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(57) ABSTRACT 

Methods are provided for separating microcircuit dies from 
a Wafer, Which includes microcircuit dies containing com 
ponentry on a circuit side thereof and streets separating the 
dies from each other. A ?rst Wafer mount ?lm is af?xed to 
the circuit side of the Wafer, and the dies are detached along 
the streets With the circuit side of the Wafer ?xed to the ?rst 
Wafer mount ?lm, thereby forming a divided Wafer. A 
second Wafer mount ?lm is ?xed to the back side of the 
divided Wafer, and the ?rst Wafer mount ?lm is removed 
from the divided Wafer so that the dies remain ?xed to the 
second Wafer mount ?lm With their circuit sides exposed. 
The second Wafer mount ?lm preferably has greater adhe 
sion to the divided Wafer than the ?rst Wafer mount ?lm 
When the ?rst Wafer mount ?lm is removed from the divided 
Wafer. The ?rst Wafer mount ?lm may comprise a protective 
?lm having holes aligned With fragile components on the 
dies and a cover ?lm that covers the holes. The protective 
?lm may be an ultraviolet-curable ?lm that exhibits reduced 
adhesion to the divided Wafer after exposure to ultraviolet 
radiation. 

25 Claims, 7 Drawing Sheets 
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FIG. 1A 
(PRIOR ART) 

FIG‘. 7B 
(PRIOR ART) 
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METHODS FOR SEPARATING 
MICROCIRCUIT DIES FROM WAFERS 

FIELD OF THE INVENTION 

This invention relates to processing of semiconductor 
Wafers and, more particularly, to methods for separating 
microcircuit dies from a Wafer containing a plurality of dies. 
The invention is particularly useful in processing of Wafers 
containing fragile micromechanical devices, but is not lim 
ited to such use. 

BACKGROUND OF THE INVENTION 

In the fabrication of microchips for use in the electronics 
and computer industries, a Wafer typically comprises a 
plurality of individual dies, or chips, arranged in a grid 
pattern. The portions of the Wafer betWeen the individual 
dies are termed “streets.” FIGS. 1A and 1B illustrate an 
exemplary Wafer 10. FIG. 1A is a plan vieW of a Wafer, and 
FIG. 1B is an enlarged vieW of section 1B in FIG. 1A. 
Reference numerals 14 denote individual dies, and reference 
numerals 12 denote the streets separating the individual dies 
14. Streets 12 are areas of the Wafer Where no componentry 
has been placed and Which de?ne the boundaries of each 
individual die 14. The integrated circuitry and other com 
ponentry appears on only one side, e.g., front side 15, of the 
Wafer. The back side (not shoWn in FIGS. 1A and 1B) has 
no circuitry or other componentry. The individual dies 14 
comprising a Wafer are removed from the Wafer by saWing 
through the Wafer along all of the streets, thus physically 
separating the Wafer in both axes into the individual dies. 

Semiconductor devices incorporating microstructures, 
also knoWn as micromechanical devices, With moving parts 
have been disclosed in the prior art. US. Pat. No. 5,345,824, 
issued Sep. 13, 1994 to Sherman et al., discloses a mono 
lithic accelerometer. US. Pat. No. 5,326,726, issued Jul. 5, 
1994 to Tsang et al., discloses a method for fabricating a 
monolithic chip containing integrated circuitry and a sus 
pended microstructure. These patents disclose a suspended 
microstructure for sensing accelerative forces and integrated 
circuitry for resolving the signal from the sensor into a 
useful output. The sensor is a variable capacitance capacitor, 
the capacitance of Which changes responsive to acceleration. 
One node of the capacitor comprises a polysilicon bridge 
suspended above the substrate on a series of posts. The 
polysilicon bridge comprises a suspended longitudinal beam 
having a plurality of ?ngers extending transversely there 
from. For each beam ?nger, there is a corresponding sta 
tionary ?nger positioned parallel and in close proximity 
thereto. The stationary ?ngers comprise the other node of the 
capacitor. The bridge and all of the ?ngers are electrically 
conductive. The bridge, including the beam ?ngers, is 
charged to a different voltage than the stationary ?ngers. The 
polysilicon is resilient such that the bridge, comprising the 
?ngers, sWays under accelerative force such that the spacing 
betWeen the beam ?ngers and the stationary ?ngers, and thus 
the capacitance of the sensor, changes. The capacitance 
signal from the sensor is fed to the resolving circuitry on the 
same substrate, Which creates an output signal indicative of 
the magnitude of the accelerative force. 
When a monolithic accelerometer chip is fabricated, the 

integrated circuitry on the chip is coated With passivation to 
protect it. HoWever, the microstructure cannot the 
passivated, since it must be able to move freely. Typically, 
the microstructure is positioned essentially in the center of 
the microchip. Due to the fact that the microstructure is 
comprised of extremely small polysilicon elements, and the 
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2 
fact that it is not coated With passivation, the microstructure 
is extremely fragile. Accordingly, great care must be taken 
during fabrication, up to and including the ?nal packaging 
steps, not to damage the microstructure. If a Wafer including 
a set of monolithic accelerometer dies Was passed through 
the standard die separation process, the microstructures 
Would be destroyed. The Water jet spray used in the saWing 
process Would destroy the microstructures. If any micro 
structures survived the Water spray during the saWing 
operation, they Would be destroyed during the subsequent 
spraying and brushing in the cleaning operation. Further, if 
any microstructures survived those tWo steps, they Would be 
likely to be destroyed in the pick-and-place station by the 
vacuum equipped arm Which picks up the dies and places 
them in the grid carrier. 
A process for separating circuit dies from a Wafer, Which 

may include fragile microstructures, is disclosed in US. Pat. 
No. 5,362,681, issued Nov. 8, 1994 to Roberts, Jr. et al. In 
the disclosed process, the Wafer is placed circuit side doWn 
on a Wafer mount ?lm having holes that correspond to the 
locations of the microstructures. The Wafer is saWn upside 
doWn While it is attached to the Wafer mount ?lm. After 
saWing, the dies are removed from the ?lm one at a time in 
a process Where blunt needles push on the circuit side of the 
die to lift it from the ?lm, While a vacuum tool pulls on the 
back side. The individual die is ?ipped over and is placed, 
circuit side up, on a second Wafer mount ?lm. This process 
is repeated for each die in the saWn Wafer. 
The disclosed process is generally satisfactory, but has 

certain disadvantages. The post-saW part of the process 
requires a signi?cant amount of custom equipment, and the 
removal of the dies one at a time from the ?rst Wafer mount 
?lm can be a lengthy process during Which the dies are 
susceptible to particulate contamination and damage. For 
example, the dies may be damaged by the blunt needles. A 
trend in micromechanical devices is toWard smaller dies and 
a larger number of dies on each Wafer. As dies become 
smaller, the margin of error in removing the dies from the 
?rst Wafer mount ?lm is smaller. Furthermore, more time is 
required per Wafer to transfer the dies one at a time. 

Accordingly, there is a need for improved methods for 
separating microcircuit dies from Wafers, Which have loW 
probability of damaging the dies, Which have loW risk of 
contamination of the dies, and Which provide high through 
put. 

SUMMARY OF THE INVENTION 

According to a ?rst aspect of the invention, a method is 
provided for separating microcircuit dies from a Wafer. The 
Wafer comprises a plurality of dies, each containing com 
ponentry on a circuit side thereof and streets separating the 
dies from each other. The method comprises the steps of 
?xing the circuit side of the Wafer to a ?rst Wafer mount ?lm, 
detaching the dies from the other dies on the Wafer, typically 
by saWing the Wafer along the streets, With the circuit side 
of the Wafer ?xed to the ?rst Wafer mount ?lm, thereby 
forming a divided Wafer, ?xing a second Wafer mount ?lm 
to the back side of the divided Wafer, and removing the ?rst 
Wafer mount ?lm from the divided Wafer, so that the dies 
remain ?xed to the second Wafer mount ?lm With their 
circuit sides exposed. 
The second Wafer mount ?lm preferably has greater 

adhesion to the divided Wafer than the ?rst Wafer mount ?lm 
When the ?rst Wafer mount ?lm is removed from the divided 
Wafer, so that the ?rst Wafer mount ?lm is removed from the 
divided Wafer Without removing the second Wafer mount 
?lm from the divided Wafer. 
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In one embodiment, the ?rst Wafer mount ?lm comprises 
a protective ?lm having holes aligned With the fragile 
components on the dies and a cover ?lm that covers the 
holes. The step of ?xing the circuit side of the Wafer to the 
?rst Wafer mount ?lm may comprise ?xing the circuit side 
of the Wafer to one side of the protective ?lm With the holes 
in alignment With the fragile component of each of the dies, 
and ?xing the cover ?lm to the other side of the protective 
?lm. 

The protective ?lm may comprise an ultraviolet-curable 
?lm. The ultraviolet-curable ?lm is irradiated With ultravio 
let radiation after detaching the dies so as to reduce the 
adhesion of the protective ?lm to the divided Wafer. 

According to another aspect of the invention, a method is 
provided for separating microcircuit dies from a Wafer. The 
Wafer comprises a plurality of dies, each containing com 
ponentry on a circuit side thereof and streets separating the 
dies from each other. The method comprises the steps of 
forming clearance holes in a protective ?lm, each of the 
clearance holes having a siZe corresponding to a fragile 
component on the microcircuit dies, ?xing the circuit side of 
the Wafer to one side of the protective ?lm and adhering a 
cover ?lm to the other side of the protective ?lm. The dies 
are detached from the other dies on the Wafer, typically by 
saWing the Wafer along the streets. A second Wafer mount 
?lm is then ?xed to the back side of the divided Wafer, and 
the protective ?lm and the cover ?lm are removed from the 
circuit side of the divided Wafer, so that the dies remain ?xed 
to the second Wafer mount ?lm With their circuit sides 
exposed. 
As indicated above, the protective ?lm may comprise an 

ultraviolet-curable ?lm. A release tape may be affixed to the 
ultraviolet-curable ?lm prior to the step of forming clearance 
holes in the protective ?lm. The release tape is removed 
from the ultraviolet-curable ?lm after the step of forming 
clearance holes. The release tape reduces the risk of the 
protective ?lm adhering to the punching tool. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the present invention, ref 
erence is made to the accompanying draWings, Which are 
incorporated herein by reference and in Which: 

FIG. 1A is a plan vieW of the front or circuit side of an 
exemplary Wafer comprising a plurality of dies; 

FIG. 1B is a plan vieW of section 1B of the Wafer shoWn 
in FIG. 1A; 

FIG. 2 is a plan vieW of a ?lm frame bearing a protective 
?lm after it has been processed through a hole punching 
station; 

FIG. 3 is a plan vieW of the ?lm frame assembly of FIG. 
2 having a Wafer mounted thereto With the circuit side facing 
the protective ?lm; 

FIG. 4 is a partial cross-sectional vieW of a Wafer having 
a ?rst Wafer mount ?lm ?xed to the circuit side thereof; 

FIG. 5 is a partial cross-sectional vieW of the Wafer shoWn 
in FIG. 4 after saWing; 

FIG. 6 is a partial cross-sectional vieW of the saWn Wafer 
of FIG. 5 having a second Wafer mount ?lm ?xed to the back 
side thereof; 

FIG. 7 is a partial cross-sectional vieW of the saWn Wafer 
of FIG. 6 With the ?rst Wafer mount ?lm removed and the 
circuit side of the dies facing upWardly; 

FIG. 8 is a partial cross-sectional vieW of the ?rst Wafer 
mount ?lm, illustrating an example of the hole punching 
process; and 
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4 
FIG. 9 is a How diagram of a method for separating 

microcircuit dies from Wafers in accordance With an 
embodiment of the invention. 

DETAILED DESCRIPTION 

The process of the present invention is described With 
reference to a Wafer comprising monolithic accelerometer 
dies as described above and in the above-identi?ed patents 
incorporated herein. It Will be understood hoWever, that the 
process described herein can be applied to other microcircuit 
dies. The process is particularly useful When applied to 
microcircuit dies having microstructures, or micromechani 
cal devices, but is not limited to such applications. 

FIG. 2 shoWs an example of a ?lm frame 16 for use in the 
process of the present invention. The ?lm frame 16 is a thin 
frame constructed, for example, of a metal or plastic and 
de?ning a generally circular opening having a perimeter 20. 
Aprotective ?lm 26 is mounted to the frame. The protective 
?lm 26 is coated With an adhesive on one side Which causes 
the ?lm 26 to adhere to the surface 24 of ?lm frame 16 and 
to a Wafer. The protective ?lm 26 and the ?lm frame 16 
constitute a ?lm frame assembly. 
The ?lm frame assembly is placed on a pallet in a hole 

punch station. The punching station comprises a punch 
assembly for punching holes 28 in protective ?lm 26. The 
punching station is programmed to punch holes 28 in the 
?lm in a programmable predetermined pattern correspond 
ing to the relative positions of the fragile components, 
typically microstructures, on the Wafer. The punch is 
selected to punch holes of a siZe slightly larger than the 
microstructures. When a Wafer is ?xed to the ?lm frame 
assembly, it is crucial to align the Wafer With the holes such 
that the holes are aligned With the microstructures. 

Additional alignment holes 30a and 30b are punched in 
the protective ?lm 26 such that they are located beyond the 
perimeter of the Wafer When the Wafer is adhered to the ?lm. 
Alignment holes 30a de?ne a ?rst line in a ?rst direction, 
While alignment holes 30b de?ne a second line in a second 
direction Which is typically orthogonal to the ?rst direction. 
Alignment holes 30a and 30b are precision placed relative to 
holes 28 so that the positions of the lines de?ned by them 
relative to the positions of the streets of the Wafer When the 
Wafer is adhered to the ?lm are precisely knoWn. It is not 
necessary that the holes 30a and 30b be on the same line as 
any given street of the Wafer. It is only necessary that the 
positions of the lines de?ned by holes 30a and 30b are 
knoWn relative to the positions of the streets on the Wafer. It 
is knoWn that When a Wafer is adhered to the ?lm such that 
the microstructures match up With holes 28, there is a street 
parallel to the line de?ned by holes 30a, but offset a knoWn 
distance from that line and that all of the streets in the ?rst 
orthogonal direction are parallel to this street and offset from 
each other by another knoWn distance. Alternatively, align 
ment ink dots may be placed on the ?lm instead of alignment 
holes, as described in the aforementioned US. Pat. No. 
5,362,681. 
AWafer 32 is then ?xed to one side of protective ?lm 26, 

as shoWn in FIG. 3. First, the Wafer is placed on a vacuum 
chuck in a precision aligning and mounting station With the 
circuit side facing up. The circuit side, or front side, of the 
Wafer 32 is the side Where all components, including mono 
lithic integrated circuitry, microstructures and any other 
components, are fabricated. No components are fabricated 
on the back side of the Wafer. A pair of cameras positioned 
above the chuck obtains images of different areas of the 
Wafer. The images are transferred to a pair of video screens 
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or are shown split screen on a single monitor. An operator 
observes the video images and aligns the Wafer in a desired 
position. The ?lm frame assembly is then inserted in a slot 
above the chuck such that the protective ?lm 26 is facing the 
circuit side of the Wafer. When the ?lm frame assembly is 
inserted into the machine, the cameras obtain images of the 
holes in the ?lm. The operator then observes the neW images 
of the holes and aligns them in proper orientation With 
respect to the Wafer. In a more preferred embodiment of the 
invention, the alignment station is computer controlled and 
includes pattern recognition softWare, such that alignment of 
the holes in the ?lm frame With the Wafer is performed 
automatically. Then the chuck containing the Wafer is 
brought into contact With the protective ?lm 26 such that the 
?lm and the Wafer adhere to each other. 

The ?lm frame assembly is then returned to the ?lm 
carrier station, and a cover ?lm 42 (FIG. 4) is adhered to the 
protective ?lm 26. The cover ?lm 42 has no holes and 
therefore seals one end of each of the holes 28, 30a and 30b 
in the protective ?lm 26. Alternatively, the cover ?lm 42 can 
be adhered to the protective ?lm 26 before the Wafer is 
mounted to the ?lm frame assembly, if the cover ?lm 42 is 
sufficiently light-transmissive to permit alignment of the 
Wafer to the protective ?lm 26. The protective ?lm 26 and 
the cover ?lm 42 together constitute a ?rst Wafer mount ?lm 
44. 

FIG. 3 illustrates the ?lm frame assembly after the Wafer 
32 has been adhered to the protective ?lm 26 With its back 
side 33 facing aWay from the protective ?lm 26. Holes 28 are 
underneath the Wafer and cannot be seen, and holes 30a and 
30b are exposed beyond the perimeter of the Wafer. The ?lm 
frame assembly, including the Wafer 32, is noW placed on a 
pallet at a saWing station. The pallet may be a vacuum chuck 
in Which a vacuum is applied to force the Wafer onto a 
support surface. The saWing station includes a camera Which 
obtains an image of the ?lm frame assembly and determines 
the positions of holes 30a or 30b. The saWing station is 
programmed With a map of the Wafer, indicating the relative 
position of each street relative to the lines de?ned by holes 
30a and 30b. The pallet and ?lm frame assembly are then 
advanced through the saW and are shifted laterally to the saW 
blade cutting direction as many times as necessary to saW 
each street in the ?rst direction. The pallet is then rotated 
90°, realigned and to the second set of alignment holes, and 
the pallet and ?lm frame assembly are advanced into the saW 
and laterally shifted again a number of times necessary to 
saW through all of the streets in the second direction. If the 
saWing station tolerances are small enough With respect to 
the 90° rotation and linear distance, it may not be necessary 
to realign the Wafer With respect to the second set of 
alignment holes. The height of the saW blade is selected to 
cut completely through the Wafer and to score the ?rst Wafer 
mount ?lm 44 Without cutting completely through it. 
As is common in the saWing of Wafers, jets of deioniZed 

Water are sprayed on the Wafer 32 for cooling during the 
saWing process, and another jet of Water is sprayed on the 
saW blade in order to keep it cool. Because the Wafer is 
adhered to ?rst Wafer mount ?lm 44 With its circuit side 
facing doWn, the microstructures on the Wafer are sealed 
betWeen the Wafer 32 and the ?lm such that Water cannot 
penetrate into the circuit side of the Wafer to damage the 
microstructures. After the saWing process, the ?lm frame 
assembly, including the Wafer 32, goes through a normal 
cleaning process, Which includes additional spraying With 
deioniZed Water and brushing to remove any silicon slurry. 
The microstructures and all other circuitry remain sealed 
from the Water and are not affected. 
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6 
A partial cross-sectional vieW of Wafer 32 and ?rst Wafer 

mount ?lm 44 is shoWn in FIG. 4. Wafer 32 may include 
microstructures 40 and integrated circuitry (not shoWn) at 
locations corresponding to each of the microcircuit dies. In 
this example, it is assumed that each microstructure 40 is the 
fragile component of the microcircuit die. First Wafer mount 
?lm 44 includes protective ?lm 26, having holes 28 aligned 
With microstructures 40, and cover ?lm 42, Which covers 
holes 28. Protective ?lm 26 is adhered to the front side, or 
circuit side, 50 of Wafer 32, and cover ?lm 42 is adhered to 
protective ?lm 26. Thus, microstructures 40 are sealed from 
the external environment by ?rst Wafer mount ?lm 44 and 
are prevented by holes 28 from contacting ?rst Wafer mount 
?lm 44. On Wafer 32, streets 60 de?ne microcircuit dies 62. 

FIG. 5 shoWs Wafer 32 after saWing along streets 60 as 
described above. The saWn, or divided, Wafer comprises 
separated microcircuit dies 62. The ?rst Wafer mount ?lm 44 
remains adhered to the circuit side 50 of the saWn Wafer and 
thus is adhered to the circuit sides of microcircuit dies 62. 

Referring noW to FIG. 6, the saWn Wafer is inverted With 
respect to FIG. 5, so that ?rst Wafer mount ?lm 44 is on top 
(but still adhered to the circuit sides of microcircuit dies 62). 
At this point, a second Wafer mount ?lm 70 is adhered to the 
back side of the saWn Wafer and, in particular, is adhered to 
the back sides of microcircuit dies 62. As a general 
proposition, second ?lm 70 has less adhesion to the saWn 
Wafer than ?rst Wafer mount ?lm 44. This requirement is 
discussed in more detail beloW. As shoWn in FIG. 6, micro 
circuit dies 62 are sandWiched betWeen ?rst Wafer mount 
?lm 44 and second ?lm 70. 

The second ?lm 70 is preferably mounted to a ?lm frame 
similar to the ?lm frame 16 shoWn in FIG. 2. The ?lm frame 
assembly, including ?lm frame 16, ?rst Wafer mount ?lm 44 
and the saWn Wafer, may be positioned such that the saWn 
Wafer contacts second ?lm 70 on its oWn ?lm frame. 
Alternatively, the saWn Wafer and the ?rst Wafer mount ?lm 
44 may be cut from ?lm frame 16 by cutting around the 
perimeter of the saWn Wafer. The back side of the saWn 
Wafer, With ?rst Wafer mount ?lm 44 adhered to its circuit 
side, is then brought into contact With second ?lm 70 on its 
oWn ?lm frame. 

As shoWn in FIG. 7, ?rst Wafer mount ?lm 44 is then 
removed from the saWn Wafer, leaving microcircuit dies 62 
With their back sides adhered to second ?lm 70 and their 
circuit sides 50 facing upWardly. The microcircuit dies 62 
are noW properly positioned for being accessed by a pick 
and-place station Which mounts the microcircuit dies in 
packages. Thus, the microcircuit dies 62 have been posi 
tioned on second ?lm 70 for further processing Without 
requiring them to be removed one at a time from the ?rst 
Wafer mount ?lm 44 and Without the potential risk of 
damage to the componentry by the blunt needles used in 
prior art processes to remove the microcircuit dies from the 
?rst Wafer mount ?lm. 

As indicated above, the adhesion of ?rst Wafer mount ?lm 
44, and in particular the adhesion of protective ?lm 26, to the 
circuit side 50 of the saWn Wafer should be less than the 
adhesion of second ?lm 70 to the back side of the saWn 
Wafer to insure that ?rst Wafer mount ?lm 44 can be 
removed from the saWn Wafer, While second ?lm 70 remains 
adhered to the back side of the saWn Wafer. This requirement 
can be achieved by utiliZing a second ?lm 70 having 
inherently greater adhesion than protective ?lm 26. Some 
adhesive ?lms have adhesions that are variable in response 
to environmental factors, such as heating or radiation. For 
example, ultraviolet-curable ?lms may exhibit reduced 
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adhesion after exposure to ultraviolet radiation. Thus, the 
above requirement on relative adhesions may be re?ned by 
stating that the ?rst Wafer mount ?lm should have loWer 
adhesion than the second ?lm at the time When the ?rst 
Wafer mount ?lm is removed from the saWn Wafer. 
Additionally, With reference to FIG. 6, it may be observed 
that protective ?lm 26 does not contact the saWn Wafer in the 
areas of holes 28, thereby reducing the total adhesion 
betWeen protective ?lm 26 and the saWn Wafer. Thus, the 
adhesion requirement may be de?ned more precisely by 
stating that the effective adhesion of the ?rst Wafer mount 
?lm 44 to the saWn Wafer should be less than the effective 
adhesion of the second ?lm 70 to the saWn Wafer at the time 
When the ?rst Wafer mount ?lm 44 is removed from the saWn 
Wafer. 
As indicated above, ultraviolet-curable ?lms, or tapes, 

have high initial adhesion but exhibit little or no adhesion 
after exposure to ultraviolet radiation. In a preferred 
embodiment, protective ?lm 26 of ?rst Wafer mount ?lm 44 
is an ultraviolet-curable ?lm. The high initial adhesion of the 
ultraviolet-curable ?lm is advantageous during the saWing 
process in preventing leakage of Water into microstructures 
40. When a conventional loW adhesion ?lm Was utiliZed for 
protective ?lm 26, some leakage Was observed, thereby 
damaging microcircuit 40. HoWever, the high adhesion 
ultraviolet-curable ?lm may adhere to the tool used to punch 
holes 28 in protective ?lm 26. 

Aprocess for overcoming this dif?culty is described With 
reference to FIG. 8, Which shoWs a partial cross-sectional 
vieW of a con?guration utiliZed for punching holes 28 in 
protective ?lm 26. Prior to punching holes 28, a release layer 
80 is adhered to the adhesive surface of protective ?lm 26. 
Release layer 80 is not required to have an adhesive surface 
and may be a silicone coated polyester, for example AdWill 
SP PET 3811(S) sold by Lintec, having a thickness of 35 
micrometers. Holes 28 are punched through release layer 80 
and protective ?lm 26 in a direction indicated by arroWs 82, 
thus avoiding adherence of protective ?lm 26 to the punch 
ing tool. The release layer 80 is then removed from protec 
tive ?lm 26. Then, Wafer 32 is adhered to one side of 
protective ?lm 26 With microstructures 40 aligned With 
holes 28, as shoWn in FIG. 4, and cover ?lm 42 is adhered 
to the other side of protective ?lm 26. After saWing of Wafer 
32 and before removal of ?rst Wafer mount ?lm 44 from the 
saWn Wafer, ?rst Wafer mount ?lm 44 is irradiated With 
ultraviolet radiation, as indicated by arroWs 90 in FIG. 6, to 
reduce the adhesion of protective ?lm 26 to the circuit side 
50 of the microcircuit dies 62. 

In a preferred embodiment, protective ?lm 26 may be a 
type AdWill D-554 ultraviolet-curable ?lm manufactured by 
Lintec and having a thickness of 200 micrometers. Cover 
?lm 42 may be a type DT100H adhesive ?lm manufactured 
by NEPTCO, Inc. and having a thickness of 90 micrometers. 
Preferably, cover ?lm 42 is transparent or nearly transparent 
to the ultraviolet radiation used to cure the adhesive on 
protective ?lm 26, and the adhesive on cover ?lm 42 is not 
ultraviolet-curable. Second ?lm 70 may be type AdWill 
D-520T adhesive ?lm manufactured by Lintec and having a 
thickness of 200 micrometers. It Will be understood that the 
above ?lm parameters are given by Way of example only and 
are not limiting as to the scope of the present invention. As 
noted previously, a general requirement is that the ?rst Wafer 
mount ?lm 44 have loWer effective adhesion to the micro 
circuit dies 62 than the second ?lm 70 at the time When the 
?rst Wafer mount ?lm 44 is removed from the microcircuit 
dies. 

The preferred process of the present invention is summa 
riZed in the How chart of FIG. 9. In step 100, release layer 
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80 is adhered to protective ?lm 26, as shoWn in FIG. 8. In 
step 102, holes 28 are punched through protective ?lm 26 
and release layer 80. Then, release layer 80 is removed from 
protective ?lm 26 in step 104. In step 106, the circuit side of 
Wafer 32 is adhered to one side of protective ?lm 26 With 
microstructures 40 in alignment With holes 28, as shoWn in 
FIG. 4. In step 108, cover ?lm 42 is adhered to the other side 
of protective ?lm 26, Wherein protective ?lm 26 and cover 
?lm 42 constitute ?rst Wafer mount ?lm 44. In step 110, the 
Wafer 35 is saWn along streets 60 to separate microcircuit 
dies 62, as shoWn in FIG. 5. In step 112, second Wafer mount 
?lm 70 is adhered to the back side of the saWn Wafer, as 
shoWn in FIG. 6. In step 114, the protective ?lm 26 is 
irradiated With ultraviolet radiation through cover ?lm 42, as 
indicated by arroWs 90 in FIG. 6, so as to reduce the 
adhesion of protective ?lm 26 to the circuit sides of dies 62. 
First Wafer mount ?lm 44 is then removed from the circuit 
side of the saWn Wafer in step 116. The microcircuit dies 62 
are then available on second ?lm 70 With their circuit sides 
facing upWardly. The second ?lm 70 having the microcircuit 
dies 62 adhered thereto may be forWarded to a pick-and 
place station for further processing. 
Numerous changes and variations are included Within the 

scope of the present invention. For example, the ?rst Wafer 
mount ?lm 44 may comprise a single ?lm or more than tWo 
?lms in appropriate applications. Where the components on 
the microcircuit dies can Withstand contact With the ?rst 
Wafer mount ?lm, the holes 28 in protective ?lm 26 may be 
omitted, thereby eliminating the need for cover ?lm 42. 
Furthermore, the protective ?lm 26 is not required to be an 
ultraviolet-curable ?lm. As discussed above, one require 
ment is that the ?rst Wafer mount ?lm 44 be con?gured to 
minimiZe the risk of damage to the circuitry on the micro 
circuit dies 62 during saWing and subsequent processing. In 
addition, the relative adhesions of ?rst Wafer mount ?lm 44 
and second ?lm 70 should be selected such that ?rst Wafer 
mount ?lm 44 may be removed from the circuit sides of 
microcircuit dies 62, While the second ?lm 70 remains 
adhered to the back sides of microcircuit dies 62 

Referring to FIG. 9, steps 100 and 104, Which relate to 
release layer 80, may be omitted if released layer 80 is not 
required for punching holes in protective ?lm 26. Step 106, 
Wherein the circuit side of the Wafer is adhered to one side 
of the protective ?lm, and step 108, Wherein the cover layer 
is adhered to the other side of the protective ?lm, may be 
reversed in order if the Wafer can be aligned With the 
protective ?lm 26 With the cover ?lm 42 in place. Step 114, 
Wherein the protective ?lm 26 is irradiated With ultraviolet 
radiation, may be omitted When an ultraviolet-curable ?lm is 
not utiliZed. The invention is not limited to die separation by 
saWing. For example, the invention may be utiliZed With 
scribe and break die separation techniques. In addition, the 
invention is not limited to forming holes in the protective 
?lm by punching. For example, the holes in the protective 
?lm may be formed by laser trepanning or ablation. 

While there have been shoWn and described What are at 
present considered the preferred embodiments of the present 
invention, it Will be obvious to those skilled in the art that 
various changes and modi?cations may be made therein 
Without departing from the scope of the invention as de?ned 
by the appended claims. 
What is claimed is: 
1. Amethod for separating microcircuit dies from a Wafer 

comprising a plurality of dies, each containing componentry 
on a circuit side thereof, including at least a ?rst component, 
the Wafer comprising streets separating the dies from each 
other, said method comprising the steps of: 



US 6,303,409 B1 
9 

?xing the circuit side of the Wafer to a ?rst Wafer mount 

detaching the dies, along said streets, from the other dies 
on the Wafer to form a divided Wafer; 

?xing a second Wafer mount ?lm to the back side of the 
divided Wafer; and 

removing the ?rst Wafer mount ?lm from the divided 
Wafer, so that the dies remain ?Xed to the second Wafer 
mount ?lm With their circuit sides eXposed. 

2. A method as de?ned in claim 1 Wherein the second 
Wafer mount ?lm has greater adhesion to the divided Wafer 
than the ?rst Wafer mount ?lm. 

3. A method as de?ned in claim 1 Wherein said second 
Wafer mount ?lm has greater adhesion to the divided Wafer 
than the ?rst Wafer mount ?lm When the ?rst Wafer mount 
?lm is removed from the divided Wafer. 

4. A method as de?ned in claim 1 Wherein said second 
Wafer mount ?lm has greater effective adhesion to the 
divided Wafer than the ?rst Wafer mount ?lm When the ?rst 
Wafer mount ?lm is removed from the divided Wafer, 
Wherein the ?rst Wafer mount ?lm is removed from the 
divided Wafer Without removing the second Wafer mount 
?lm from the divided Wafer. 

5. A method as de?ned in claim 1 Wherein the ?rst Wafer 
mount ?lm comprises a protective ?lm having holes aligned 
With the ?rst components of the dies and a cover ?lm, and 
Wherein the step of ?Xing the circuit side of the Wafer to the 
?rst Wafer mount ?lm comprises ?Xing the circuit side of the 
Wafer to one side of the protective ?lm With the holes in 
alignment With the ?rst component of each of the dies and 
?Xing the cover ?lm to the other side of said protective ?lm. 

6. A method as de?ned in claim 5 Wherein the protective 
?lm and the second Wafer mount ?lm have the same nominal 
adhesion. 

7. A method as de?ned in claim 5 Wherein the protective 
?lm comprises an ultraviolet-curable ?lm. 

8. A method as de?ned in claim 7 further comprising the 
step of irradiating the protective ?lm With ultraviolet radia 
tion after the step of detaching the dies, Wherein the adhe 
sion of the protective ?lm is reduced. 

9. A method as de?ned in claim 5 further comprising the 
steps of mounting the protective ?lm to a ?rst Wafer mount 
?lm frame before the step of ?Xing the Wafer to one side of 
the protective ?lm and ?Xing the second Wafer mount ?lm 
to a second ?lm frame before the step of ?Xing the second 
Wafer mount ?lm to the back side of the divided Wafer. 

10. Amethod as de?ned in claim 1 further comprising the 
step of removing the dies from the second Wafer mount ?lm 
for further processing. 

11. A method as de?ned in claim 1 Wherein the step of 
detaching the dies comprises saWing the Wafer along said 
streets. 

12. A method for separating microcircuit dies from a 
Wafer comprising a plurality of dies each containing com 
ponentry on a circuit side thereof, including at least a ?rst 
component, the Wafer comprising streets separating the dies 
from each other, said method comprising the steps of: 

forming clearance holes in a protective ?lm, each of said 
clearance holes having a siZe corresponding to said ?rst 
component; 

?Xing the circuit side of the Wafer to one side of the 
protective ?lm; 

adhering a cover ?lm to the other side of the protective 
?lm, Wherein the protective ?lm and the cover ?lm 
constitute a ?rst Wafer mount ?lm; 

detaching the dies, along said streets, from the other dies 
on the Wafer to form a divided wafer; 
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?Xing a second Wafer mount ?lm to the back side of the 

divided Wafer; and 
removing the ?rst Wafer mount ?lm from the divided 

Wafer, so that the dies remain ?Xed to the second Wafer 
mount ?lm With their circuit sides eXposed. 

13. A method as de?ned in claim 12 Wherein the second 
Wafer mount ?lm has greater adhesion than the protective 
?lm. 

14. A method as de?ned in claim 12 Wherein the second 
Wafer mount ?lm has greater adhesion to the divided Wafer 
than the protective ?lm When the protective ?lm is removed 
from the divided Wafer. 

15. A method as de?ned in claim 12 Wherein the second 
Wafer mount ?lm has greater effective adhesion to the 
divided Wafer than the protective ?lm When the protective 
?lm and the cover ?lm are removed from the divided Wafer, 
Wherein the protective ?lm and the cover ?lm are removed 
from the divided Wafer Without removing the second Wafer 
mount ?lm from the divided Wafer. 

16. A method as de?ned in claim 12 Wherein the protec 
tive ?lm comprises an ultraviolet-curable ?lm. 

17. A method as de?ned in claim 16 further comprising 
the step of irradiating the protective ?lm With ultraviolet 
radiation after the step of detaching the dies, Wherein the 
adhesion of the protective ?lm to the divided Wafer is 
reduced. 

18. A method as de?ned in claim 16 further comprising 
the step of ?Xing a release tape to the protective ?lm prior 
to the step of forming clearance holes in the protective ?lm 
and removing the release tape from the protective ?lm after 
the step of forming clearance holes. 

19. A method as de?ned in claim 12 further comprising 
the step of removing the dies from the second Wafer mount 
?lm for further processing. 

20. A method as de?ned in claim 12 further comprising 
the steps of mounting the protective ?lm to a ?rst Wafer 
mount ?lm frame prior to the step of ?Xing the Wafer to one 
side of the protective ?lm and mounting the second Wafer 
mount ?lm to a second ?lm frame prior to the step of ?Xing 
the second Wafer mount ?lm to the back side of the saWn 
Wafer. 

21. A method as de?ned in claim 12 Wherein the step of 
detaching the dies comprises saWing the Wafer along said 
streets. 

22. A method for separating microcircuit dies from a 
Wafer comprising a plurality of dies, each containing com 
ponentry on a circuit side thereof, including at least a 
microstructure, the Wafer comprising streets separating the 
dies from each other, said method comprising the steps of: 

mounting a protective ?lm on a ?rst Wafer mount ?lm 

frame; 
forming clearance holes in the protective ?lm, each of 

said clearance holes having a siZe corresponding to said 
microstructure; 

?Xing the circuit side of the Wafer to one side of the 
protective ?lm; 

adhering a cover ?lm to the other side of the protective 
?lm, Wherein the protective ?lm and the cover ?lm 
constitute a ?rst Wafer mount ?lm; 

saWing the Wafer along said streets, Wherein the dies are 
detached from the other dies on the Wafer; 

mounting a second Wafer mount ?lm on a second ?lm 

frame; 
?Xing the second Wafer mount ?lm to the back side of the 

saWn Wafer; and 
removing the protective ?lm and the cover ?lm from the 

saWn Wafer, so that the dies remain ?Xed to the second 
Wafer mount ?lm With their circuits sides eXposed. 
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23. A method as de?ned in claim 22 Wherein the second 
Wafer mount ?lm has greater effective adhesion to the saWn 
Wafer than the protective ?lm When the protective ?lm and 
the cover ?lm are removed from the saWn Wafer, Wherein the 
protective ?lm and the cover ?lm are removed from the 
saWn Wafer Without removing the second Wafer mount ?lm 
from the saWn Wafer. 

24. A method as de?ned in claim 22 Wherein the protec 
tive ?lm comprises an ultraviolet-curable ?lm, said method 
further comprising the step of irradiating the protective ?lm 

12 
With ultraviolet radiation after the step of saWing the Wafer, 
Wherein the adhesion of the protective ?lm to the saWn Wafer 
is reduced. 

25. A method as de?ned in claim 24 further comprising 
the step of ?xing a release tape,to the ultraviolet-curable ?lm 
prior to the step of forming clearance holes in the protective 
?lm and removing the release tape from the ultraviolet 
curable ?lm after the step of forming clearance holes. 

* * * * * 


