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SUBSTRATES AT DIE ATTACH PCT/US0l/20100 FIELD OF THE INVENTTON The present
invention relates to an apparatus for clamping substrates during a
semiconductor 5 die attach process. The present invention has particular
applicability in die bonding semiconductor devices to thin laminated
substrates. BACKGROUND ART Certain conventional fine-pitched ball grid
array (FBGA) packaging schemes for semiconductor devices employ a
substantially flat, rigid, mufti-layer laminated substrate comprising 10
gold tracers embedded in an organic resin, such as bismaleamide triazine
("BT resin"). Bare semiconductor devices, known as "dies", are attached to
the substrate with epoxy, such as in a stacked die configuration, in a
process known as "die bonding". Wires are attached between the dies and the
substrate in a wire bonding operation, and the dies are then encapsulated,
as by molding. Solder balls are thereafter attached to bonding pads. on the
underside of the substrate, and the 15 packaged devices are singulated,
tested and marked During the die bonding operation, a die is picked up,
typically by an automatic pick andpiace die bonding head, and placed in a
precise location on the substrate using a relatively small amount of
pressure (e.g., about 150-200 grams). The die bonding operation requires
the substrate to be heated to about l00-l75 degrees Centigrade. Heating is
typically performed via a heater block in 20 the bed of the die bonding
machine before and during die bonding. However, the substrate, typically
formed as a strip about 5mm wide and about 190 mm long, tends to warp at
the elevated die bonding temperature, preventing precise positioning of the
die on the substrate. This imprecise die positioning results in lower
yields and increased production costs. Conventional die bonders use vacuum
to hold the substrate down against the bed and the heater 25 block, but the
substrate typically detaches from the vacuum holes in the bed when it
warps. Thus, the use of vacuum to hold down the substrate is not effective
to reliably prevent substrate warpage. There exists a need for a die
bonding apparatus for assembling thin substrate packages without substrate
warpage, thereby reducing manufacturing costs and increasing production
throughput. ., 30 DISCLOSURE OF THE INVENTION An advantage of the present
invention is a die bonding apparatus that prevents warpage of substrates
before and during the die bonding procedure.   D 1 ~~C ~2~04 . WO 02/01612
PCT/US01/20100 Additional advantages and other features of the present
invention will be set forth in pare in the description which follows and in
part will become apparent to those having ordinary skill in the art upon
examination of the following or may be learned from the practice of the
invention. The advantages of the invention may be realized and obtained as
particularly pointed out in the appended 5 claims. According to the present
invention, the foregoing and other advantages are achieved in part by a
clamp for clamping a substantially flat substrate to a bed of a processing
machine, the clamp ' comprising a clamp body; a plurality of rollers for
contacting a pair of opposing outer edges of the substrate and allowing the
substrate to move along a longitudinal axis of the bed when the substrate
10 is clamped to the bed; and a plurality of resilient fingers, each finger
being attached to the clamp body and one of the rollers, for urging fine
roller against the substrate to prevent warpage of the substrate.
Additional advantages of the present invention will become readily apparent
to those skilled in this art from the following detailed description,
wherein only the preferred embodiment of the 15 present invention is shown
and described, simply by way of illustration of the best mode contemplated
for carrying out the present invention. As will be realized, the present
invention is capable of other and different embodiments, and its several
details are capable of modifications in various obvious respects, all
without departing from the invention. Accordingly, the drawings and
description are to be regarded as illustrative in nature, and not as
restrictive. 20 BRIEF DESCRIPTION OF THE DRAWINGS 



Reference is made to the attached drawings, wherein elements having the
same reference numeral designations represent Iike elements throughout, and
wherein: Figure lA is a top view of an apparatus according to an embodiment
of the present invention. 25 Figure 1B is a side view of an apparatus
according to an embodiment of the present invention. MODES FOR CARRYING OUT
THE INVENTION Conventional methodologies for die bonding to relatively thin
laminated substrates, such as organic FBGA substrates, result in warping of
the substrate when the substrate is heated prior to and 30 during the die
bonding process, causing inaccurate die placement, which increases the cost
of the finished device and reduces manufacturing yield. The present
invention addresses and solves these problems stemming from conventional
package assembly processes. According to the methodology of the present
invention, a substrate is mechanically clamped to a heater block of a die
bonder to hold down the heated substrate before and during the die bonding
2   D 1 ~~C 2004 WO 02/01612 PCT/USOl/20100 operation, thereby preventing
warpage of the substrate. In one embodiment of the present invention, a
clamp is provided comprising a plurality of spring-loaded rollers which
push down opposing outer edges of the substrate onto the heater block while
the substrate is being heated and die bonded. The clamp minimizes waxpage
of the substrate by pushing the substrate flat onto the heater block, and 5
allows the substrate to be moved into and away from the die bonding area. A
die bonding apparatus according to au embodiment of the invention is
illustrated in Figs. lA-1B. The die bonding apparatus l00 comprises a bed
I05 for supporting a substrate S, such as a laminated substrate comprising
organic resin (e.g., BT resin) for FBGA packages. Substrate S includes an
array of sites where dies are to be attached, which sites are indicated in
Fig. lA by cross 10 hatching. Bed 105 comprises a conventional heater block
110, such as an electric resistance heater, for conductively heating
substrate S to a die bonding temperature; for example; about I00 degrees
Centigrade to about l75 degrees Centigrade. Substrate S is moved along the
longitudinal axis of bed 105 in the direction of arrow A using indexing
clamps I55 of a conventional indexing mechanism (not shown), from a bed
input portion 105a where it is preheated, to a die bonding portion I05b 15
where semiconductor devices (not shown) are die bonded by a die bonding
head I50, to an output portion 105c after attachment of the semiconductor
devices. Die bonder i00 also comprises a clamp 115 for clamping substrate S
to bed 105 to prevent substrate S from warping when heated by heater block
110. Clamp 1 I5 comprises a clamp body, shown in Figs. IA and 1B as a pair
of branches I20, I25 extending across the width of substrate S 20 above
substrate S, and typically comprising metal such as steel. Branches 120,
I25 are fixedly attached to bed 105, as by bolts B 1. Resilient fingers
130,135, such as strips of spring steel, are attached to branches 120,125
by bolts B2. Rollers l40, such as ball bearing rollers; are attached to
ends of fingers I30, 135 via blocks I45 and bolts B3. Rollers 140 contact
the edges of substrate S and allow substrate S to be moved along the
longitudinal axis of bed 105 by indexing clamps l50, 25 while forgers 130,
135 urge rollers 140 against substrate S to prevent warpage of substrate S.
Two rollers 14U are carried by branch 120 proximal to input portion I05a of
bed 105. Four rollers 140 are preferably carried by branch I25 proximal to
output portion 105c, to ensure that substrate S does not curl and contact
branch 125 after the semiconductor devices are bonded to it. In other
words, the four rollers 140 of branch 125 maintain a clearance between the
bonded semiconductor devices and 30 branch l25 of the clamp body. 



Die bonder 100 cau also include a conventional vacuum system comprising
vacuum passages 160 in bed 105, and vacuum pump 165. Clamp 115 allows
substrate S to remain flat on heater block 110 without warpage, thereby
enabling the vacuum system to securely hold substrate S in position during
die bonding. 35 The present invention enables semiconductor dies to be
precisely placed on substrate S for bonding. Precise die placement is
especially advantageous in the assembly of stacked die package   D 1 ~~C
?~04 WO 02/0l612 PCT/USOl/20100 structures, where a lower die is bonded to
substrate S and an upper die is bonded to the lower die, then wire bonds
are formed from the dies to the substrate. In prior art methodology, due to
imprecise die placement relative to the substrate, the upper and lower
dies, which have wire bonding pads on two opposing edges of their top
surfaces, must be stacked oriented 90 degrees apart.. Thus, 5 wire bonds
must be attached to four sides of the die stack. Thus requires a substrate
with four layers of wiring, since the tracers inside the substrate need to
be routed so they do not contact each other. The precise die placement of
the present invention enables the two dies to be stacked on top of each
other oriented in the same direction, therefore requiring wire bonds to be
attached to only two sides of the die stack, and enabling the use of
simpler, less expensive substrates with only two layers of 10 wiring. The
present invention is applicable to the manufacture of various types of
semiconductor packages where it is desired to prevent a heated substrate
from warping. The present invention can be practiced by employing
conventional materials, methodology and equipment. Accordingly, the details
of such materials, equipment and methodology are not set 15 forth herein in
detail. In the previous descriptions, numerous specific details are set
forth, such as specific materials, structures, chemicals, processes, etc.,
in order to provide a thorough understanding of the present invention.
However, it should be recognized that the present invention can be
practiced without resorting to the details specifically set forth. In other
instances, well known processing structures have not been described in
detail, in order not to unnecessarily obscure the 20 present invention.
Only the preferred embodiment of the present invention and but a few
examples of its versatility are shown and described in the present
disclosure. It is to be understood that the present invention is capable of
use in various other combinations and environments and is capable of
changes or modifications within the scope of the inventive concept as
expressed herein. 25 4   0 1 ~~C 2004 Replacement page 3 0 NOV 2004 CLAIMS:
1. An apparatus ( 100) for die bonding a semiconductor device to a
substantially flat substrate (S), the apparatus comprising: 5 a bed (l05)
for supporting the substrate (S); a heater block (110) in the bed (105) for
heating the substrate (S); and a clamp for clamping the substrate (S) to
the bed (105) while the substrate (S) moves along a longitudinal axis of
the bed (l05), the clamp including: 



10 a clamp body having a plurality of branches G120, l25) each branch (l20,
l25) extending across and above a width of the substrate (S) in a direction
normal to the longitudinal axis of the bed (l05) and having an end fixedly
attached to an end of the bed (105); a plurality of rollers ( 140) above
the substrate (S) for contacting a pair 15 of opposing outer edges of the
substrate (S), and a plurality of resilient fingers (l30, 135), each forger
being attached to the clamp body and one of the rollers (140) for urging
the roller (140) against the substrate (S) while the substrate (S) moves
along the longitudinal axis of the bed ( 105), preventing the substrate (S)
from warping when the substrate (S) 20 . is heated by the heater block (
110) 2. An apparatus as claimed in claim 1; wherein the substrate (S)
comprises an organic material, and the heater block (110) is for heating
the substrate (S) to between about 100C to about 17SC. 25 3. An apparatus
as claimed in claim 1 or claim 2, further comprising a vacuum system for
holding the substrate (S) to the bed (105). 4. An apparatus as claimed in
claim l, 2 or 3, wherein the rollers (l40) comprise 30 ball bearings. 5
01 L~~C 2004 Replacement page 3 0 NOV ZOD4. 5. An apparatus as claimed in
any one of claims 1 to 4, wherein the forgers (130, 135) comprise spring
steel. 6. An apparatus as claimed in any preceding claim, wherein at least
two of the 5 rollers (140) are associated with each branch (l20, l25). 7.
An apparatus as claimed in any preceding claim, wherein the bed (105)
comprises an input portion (105a), a die bonding portion (105b) and an
output portion (105c), the apparatus further comprising: 10 a die bonding
head located at the die bonding portion (105b) for attaching the
semiconductor device to the substrate (S); wherein the substrate (S) is
moved from the input portion (105a) of the bed (10S) to the die bonding
portion (105b) of the bed (105) for attachment of the semiconductor device,
and the substrate (S) is moved from the die bonding portion 15 (105b) to
the output portion (105c) of the bed (l05) after the semiconductor device
is 



attached to the substrate (S); wherein a first branch ( 120) of the clamp
body is proximal to the input portion (105c), and a second branch (l25) of
the clamp body is proximal to the output portion (105c); and 20 wherein a
portion of the plurality of rollers ( 140) are attached to the second
branch (125) of the clamp body for maintaining a clearance between the
semiconductor device and the clamp body. 8. An apparatus as claimed in any
preceding claim, wherein the plurality of 25 rollers (140) comprises six
rollers; and wherein two of the rollers are associated with a first one of
the branches (120), and four of the rollers are associated with a second
one of the branches ( 125). 9. A clamp for clamping a substantially flat
substrate (S) to a bed ( 105) of a 30 processing machine, the clamp
comprising: 6   01 ~~~ 2004 Repiace~ rent pale 3 o Nou Zoo4 a clamp body (
120, i 25 ) having a plurality of branches ( 120), each branch (120)
extending across and above a width of the substrate (S) in a direction
normal to the longitudinal axis of the bed ( 1 OS) and having an end
fixedly attached to an end of the bed (105); 5 a plurality of rollers (
140) above the substrate (S) for contacting a pair of opposing outer edges
of the substrate (S), and a plurality of resilient fingers (130, 135), each
forger being attached to the clamp body ( 120, 125) and one of the rollers
( 140) for urging the roller ( 140) against the substrate (S) while the
substrate (S) moves along the longitudinal axis of the bed 10 (l05),
preventing the substrate (S) from warping when the substrate (S) is heated
by the heater block (110). 7 .AHE.A.Ay.A.A!r.A&r.AFr P_bq%G
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