23 being at either
end of the worktable 22, the wheels 23 which may be
designated as first and second stations being rotated by
control means (not shown). The strip 10 is fed between
reels 24, the reels being changed when the strip 10 has
passed over the worktable 22. An elongated masking
member 28 of the polyimide is passed over the lead
frame strip 10 whilst it is on the worktable 22. Move-
ment of the strip 10 and member 28 is from right to left
as viewed in the drawing and is represented by the
arrow identified by reference character 9. The masking
member 25 is of the same width as the lead frame strip
10 and is provided with sprocket holes 26 (not shown in
FIG. 3), accurately punched along its longitudinal
edges in the same manner as the sprocket holes 13 of the
lead frame strip 10. The sprocket holes 26 in the mask-
ing member 25 are such that the masking member may
be passed over the worktable 22 on the lead frame strip
10 with the sprocket holes 26 being engaged by the
sprocket wheels 23. Hence, the sprocket holes 26 of the
masking member are required to be shightly different
size, and to be spaced apart by a slightly different
amount, than the sprocket holes 15 of the strip 10, in
order to take into account the curvature of the sprocket
wheels 23.

Thus, the masking member 25 is precisely located on
the lead frame strip 10 and is fed in the same controlled
way as the lead frame strip over the worktable 22, be-
tween reels 27, via idlers 28, and via the sprocket wheels
23. The reels 27 are changed over when the masking
member 25 has passed over the worktable 22.

The masking member 2§ is pre-formed by precisely
punching identical square-shaped apertures 30 uni-
formly distributed along the longitudinal axis of the
member 28, as shown in FIG. 3, and simultaneously
with the punching of the sprocket holes 26. The aper-
tures 30 are arranged to be in such a relationship to the
sprocket holes 26 that, with the masking member 23 in
the desired registration with the carrier lead frame strip
10 on the worktable 22, the inner end portion 16 of each
conductor 14 of the strip 10 is exposed. FIG. 3 1s a plan
view of the masking member 25 whilst on the worktable
22 of the apparatus 20, and the carrier lead frames 11
beneath the masking member 28 are indicated in broken
line form, except for the conductor end portions 16
exposed through the apertures 30.

As shown in FIG. 4, the length of each side of each
square-shaped aperture 30 in the masking member 23 1s
such that the square-shaped semiconductor devices 21
to be mounted on the carrier lead frames 11 are a close
fit within the aperture 30. This Figure comprises a sec-
tion of the masking member 25 on the carrier lead frame
strip 10, and shows a corresponding semiconductor
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device ready to be mounted on a carrier lead frame.
Sufficiently accurate registration between the contacts
on the devices 21 and the co-operating conductor end
portions is ensured by arranging that the devices are a
close fit within the aperture 30.

Each semiconductor device 21 is formed in a known
manner, and has contacts 32 comprising hemispherical
solder protrusions on a passivated surface 33 of the
device. The protrusions are formed on selected parts of
aluminum conductors on the passivated surface 33, the
selected aluminum parts being rendered solderable by
depositing chemically a first, temporary, layer of zinc
from a solution of zinc oxide and caustic soda, removing
the first zinc layer with nitric acid solution, and deposit-
ing a second, permanent zinc layer on the now clean
surface of the aluminum. The second zinc layer has an
activated surface and a nickel layer is formed on this
surface by the action of a reducing agent on an acid
solution of nickel chloride with sodium hypophosphite
or sodium borohydride. The surface 33 of the passivat-
ing layer on the semi-conductor device surrounding the
solder protrusions 32 is rendered non-wettable by mol-
ten solder, so that molten solder does not spread over
this surface. The solder protrusions 32 are formed in a
precise manner and are accurately located on the sur-
face 33.

The difference between the length of each side of
each square-shaped aperture 30 in the masking member
28 and the length of each side of each square-shaped
device 21 is arranged to be at most equal to the radius of
the hemispherical solder protrusions 32 on the device.
Further, the arrangement is such that, when the semi-
conductor device 21 is inserted into the aperture 30, and
is correctly oriented in relation to the longitudinal axis
of the lead frame strip 10, each solder protrusion
contact 32, inevitably, is exclusively opposite to the
conductor end portion 16 with which it is required to be
connected. This latter criterion is ensured by the accu-
racy of the size of the aperture 30 of the masking mem-
ber 28 and by the closeness of the fit of the device
within the aperture 30; by the accuracy with which the
conductor end potions 16 and the device contacts are
formed, respectively, on the insulating substrate 12 and
the device 21; and by the accuracy of the location of the
aperture 30 of the masking member 25 in relation to the
conductor end portions 16, when the lead frame strip 10
and the masking member 25 are in the desired registra-
tion with each other.

Thus, it is only necessary to ensure that the corre-
sponding semiconductor devices 21 are correctly orien-
tated in relation to the longitudinal axis of the lead
frame strip when inserted in the aperture 30 of the mask-
ing member 25. The device 21 may be inserted manually
in the apertures 30 or, as shown in FIG. 2, the apparatus
20 may include automatic means 3§ for inserting the
devices. The automatic means 35 includes a suction
head for holding the devices, and indexing mechanism
for raising and lowering the head, in the direction of the
arrow 36, to deposit the devices in the aperture 30, and
for moving the head between a position over an aper-
ture 30 and a position where it is capable of picking up
a device. In any event, the devices 21 may be placed in
the apertures 30 without employing precision optical
aligning means, and at a faster rate than the locating of
a semiconductor device over end conductor portions of
a lead frame to a sufficient degree over end portions of
a lead frame to a sufficient degree of accuracy by preci-
sion optical aligning means.
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The carrier lead frame strip 10, whilst on the workta-
ble 22, and after the semiconductor devices 21 have
been inserted in the apertures 30 in the masking member
28, is heated by means 38 to cause the solder protrusions
32 on the device 21 to melt. When resolidified, and the
devices 21 are bonded to the carrier lead frames, the
solder forms the desired electrical interconnections
between the semiconductor devices 21 and the conduc-
tors 14 of the carrier lead frames 11. Whilst molten,
surfaces tension forces cause the solder to have the least
possible surface areas and, thus, each semiconductor
device is pulled in the plane of the semiconductor de-
vice into exact registration with the conductor end
portions 16 of the carrier lead frame 11, if the imtial
placing of the semiconductor device 21 in the aperture
30 has not achieved this. The solder protrusions 32 melt
at the temperature of 183° C, and the performances of
silicon semiconductor devices are not adversely af-
fected by subjecting the semiconductor devices to this
temperature.

The semiconductor devices 21 are mounted on the
carrier lead frames 11 to provide so-called flip-chip
structures.

Thus, the devices 21 are mounted on the strip 10, and
are removed from the apertures 30 in the masking mem-
ber 28 when the masking member 28§ is separated from
the strip 10 at the second sprocket wheel 23. The strip
10, with the semiconductor devices mounted thereon, is
wound up on the reel 24.

In one particular embodiment according to the pres-
ent invention the accuracy of the size and the location
of the sprocket holes 15 in the carrier lead frame strip
10, the sprocket holes 26 in the masking member 28§, and
the apertures 30 in the masking members 28, 1s + 15 X
10—4 inch.

Subsequently, each carrier lead frame 11, with the
associated semiconductor devices 21, is severed from
the strip 10. The part of the polyimide substrate 13
beneath the carrier lead frame is removed with the
carrier lead frame. The exposed surfaces of the remain-
ing outer portions of each conductor 14 are then
soldered in co-operating conductors 40 of a larger, main
lead frame 41, as shown in FIG. §, to complete the
support for the device 21. The main lead frame 41 is
made of nickel plated with silver, and is stamped from a
composite sheet in a multi-stage process. Each carner
lead frame 11 is secured to the co-operating main lead
frame 41 by employing a conventional reflow soldering
process. The soldering action occurs at regions of the
lead frames 11 and 41 remote from the semiconductor
device and, thus, these regions of the lead frames may
be subjected to the solder melting temperature without
adversely affecting the performance of the semiconduc-
tor device.

The package for the semiconductor device 21 is com-
pleted by encapsulating the semiconductor device and
the carrier lead frame in an epoxy resin 43 moulded in
situ around the combination, as shown in FIG. 6. The
conductors 40 of the main lead frame 41 are then ren-
dered electrically discrete by removing the boundary
part 44 of the main lead frame 41 by breaking tie-bars 45
extending between the conductors 40 of the main lead
frame. The completed package 46 has the so-called
“flat-pack’ construction.

A plurality of main lead frames 41 also are initially 1n
the form of a strip 47, and a plurality of semiconductor
device-carrier lead frame combinations may be
mounted simultaneously on the strip 47, and may be
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encapsulated in the epoxy resin 43, in a batch process.
Suction means for positioning the combinations on the
main lead frames 41, moulding apparatus for the epoxy
resin 43 and severing means to render the conductors 40
of the main lead frames electrically discrete, all may be 3
embodied in apparatus to enable these process steps to
be completed automatically. The boundary part 44 of
each main lead frame 41 of the strip 47 is provided with
sprocket holes 48 to ensure that the strip 47 is correctly
positioned at different stages in the automatic apparatus
employed in performing each of these steps.

Another embodiment of a lead frame strip 50 is
shown in FIGS. 7 to 9, and parts of this lead frame strip
identical with or closely resembling parts of the carrier
lead frame strip 10 of FIGS. 1 to 6 are given the same
reference numbers as the parts of FIGS. 1 to 6 the direc-
tion of movement of the carrier lead frame strip of
FIGS. 7 to 9 through the apparatus is from left to right
as viewed in the drawing and as represented by the
arrow 56 shown in FIG. 8.

The conductors 51 of the lead frames 52 of the lead
frame strip 50 are arranged to co-operate with contacts
32 on four sides of a semiconductor device 33.

In FIG. 8, which corresponds to FIG. 3, and is a plan
view of the masking member 54 whilst in the desired
registration on the lead frame strip 30, the lead frames
52 beneath the masking member S4 are indicated in
broken line form, except for the conductor end portions
16 exposed through the apertures 58 in the masking
member 54. The right-hand side of this Figure shows
the arrangement of the apertures 55 and the lead frames
52. The left hand side of the Figure shows semiconduc-
tor devices within the apertures 38.

Each square-shaped aperture 55 in the masking mem-
ber 54 has walls which are inclined at 45° to the longitu-
dinal axis 12 of the lead frame strip. When a semicon-
ductor device 53 is inserted in an aperture 58, and is fed
through the apparatus on the lead frame strip 30, inevi-
tably it becomes contiguous with the following walls of 4,
the aperture so that its position within the aperture 55 is
known precisely. Means, such as a brush with glass fibre
bristles, and shown in broken line form at 58 in FIG. 2,
is employed to ensure that each semiconductor device
83 is swept to be contiguous with the following walls of 45
the aperture 59.

FIG. 9 corresponds to FIG. 4, comprising a section of
the masking member 54 on the lead frame strip S0, and
shows a semiconductor device 33 ready to be mounted

on a lead frame S2.
Instead of the whole of the lead frames being tinned,

solder protrusions 60, of the same size as the solder
protrusions 32 on the semiconductor devices 33, are
formed on the end portions 16 of the lead frame conduc-
tors 51. The arrangement of the masking member 34
when in the desired registration with the lead frame
spring 50 is such that, with a corresponding semicon-
ductor device 53 inserted into an aperture 55, and cor-
rectly orientated in relation to the longitudinal axis 12 of
the lead frame strip 50, each solder protrusion device 60
contact 32 inevitably is exclusively opposite to the pro-
trusion 60 on the conductor with which it is required to
be connected. This criterion is ensured by the accuracy
with which the conductor end portions, the protrusions
60 and the device contact protrusions 32 are formed; 65
and by the accuracy of the location of the aperture 55 of
the masking member 54 in relation to the conductor end

portions 16.

10

15

20

25

30

35

30

53

8

Thus, when the solder is melted, to form the desired
electrical interconnections between the device contacts
and the conductors, the co-operating pairs of protru-
sions coalesce with each other, and surface tension
forces ensure that the device contacts are in exact regis-
tration with the end portions 16 of the conductors 31.

The lead frame strip 50 is not provided on an insulat-
ing substrate, but is stamped from a metal sheet In a
precision way in a multi-stage stamping process. Thus,
the lead frame strip 50 closely resembles the main lead
frame strip 47 of FIG. 5. Further, each lead frame 52
comprises the sole support for the semiconductor de-
vice 53.

For convenience a device 83 with only eight contacts
32 is illustrated, but it will be appreciated that the de-
vice may have many more contacts along its periphery.

The lead frame strips 30 is wound around a reel after
the semiconductor devices 53 have been mounted on
the strip, and because the lead frame strip is not on an
insulating substrate a separate insulating sheet is pro-
vided between the turns of the lead frame strip when
wound upon the reel.

Although each semiconductor device 53 1s mounted
only on a single lead frame 52, the extension of the outer
portions of the conductor 14 of a carrier lead frame 11
beyond the periphery of the semiconductor device 21
ensures that it is easier to mount such a combination on
a main lead frame 41 to FIG. §, than to mount the semi-
conductor device on the single lead frame 82 of FIGS.
7 to 9 having dimensions corresponding to those of the
main lead frame 41. This is because the inner end por-
tions of the conductors 40 of the main lead frame 41 are
spaced further apart than for a single lead frame 32.
Thus, the locating of the carrier lead frame-semicon-
ductor device combination over these inner end por-
tions of the conductors 40 of the main lead frame 41 is
easier than for the semiconductor device 83 alone over
the inner end portions of the conductors of the single
lead frame 32.

The contacts of the semiconductor devices may be of
any suitable form, and need not necessarily comprise
protrusions of solder.

The apparatus 20, described above with reference to
FIG. 2, may take many different forms. In particular,
the means for feeding the lead frame strip and the mask-
ing member in the desired registration with each other
through the apparatus may take any convenient form.
Thus, it may not include sprocket wheels, or it may
include only one sprocket wheel, or it may have a dif-
ferent sprocket wheel or wheel to feed the carried lead
frame strip and the masking strip.

The masking member instead of having a plurality of
apertures, may have only one aperture. Thus, the mask-
ing member may be placed repetitively in the desired
registration on the lead frames on the worktable. Hence,
after a semiconductor device has been inserted into the
aperture and has been bonded to a lead frame, the mask-
ing member is removed, the lead frame strip is displaced
to bring a different lead frame onto the worktable, and
the masking member is replaced in the desired registra-
tion with the new lead frame on the worktable. Such a
reciprocating action may also be employed with a mask-
ing member having a plurality of apertures, in each
location of the masking member on the lead frame strip
a plurality of lead frames being exposed partially
through the apertures in the masking member.

In any event, when a masking member with a plural-
ity of apertures is provided, a plurality of semiconduc-
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tor devices may be mounted simultaneously on the lead
frame strip in a batch process, by multi-head antomatic
apparatus.

The semiconductor devices may be tested after they
are mounted on the lead frame strip and if found to be
faulty, or to be improperly mounted, may be removed.

The conductors 14 of the carrier lead frames 11 of the
strip 10 initially may be formed electrically isolated
from each other when the silver layer is etched.

The lead frames 11, 52 and 41 may be of any conve-
nient material, for example, the carner lead frame 11
may be of copper instead of silver. The insulating sub-
strate 13, when provided, may be of a polyester of a
polyamide instead of a polyimide.

The final encapsulation of the semiconductor device
21 or 53 may be in any suitable moulding compound, or
may be within an evacuated enclosure, the parts of
which enclosure are sealed hermetically in the conduc-
tors 14, 51 or 40 of the lead frames.

Instead of a dual-in-line completed package as shown
in FIG. 6 the package may have conductors extending
from each side of a square or rectangular shaped pack-
age. In either such arrangement, the ends of the conduc-
tors beyond the encapsulation for the semiconductor
device may be bent so that they may be received in a
co-operating socket.

A carrier lead frame-semiconductor device combina-
tion may be mounted on a conventional header arrange-
ment, instead of 2 main lead frame, in order to complete
the support for the device.

What is claimed is:

1. Apparatus for mounting semiconductor devices
each of which are rectangular-shaped in plan and hav-
ing contacts thereon, said apparatus comprising a con-
tinuous strip including a plurality of lead frames, the
lead frames being uniformly spaced along the longitudi-
nal axis of the strip, each lead frame having a matrix of
conductors, the end portions of which are adapted for
connection to contacts of a corresponding semiconduc-
tor device, a masking member defining at least one
rectangular-shaped aperture for accurately locating a
semiconductor device, means for feeding the lead frame
strip and masking member longitudinally between a first
and a second station with the aperture defined in the
masking member being in a desired registration on a
lead frame of the lead frame strip such that the conduc-
tor end portions of that lead frame are exposed through
the aperture, means at one of said stations for precisely
positioning the lead frame and the masking member
with respect to each other such that when a correspond-
ing semiconductor device is inserted in the required
orientation into the aperture each device contact is
exclusively opposite to a co-operating conductor end
portion, means for inserting a semiconductor device into
the aperture of the masking member and bonding means
disposed between said first and said second station and
adjacent the paths of travel of said lead frame strip and
masking member for bonding the device contacts to the
cooperating conductor end portions.

2. Apparatus as claimed in claim 1 in which the aper-
ture defined in the masking member in square-shaped in
plan, and further including means disposed between
said first and said second station for positioning a corre-
sponding semiconductor device which is also square-
shaped in plan in said aperture.

3. Apparatus as claimed in claim 1 in which the mask-
ing member defines a plurality of apertures disposed
along the longitudinal axis of the masking member, and
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said lead frame strip and masking member being fed
adjacent each other such that consecutive apertures
expose conductor end portions of consecutive lead
frames of the lead frame strip.

4. Apparatus as claimed in claim 1 wherein said
means for feeding includes at least one sprocket wheel
at one of said [station] stations, said sprocket wheel
engaging co-operating sprocket holes formed in both
the masking member and the lead frame strip to feed the
masking member and the lead frame strip in the desired
registration with each other between said first and said
second stations upon rotation of said sprocket wheel.

S. Apparatus as claimed in claim 1 including means
for automatically inserting corresponding semiconduc-
tor devices in each aperture defined in the masking
member when the masking member is in the desired
registration with the lead frame strip, said inserting
means being disposed adjacent the path of travel of the
masking member and the lead frame strip and between
the first and second stations.

6. Apparatus as claimed in claim 1 wherein said
means for feeding the lead frame strip and masking
member including a first wheel rotatably supported at
said first station, a second wheel rotatably supported at
said second station, at least one of said wheels being a
sprocket wheel, said lead frame strip and said masking
member each including sprocket holes spaced along the
length thereof, the sprocket holes of the lead frame strip
being spaced apart by a different amount than the sprocket
holes of the masking member and said sprocket wheel
being disposed 80 as to engage the sprocket holes of said
lead frame strip and said masking member and feed said
strip and said member in a controlled manner.

7. Apparatus as set forth in claim 6 wherein the
sprocket holes of the masking member are different in
size [and spaced apart by a different amount] than the
sprocket holes of the lead frame strip to take into ac-
count the curvature of the sprocket wheel over which
the lead frame strip and masking member pass, said lead
frame strip and masking member being disposed to pass
over said sprocket wheel together.

8. Apparatus for mounting semiconductor devices
each of which are rectangular-shaped in plan fon a]
and having contacts thereon, said apparatus comprising a

continuous strip [of corresponding] including a plural-
ity of lead frames, the lead frames being uniformly

spaced along the longitudinal axis of the strip, each lead
frame having & matrix of conductors, the end portions
of which are adapted for connection to contacts of a
corresponding semiconductor device [comprises] a
masking member defining at least one rectangular-
shaped aperture, means for feeding the lead frame strip
longitudinally between a first and a second station with
the aperture defined in the masking member being in a
desired registration on a lead frame of the lead frame
strip such that the conductor end portions for connec-
tion to contacts of a corresponding semiconductor de-
vice are exposed through the aperture, said feeding
means including means for precisely positioning the
lead frame and the aperture such that when a corre-
sponding semiconductor device is inserted in the re-
quired orientation into the aperture each device contact
is exclusively opposite to a co-operating conductor end
portion, means between said first and said second stations

6S for inserting a semiconductor device into the apertures of

the masking member and means between said first and
said second stations for bonding the device contacts to
the co-operating conductor end portions, the aperture
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defined in the masking member having dimensions to
allow a corresponding semiconductor device inserted
therein to be a sufficiently close fit within the aperture
to ensure that each device contact exclusively is oppo-
site to the conductor end portion to which the contact
is to be connected when the masking member is in the
required registration with the lead frame.

9. Apparatus as claimed in claim 8 wherein said
means for feeding the lead frame strip and masking
member including a first wheel rotatably supported at
said first station, a second wheel rotatably supported at
said second station, at least one of said wheels being a
sprocket wheel, said lead frame strip and said masking
member each including sprocket holes spaced along the
length thereof; the sprocket holes of the lead frame strip
being spaced apart by a different amount than the sprocket
holes of the masking member, and said sprocket wheel
being disposed so as to engage the sprocket holes of said
lead frame strip and said masking member and feed said
strip and said member in a controlled manner.

10. Apparatus as claimed in claim 8 in which the
aperture defined in the masking member in square-
shaped in plan and disposed to receive a corresponding
semiconductor device which is also square-shaped in

lan.
P 11. Apparatus as claimed in claim 8 in which the
masking member includes a plurality of apertures, con-
secutive apertures exposing conductor end portions of
consecutive lead frames of the lead frame strip.

12. Apparatus as claimed in claim 8 wherein said
means for feeding includes at least one sprocket wheel,
said sprocket wheel engaging co-operating sprocket
holes formed in both the masking member and the lead
frame strip to precisely position and feed the masking
member and the lead frame strip [to] in the desired
registration with each other [through said part of the
apparatus] between said first and said second stations
upon rotation of said sprocket wheel.

13. Apparatus as claimed in claim 8 further including
automatic inserting means for inserting corresponding
semiconductor devices in each aperture defined in the
masking member when the masking member is in the
desired registration with the lead frame strip, said in-
serting means being disposed adjacent the path of travel
of the masking member and the lead frame strip [and
between the first and second stations.].

14. Apparatus for mounting semiconductor devices
each of which are rectangular-shaped in plan [on a}
and having ccntacts thereon, said apparatus comprising a
continuous strip [of corresponding] including a plural-
ity of lead frames, the lead frames being uniformly
spaced along the longitudinal axis of the strip, each lead
frame having a matrix of conductors, the end portion of
which are adapted for connection to contacts of a corre-
sponding semiconductor device, [comprises] a mask-
ing member defining at least one rectangular-shaped
aperture, means for feeding the lead frame strip longitu-
dinally between a first and a second station with the
aperture defined in the masking member being in a
desired registration in a lead frame of the lead frame
strip such that the conductor end portions for connec-
tion to contacts of a corresponding semiconductor de-
vice are exposed through the aperture, said feeding
means including means for precisely positioning the
lead frame and the aperture such that when a corre-
sponding semiconductor device is inserted [t0] in the
required orientation into the aperture each device
contact is exclusively opposite to a co-operating con-
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ductor end [portion], means between said first and said
second stations for selectively inserting a semiconductor
device into the aperture of the masking member, and
means between said first and second stations for bond-
ing the device contacts to the cooperating conductor
end portions, the lead frame strip and the masking mem-
ber being fed one atop the other, [the aperture defined
in the masking member such that] the leading walls of
the [aperture] apertures defined in the masking member
as [the masking] said member is fed between said
stations [are] being inclined in relation to the longitu-
dinal axis of the lead frame strip and each device
contact exclusively [is] being opposite to the conduc-
tor end portion to which the contact is to be connected
when the masking member [is] in the required regis-
tration with the lead frame and the device is contiguous
with the following walls of the aperture.

15. Apparatus as claimed in claim 14 including means
for maintaining the corresponding semiconductor device
contiguous with the following walls of the aperture.

16. Apparatus as claimed in claim 15 in which the
means for maintaining the [corresponding] semicon-
ductor device contiguous with the following walls of
the corresponding aperture comprises a brush [with]}
said brush being mounted adjacent the path of travel of
the lead frame strip and masking member to sweep the
semiconductor device into the required position as the
masking member and the lead frame strip are fed from
the first station to said second station.

17. Apparatus as claimed in claim 14 wherein said
means for feeding the lead frame strip and masking
member including a first wheel rotatably supported at
said first station, a second wheel rotatably supported at
said second station, at least one of said wheels being a
sprocket wheel, said lead frame strip and said masking
member each including sprocket holes spaced along the
length thereof;: the sprocket holes of the lead frame strip
being spaced apart by a different amount than the sprocket
holes of the masking member, and said sprocket wheel
being disposed so as to engage the sprocket holes of said
lead frame strip and said masking member and feed said
strip and said member in a controlled manner.

18. Apparatus as claimed in claim 14 in which the
aperture defined in the masking member i8 square-
shaped in plan and disposed to receive a corresponding
semiconductor device which is also square-shaped n
plan.

19. Apparatus as claimed in claim 14 in which the
masking member includes a plurality of apertures,
[that] consecutive apertures exposing conductor end
portions of consecutive lead frames of the lead frame
strip.

20. Apparatus as claimed in claim 14 wherein said
means for feeding includes at least one sprocket wheel,
said sprocket wheel engaging co-operating sprocket
holes formed in both the masking member and the lead
frame strip to feed the masking member and [the lead
frame strip to feed the masking member and ] the lead
frame strip in the desired registration with each other
[ through said part of the apparatus] between said first
and said second stations upon rotation of said sprocket
wheel.

21. Apparatus as claimed in claim 14 further includ-
ing automatic inserting means for inserting correspond-
ing semiconductor devices in each aperture defined in
the masking member when the masking member is in
the desired registration with the lead frame strip, said
inserting means being disposed adjacent the path of
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travel of the masking member and the lead frame strip.
[ and between the first and second stations. }

22. Apparatus for mounting semiconductor devices
each of which are rectangular-shaped in plan [on a]
and having contacts thereon, said apparatus comprising a
continuous strip [of corresponding] including a plural-
ity of lead frames, the lead frames being uniformly
spaced along the longitudinal axis of the strip, each lead
frame having a matrix of conductors, the end portions
of which are adapted for connection to contacts of a
corresponding semiconductor device, [comprises] a
continuous strip masking member defining at least one
rectangular-shaped aperture for accurately locating the
semiconductor devices, means for feeding the lead
frame strip and the masking member longitudinally
between a first and a second station with the aperture
defined in the masking member being in a desired regis-
tration on a lead frame of the lead frame strip such that
the conductor end portions for connection to contacts
of a corresponding semiconductor device are exposed
through the aperture, the lead frame strip and the mask-
ing member being fed one atop the other such that the
lead frame and the aperture are in the required orienta-
tion for insertion into the aperture of a semiconductor
device with each device contact being exclusively op-
posite to a co-operating conductor end portion, means
disposed between said stations for inserting a semiconduc-
tor device into the aperture of the masking member, means
disposed between said stations for bonding the device
contacts to the co-operating conductor end portions,
and said means for feeding said lead frame strip and
masking member includes at least one sprocket wheel at
one of said stations, said sprocket wheel engaging co-
operating sprocket holes formed in both the masking
member and the lead frame strip to feed the masking
member and the lead frame strip in the desired registra-
tion with each other continuously between said first and
said second stations upon rotation of said sprocket
wheel.

23. Apparatus as claimed in claim 22 wherein the
sprocket holes of the masking member are spaced apart
by a different amount than the sprocket holes of the lead
frame strip to compensate for the curvature of the
sprocket wheels.
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24. Apparatus as claimed in claim 23 wherein said
co-operating sprocket holes of said masking member
and said lead frame strip are of different size to compen-
sate for the curvature of the sprocket wheels.

25. Apparatus as claimed in claim 24 in which the
aperture defined in the masking member is dimensioned
to allow a corresponding semiconductor device to be a
sufficiently close fit within the aperture so as to ensure
that each device contact exclusively is opposite to the
conductor end portion to which the contact is to be
connected when the masking member is in the required
registration with the lead frame.

26. Apparatus as claimed in claim 24 in which the
leading walls of the aperture as the masking member is
fed through the apparatus are inclined in relation to the
longitudinal axis of the lead frame strip, and each device
contact exclusively is opposite to the conductor end
portion to which the contact is to be connected when
the masking member is in the required registration with
the lead frame and the device is contiguous with the
following walls of the aperture.

27. Apparatus as claimed in claim 26 further includ-
ing means for positioning the corresponding semicon-
ductor device contiguous with the following walls of
the aperture when the masking member is in the desired
registration with the lead frame strip.

28. Apparatus as claimed in claim 27 in which the
means for positioning the corresponding semiconductor
device contiguous with the following walls of the aper-
ture comprises a brush mounted between said stations
and adjacent the path of travel of the masking member
and lead frame strip to sweep the semiconductor device
into the required position as the masking member and
the lead frame strip are fed between said stations.

29. Apparatus as claimed in claim 24 in which the
aperture defined in the masking member is a square-
shaped in plan and is arranged to receive a correspond-
ing semiconductor device which is also square-shaped
in plan.

30. Apparatus as claimed in claim 24 in which the
masking member includes a plurality of apertures, con-
secutive apertures exposing conductor end portions of

consecutive lead frames of the lead frame strip.
* 2 2 & 9
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