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FIG. 1A 
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0022 FIG. 2 is a diagrammatic view showing a layered 
structure of a cross-section A-A in FIG. 1B: 
0023 FIGS. 3A, 3B and 3C are process diagrams (part 1) 
showing a method for fabricating the semiconductor devices 
according to the first embodiment of the invention; 
0024 FIGS. 4A and 4B are process diagrams (part 2) 
showing the method for fabricating the semiconductor 
devices according to the first embodiment of the invention; 
0025 FIGS. 5A and 5B are process diagrams (part 3) 
showing the method for fabricating the semiconductor 
devices according to the first embodiment of the invention; 
0026 FIGS. 6A and 6B are process diagrams (part 4) 
showing the method for fabricating the semiconductor 
devices according to the first embodiment of the invention; 
0027 FIG. 7 is a graph showing current-voltage charac 

teristics of the semiconductor devices after and before sepa 
ration according the first embodiment of the invention; 
0028 FIG. 8 is a diagrammatic view showing a layered 
structure of a wafer on which semiconductor devices are 
formed according to a second embodiment of the invention; 
0029 FIGS.9A,9B and 9C are process diagrams showing 
a method for fabricating the semiconductor devices accord 
ing to the second embodiment of the invention; 
0030 FIG. 10 is a diagrammatic view showing a layered 
structure of a wafer on which semiconductor devices are 
formed according to a third embodiment of the invention; and 
0031 FIGS. 11A and 11B are process diagrams showing a 
method for fabricating the semiconductor devices according 
to the third embodiment of the invention. 

BEST MODES FOR CARRYING OUT THE 
INVENTION 

0032 Best modes for carrying out the invention will be 
explained in detail below with reference to the drawings. It is 
noted that the modes described below should not be construed 
as what limit the invention. Still more, each drawing merely 
schematically shows shapes, sizes and positional relation 
ships of respective parts of a device to a degree that allows 
contents of the invention to be understood, so that the inven 
tion is not limited by the shapes, sizes and positional relation 
ships illustrated in each drawing. Further, a part of hatching in 
a cross-section is omitted in each drawing in order to clearly 
show a structure of the device. In addition, numerical values 
described later are merely preferable exemplary values of the 
invention, so that the invention is not limited by the exempli 
fied numerical values. 

First Embodiment 

0033. A semiconductor device 100 of a first embodiment 
of the invention will be explained below in detail with refer 
ence to the drawings. It is noted that the semiconductor device 
100 in which one or more MOSFETs 100A are formed as 
semiconductor elements will be exemplified in the present 
embodiment. 
0034) (Structure) 
0035 FIG. 1A is a top view showing a schematic structure 
ofa wafer 1 before separating the semiconductor devices 100 
according to the present embodiment of the invention and 
FIG. 1B is an enlarged schematic top view around one semi 
conductor device 100 among the plurality of semiconductor 
devices 100 arrayed two-dimensionally on the wafer 1. FIG. 
2 is a diagrammatic view showing a layered structure of a 
cross-section A-A in FIG. 1B: 
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0036) As shown in FIGS. 1A and 1B, the plurality of 
semiconductor devices 100 is formed while being arrayed 
two-dimensionally on the wafer 1 by using the WCSP tech 
nique for example. Each semiconductor device 100 has an 
element forming region AR1 in which a semiconductor ele 
ment such as a MOSFET contained in the device is formed. 
0037. A scribing region SR that is a part to be cut in 
separating each semiconductor device 100 is set between the 
Vertically or horizontally neighboring element forming 
regions AR1 and two parallel trenches TR are formed along a 
direction in which the scribing region SR extends. There 
exists a mesa-like convex portion 120 that extends along the 
direction in which the scribing region SR extends between the 
two trenches TR. The present embodiment separates the 
respective semiconductor devices 100 into individual chips 
by cutting the convex portion 120 between the two trenches 
TR by using a dicing blade or a laser cutter for example. 
0038. As shown in FIG. 2, one or more semiconductor 
elements including the MOSFET 100A composed of a p-type 
semiconductor layer 103 that functions as a channel layer 
during operation, a carrier drifting layer 104 and a carrier 
Supplying layer 105 that generate two-dimensional electron 
gas that may be utilized as carrier by forming a hetero-junc 
tion interface, a gate insulating film 106 and a gate electrode 
107 on the p-type semiconductor layer 103 that compose a 
MOS (Metal Oxide Semiconductor) structure, a source elec 
trode 108s and a drain electrode 108d formed in two regions 
interposing the gate electrode 107 are formed on a buffer layer 
102 formed on a convex portion 101a of a silicon substrate 
101 in each element forming region AR1. It is noted that a 
case of forming one MOSFET 100A will be exemplified to 
simplify the explanation. 
0039. The wafer 1 of the present embodiment before sepa 
rating the semiconductor devices into individual chips has the 
two trenches TR formed along the scribing region SR 
between the neighboring element forming regions AR1 and 
the convex portion 120 between the trenches TR as described 
above. The convex portion 120 between the trenches TR is cut 
along the direction in which it extends in separating the semi 
conductor devices. Then, a width W. ofa top surface of the 
convex portion 120 is set to be wider than a width to be 
removed during cutting that is determined by a thickness of 
the dicing blade or a spot diameter of the laser cutter for 
example. When the thickness of the dicing blade is around 
100 um for example, the width W. of the top surface of the 
convex portion 120 is set to be around 200 um or more. It 
allows physical or thermal damages otherwise given to the 
element forming region AR1 during cutting to be reduced. 
However, the invention is not limited to such a case and the 
width W of the top surface of the convex portion 120 may 
be set to be in the same range with or less than the thickness 
of the dicing blade or the spot diameter of the laser cutter. It 
allows an area to be used as the scribing region SR on the 
wafer 1 to be reduced, so that it becomes possible to increase 
an effective area usable as the element forming region AR1. It 
is noted that the mesa-like convex portion 120 formed 
between the two trenches TR includes a convex portion 101b 
that is an upper layer part of the silicon substrate 101 and part 
of various films 101a, 102a, 103a, 104a and 105.a formed in 
fabricating the semiconductor element described above for 
example as shown in FIG. 2. 
0040. Because the width W. of the top surface of the 
convex portion 120 is set to be wider than the thickness of the 
dicing blade or the spot diameter of the laser cutter used in 
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separating the semiconductor devices in the present embodi 
ment as described above, it is not necessary to widen a width 
Wr of each trench TR more than the thickness of the dicing 
blade or the spot diameter of the laser cutter. As a result, it 
becomes possible to fully narrow down the width W of the 
trench TR around to or less than 10 um. It becomes also 
possible to uniformly form the photo-resist used in the pho 
tolithographic process in the microfabrication process by nar 
rowing down the width as described above even if the step of 
forming the trench TR is placed before the microfabrication 
process. Still more, because it becomes unnecessary to place 
the step of forming the trench TR after the microfabrication 
process by this arrangement, it is also possible to avoid the 
fabrication process from being complicated. 
0041. Still more, the trench TR is formed downto an upper 
layer part of the silicon substrate 101 for example in the 
present embodiment. This structure allows the trench TR to 
function as a trench for separating the elements between the 
semiconductor devices 100 in the present embodiment. A 
depth of the trench may be around 9 um from a top surface of 
the passivation film 111 for example. However, although the 
trench TR reaching the upper layer part of the silicon sub 
strate 101 is exemplified in the present embodiment, the 
invention is not limited to that and it will do as long as the 
trench TR from the top of the p-type semiconductor layer 103 
is formed along a cut surface (see a side surface S2 in FIG.6B) 
created due to dicing between the cut surface and the element 
forming region AR1. 
0042 Still more, the trench TR as described above may be 
formed by anisotropic dry etching using chlorine gas for 
example in the present embodiment. Therefore, a side surface 
of the trench TR, i.e., a side surface S1 of the element forming 
region AR1, is a surface having less irregularities and less 
physical and thermal damages as compared to the Surface 
(hereinafter referred to a dicer cut surface) created by using 
the dicing blade or the laser cutter for example. This structure 
allows a leak current otherwise leaked to the substrate (the 
silicon substrate 101 in the present embodiment) via the side 
surface S1 of the element forming region AR1 to be reduced, 
so that it becomes possible to realize the semiconductor 
device 100 having excellent characteristics by the present 
embodiment. 
0043. An interlayer insulating film 109 having contact 
holes for making electrical connection with the semiconduc 
tor elements is formed on the silicon substrate 101 on which 
the semiconductor elements, the trench TR and the convex 
portion 120 are formed as described above. It is noted that an 
inside of the trench TR and the convex portion 120 may be 
covered by an insulating film 106.a formed in the same time 
when the gate insulating film 106 is formed for example as 
shown in FIG. 2. Still more, a metal layer 110 including an 
upper layer wire and in-contact wire is formed on the inter 
layer insulating film 109 and within the contact hole created 
therein. The passivation film 111 for electrically and physi 
cally protecting the under layers is formed on the interlayer 
insulating film 109. It is noted that a plurality of layers of the 
interlayer insulating film 109 and the metal layer 110 may be 
formed, respectively. 
0044 Various substrates such as a sapphire substrate for 
example may be applied as the substrate described above 
beside the silicon (111) substrate 101. The buffer layer 102 on 
the silicon substrate 101 is a layer for buffering an interaction 
caused by characteristic differences of the p-type semicon 
ductor layer 103 to be grown above the buffer layer 102 and 
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the silicon substrate 101 and for improving joint strength of 
the both layers. The buffer layer 102 as described above may 
beformed by forming an AlN (aluminum nitride) layer whose 
thickness is around 50 nm on the silicon substrate 101 and by 
laminating 20 to 80 layers of layered films each composed of 
a GaN layer whose thickness is around 5 to 100 nm for 
example and an AlN layer whose thickness is around 1 to 10 
nm for example on the AlN layer previously formed. How 
ever, the invention is not limited to this structure and may be 
variously modified depending on materials and others of the 
semiconductor layer (the p-type semiconductor layer 103 in 
the present embodiment) formed on the buffer layer 102. 
0045. The p-type semiconductor layer 103 on the buffer 
layer 102 contains p-type impurities for example and forms a 
channel during operation as described above. The p-type 
semiconductor layer 103 described above may be formed by 
using various semiconductors such as III group nitride semi 
conductors like GaN, AlGaN, BA1GaN and InGaN and other 
compound semiconductors like GaAs, InP and SiGe. A case 
of forming the p-type semiconductor layer 103 by using the 
GaN layer will be illustrated in the present embodiment. Still 
more, a case of using magnesium (Mg) as the p-type impurity 
will be illustrated while setting its concentration (Mg concen 
tration) at around 1x10''/cm for example in the present 
embodiment. 
0046. The carrier drifting layer 104 and the carrier supply 
ing layer 105 on the p-type semiconductor layer 103 are 
layers that form a so-called HEMT structure and generate 
two-dimensional electron gas that may be utilized as carrier 
during the operation in the upper layer of the carrier drifting 
layer 104 near the interface by forming the hetero-junction 
interface as described above. In the present embodiment, an 
un-doped GaN (hereinafter referred to as un-GaN) layer for 
example is used as the carrier drifting layer 104 and an un 
doped AlGaN (hereinafter referred to as un-AlGaN) layer for 
example is used as the carrier supplying layer 105. However, 
the invention is not limited to those layers and various com 
pound semiconductor growth films capable of generating 
two-dimensional electron gas may be applied by forming the 
hetero-junction interface. 
0047. A part of the HEMT structure on the p-type semi 
conductor layer 103 (part of the carrier drifting layer 104 and 
the carrier supplying layer 105) is removed and the gate 
insulating film 106 and the gate electrode 107 are formed on 
the p-type semiconductor layer 103 in the removed part. This 
structure allows the MOSFET 100A of the present embodi 
ment to have a MOS structure composed of the p-type semi 
conductor layer 103, the gate insulating film 106 and the gate 
electrode 107. In the present embodiment, a silicon oxide film 
for example is used for the gate insulating film 106 and a 
metal film having a deposited structure in which an aluminum 
(Al) film is sandwiched by upper and lower titanium (Ti) films 
for example is used for the gate electrode 107. However, the 
invention is not limited to them and the semiconductor ele 
ment incorporated in the semiconductor device 100 may be a 
FET having a MIS (Metal Insulator Semiconductor) structure 
for example. Accordingly, various insulating films and con 
ductive films may be used also for the gate insulating film 106 
and the gate electrode 107. 
0048. The paired source and drain electrodes 108s and 
108d are formed at two regions interposing the gate electrode 
107 on the carrier supplying layer 105 as described above. In 
the present embodiment, a metal layer having a deposited 
structure composed of an underlying Ti film and an upper Al 
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film for example for the source and drain electrodes 108s and 
108d. However, the invention is not limited to them and those 
electrodes may be formed by using various conductors 
capable of ohmically junctioning with the carrier Supplying 
layer 105 for example. 
0049. The interlayer insulating film 109 that covers the 
semiconductor elements may be formed by using insulating 
films such as a silicon oxide film for example. The metal layer 
110 on the interlayer insulating film 109 and within the con 
tact hole may be formed by using the metal film having the 
deposited structure composed of the Ti film and the A1 film. 
Still more, the passivation film 111 covering them may be 
formed by using insulating films such as a silicon nitride film 
for example. 
0050 (Fabrication Method) 
0051. Next, a method for fabricating the semiconductor 
device 100 by the present embodiment will be explained in 
detail with reference to the drawings. FIGS. 3A through 6B 
are process diagrams showing the method for fabricating the 
semiconductor device 100 by the present embodiment. It is 
noted that FIGS. 3A through 6B show cross-sections corre 
sponding to the cross-section shown in FIG. 2. 
0052 According to this method, a buffer layer 102A is 
formed on the silicon substrate 101 at first as shown in FIG. 
3A and then ap-GaN layer 103A, an un-GaN layer 104A and 
an un-AlGaN layer 105A are formed one after another on the 
buffer layer 102A. 
0053 Specifically, trimethyl aluminum (TMA) and 
ammonium (NH) for example are introduced into a chamber 
of a MOCVD (Metal Organic Chemical Vapor Deposition) 
containing the silicon substrate 101 with flow rates of around 
100 umol/min and around 12 liters/min, respectively. 
Thereby, the AlN layer whose thickness is around 100 nm for 
example is epitaxially grown on the silicon substrate 101. 
Next, the GaN layer whose thickness is around 200 nm for 
example is epitaxially grown by introducing trimethyl gal 
lium (TMG) and ammonium onto the grown AlN layer with 
flow rates of around 58 umol/min and of around 12 liters/min, 
respectively. In succession, the AlN layer whose thickness is 
around 20 nm for example is epitaxially grown by introducing 
TMA and ammonium for example onto the grown GaN layer 
with the similar flow rates as described above. After that, the 
growth films each composed of the GaN layer whose thick 
ness is around 200 nm and the AlN layer whose thickness is 
around 20 nm are Superimposed by eight layers for example 
to form the buffer layer 102A having the growth structure 
whose total thickness from the undermost AlN layer is around 
1860 nm for example on the silicon substrate 101. 
0054 Next, Bis(Cyclopentadienyl)Magnesium: CP2Mg) 

is introduced onto the buffer layer 102A beside the TMG and 
ammonium for example. Thereby, the GaN layer (p-GaN 
layer) 103A into which Mg is doped as the p-type impurity is 
epitaxially grown on the buffer layer 102A. It is noted that a 
thickness of the p-GaN layer 103A may be around 500 nm for 
example. Flow rates of the TMG and ammonium at this time 
may be around 19 umol/min and 12 liters/min, respectively. A 
flow rate of the CP2Mg may be what achieves 1x10'7/cm of 
Mg concentration in the grown p-GaN layer 103A. Where, 
the Mg concentration is a result measured by a second ion 
mass spectroscopy (SIMS) for example. 
0055. Next, the un-GaN layer 104A whose thickness is 
around 100 nm for example is epitaxially grown by introduc 
ing TMG and ammonium onto the p-GaN layer 103A with 
flow rates of around 19 umol/min and of around 12 liters/min, 
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respectively. In succession, the un-AlGaN layer 105A whose 
thickness is around 20 nm for example is epitaxially grown by 
introducing TMA, TMG and ammonium onto the un-GaN 
layer 104A with flow rates of around 125umol/min, 19 umol/ 
min and of 12 liters/min, respectively. It is noted that a com 
position of the un-AlGaN layer 105A may be AL. GaN. 
for example. Growth temperature of each layer (the buffer 
layer 102A, the p-GaN layer 103A, the un-GaN layer 104A 
and the un-AlGaN layer 105A) in the abovementioned pro 
cesses may be around 1050° C. for example. 
0056. After forming the growth laminate film composed 
of the buffer layer 102A, the p-GaN layer 103A, the un-GaN 
layer 104A and the un-AlGaN layer 105A on the silicon 
substrate 101 as described above, a part of the un-AlGaN 
layer 105A and the un-GaN layer 104A in the element form 
ing region AR1 is removed by using photolithographic and 
etching technologies for example as shown in FIG. 3B to 
expose a part of the underlying p-GaN layer 103A. Specifi 
cally, a silicon oxide film M1 whose thickness is around 300 
nm for example is formed on the un-AlGaN layer 105A by 
using a CVD technique for example and a photo-resist in 
which a pattern for removing the un-AlGaN layer 105A and 
the un-GaN layer 104A is transferred is formed on the silicon 
oxide film M1 by using a photolithographic technique for 
example. Then, the removal pattern is transferred to the sili 
con oxide film M1 by processing the silicon oxide film M1 by 
means of wet etching using buffering hydrofluoric acid 
(BHF) or of dry etching using fluorinated gas for example 
while using the photo-resist as a mask. Thereby, an aperture 
ap1 is created through the silicon oxide film M1 as a result of 
the removal pattern. Next, after removing the photo-resist, the 
un-AlGaN layer 105A and the un-GaN layer 104A are etched 
one after another by means of dry etching using chlorine gas 
for example while using the silicon oxide film M1 as a mask 
to remove the un-AlGaN layer 105A and the un-GaN layer 
104A under the aperture ap1 and to expose an upper Surface 
of the p-GaN layer 103A. It is preferable to remove the 
un-GaN layer 104A under the aperture ap1 completely by 
etching overly more or less at this time. Still more, the un 
GaN layer 104A and the un-AlGaN layer 105A that are 
located in regions not used as the semiconductor elements 
may be also removed in this process. 
0057 Next, after removing the silicon oxide film M1 used 
as the mask, two parallel trenches TR are formed between the 
element forming regions AR1 as shown in FIG. 3C by using 
photolithographic and etching techniques for example. Spe 
cifically, a silicon oxide film M2 having an aperture ap2 for 
forming the trench TR is formed on the un-AlGaN layer 105A 
and the exposed p-GaN layer 103A by using a process similar 
to the process explained by using FIG. 3B for example. It is 
noted that a thickness of the silicon oxide film M2 may be 
around 1000 nm for example. In succession, the two parallel 
trenches TR are formed in the scribing region SR (see FIGS. 
1A and 1B) by etching the un-AlGaN layer 105A, the un-GaN 
layer 104A, the p-GaN layer 103A, the buffer layer 102A and 
an upper layer part of the silicon substrate 101 one after 
another by means of anisotropic dry etching Such as RIE 
(Reactive Ion Etching) and ICP-RIE (Inductive Coupled 
Plasma-RIE) using chlorine gas for example while using the 
silicon oxide film M2 as a mask. 

0.058 As a result of the process described above, the buffer 
layer 102A, the p-GaN layer 103A, the un-GaN layer 104A 
and the un-AlGaN layer 105A in the element forming region 
AR1 are shaped respectively as the buffer layer 102, the 
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p-type semiconductor layer 103, the carrier drifting layer 104 
and the carrier supplying layer 105 and the elements are 
separated between the element forming regions AR1. Still 
more, as a result of the process described above, the mesa-like 
convex portion 120 composed of the convex portion 101b that 
is the upper layer part of the silicon substrate 101, the buffer 
layer 102a that is a part of the buffer layer 102A, the p-GaN 
layer 103a that is a part of the p-GaN layer 103A, the un-GaN 
layer 104a that is a part of the un-GaN layer 104A and the 
un-AlGaN layer 105a that is a part of the un-AlGaN layer 
105A is formed between the two trenches TR in each scribing 
region SR. 
0059. After forming the two trenches TR and the convex 
portion 120 in the scribing region SR as described above, the 
silicon oxide film M2 used as the mask is removed and a 
silicon oxide film whose thickness is around 60 nm for 
example and which covers the whole upper surface of the 
silicon substrate 101 on which the respective layers described 
above are formed is formed by using a CVD (Chemical Vapor 
Deposition) technique for example. In Succession, the silicon 
oxide film is processed by using photolithographic and etch 
ing techniques to remove at least a part of the silicon oxide 
film on the carrier supplying layer 105 as shown in FIG. 4A to 
form apertures ap3 for contacting respectively with the Source 
and drain electrodes 108s and 108d. It is noted that the silicon 
oxide film within the element forming region AR1 formed in 
this process will be represented as a gate insulating film 106 
and the same silicon oxide film formed in this process in other 
regions will be represented as an insulating film 106.a for 
convenience of explanation in the present embodiment. 
0060 Next, the source and drain electrodes 108s and 108d 
that ohmically contact with the carrier supplying layer 105 
that is exposed by the aperture ap3 of the gate insulating film 
106 are formed on the carrier supplying layer 105 as shown in 
FIG. 4B by using a lift-off method for example. Specifically, 
a photo-resist R1 having the aperture ap3 is formed in a region 
where the source and drain electrodes 108s and 108d are to be 
formed by using a photolithographic technology for example. 
In Succession, Tiand Al are deposited one after another on the 
photo-resist R1 and the carrier supplying layer 105 exposed 
by the aperture ap3 by using a sputtering or vacuum evapo 
ration method for example. Thereby, a metal film 1008 com 
posed of deposited films of Ti and Al films is formed on the 
photo-resist R1 and the source and drain electrodes 108s and 
108d are formed on the carrier supplying layer 105 exposed 
by the aperture ap3. It is noted that a thickness of the Ti film 
and that of the Al film may be around 25 nm and 300 nm, 
respectively. Then, the photo-resist R1 is removed by using a 
releasing solution Such as acetone for example to remove the 
semiconductor device 1008 on the photo-resist R1 by means 
of a lift-off method. After that, an annealing treatment at 600° 
C. for example is carried out for about 10 minutes to ohmi 
cally contact the carrier supplying layer 105 with the source 
electrode 108s on a source side and the carrier supplying layer 
105 with the drain electrode 108d on a drain side, respec 
tively. 
0061 Next, a gate electrode 107 is formed on the gate 
insulating film 106 as shown in FIG. 5A by using a lift-off 
method for example. Specifically, a photo-resist R2 having an 
aperture ap4 is formed on a region where the gate electrode 
107 is to be formed on the gate insulating film 106 by using a 
photolithographic technique for example. In Succession, Ti, 
Al and Tiare deposited one after another on the photo-resist 
R2 and the gate insulating film 106 exposed by the aperture 
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ap4 by using a sputtering or vacuum evaporation method for 
example. Thereby, a metal film 1007 composed of deposited 
films of Ti, Al and Ti films is formed on the photo-resist R2 
and the gate electrodes 107 is formed on the gate insulating 
film 106 exposed by the aperture ap4. It is noted that thick 
nesses of the underlying Ti film, the Al film and the upper Ti 
film may be around 25 nm, 300 nm and 25 nm, respectively. 
Then, the photo-resist R2 is removed by using a releasing 
Solution Such as acetone for example to remove the metal film 
1007 on the photo-resist R2 by means of a lift-off method. 
0062. After forming the semiconductor element contain 
ing the MOSFET 100A composed of the p-type semiconduc 
tor layer 103, the carrier drifting layer 104, the carrier Sup 
plying layer 105, the gate insulating film 106, the gate 
electrode 107, the source and drain electrodes 108s and 108d 
in the element forming region AR1 as described above, the 
interlayer insulating film 109 whose thickness is around 3000 
nm for example and which cover the whole upper surface of 
the silicon substrate 101 on which the respective layers are 
formed is formed by depositing silicon oxide by using a CVD 
technique for example. In Succession, the contact holes that 
expose each part of the source and drain electrodes 108s and 
108d as well as that of the gate electrode 107 are created 
through the interlayer insulating film 109 by using the pho 
tolithographic and etching techniques. Next, the metal layer 
110 including the upper layer wire on the interlayer insulating 
film 109 and the in-contact wire within the contact hole is 
formed as shown in FIG. 5B by using a sputtering or vacuum 
evaporation method for example. It is noted that the interlayer 
insulating film 109 and the metal layer 110 are not limited to 
be one layer each and a plurality of layers may be formed, 
respectively. 
0063) Next, the passivation film 111 whose thickness is 
around 800 nm for example is formed on the interlayer insu 
lating film 109 and the metal layer 110 as shown in FIG. 6A 
by depositing silicon nitride by means of a CVD technique for 
example. It is noted that as a result of this process, the wafer 
1 having the layered structure as shown in FIG. 2 is fabricated. 
0064. Next, after pasting a dicing sheet DS having an 
adhesive surface for example on the back of the silicon sub 
strate 101 on which the respective layers are formed and 
fixing it on a dicing table not shown, the convex portion 120 
in the scribing region SR of the silicon substrate 101 is cut by 
using a dicing blade DB for example as shown in FIG. 6B. At 
this time, the silicon Substrate 101 is cut along a dicing line 
DL (see FIG.2) from the top surface of the substrate. Thereby, 
the semiconductor devices 100 on the wafer 1 shown in FIGS. 
1A, 1B and 2 are separated into individual chips. It is noted 
that although the present embodiment separates the semicon 
ductor devices 100 into individual chips by using the dicing 
blade DB as described above, the invention is not limited to 
that and the semiconductor devices 100 may be separated into 
individual chips by means of stealth cut using a laser cutter for 
example. Still more, although the case in which the width 
W of the top surface of the convex portion 120 is set to be 
larger than a thickness of the dicing blade DB is illustrated in 
FIG. 6B, the invention is not limited to such a case as 
described above. 

0065. The semiconductor device 100 after being separated 
has a convex portion 120a that is a part of the convex portion 
120 around an outer edge and the trench TR formed between 
the convex portion 120a and the element forming region AR1 
as shown in FIG. 6B by fabricating the semiconductor device 
100 by using the processes described above. Although the 
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side surface S2 that is a surface where the semiconductor 
device 100 is separated is a surface cut by the dicer, the side 
surface S1 of the element forming region AR1 is a surface 
having excellent characteristics because it is formed by etch 
ing and has less irregularities and physical and thermal dam 
ages. Therefore, it becomes possible to reduce a leak current 
otherwise leaking through the side surface S1 of the element 
forming region AR1 and to fabricate the semiconductor 
device 100 having the excellent characteristics. 
0066 FIG. 7 shows current-voltage characteristics of the 
semiconductor device 100 after the separation fabricated as 
described above and of the semiconductor device 100 formed 
on the wafer 1 before the separation. As shown in FIG. 7, the 
current-Voltage characteristic Ca of the semiconductor device 
100 after the separation shows the same degree of excellent 
characteristics with the current-voltage characteristic Cb of 
the semiconductor device 100 before the separation. 
0067. It is noted that although the case of forming the 
trench TR on the top surface of the silicon substrate 101, i.e., 
on the element forming Surface, has been illustrated in the 
embodiment described above, the invention is not limited to 
that and may be arranged so as to form the trench TR from the 
back of the silicon substrate 101 for example. In this case, the 
trench TR is formed so that it reaches at least to the carrier 
supplying layer 105 from the back of the silicon substrate 
101. 

Second Embodiment 

0068. Next, a semiconductor device 200 of the second 
embodiment of the invention will be explained in detail with 
reference to the drawings. It is noted that the semiconductor 
device 200 on which one or more HEMT 200A are formed as 
semiconductor elements will be exemplified in the present 
embodiment. It is also noted that in the explanation below, the 
same structures with those of the first embodiment will be 
denoted by the same reference numerals and their detailed 
explanation will be omitted. 
0069 (Structure) 
0070 A structure of a wafer 2, seen from its top, before the 
semiconductor devices 200 are separated into individual 
chips in the present embodiment is the same with the structure 
shown in FIGS. 1A and 1B in outline, so that the structure 
shown in FIGS. 1A and 1B will be cited and its detailed 
explanation will be omitted here. FIG. 8 is a diagrammatic 
view showing a layered structure of the wafer 2 and shows the 
layered structure of a cross-section corresponding to the 
cross-section A-A in FIG. 1B. 
0071. As it is apparent when FIG. 8 is compared with FIG. 
2, a HEMT 200A formed in each element forming region 
AR1 in the present embodiment has a structure in which a 
carrier drifting layer 204 and a carrier supplying layer 205 are 
not removed in a region where a gate electrode 207 is formed 
in the similar structure with the MOSFET 100A of the first 
embodiment. Still more, the HEMT 200A has a structure in 
which the gate electrode 107 in the MOSFET 100 is omitted 
and the gate electrode 107 is replaced with a gate electrode 
207 that Schottky-contacts with the carrier supplying layer 
205. It is noted that because the gate insulating film 106 is 
eliminated, the insulating film 106a formed in the region 
outside of the element forming region AR1 is also eliminated. 
The other structures are the same with those of the first 
embodiment of the invention, so that they are denoted by the 
same reference numerals and their detailed explanation will 
be omitted here. 
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(0072. The gate electrode 207 is formed on the carrier 
supplying layer 205 and Schottky-contacts with it as 
described above. A metal film having a deposited structure 
composed of an underlying nickel (Ni) layer and an upper 
gold (Au) film for example may be used for the gate electrode 
207. However, the invention is not limited to that and the gate 
electrode 207 may be formed by using various conductors 
capable of Schottky-contacting with the underlying carrier 
supplying layer 205 for example. 
0073. The carrier drifting layer 204 and the carrier supply 
ing layer 205 may beformed by using the same material with 
the carrier traveling layer 104 and the carrier drifting layer 
105 of the first embodiment of the invention, so that their 
detailed explanation will be omitted here. 
(0074 (Fabrication Method) 
0075) Next, a method for fabricating the semiconductor 
device 200 of the present embodiment will be explained in 
detail with reference to the drawings. FIGS. 9A through 9C 
are process diagrams showing the method for fabricating the 
semiconductor device 200 of the present embodiment. It is 
noted that an explanation of the same processes with those of 
the first embodiment will be simplified by referring to the first 
embodiment. 
0076 According to this method, the buffer layer 102A, the 
p-GaN layer 103A, the un-GaN layer 104A and the un-Al 
GaN layer 105A are formed at first one after another on the 
silicon substrate 101 by using the same processes with those 
explained by using FIG. 3A in the first embodiment. 
0077 Next, the two parallel trenches TR are formed 
between the element forming regions AR1 as shown in FIG. 
9A by using the same processes with the processes explained 
by using FIG. 3C in the first embodiment. It is noted that as a 
result of these processes, the buffer layer 102A, the p-GaN 
layer 103A, the un-GaN layer 104A and the un-AlGaN layer 
105A in the element forming region AR1 are shaped as the 
buffer layer 102, the p-type semiconductor layer 103, the 
carrier traveling layer 204 and the carrier supplying layer 205, 
respectively, and the elements are separated between the ele 
ment forming regions AR1. Still more, similarly to FIG.3C of 
the first embodiment, the mesa-like convex portion 120 com 
posed of the convex portion 101b that is the upper layer part 
of the silicon substrate 101, the buffer layer 102a that is a part 
of the buffer layer 102A, the p-GaN layer 103a that is a part 
of the p-GaN layer 103A, the un-GaN layer 104a that is a part 
of the un-GaN layer 104A and the un-AlGaN layer 105a that 
is a part of the un-AlGaN layer 105A is formed between the 
two trenches TR in each scribing region SR. 
0078 Next, the source and drain electrodes 108s and 108d 
that ohmically contact with the carrier supplying layer 205 
are formed on the carrier supplying layer 205 as shown in 
FIG.9B by using the same process with the lift-off process 
explained by using FIG. 4A in the first embodiment after 
removing the silicon oxide film M22 used as a mask. It is 
noted that the semiconductor device 1008 on the photo-resist 
R21 is removed by the lift-off by removing the photo-resist 
R21 used as the mask by using a releasing Solution Such as 
acetone for example and the source and drain electrodes 108s 
and 108d formed within the aperture ap21 remain. 
(0079. Next, the gate electrode 207 is formed in the region 
interposed between the source and drain electrodes 108s and 
108d on the carrier supplying layer 205 as shown in FIG.9C 
by using the lift-off method for example. Specifically, the 
photo-resist R22 having an aperture ap22 is formed in the 
region interposed between the source and drain electrodes 
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108s and 108d by using the photolithographic technique for 
example. In Succession, Ni and Au are deposited one after 
another on the photo-resist R22 and the carrier Supplying 
layer 205 exposed by the aperture ap22 by using a sputtering 
or vacuum evaporation method for example. Thereby, a semi 
conductor device 2007 composed of deposited films of Ni 
films and Au films is formed on the photo-resist 22 and the 
gate electrode 207 that Schottky-junctions with the carrier 
Supplying layer 205 is formed on the carrier Supplying layer 
205. It is noted that thicknesses of the Ni film and Au film are 
around 100 nm and 200 nm for example, respectively. It is 
noted that the semiconductor device 2007 on the photo-resist 
R22 is removed by means of the lift-off method by removing 
the photo-resist R22 used as the mask and the gate electrode 
207 thus formed remains within the aperture ap22. 
0080. After that, the interlayer insulating film 109, the 
passivation film 111 and the passivation film 111 are formed 
one after another by using the same processes with those 
explained by using FIGS. 5B through 6A in the first embodi 
ment of the invention. Then, the semiconductor devices 200 
on the wafer 2 (see FIG. 8) on which the respective layers 
described above are formed are separated into individual 
chips by using the same processes with those explained by 
using FIG. 6B in the first embodiment. It is noted that the 
width W of the top surface of the convex portion 120 may 
be equal to or smaller than the thickness of the dicing blade 
DB or the spot diameter of the laser cutter. 
0081. Even if the semiconductor device 200 is fabricated 
as described above by forming the trenches TR for separation 
before the microfabrication process in the same manner with 
the first embodiment, it becomes possible to uniformly form 
the photo-resist used in the photolithography in the microfab 
rication process. Still more, the side surface of the trench TR. 
i.e., the side surface S1 of the element forming region AR1 is 
a surface formed by etching with less irregularities and less 
physical and thermal damages than the Surface cut by the 
dicer, so that it becomes possible to reduce a leak current 
otherwise leaked to the substrate (the silicon substrate 101 in 
the present embodiment) through the side surface S1 of the 
element forming region AR1 and to realize the semiconductor 
device 200 having the excellent characteristics. 

Third Embodiment 

0082 Next, a semiconductor device 300 of a third embodi 
ment of the invention will be explained in detail with refer 
ence to the drawings. It is noted that the semiconductor device 
300 on which one or more SBDS 300A are formed as semi 
conductor elements will be exemplified in the present 
embodiment. It is also noted that the same or corresponding 
structures with those in the first or second embodiment will be 
denoted by the same reference numerals and their detailed 
explanation will be omitted here. 
I0083 (Structure) 
0084 Skelton structures above a wafer 3 before separating 
into the individual semiconductor devices 300 of the present 
embodiment is the same with those shown in FIGS. 1A and 
1B of the first embodiment, so that the first embodiment will 
cited and their detailed explanation will be omitted here. FIG. 
10 is a diagrammatic view showing a layered structure of the 
wafer 3 of the present embodiment. It is noted that FIG. 10 
shows the layered structure of a cross-section corresponding 
to the cross-section A-A in FIG. 1B. 
0085. As it is apparent when FIG. 10 is compared with 
FIGS. 2 and 8, a SBD 300A formed on each element forming 
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region AR1 and having the similar structure with the HEMT 
200A of the second embodiment has a structure in which the 
gate electrode 207 on the carrier supplying layer 205 is omit 
ted and the source and drain electrodes 108s and 108d on the 
carrier supplying layer 205 are replaced with cathode and 
anode electrodes 308c and 308a in the present embodiment. 
The other structures are the same with those of the first or 
second embodiment, so that they will be denoted by the same 
reference numerals and their detailed explanation will be 
omitted here. 
0086. The cathode electrode 308c is an electrode made of 
a metal film that ohmically contacts with the carrier Supplying 
layer 205. A metal film having a deposited structure com 
posed of an underlying Ti film and an upper Al film for 
example is used in the present embodiment. However, the 
invention is not limited to that and the cathode electrode 308C 
may be formed by using various conductors that are capable 
of ohmically contacting with the underlying carrier Supplying 
layer 205. 
0087. The anode electrode 308a is an electrode made of a 
metal film that Schottky-contacts with the carrier Supplying 
layer 205. A metal film having a deposited structure com 
posed of an underlying Ni film and an upper Al film for 
example is used in the present embodiment. However, the 
invention is not limited to that and the anode electrode 308a 
may be formed by using various conductors that are capable 
of Schottky-contacting with the underlying carrier Supplying 
layer 205. 
I0088 (Fabrication Method) 
I0089. A method for fabricating the semiconductor device 
300 of the present embodiment will be explained in detail 
below with reference to the drawings. FIGS. 11A and 11B are 
process diagrams showing the method for fabricating the 
semiconductor device 300 of the present embodiment. It is 
noted that in the following explanation, an explanation of the 
same processes with those of the first or second embodiment 
of the invention will be simplified by citing those in the first or 
second embodiment. 

(0090. In the method of the present embodiment, the buffer 
layer 102A, the p-GaN layer 103A, the un-GaN layer 104A 
and the un-AlGaN layer 105A are formed at first one after 
another on the silicon substrate 101 by using the same pro 
cesses with those explained by using FIG. 3A. 
(0091 Next, the two parallel trenches TR as shown in FIG. 
9A in the second embodiment are formed between the ele 
ment forming regions AR1 by using the same processes with 
those explained by using FIG. 3C in the first embodiment of 
the invention. It is noted that as a result of these processes, the 
buffer layer 102A, the p-GaN layer 103A, the un-GaN layer 
104A and the un-AlGaN layer 105A in the element forming 
region AR1 are shaped as the buffer layer 102, the p-type 
semiconductor layer 103, the carrier traveling layer 204 and 
the carrier supplying layer 205, respectively, and the elements 
are separated between the element forming regions AR1. Still 
more, the mesa-like convex portion 120 composed of the 
convex portion 101b that is the upper layer part of the silicon 
substrate 101, the buffer layer 102a that is a part of the buffer 
layer 102A, the p-GaN layer 103a that is a part of the p-GaN 
layer 103A, the un-GaN layer 104a that is a part of the 
un-GaN layer 104A and the un-AlGaN layer 105a that is a 
part of the un-AlGaN layer 105A is formed between the two 
trenches TR in each scribing region SR. 
0092 Next, the cathode electrode 308c that ohmically 
contacts with the carrier supplying layer 205 is formed on the 
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carrier supplying layer 205 as shown in FIG. 11B by using the 
same process with the lift-off process explained by using FIG. 
4A in the first embodiment. It is noted that the metal film 3008 
on a photo-resist R31 is removed by the lift-off by removing 
the photo-resist R31 used as the mask by using a releasing 
Solution such as acetone for example and the cathode elec 
trode 308c formed within an aperture ap31 remains. 
0093. Next, an anode electrode 308a that Schottky-con 
tacts with the carrier supplying layer 205 is formed on the 
carrier supplying layer 205 as shown in FIG. 11B by using the 
same process with the lift-off process explained by using FIG. 
9C in the second embodiment. It is noted that a metal film 
3018 on a photo-resist R32 is removed by the lift-off by 
removing the photo-resist R32 used as the mask by using a 
releasing Solution Such as acetone for example and the anode 
electrode 308a formed within an aperture ap32 remains. 
0094. After that, the interlayer insulating film 109, the 
passivation film 111 and the passivation film 111 are formed 
one after another by using the same processes with those 
explained by using FIGS. 5B through 6A in the first embodi 
ment of the invention. Then, the semiconductor devices 300 
on the wafer 3 (see FIG. 10) on which the respective layers 
described above are formed are separated into individual 
chips by using the same processes with those explained by 
using FIG. 6B in the first embodiment. It is noted that the 
width W. of the top surface of the convex portion 120 may 
be equal to or smaller than the thickness of the dicing blade 
DB or the spot diameter of the laser cutter also in the present 
embodiment similarly to the first embodiment. 
0095. Even if the semiconductor device 300 is fabricated 
as described above by forming the trenches TR for separation 
before the microfabrication process in the same manner with 
the first or second embodiment, it becomes possible to uni 
formly form the photo-resist used in the photolithography in 
the microfabrication process. Still more, the side surface of 
the trench TR, i.e., the side surface S1 of the element forming 
region AR1 is a Surface formed by etching with less irregu 
larities and less physical and thermal damages than the Sur 
face cut by the dicer, so that it becomes possible to reduce a 
leak current otherwise leaked to the substrate (the silicon 
substrate 101 in the present embodiment) through the side 
surface S1 of the element forming region AR1 and to realize 
the semiconductor device 300 having the excellent character 
istics. 
0096. Thus, the invention has the structure in which the 
trench whose width is relatively narrow may be formed 
between the separation Surface and the element forming 
region, not the structure that requires a trench whose width is 
wider than the thickness of the dicing blade or the diameter of 
a laser spot across the whole scribing region, so that it 
becomes possible to realize the semiconductor device and the 
method for fabricating the wafer structure and the semicon 
ductor device that allow the photo-resist used in the photoli 
thography in the microfabrication process even if the trench 
for the separation is formed before the microfabrication pro 
CCSS, 
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What is claimed is: 
1. A semiconductor device in which one or more semicon 

ductor elements are formed in an element forming region on 
one or more compound semiconductor layers formed on a 
predetermined substrate, comprising: 

a trench that divides the compound semiconductor layers is 
formed between a cut Surface caused by separation and 
a side Surface of the element forming region of the 
compound semiconductor layer. 

2. The semiconductor device according to claim 1, wherein 
the trench is formed at least from the compound semiconduc 
tor layer to the predetermined substrate. 

3. The semiconductor device according to claim 1, wherein 
the compound semiconductor contains at least one of GaN. 
AlGaN, BA1GaN, InGaN, GaAs, InP and SiGe. 

4. The semiconductor device according to claim 1, wherein 
the semiconductor element contains at least one of a MOS 
FET, a HEMT and a SBD. 

5. A wafer structure having one or more compound semi 
conductor layers including a plurality of element forming 
regions and scribing regions disposed between the element 
forming regions, comprising: 
two trenches formed in the scribing regions that divide the 

neighboring element forming regions in the compound 
semiconductor layers. 

6. A method for fabricating a semiconductor device, com 
prising steps of: 

forming one or more compound semiconductor layers con 
taining a plurality of element forming regions on a pre 
determined substrate; 

forming two trenches that divide the element forming 
regions in the compound semiconductor layers; and 

forming semiconductor elements in the divided element 
forming regions. 

7. The method according to claim 6, wherein the step of 
forming the elements includes a step of forming electrodes. 

8. The method according to claim 6, wherein the trenches 
are formed so as to reach the predetermined substrate in the 
trench forming step. 

9. The method according to claim 6, further comprising a 
step of separating the semiconductor devices into individual 
chips by cutting a convex portion located between the two 
trenches; and 

a width of a top surface of the convex portion is larger than 
a thickness of a dicing blade or a spot diameter of a laser 
cutter used in the separating step. 

10. The method for fabricating the semiconductor device 
according to claim 6, wherein the trench is formed in the 
trench forming step by means of etching. 

11. The method for fabricating the semiconductor device 
according to claim 6, wherein the compound semiconductor 
layer contains at least one of GaN. AlGaN, BA1GaN. InGaN. 
GaAs, InP and SiGe. 
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