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(57) 	 ABSTRACT 

A semiconductor die having improved thermal performance 
is disclosed. The semiconductor die includes a substrate hav-
ing a device layer with a plurality of vias that pass through the 
substrate and the device layer, wherein individual ones of the 
plurality of vias have an open space volume of less than 
around about 70,000 cubic micrometers to around about 
20,000 cubic micrometers. In at least one embodiment, the 
substrate of the semiconductor die is made of silicon carbide 
(SiC) and the device layer is made of gallium nitride (GaN). 
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FIG. 1 (RELATED ART) 

VE=(TrL/3)(A2  B - a2b)/(A-a), where 
a=35pm, b=15pm, A=70pm, and B=30pm. 

FIG. 2 
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PROVIDE A WAFER SUBSTRATE HAVING A TOPSIDE WITH A 
DEVICE LAYER AND A BACKSIDE. 

100 

1 

DISPOSE A PLURALITY OF CATCH PADS ON THE TOPSIDE AT 
LOCATIONS WHERE VIAS WILL EMERGE. 	

102 

THIN THE WAFER SUBSTRATE FROM THE BACKSIDE TO BETWEEN 
AROUND ABOUT 66% TO AROUND ABOUT 50% OF AN ORIGINAL 
THICKNESS OF THE WAFER SUBSTRATE. 	 104 

MASK THE BACKSIDE OF THE WAFER SUBSTRATE SUCH THAT A 
PLURALITY OF VIA PATTERNS IS FORMED IN ALIGNMENT WITH 
THE CATCH PADS. 	 106 

ETCH THE WAFER SUBSTRATE FROM THE BACKSIDE UNTIL A 
PLURALITY OF VIAS IS FORMED, WHEREIN EACH 
VIA WITHIN THE PLURALITY OF VIAS REACHES 
A CORRESPONDING CATCH PAD WITHIN THE PLURALITY OF 
CATCH PADS. 	 108 

METALIZE AN INNER SURFACE OF EACH OF APERATURE WITHIN 
THE PLURALITY OF CATCH PADS. 

110 

FIG. 6 
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SEMICONDUCTOR DIE HAVING IMPROVED 
THERMAL PERFORMANCE 

RELATED APPLICATIONS 

[0001] This application claims the benefit of U.S. provi-
sional patent application No. 61/910,549, filed Dec. 2, 2013, 
the disclosure of which is incorporated herein by reference in 
its entirety. 

FIELD OF THE DISCLOSURE 

[0002] The present disclosure is related to semiconductor 
manufacturing and in particular to the manufacture of semi-
conductor power devices. 

BACKGROUND 

[0003] Semiconductor dies that include multi-finger gal-
lium nitride (GaN)-based power devices utilize via holes 
through a relatively thick silicon carbide (SiC) substrate. A 
problem with such via holes is that relatively large air cavities 
are created that do not allow for efficient cooling of the 
GaN-based power devices. In effect, too much material from 
the SiC substrate is removed during fabrication of the via 
holes. Air filled cavities within the volumes of the via holes 
create an undesirable insulating effect. What is needed is a 
semiconducting die having improved thermal performance. 

SUMMARY 

[0004] A semiconductor die having improved thermal per-
formance is disclosed. The semiconductor die includes a sub-
strate having a device layer with a plurality of vias that pass 
through the substrate and the device layer, wherein individual 
ones of the plurality of vias have an open space volume of less 
than around about 70,000 cubic micrometers to around about 
20,000 cubic micrometers. In at least one embodiment, the 
substrate of the semiconductor die is made of silicon carbide 
(SiC) and the device layer is made of gallium nitride (GaN). 

[0005] Those skilled in the art will appreciate the scope of 
the disclosure and realize additional aspects thereof after 
reading the following detailed description in association with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0006] The accompanying drawings incorporated in and 
forming a part of this specification illustrate several aspects of 
the disclosure, and together with the description serve to 
explain the principles of the disclosure. 

[0007] FIG. 1 is a depiction of a related art semiconductor 
die having an oval via that has a relatively large air cavity that 
results in poor thermal performance for the related art semi-
conductor die. 

[0008] FIG. 2 is a diagram of an elliptical frustum and an 
associated equation for volume VE  that is usable to approxi-
mate the open space volume of the oval via depicted in FIG. 
1. 

[0009] FIG. 3 is a depiction of a semiconductor die having 
a substantially cylindrical via and a substantially square via 
that are both in accordance with the present disclosure. 

[0010] FIG. 4 is a diagram of a cylinder and an associated 
equation for the volume V, of the circular/cylindrical via 
FIG. 3. 

[0011] FIG. 5 is a diagram of a box and associated equation 
for calculating the box-shaped volume of the substantially 
square via depicted in FIG. 3. 
[0012] FIG. 6 is a process flow chart for manufacturing the 
semiconductor die of FIG. 3 in accordance with the present 
disclosure. 
[0013] FIG. 7A is a line drawing of a topside of a gallium 
nitride (GaN) power device in accordance with the present 
disclosure. 
[0014] FIG. 7B is a line drawing of a bottom side of a GaN 
power device having a plurality of circular/cylindrical vias in 
accordance with the present disclosure. 
[0015] FIG. 8 is a graphic depicting junction temperature 
versus power dissipation fora related artpower device having 
a plurality of oval vias such as the one of FIG. 1 in contrast to 
a power device fabricated onto a substrate having a plurality 
of vias such as those of FIG. 3. 

DETAILED DESCRIPTION 

[0016] The embodiments set forth below represent the nec-
essary information to enable those skilled in the art to practice 
the disclosure and illustrate the best mode of practicing the 
disclosure. Upon reading the following description in light of 
the accompanying drawings, those skilled in the art will 
understand the concepts of the disclosure and will recognize 
applications of these concepts not particularly addressed 
herein. It should be understood that these concepts and appli-
cations fall within the scope of the disclosure and the accom-
panying claims. 
[0017] It will be understood that when an element such as a 
layer, region, or substrate is referred to as being "over," "on," 
"disposed on," "in," or extending "onto" another element, it 
can be directly over, directly on, directly disposed on, directly 
in, or extend directly onto the other element or intervening 
elements may also be present. In contrast, when an element is 
referred to as being "directly over," "directly on," "directly 
disposed on," "directly in," or extending "directly onto" 
another element, there are no intervening elements present. It 
will also be understood that when an element is referred to as 
being "connected" or "coupled" to another element, it can be 
directly connected or coupled to the other element or inter-
vening elements may be present. In contrast, when an element 
is referred to as being "directly connected" or "directly 
coupled" to another element, there are no intervening ele-
ments present. 
[0018] Relative terms such as "below" or "above" or 
"upper" or "lower" or "horizontal" or "vertical" may be used 
herein to describe a relationship of one element, layer, or 
region to another element, layer, or region as illustrated in the 
Figures. It will be understood that these terms and those 
discussed above are intended to encompass different orienta-
tions of the device in addition to the orientation depicted in 
the Figures. 
[0019] FIG. 1 is a depiction of a related art semiconductor 
die 10 having an oval via 12 that has a relatively large and 
undesirable air cavity that includes a cross section outlined in 
dashed lines that extend from a topside aperture 14 to a 
bottom side aperture 16. The relatively large air cavity results 
in poor thermal performance for the related art semiconductor 
die 10. The reason for the poor performance is at least two-
fold. First, air within the air cavity is a very poor conductor of 
heat. Secondly, a relatively large amount of a substrate 18 that 
is a very good conductor of heat has been removed to form the 
oval via 12, due to a long etch time needed to etch through the 
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substrate 18, which in this case is made of a nearly 100 µm 
thick silicon carbide (SiC) wafer. The long etch time results in 
the bottom side aperture 16 being around about twice the size 
of the topside aperture 14. In this exemplary case, the topside 
aperture 14 emerges from a gallium nitride GaN layer 20 with 
an oval that has a minor axis length of 30 µm and a major axis 
length of 70 µm, and the bottom side aperture 16 finishes the 
long etch time with a minor axis length of 60 µm and a major 
axis length of 140 µm. As a result, an undesirable open space 
volume is left within the dimensions of the oval via 12. The 
undesirable open space volume forms the air cavity men-
tioned above. 
[0020] FIG. 2 is a diagram of an elliptical frustum and an 
associated equation for a volume VE  that is usable to approxi-
mate the open space volume of the oval via 12 depicted in 
FIG. 1. It is to be understood that the oval via 12 can have 
aperture shapes that include semicircular ends and straight 
sides and an axial length. In such a case, the equation for VE  
is a good approximation as opposed to an exact calculation. 
Using values a=35 µm, b=1 5 µm, A=70 µm, and B=30 µm, the 
volume VE  calculated with equation 1 below is 144,320 µm3. 

VE(Tra3)(A2B-a2b)1(A-a) 	 (Eq. 1) 

[0021] FIG. 3 is a depiction of a semiconductor die 22 
having a substantially cylindrical via 24 and a substantially 
square via 26 that are both in accordance with the present 
disclosure. The cylindrical via 24 has a topside circular aper-
ture 28 and a bottom side circular aperture 30. A topside 
square aperture 32 and a bottom side square aperture 34 are 
associated with the square via 26. In this case, a substrate 36 
has a reduced thickness that is around about one-half the 
thickness of the substrate 18 of FIG. 1. In this case, the 
semiconductor die 22 is made up of a GaN layer 38 disposed 
onto the substrate 36. The thickness of the GaN layer 38 
combined with the substrate 36 is around 50 µm thick. The 
reduced thickness of the substrate 36 allows for a relatively 
faster etch time for fabricating the circular via 24 and the 
square via 26. As a result of the faster etch time, the topside 
circular aperture 28 and the bottom side circular aperture 30 
are practically the same diameter, which in this exemplary 
case is 30 µm. As a result, the circular via 24 has an open space 
that is substantially cylindrical. Moreover, the topside square 
aperture 32 and the bottom side square aperture 34 have 
practically the same dimensions as a result of the faster etch 
time. Thus, the square via 26 has an open space that is sub-
stantially box shaped. In both the case of the circular via 24 
and the square via 26, an internal open space contained within 
is very much smaller in volume than for the related art oval via 
12 of FIG. 1. 
[0022] In this regard, FIG. 4 is a diagram of a cylinder and 
an associated equation for calculating a cylindrical volume 
V, of the circular via 24 of FIG. 3. In this case, a radius r of 
the circular via 24 is 15 µm, and since the height his equal to 
the 50 µm thickness of the semiconductor die 22, the cylin-
drical volume V, is 35,342 µm3  as given by the following 
equation. 

Vc tr2h, where r is 15 µm and h=50 µm 	 (Eq. 2) 

[0023] In further regard, FIG. 5 is a diagram of a box with 
an associated equation for calculating the box-shaped volume 
VR  of the substantially square via 26 depicted in FIG. 3. In thi s 
exemplary case, a length I and a width w are both equal to 30 
µm, while the height h remains 50 µm. Accordingly, the 
box-shaped volume VR  is 45,000 µm3  as given by the follow-
ing equation. 

VR=Iwh, where I=w=20 µm and h=50 µm (Eq. 3) 

[0024] It is to be understood that each of a plurality of vias 
can be substantially rectangular with rounded corners and an 
axial length, wherein each rounded corner has a radius of 
curvature that has a range from around about 10% of the 
length to around about 25% of the axial length. 

[0025] FIG. 6 is a process flow chart for manufacturing the 
semiconductor die 22 having the vias of FIG. 3 in accordance 
with the present disclosure. The process begins with provid-
ing a wafer substrate having a topside with a device layer and 
a backside (step 100). Next, a plurality of catch pads is dis-
posed on the topside at locations where the vias will emerge 
(step 102). Thereafter, the wafer substrate is thinned from the 
backside to between around about 66% to around about 50% 
of an original thickness of the original wafer substrate (step 
104). It is to be understood that it may be desirable to reverse 
the order of the step 102 and the step 104 in some instances. 

[0026] Once the wafer substrate is thinned, the backside of 
the wafer substrate is masked such that a plurality of via 
patterns is formed in alignment with the plurality of catch 
pads (step 106). Next, the wafer substrate is etched from the 
backside until a plurality of vias is formed, wherein each via 
within the plurality of vias reaches a corresponding catch pad 
within the plurality of catch pads (step 108). Lastly, an inner 
surface of each aperture within the plurality of catch pads is 
metalized (step 110). 

[0027] FIG. 7A is a line drawing of a topside 40 of a gallium 
nitride (GaN) power device 42 and FIG. 7B is a line drawing 
of a bottom side 44 of the GaN power device 42 having a 
plurality of circular vias 46 in accordance with the present 
disclosure. Each of the plurality of circular vias 46 in this 
exemplary embodiment has a diameter of around about 30 
µm. It is to be understood that individual ones of the plurality 
of vias can have an open space volume of between less than 
around about 70,000 cubic micrometers to around about 
20,000 cubic micrometers depending on the diameter of each 
the plurality of circular vias 46 and the thickness of a wafer 
substrate that is thinned. 

[0028] The GaN power device 42 was fabricated using the 
process steps provided in FIG. 6. As shown in FIG. 7A, a 
device layer 48 includes drain fingers 50 and source fingers 52 
that couple to bonding pads 54. The plurality of circular vias 
46 shown in FIG. 7B provide the GaN power device 42 with 
much greater thermal performance than is obtainable using a 
plurality of vias such as the oval via 12 depicted in FIG. 1. 

[0029] FIG. 8 is a graph depicting junction temperature 
versus power dissipation fora related artpower device having 
a plurality of oval vias such as the oval via 12 of FIG. 1 in 
contrast to a power device fabricated onto a substrate having 
a plurality of vias such as those of FIG. 3. Notice that a 
difference injunction temperature for test points A and A' for 
a power dissipation of 38W is relatively large at a little over 
50° C. As power dissipation increases, the junction tempera-
ture for GaN devices fabricated in accordance to the present 
disclosure increases at a much slower rate than traditional 
GaN devices manufactured using related art methods that 
result in the large air cavities of the oval via 12 of FIG. 1. 

[0030] Those skilled in the art will recognize improve-
ments and modifications to the embodiments of the present 
disclosure. All such improvements and modifications are con-
sidered within the scope of the concepts disclosed herein and 
the claims that follow. 
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What is claimed is: 
1. A semiconductor die having improved thermal perfor-

mance comprising a substrate having a device layer with a 
plurality of vias that pass through the substrate and the device 
layer, wherein individual ones of the plurality of vias have an 
open space volume of between less than around about 70,000 
cubic micrometers and to around about 20,000 cubic 
micrometers. 

2. The semiconductor die of claim 1 wherein each of at 
least a portion of the plurality of vias are substantially rect-
angular having a width and a length. 

3. The semiconductor die of claim 2 wherein the width and 
length are both around about 30 micrometers. 

4. The semiconductor die of claim 1 wherein each of at 
least a portion of the plurality of vias are substantially rect-
angular with rounded corners and an axial length, wherein 
each rounded corner has a radius of curvature that has a range 
from around about 10% of the axial length to around about 
25% of the axial length. 

5. The semiconductor die of claim 1 wherein each of at 
least a portion of the plurality of vias are substantially cylin-
drical having a diameter and a length. 

6. The semiconductor die of claim 5 wherein the open 
space volume is less than around about 36,000 cubic 
micrometers. 

7. The semiconductor die of claim 6 wherein the length is 
around 50 micrometers. 

8. The semiconductor die of claim 1 wherein the device 
layer is made of gallium nitride (GaN). 

9. The semiconductor die of claim 1 wherein the substrate 
is made of silicon carbide (SiC). 

10. The semiconductor die of claim 1 wherein the substrate 
is made of SiC and the device layer is made of GaN. 

11. A method of making a semiconductor die having 
improved thermal performance comprising: 

providing a wafer substrate having a front side with a 
device layer and a backside; 

forming a plurality of catch pads on the front side;  

thinning the wafer substrate from the backside to between 
around about 66% to around about 50% of an original 
thickness of the wafer substrate; 

masking the backside of the wafer substrate such that a 
plurality of via patterns is formed; and 

etching the wafer substrate from the backside until a plu-
rality of vias is formed, wherein each aperture within the 
plurality of vias reaches a corresponding catch pad 
within the plurality of catch pads. 

12. The method of making the semiconductor die of claim 
11 further including metalizing an inner surface of each via 
within the plurality of vias. 

13. The method of making the semiconductor die of claim 
11 wherein each of at least a portion of the plurality of vias are 
substantially rectangular having a width and a length. 

14. The method of making the semiconductor die of claim 
13 wherein the width and length are both around about 30 
micrometers. 

15. The method of making the semiconductor die of claim 
11 wherein each of at least a portion of the plurality of vias are 
substantially rectangular rounded corners and a length, 
wherein each rounded corner has a radius of curvature that 
has a range from around about 10% of the length to around 
about 25% of the length. 

16. The method of making the semiconductor die of claim 
11 wherein each of at least a portion of the plurality of vias are 
substantially cylindrical having a diameter and a length. 

17. The method of making the semiconductor die of claim 
16 wherein an open space volume of each of the plurality of 
vias is less than around about 36,000 cubic micrometers. 

18. The method of making the semiconductor die of claim 
17 wherein the length is around 50 micrometers. 

19. The method of making the semiconductor die of claim 
11 wherein the device layer is made of gallium nitride (GaN). 

20. The method of making the semiconductor die of claim 
19 wherein the wafer substrate is made of silicon carbide 
(SiC). 
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