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SEMICONDUCTOR PACKAGE AND METHOD OF ATTACHING  

SEMICONDUCTOR DIES TO SUBSTRATES 

 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[0001]      This application is a divisional application of co-pending U.S. patent application 

Ser. No. 12/344,023, filed December 24, 2008 which claims priority from U.S. Provisional 

Application No. 61/016,863 filed on December 27, 2007, the disclosure of which is 

incorporated herein by reference. 

 

BACKGROUND OF INVENTION 

1.  Field of Invention 

[0002]      Apparatuses consistent with the present invention relate to semiconductor 

packages and methods for manufacturing semiconductor packages.  More particularly, the 

present invention relates to a semiconductor package wherein a solder mask adheres a 

semiconductor die to the substrate through the application of heat and pressure.  

2.  Description of the Related Art 

[0003]      Current methods for manufacturing semiconductor packages, such as lead-on-chip 

(LOC) devices, include applying a printable paste, epoxy or tape onto a substrate and then 

pressing the semiconductor die onto the paste.  Next, curing is performed (not if tape is used), 

which securely bonds the die to the substrate.  The curing step can take up to three hours. 

[0004]      However, because the manufacture of semiconductor packages is a high volume 

process, designers are always looking for ways to reduce cost and manufacturing time.  One 

cost savings approach that was investigated was to reduce the volume of paste used in the 

current process, such as a known as 4-dot printing design whereby four "dots" of adhesive are 

provided on the substrate for die attachment.  However, this approach was unsuccessful 
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because delamination of the die from the substrate occurred. 

[0005]      Therefore, an objective of the present invention is to develop a method of 

adhering a 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[0004]However, because the manufacture of semiconductor packages is a high volume process,
designers are always looking for ways to reduce cost and manufacturing time. One cost savings
approach that was investigated was to reduce the volume of paste used in the current process, such
as a known as 4-dot printing design whereby four "dots" of adhesive are provided on the substrate for
die attachment. However, this approach was unsuccessful  because delamination of the die from the
substrate occurred. [0005]Therefore, an objective of the present invention is to develop a method of
adhering a  die to a substrate without the use of paste or adhesive tape. By eliminating the printable
paste process, material and manpower savings can be obtained and manufacturing time can be
shortened through the elimination of the LOC cure. SUMMARY OF THE INVENTION [0006]Exemplary
embodiments of the present invention overcome the above disadvantages and other disadvantages
not described above. Also, the present invention is not required to overcome the disadvantages
described above, and an exemplary embodiment of the present invention may not overcome any of
the problems described above. [0007]An embodiment of the inventive method of mounting a
semiconductor die on a 
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die to a substrate without the use of paste or adhesive tape.  By eliminating the printable paste 

process, material and manpower savings can be obtained and manufacturing time can be 

shortened through the elimination of the LOC cure. 

SUMMARY OF THE INVENTION 

[0006]      Exemplary embodiments of the present invention overcome the above disadvantages 

and other disadvantages not described above.  Also, the present invention is not required to 

overcome the disadvantages described above, and an exemplary embodiment of the present 

invention may not overcome any of the problems described above. 

[0007]      An embodiment of the inventive method of mounting a semiconductor die on a 

substrate with a solder mask on a first surface includes placing a die on the solder mask, and 

mounting the die to the substrate by applying pressure and heat. 

[0008]      In another embodiment of the inventive method, the applied pressure ranges from a 

bond force of approximately 5 to 10 kgf. 

[0009]      In another embodiment of the inventive method, the heat has a temperature range 

from approximately 150 to 200 C. 

[0010]      In another embodiment of the inventive method, the pressure is applied for a range of 

approximately 1 to 10 seconds. 

[0011]      In another embodiment of the inventive method, the heat causes the solder mask to 

adhere said die to the substrate. 

[0012]      In another embodiment of the inventive method, the applied pressure is a bond force 

of approximately 5 kgf. 

[0013]      In another embodiment of the inventive method, the heat has a temperature of 

approximately 175 C. 

[0014]      In another embodiment of the inventive method, the pressure is applied for 

approximately 5 seconds. 

substrate with a solder mask on a first surface includes placing a die on the solder mask, and
mounting the die to the substrate by applying pressure and heat. [0008]In another embodiment of the
inventive method, the applied pressure ranges from a bond force of approximately 5 to 10 kgf. [0009]In
another embodiment of the inventive method, the heat has a temperature range from approximately
150 to 200 C. [0010]In another embodiment of the inventive method, the pressure is applied for a
range of approximately 1 to 10 seconds. [0011]In another embodiment of the inventive method, the
heat causes the solder mask to adhere said die to the substrate. [0012]In another embodiment of the
inventive method, the applied pressure is a bond force of approximately 5 kgf. [0013]In another
embodiment of the inventive method, the heat has a temperature of 
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[0015]      In another embodiment of the inventive method, the solder mask is not pre-baked 

before the die is attached. 

[0016]      An embodiment of the inventive semiconductor package includes a semiconductor 

die, a substrate, and a solder mask, wherein the solder mask adheres the die to the substrate. 

[0017]      In another embodiment of the inventive package, the substrate also includes a core 

and a metal layer wherein the metal layer is between the core and the solder mask. 

[0018]      In another embodiment of the inventive package, the solder mask is made of acrylic 

epoxy. 

[0019]      In another embodiment of the inventive package, the solder mask has a thickness of 

approximately at least 30 μm. 

 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020]      The above and/or other aspects of the present invention will become apparent and 

more readily appreciated from the following description of the exemplary embodiments, taken in 

conjunction with the accompanying drawings, in which: 

[0021]      Figure 1 is a cross-sectional view of an embodiment of the inventive substrate with 

solder masks. 

[0022]      Figure 2 is a table of technical specifications of an exemplary substrate. 

[0023]      Figure 3 is a cross-sectional view of an exemplary mounting device. 

[0024]      Figures 4A, 4B, 5, 6 and 7 are tables showing results of different studies related to the 

inventive method. 

 

DETAILED DESCRIPTION OF EXEMPLARY EMBODIMENTS OF THE INVENTION 

[0025]      Hereinafter, exemplary embodiments of the present invention will be described with 

reference to the accompanying drawings. 

approximately 175 C. [0014]In another embodiment of the inventive method, the pressure is applied
for approximately 5 seconds. before the die is attached. [0016]An embodiment of the inventive
semiconductor package includes a semiconductor die, a substrate, and a solder mask, wherein the
solder mask adheres the die to the substrate. [0017]In another embodiment of the inventive package,
the substrate also includes a core and a metal layer wherein the metal layer is between the core and
the solder mask. [0018]In another embodiment of the inventive package, the solder mask is made of
acrylic epoxy. [0019]In another embodiment of the inventive package, the solder mask has a thickness
of approximately at least 30 Rm. 
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[0026]      Prior to arriving at the present invention, a baseline study was performed to aid in the 

determination of the optimum parameters and methods.  The study involved attempting to mount 

a plurality of dies to a bare substrate.  After the dies were placed on the substrate, various 

pressures in the form of bonding forces (1 kgf to 10 kgf) and heat were applied.  The 

temperatures ranged from 100 C to 475 C.  After application of the various pressures and heat, 

none of the dies adhered to the substrate.  In addition, the substrate began showing signs of 

burning at temperatures above 300 C.  Burning was very apparent at temperatures at and above 

of 350 C.  Also, the passivation coating of the die surface was damaged during the process. 

[0027]      Next, studies were performed to see if a solder mask could be used to adhere the die 

to the substrate.  The studies used a two-metal layer substrate composition supplied by Kinsus 

that had a solder mask applied over the bare metal layers.  The invention is not limited to 

substrates supplied by Kinsus.  In this particular embodiment, the solder mask was made from 

acrylic epoxy.  Figure 1 shows a substrate with top and bottom solder masks applied on the metal 

layers M1 and M_Base.  The metal layers cover a substrate core.  Technical specifications of an 

exemplary substrate are shown in Figure 2.  The solder mask may be applied to the metal layers 

by well-known printing methods.  In addition, the solder mask is formed at least on areas 

between the die and the substrate. 

[0028]      In the particular embodiment shown in figure 1, the core is approximately 200 μm 

thick, the metal layers are approximately 8-16 μm thick, and the solder masks are approximately 

30 μm thick.  The total substrate thickness, with the solder masks is approximately 285 ± 50 μm.  

Solder masks that are greater than 30 μm thick will also be acceptable for this invention.  

[0029]      Figure 3 is a representation of a mounting device that can be used to mount the die to 

the substrate, with the solder masks already applied.  In the study, a Renesas CM 700 series lead-

on-chip mounter was used along with diamond coated 8.0 x 8.0 mm mount and stage tools.  The 

invention is not limited to mounting machines supplied by Renesas.  The die is positioned next to 

BRIEF DESCRIPTION OF THE DRAWINGS [0020]The above and/or other aspects of the present
invention will become apparent and more readily appreciated from the following description of the
exemplary embodiments, taken in conjunction with the accompanying drawings, in which: [0021]Figure
1 is a cross-sectional view of an embodiment of the inventive substrate with solder masks.
[0022]Figure 2 is a table of technical specifications of an exemplary substrate. [0023]Figure 3 is a
cross-sectional view of an exemplary mounting device. [0024]Figures 4A, 4B, 5, 6 and 7 are tables
showing results of different studies related to the inventive method.   DETAILED DESCRIPTION OF
EXEMPLARY EMBODIMENTS OF THE INVENTION [0025]Hereinafter, exemplary embodiments of
the present invention will be described with reference to the accompanying drawings. 
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the corresponding substrate by the stage tool.  After the stage tool and mount tool are heated, the 

mount tool presses the die and substrate together.  The heat causes the material state of the solder 

mask to change, which causes the die to adhere to the substrate. 

[0030]      During the study, several combinations of temperature (e.g., 150, 175 and 200 C), 

bond force (e.g., 1, 2, 5 and 10 kgf) and bond time (e.g., 1, 5 and 10 sec.) were used.  Figure 4A 

and 4B shows some of the different combinations and results.  In the first six legs in Figure 4A, 

none of the dies adhered to the substrate.  Likewise, in the first leg in Figure 4B, the die did not 

adhere. 

[0031]      In legs 7A and 7B in Figure 4A, some dies adhered, however, approximately one-

third of the dies did not adhere. 

[0032]      In legs 8A and 8B in Figure 4A, all dies adhered satisfactorily.  The parameters that 

were used in stages 8A and 8B were a temperature of 200 C, pressure of 10 kgf and a bond time 

of 10 seconds. 

[0033]      In legs 2 through 9 in Figure 4B, the dies adhered satisfactorily, despite issues with 

low die shear, high bond forces and high temperatures.  The optimal combination of parameters 

occurred in leg 5.  In that leg, the temperature was 175 C, bond force was 5 kgf and bond time 

of 5 seconds. 

[0034]      Next, studies were performed to see if oven baking impacted the process.  Studies 

were carried out using substrates with solder masks that were not pre-baked, and substrates with 

solder masks that were pre-baked.  As shown in Figure 5, when the substrates that were not oven 

baked before die attachment, all of the samples had acceptable results.  However, when the 

substrates were oven baked before die attachment, many of the samples failed.  Hence, the 

studies show that it is desirable to use substrates with solder masks that are not pre-baked before 

assembly. 

[0035]      Figure 6 is a summary of studies that were performed with different conditions on the 

[0026]Prior to arriving at the present invention, a baseline study was performed to aid in the
determination of the optimum parameters and methods. The study involved attempting to mount a
plurality of dies to a bare substrate. After the dies were placed on the substrate, various pressures in
the form of bonding forces (1 kgf to 10 kgf) and heat were applied. The temperatures ranged from 100
C to 475 C. After application of the various pressures and heat, none of the dies adhered to the
substrate. In addition, the substrate began showing signs of burning at temperatures above 300 C.
Burning was very apparent at temperatures at and above of 350 C. Also, the passivation coating of the
die surface was damaged during the process. [0027]Next, studies were performed to see if a solder
mask could be used to adhere the die to the substrate. The studies used a two-metal layer substrate
composition supplied by Kinsus that had a solder mask applied over the bare metal layers. The
invention is not limited to substrates supplied by Kinsus. In this particular embodiment, the solder
mask was made from acrylic epoxy. Figure 1 shows a substrate with top and bottom solder masks
applied on the metal layers M1 and M Base. The metal layers cover a substrate core. Technical
specifications of an exemplary substrate are shown in Figure 2. The solder mask may be applied to
the metal layers by well-known printing methods. In addition, the solder mask is formed at least on
areas between the die and the substrate. [0028]In the particular embodiment shown in figure 1, the
core is approximately 200 Rm thick, the metal layers are approximately 8-16 Rm thick, and the solder
masks are approximately 30 Rm thick. The total substrate thickness, with the solder masks is
approximately 285 50 Rm. Solder masks that are greater than 30 Rm thick will also be acceptable for
this invention. [0029]Figure 3 is a representation of a mounting device that can be used to mount the
die to the substrate, with the solder masks already applied. In the study, a Renesas CM 700 series
leadon-chip mounter was used along with diamond coated 8.0 x 8.0 mm mount and stage tools. The
invention is not limited to mounting machines supplied by Renesas. The die is positioned next to  the
corresponding substrate by the stage tool. After the stage tool and mount tool are heated, the mount
tool presses the die and substrate together. The heat causes the material state of the solder mask to
change, which causes the die to adhere to the substrate. [0030]During the study, several combinations
of temperature (e.g., 150, 175 and 200 C), 
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mounting device.  As mentioned above, the mounting device used in these series of studies is 

Renesas CM 700 series lead-on-chip mounter together with diamond coated 8.0 x 8.0 mm mount 

and stage tools.  The mounting device has "pre-heat", "pre-bake" or "laminate" functions 

typically designed for die attachment to substrates using adhesive paste or tape.  For example, 

the "pre-heat" function heats up the adhesive before die attachment, the "pre-bake" function 

bakes the adhesive to remove moisture before die attachment and the "laminator" function 

laminates the adhesive (in the form of tape) onto the substrate before die attachment.  As the 

present invention does not utilize any form of adhesive between the die and substrate, the 

inventors have experimented with these functions for die attachment to the solder mask layer of 

the substrate.  The mounting device was configured as follows - Legs A & B with pre-heat, pre-

bake and laminator  functions OFF, Legs C & D with pre-heat and pre-bake functions ON and 

laminator function OFF, and Legs E & F with pre-heat, pre-bake and laminator functions ON.  It 

was found that die adhesion is most satisfactory in Legs A & B when the pre-bake, pre-heat and 

laminator functions are OFF.  Die adhesion was also observed for Legs C & D but with lower die 

shear values.  Some of the dies did not adhere in Legs E & F thereby showing that conditions of 

pre-heat, pre-bake and laminator functions in togetherness are not desirable.     

[0036]      Figure 7 shows additional test results. 

[0037]      In summary, the studies showed that good die to substrate adhesion is possible when 

using the following parameter settings: Bond Force of 5-10 kgf; Bond Time of 1-10 seconds; 

Bond Temperature of 150-200 C.  Optimal parameter settings would be Bond Force of 5 kgf; 

Bond Time of 5 seconds; Bond Temperature of 175 C.  The studies also show that substrates 

with solder mask which are not pre-baked are desirable in this invention. 

[0038]      These parameter settings have been shown to provide good die to substrate adhesion 

even after MSL 3 testing.  In addition, no die cracks were observed during the mounting process.  

Advantageously, the present invention provided means of attaching a die to a substrate without 

bond force (e.g., 1, 2, 5 and 10 kgf) and bond time (e.g., 1, 5 and 10 sec.) were used. Figure 4A and
4B shows some of the different combinations and results. In the first six legs in Figure 4A, none of the
dies adhered to the substrate. Likewise, in the first leg in Figure 4B, the die did not adhere. [0031]In
legs 7A and 7B in Figure 4A, some dies adhered, however, approximately one- third of the dies did not
adhere. [0032]In legs 8A and 8B in Figure 4A, all dies adhered satisfactorily. The parameters that were
used in stages 8A and 8B were a temperature of 200 C, pressure of 10 kgf and a bond time of 10
seconds. [0033]In legs 2 through 9 in Figure 4B, the dies adhered satisfactorily, despite issues with
low die shear, high bond forces and high temperatures. The optimal combination of parameters
occurred in leg 5. In that leg, the temperature was 175 C, bond force was 5 kgf and bond time of 5
seconds. [0034]Next, studies were performed to see if oven baking impacted the process. Studies
were carried out using substrates with solder masks that were not pre-baked, and substrates with
solder masks that were pre-baked. As shown in Figure 5, when the substrates that were not oven
baked before die attachment, all of the samples had acceptable results. However, when the substrates
were oven baked before die attachment, many of the samples failed. Hence, the studies show that it is
desirable to use substrates with solder masks that are not pre-baked before assembly. [0035]Figure 6
is a summary of studies that were performed with different conditions on the 5  
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using an adhesive paste or tape thereby resulting in process time, material and manpower savings.  

[0039]      While the present invention has been particularly shown and described with reference 

to exemplary embodiments thereof, it will be understood by those of ordinary skill in the art that 

various changes in form and details may be made therein without departing from the spirit and 

scope of the present invention as defined by the following claims. 

[0040]      What is claimed is: 

mounting device. As mentioned above, the mounting device used in these series of studies is Renesas
CM 700 series lead-on-chip mounter together with diamond coated 8.0 x 8 0 mm mount and stage
tools. The mounting device has "pre-heat", "pre-bake" or "laminate" functions typically designed for die
attachment to substrates using adhesive paste or tape. For example, the "pre-heat" function heats up
the adhesive before die attachment, the "pre-bake" function bakes the adhesive to remove moisture
before die attachment and the "laminator" function laminates the adhesive (in the form of tape) onto
the substrate before die attachment. As the present invention does not utilize any form of adhesive
between the die and substrate, the inventors have experimented with these functions for die
attachment to the solder mask layer of the substrate. The mounting device was configured as follows -
Legs A & B with pre-heat, pre-bake and laminator functions OFF, Legs C & D with pre-heat and
pre-bake functions ON and laminator function OFF, and Legs E & F with pre-heat, pre-bake and
laminator functions ON. It was found that die adhesion is most satisfactory in Legs A & B when the
pre-bake, pre-heat and laminator functions are OFF. Die adhesion was also observed for Legs C & D
but with lower die shear values. Some of the dies did not adhere in Legs E & F thereby showing that
conditions of pre-heat, pre-bake and laminator functions in togetherness are not desirable.
[0036]Figure 7 shows additional test results. [0037]In summary, the studies showed that good die to
substrate adhesion is possible when using the following parameter settings: Bond Force of 5-10 kgf;
Bond Time of 1-10 seconds; Bond Temperature of 150-200 C. Optimal parameter settings would be
Bond Force of 5 kgf; Bond Time of 5 seconds; Bond Temperature of 175 C. The studies also show that
substrates with solder mask which are not pre-baked are desirable in this invention. [0038]These
parameter settings have been shown to provide good die to substrate adhesion even after MSL 3
testing. In addition, no die cracks were observed during the mounting process. Advantageously, the
present invention provided means of attaching a die to a substrate without  using an adhesive paste or
tape thereby resulting in process time, material and manpower savings.  [0039] While the present
invention has been particularly shown and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the art that various changes in form and
details may be made therein without departing from the spirit and scope of the present invention as
defined by the following claims. [0040]What is claimed is:  CLAIMS 



CLAIMS

1. A method of mounting a semiconductor die on a substrate comprising:

providing a substrate having a substrate core and a solder mask disposed over a first 

surface of the substrate core;

placing a die on said solder mask;

mounting said die to said substrate by applying pressure and heat, wherein the heat 

causes the material state of the solder mask to change, which causes the die to adhere to the 

substrate.

2. The method of claim 1 wherein said applied pressure ranges from a bond force of 

approximately 5 to 10 kgf.

3. The method of any one of claims 1 and 2 wherein said heat has a temperature range 

from approximately 150 to 200 ºC.

4. The method of any one of claims 1 and 2 wherein said pressure is applied for a range 

of approximately 1 to 10 seconds.

5. The method of claim 1 wherein said applied pressure is a bond force of approximately 

5 kgf.

6. The method of any one of claims 1 and 5 wherein said heat has a temperature of 

approximately 175 ºC.
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I.A method of mounting a semiconductor die on a subst -h-comprising:       providing a substrate ha
-ubs .e core and a solder mask disposed over a first surface of the substrate core; placing a die on
said solder mask;       mounting said die to said substrate by applying pressure and heat, wherein the
heat causes the material state of the solder mask to change, which causes the die to adhere to the
substrate.  2. The method of claim 1 wherein said applied pressure ranges from a bond force of
approximately 5 to 10 kgf  3. The method of any one of claim is 1 and 2 wherein said teat has a
temperature range from approxi ately5 .) 200 'C.  4. The method of any one of claims I and 2 wherein
said pressure is applied for range of approximately Ito 10 seconds.  5. The method of chin I wherein
said applied pressure is a bondforce of approximately 5 kgf.       The method of any one of claims I and
5 wherein said heat has a temperature of approximately 175 'C.  The method of any oneand 5 wherein
said pressure is applied for 



7. The method of any one of claims 1 and 5 wherein said pressure is applied for 

approximately 5 seconds.

8. The method of claim 1 wherein said solder mask is not pre-baked before said die is 

attached.

9. A method for forming a semiconductor package comprising:

providing a substrate having a substrate core and a non-prebaked solder mask disposed

on a first surface of the substrate core;

placing a die on the non-prebaked solder mask; and

mounting the die to the substrate by applying pressure and heat, wherein the heat 

causes the material state of the non-prebaked solder mask to change, which causes the die to 

adhere to the substrate.

10. The method of claim 9 wherein the applied pressure ranges from a bond force of 

approximately 5 to 10 kgf.

11. The method of claim 10 wherein the applied pressure is a bond force of approximately 

5 kgf.

12. The method of claim 9 wherein the heat has a temperature range from approximately 

150 to 200 ºC.

13. The method of claim 12 wherein the heat has a temperature of approximately 175 ºC.
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approximately 5 seconds.  8. The method of claim I wherein said solder mask is not pre-baked before
said die is attached.  9. A method for forming a semiconductor package comprising:       providing a
substrate having a substrate core and a non-prebaked solder mask disposed on a first surface of the
substrate core; placing a die on the non-prebaked solder mask; and       mounting the die to the
substrate by applying pressure and heat, wherein the heat causes the material state of the
non-prebaked solder mask to change, which causes the die to adhere to the substrate.  10. The
method of claim 9 wherein the applied pressure ranges from a bond force of approximately 5 to 10 kgf.
11. The method of claim 10 wherein the applied pressurebond force of approximately 5 kgf.  12. The
method of claim 9 wherein the heat has a temperature range from approximately 150 to 200C The
method of claim 12 wherein the heat has a temperature of approximately 175 C.  



14. The method of claim 9 wherein the pressure is applied for a range of approximately 1 

to 10 seconds.

15. The method of claim 14 wherein the pressure is applied for approximately 5 seconds.

16. The method of claim 9 wherein the solder mask comprises acrylic epoxy.

17. The method of claim 9 wherein the solder mask has a thickness of approximately at 

least 30 μm.

18. The method of claim 9 wherein the substrate includes a metal layer, the metal layer is 

between the substrate core and the solder mask.

19. The method of claim 9 wherein the substrate further includes a non-prebaked solder 

mask on a second surface of the substrate.

20. The method of claim 8 wherein die adhesion using the non-prebaked solder mask 

before said die is attached comprises a higher die shear value relative to die adhesion using a

pre-baked solder mask.
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14.The method of claim 9 wherein the pressure is applied for a range of approximately I to 10
seconds. 15The method of claim 14 wherein the pressure is applied for approximately 5 seconds.  16.
The method of claim 9 wherein the solder mask comprises acrylic epoxy.  17. The method of claim 9
wherein the solder mask has a thickness of approximately at least 30 um.  18. The method of claim 9
wherein the substrate includes a metal layer, the metal layer is between the substrate core and the
solder mask.  19. The method of claim 9 wherein the substrate further includes a non-prebaked solder
mask on a second surface of the substrate. 70.The method ofwherein die adhesion using he
on-prebaked solder mask before said die is attached comprises a higher die shear value relative to die
adhesion u-' pre-baked solder mask. 


