
WO 2004/068562 PCT/SG2003/000018  Packaging Integrated
Circuits Field of the invention The present invention
relates to methods for packaging integrated circuits,
to  an integrated circuit packaging system, and to an
apparatus which is part of  5 the system. Background
of Invention It is conventional to "package"
integrated circuits by embedding them in a  resin
material with electrical connections between
electrical contacts of the  integrated circuit and
leads extending outside the resin material. This is 10
usually performed using lead frames I having the
general form shown in Fig.  1. The leadframe 1
consists of multiple die pads 3, electrical leads 5
support  structures 7 and indexing portions 9. The
indexing portions 9 include indexing  holes 15. The
leadframes are supplied as a reel in which the
leadframe 1 is  wound around an axis of the reel. As
shown in Fig. 1, the electrical leads in 15 sets of
three leads per die pad, with a first lead connected
to the  corresponding die pad, and two lead to either
side of that first lead, However,  many other forms of
lead frame are known having different numbers of leads
per die pad and different configurations. The
integrated circuits are packaged using the following
steps, which are  20 given in the flow diagram of Fig.
2 and performed by a system as shown in  Fig. 3.
Firstly, the leadframe 1 is unwound from the reel 13,
passed through the die  bonder 31 and then wound onto
another reel 17. In the die bonder 31  respective
integrated circuits are placed onto the areas 11 shown
dashed in 25 Fig. I and bonded in that position to the
three electrical leads 5 associated  



with the die pad 3 (step 21). Note that in other forms
of the leadframe the WO 2004/068562 PCT/SG2003/000018
2 integrated circuit can be bonded in different
positions depending on the  packaging/application
requirement. Then, the reel 17 is transferred to the
inlet of a wire bonder 33, and the  indexing portions
9 are unwound from the reel 17, and passed through the
5 wire bonder 33. There the contacts on the integrated
circuit are electrically  connected to respective die
pads 3 by a wire bonding process (step 23). Then the
lead frame 1 passes on to a moulding system 35 where a
resin body  is moulded around the integrated circuit
(step 25) leaving the electrical leads 5  projecting
out of the body. The moulding can be performed by a
"multi 10 plunger" operation, i.e. by a machine having
many plungers ("multi-plungers")  to transfer or
inject melted resin into mold cavities and to cover
and  encapsulate the die and wires, so as to protect
them. The indexing portions 9  (which are still
connected to the rest of leadframe 1) are then wound
onto a  third reel 18. 15 The reel 18 is transferred
to the inlet of a galvanic apparatus 37, and the
leadframe 1 passes into the galvanic apparatus 37
where a galvanic process  (step 27) is carried out to
clean resin flashes, all contamination on the
leadframe I and then plate a layer of solder on the
leadframe 1. The  leadframe 1 is then wound onto a
fourth reel 20. 20 Finally, the reel 20 is transferred
to the inlet of a trimming, forming and testing
machine 39, and the leadframe 1 passes into the
trimming, forming and  testing apparatus machine 39.
There an operation (step 29) is carried out in  which
the leads 5 are cut in an intermediate location
indicated by the dashed  



lines 19 in Fig. 1. This leaves each die portion 3
connected to one or more 25 lead portions 14 extending
outside of the resin body as shown in Fig. 4.  Testing
operations are then carried out. WO 2004/068562
PCT/SG2003/000018  3 Thus, it is clear that only a
small proportion of the lead frame material shown  in
Fig. 1 is actually used in the packaged circuit. The
remaining material of the  leadframe 1 is scapped.
Furthermore, many winding and unwinding  operations
are needed. Operators also have to transfer the heavy
reels 13, 5 17, 18, 20 between the various machines.
Racks have been created to hold  the reels as they are
transferred between the machines, but these consume
production space, which further contributes to the
production cost. Summary of the Invention The present
invention aims to provide new and useful packaging
methods,  10 and systems and apparatus for performing
the methods. In general terms, the present invention
proposes that a conveyor is provided  for carrying the
integrated circuits between at least some of the
processing  steps, at least up to the end of the
moulding process. The integrated circuits 15 and
leadframe elements comprising die pads and leads are
attached to the  conveyor at an initial position. When
the processed integrated circuits are  removed from
the conveyor, the conveyor is returned to the start of
the  process, to be attached to other integrated
circuits and leadframe elements.  Since the conveyor
returns to the start of the process, rather than being
20 discarded, material may be saved. In particular, in
comparison to the known  method described above, the
wastage of much of the lead frame material of  the
lead frame may be avoided. 



Preferably the conveyor is an endless conveyor passing
through a plurality of  the processing stages. Thus,
no winding of the conveyor onto a reel is  25
required. The conveyor may be formed with pockets for
receiving the leadframe  elements. It preferably
includes indexing holes. WO 2004/068562
PCT/SG2003/000018  4 The invention may be expressed as
a method for packaging integrated  circuits, or in
terms of a packaging system including the conveyor.
Furthermore, in alternative expression, the invention
provides an apparatus  for locating the integrated
circuits and leadframe elements on the conveyor. 5
Brief Description of The Figures Preferred features of
the invention will now be described, for the sake of
illustration only, with reference to the following
figures in which: Fig. I shows a conventional lead
frame; Fig. 2 shows the steps of a known packaging
method using the lead  10 frame of Fig. 1; Fig. 3
shows a known packaging system for performing the
method of  Fig. 2; Fig. 4 shows a die pad and lead
portions after they are cut from the  remainder of the
lead frame by the process of Fig. 2; 15 Fig. 5, which
is composed of Figs. 5(a) to 5(c), shows various lead
frame elements suitable for use in a method which is
an embodiment  according to the invention; Fig. 6
shows a conveyor for use in the method of Fig. 6; Fig.
7 shows the steps of the packaging method of Fig. 5;
and 



20 Fig. 8 shows a packaging system which is an
embodiment of the  invention. Detailed Description of
the embodiments 25 A packaging method which is an
embodiment of the invention will now be  described.
Referring to Fig. 5, the embodiment of the invention
employs lead  frame elements 51 made up of die pads 53
and leads 55. The lead frame  element 51 is in fact
similar to what is shown in Fig. 4: the remains of the
lead  frame 1 of Fig. 1 when the portions outside the
dashed lines 9 are removed. WO 2004/068562
PCT/SG2003/000018  5 There is one lead frame element
for each die pad of the integrated circuit. The  lead
frame element 51 shown in Fig. 5(a) includes a region
56 which is used  for accurate placing purposes. This
is removed subsequently during a  trimming/singulation
step (see below), or in a forming and testing step
(see 5 below). Note that this is not the only form of
lead frame element to which the present  invention is
applicable. Fig. 5(b) shows a second suitable
leadframe element  57. Elements of the lead frame
element 57 of Fig. 5(b) corresponding to those  10 of
Fig. 5(a) are given the same reference numerals. In
use two dies are located on the two respective die
pads 53. Removal of the central portion 56  of the
leadframe element removes the electrical connection
between these  integrated circuits. 15 Fig. 5(c) shows
a third suitable form of leadframe element, again
using the  same reference numerals as in Fig. 5(a) to
label corresponding items. In this  case the region 56
is rectangular and connects four die pads 53 and
corresponding sets of leads 55. 



20 Which design of lead frame element is used depends
upon the application,  and factors such as cost. For
example, the leadframe of Fig. 5(b) results in  less
wasted material than the Ieadframe of Fig. 5(c).
Turning to Fig. 6, the conveyor 60 of the embodiment
is shown. It includes  25 indexing holes 61 and
pockets 63 for receiving lead frame elements 51 as
shown in Fig. 5. The pockets 63 are arranged in a
pattern such that the die  elements 53 are correctly
positioned in relation to each other for sets of die
elements to be connected later (as described below) to
respective integrated  circuits. The conveyor 60 is
made of high toughness, and high temperature 30 and
wear resistant material. The pockets preferably have a
shape and depth WO 2004/068562 PCT/SG2003/000018  6
such that they can hold the Ieadframe elements firmly
until the singulation. For  example, the pockets 63
shown in Fig. 6 are intended for receiving a
Ieadframe element such as the leadframe element 51 of
Fig. 5(a). However, in  the case that the carrier was
intended to receive leadframe elements as 5 shown in
Fig. 5(b), some or all of the pockets might be formed
with the shape  shown as 671 in Fig. 6, and a
different shape still could be chosen for the
leadframe elements of Fig. 5(c). A skilled person has
no difficulty constructing  suitable pockets for a
given lead frame. 10 The steps of the packaging method
are shown in Fig. 7, and the  corresponding
arrangement of the packaging system is shown in Fig.
8. The  conveyor 60 runs between a plurality of
processing apparatuses (explained  below). Adjustable
buffers 82 may be included to take up slack in the
conveyor 60 as required. These may have a similar
design to buffers which  15 are known for handling
conventional leadframes. 



In a first step (step 71) lead frame elements 51 are
placed into the pockets 63  of the conveyor by a lead
frame element attachment apparatus 81. Once the
attachment apparatus has placed a lead frame element
on the conveyor is 20' may optionally activate a
respective clip mounted on the conveyor to hold the
lead frame element firmly during the subsequent
processing steps until the  clip is deactivated, for
example at the singulation stage (see below). the  The
conveyor 60 then brings the lead frame elements 51 to
a die bonder 25 apparatus 83, which can be of the same
form as the die bonder apparatus 31  of Fig. 3. At
this point the integrated circuit is attached (step
72) to the die pad  53 at a location suitable for the
contacts on the integrated circuit to be  connected to
corresponding leads 55 on the lead frame elements 51.
WO 2004/068562 PCT/SG2003/000018  7 The conveyor 60
then carries the integrated circuits and lead frame
elements  51 to a wire bonder apparatus 85, which may
be of the same form as the wire  bonder apparatus 33
of Fig. 3, and where the die pads 53 are wire bonded
to  the corresponding pads of the integrated circuits
(step 73). 5 The conveyor 60 then carries the
integrated circuits and lead frame elements  61 to a
moulding apparatus 87, which may be of the same form
as the  moulding apparatus 35 of Fig. 3, and where a
resin body is formed around the  integrated circuits
and lead frame elements 61, leaving a portion of the
leads 10 55 projecting out of the resin body (step
74). The conveyor 60 then carries the resin bodies to
a singulation apparatus 89  where the resin bodies are
singulated (step 75) to form packages, and the
packages are removed from the conveyor 60. After this
step, the resin bodies 



15 no longer require the conveyor 60 because the
integrated circuits and wire  bonds are protected by
the resin, and the conveyor 60 passes back to the
start of the process. The singulated resin bodies
(packages) are then collected and placed (e.g.  20
dropped) into a cheaper and lighter container 90 (step
76), and the container  90 is dipped into a galvanic
apparatus 88, which may have a structure similar  to
that of the galvanic apparatus 37 of Fig. 3. Finally,
the container 90 which transfers the resin bodies to a
forming and  25 testing apparatus 89, which may have
much the same structure as a known  forming and
testing apparatus (which in some conventional systems
replaces  the apparatus 39 of Fig. 3) adapted to
receive resin bodies tipped into a  vibrator bowl. The
apparatus 89 performs a forming and testing step (step
78)  but with no requirement for a trimming step,
since the leads 65 are already of 30 the correct
length, and the packaging operation is complete. WO
2004/068562 PCT/SG2003/000018  8  Claims 1. A process
for packaging integrated circuits comprising: (i)
attaching a plurality of lead frame elements to a
conveyor, the lead  frame elements each including at
least one die pad and at least one  5 electrically
conductive lead for each die pad; (ii) attaching
integrated circuits to the lead frame elements; (iii)
electrically connecting contacts of the integrated
circuit to  corresponding die pads; (iv) moulding a
resin body around each integrated circuit and the  10
corresponding die pads leaving at least a portion of
the corresponding leads  



exposed; and (v) removing the resin bodies from the
conveyor and returning the  conveyor to be used at
least once more in steps (i) to (iv). 2. A method
according to claim 1 further including, before step
(v), a step  15 of singulating a plurality of the
resin bodies. 3. A method according to claim 1 or
claim 2 including further processing  steps performed
after the resin bodies are removed from the conveyor.
4. A method according to claim 3 in which the further
processing steps  include one or more of a galvanic
process, a trimming process, and a testing  20
process. 5. A method according to any preceding claim
in which the conveyor is an  endless loop extending
through locations in which steps (i) to (v) are
repeated  for successive integrated circuits. WO
2004/068562 PCT/SG2003/000018  9 6. A method according
to any preceding claim in which the conveyor  includes
pockets for receiving the respective lead frame
elements. 7. A system for packaging integrated
circuits, the system comprising:  a conveyor; 5 a lead
frame element attachment device for attaching a
plurality of lead  frame elements to a conveyor, the
lead frame elements each including at  least one die
pad and at least one electrically conductive lead for
each die  pad; a die bonding device for attaching
integrated circuits to the conveyor; 10 a wire bonding
device for electrically connecting contacts of the
integrated circuit to corresponding die pads; 



a moulding device for moulding a resin body around
each integrated  circuit and the corresponding die
pads leaving at least a portion of the  corresponding
leads exposed; and 15 drive means for driving the
conveyor repeatedly between the lead  frame attachment
device, the die bonding device, the wire bonding
device and  the molding device. 8. A packaging system
according to claim 7 in which the conveyor device  is
an endless loop extending between the lead frame
element attachment  20 device, the die bonding device,
the wire bonding device and the moulding  device. 9. A
packaging system according to claim 7 or claim 8 in
which the  conveyor includes pockets for receiving the
lead frame elements. WO 2004/068562 PCT/SG2003/000018
10 10. A packaging system further including means for
separating the resin  bodies from the conveyor and
transporting them to further processing steps.  11. A
lead frame element attachment device suitable for use
in a system  according to any of claims 7 to 10. 


