US 20060292785A1
asy United States

a2 Patent Application Publication (o) Pub. No.: US 2006/0292785 A1

Chang et al. 43) Pub. Date: Dec. 28, 2006
(54) CU-METALIZED COMPOUND (22) Filed: Jun. 22, 2005
SEMICONDUCTOR DEVICE

Publication Classification
(75) TInventors: Edward Yi Chang, Hsinchu City

(TW); Shang-Wen Chang, Banciao (51) Inmt. ClL
City (TW); Cheng-Shih Lee, Guishan HOIL 21/8238  (2006.01)
Shiang (TW) HOIL 27/082 (2006.01)
(52) US. Cl cvccreerercrecccrneecen 438/202; 257/565
Correspondence Address:

TROXELL LAW OFFICE PLLC
5205 LEESBURG PIKE, SUITE 1404
FALLS CHURCH, VA 22041 (US)

(57) ABSTRACT

The present invention is a compound semiconductor device

(73) Assignee: National Chiao Tung University characterized in that it is Cu-metalized to improved the
reliability of the device and to greatly reduce the cost of
(21) Appl. No.: 11/158,070 production.
4

\‘

45

47

a7
/ 4 \ )
) 42e C

426 ?

E— s

\
) /
\

41 42a 4

s

\_/-'\
> /’\._//

Do
o



Patent Application Publication Dec. 28,2006 Sheet 1 of 8 US 2006/0292785 Al

13

<t /
H\ }
\.
o)
® @ A
ol —
— \/
- O
‘ LL
RGNV
~—]
——
LO\/\ NP
— AN —
j’ \
<

12b
17
16




Patent Application Publication Dec. 28,2006 Sheet 2 of 8

21

US 2006/0292785 A1

FIG.2A



Patent Application Publication Dec. 28,2006 Sheet 3 of 8 US 2006/0292785 A1

o
QN
!
m
: N
N _ 9
LL
N
<
Qd

21



Patent Application Publication Dec. 28,2006 Sheet 4 of 8 US 2006/0292785 Al

o
N

Lo
N
—
N
N
— O
N
O
N L
N
S
Lo
o™

21



Patent Application Publication Dec. 28,2006 Sheet 5 of 8 US 2006/0292785 A1

™
N

25

FIG.2D

26

I IS IIIS 4y

25



Patent Application Publication Dec. 28,2006 Sheet 6 of 8 US 2006/0292785 A1

23

1

FIG.2E

[

21



Patent Application Publication Dec. 28,2006 Sheet 7 of 8 US 2006/0292785 A1

(ap]
o

32

FIG.3

J1




Patent Application Publication Dec. 28,2006 Sheet 8 of 8 US 2006/0292785 A1

e
<
=
Ol
(8]
o~
’/,———\_,/ <
< & \\
v
©
°~ N1\ Q
o ‘// < L
N
< = /
<
©
T~ c;
h
< /\_/ »\\,
—
<




US 2006/0292785 Al

CU-METALIZED COMPOUND SEMICONDUCTOR
DEVICE

BACKGROUND OF THE INVENTION
[0001]

[0002] The present invention relates to a semiconductor
device; more particularly, relates to replacing Au with Cu in
an ohmic contact layer and a metal interconnect of a related
compound semiconductor made of GaAs or InP.

[0003]

[0004] A traditional compound semiconductor device (of
an HBT (Heterojunction Bipolar Transistor) structure or a
HEMT (High-Electron-Mobility transistor) structure) uses
Au for an ohmic metal layer and a metal interconnect.
Concerning RC delay, Cu can be used to replace Au with a
lower resistance and a better heat dissipation for a better
compound semiconductor device. As stated in the U.S. Pat.
Nos. 6,444,567 and 6,319,819, a Cu production is obtained
by a Cu CMP (Chemical Mechanical Polishing) and an
obstruction between Cu and a dielectric layer. In the U.S.
Pat. No. 6,455,425, a Cu production is obtained by a
selective deposition of a Cu CMP planarization and an
obstruction between Cu and a dielectric layer. In the U.S.
Pat. No. 6,452,276, an alpha-wolfram is used as a diffusion
barrier to Cu; and, in U.S. Pat. Nos. 6,437,440 and 6,291,
885, a TaN. In the U.S. Pat. No. 6,180,523, Cu/Au inter-
connects are made in an eletronless way while its adhering
layer is made of Ni, Al, polysilicon or PdSi, and its diffusion
barrier is made of Ni—B compound, Ni, Pd or Co, having
a plug of Au or Cu.

[0005] In Taiwan, a prior art for Cu production uses a TaN
plated by electroplating as a diffusion barrier and a metal
damascene on silicon by CMP. Another prior art obtains a
dual damascene of metal on a silicon layer by electroplating.
Still another prior art uses a metal plasma sputtering process
to plate Ti and uses CVD (Chemical Vapor Deposition) and
MOCVD (Metal Organic Chemical Vapor Deposition) to
deposit TiN as a diffusion barrier to Cu.

1. Field of the Invention

2. Description of the Prior Art

[0006] Yet, the above prior arts are for silicon productions
only and use a complex Cu dual damascene or a CMP
process, which are not for the production of compound
semiconductor. So, the prior arts do not fulfill users requests
on actual use.

SUMMARY OF THE INVENTION

[0007] Therefore, the main purpose of the present inven-
tion 1s to provide a compound semiconductor device met-
alized with Cu in a production process.

[0008] To achieve the above purpose, the present inven-
tion is a Cu-metalized compound semiconductor device,
comprising a substrate, an n-type ohmic contact layer, a
p-type ohmic contact layer and a metal interconnect, where
the metal interconnect comprises a diffusion barrier and a
Cu. The Cu-metalized compound semiconductor device is of
an HBT (Heterojunction Bipolar Transistor) structure. When
the substrate is made of GaAs, the n-type ohmic contact
layer is made of Pd/Ge/WN, /Cu; the p-type ohmic contact
layer is made of Pt/Ti/Pt/Cu; and, the metal interconnect is
made of Ti/Pt/Cu. When the substrate is made of InP, the
n-type ohmic contact layer is made of Ti/Pt/Cu; the p-type
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ohmic contact layer is made of Pt/Ti/Pt/Cu; and, the metal
interconnect is made of Ti/Pt/Cu. The diffusion barrier is
made of Ta, TaN, W, WN_, TIWN,, Pt or Pd. And, a Cu metal
line pattern, which is of a multi-finger structure, is obtained
by the metal interconnect through a lift-off and is applied in
a Cu air-bridge.

[0009] Or, the present invention can be of a MESFET
(Metal Semiconductor Field Effect. Transistor) structure,
comprising a substrate, a source, a drain, a gate and a metal
interconnect. Therein, the source and the drain are of N-po-
larity and are made of PdGe/WN,/Cu; the gate is made of
Ti/Pt/Cu; and, the metal interconnect 47 is of a Cu air-bridge
structure.

[0010] The present invention of a Cu-metalized compound
semiconductor device replaces Au with Cu to obtain better
heat dissipation to improve the reliability of the device and
to greatly reduce the cost of production. Accordingly, a
Cu-metalized compound semiconductor device is obtained

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The present invention will be better understood
from the following detailed descriptions of the preferred
embodiments according to the present invention, taken in
conjunction with the accompanying drawings, in which

[0012] FIG.1is a view showing an HBT (Heterojunction
Bipolar Transistor) structure for a Cu-metalized compound
semiconductor device according to the present invention,

[0013] FIG. 2A through FIG. 2E are views showing a
structure of a Cu air-bridge according to the present inven-
tion;

[0014] FIG. 3 is a view showing a MESFET (Metal
Semiconductor Field Effect Transistor) structure for a Cu-
metalized compound semiconductor device according to the
present invention; and

[0015] FIG. 4 is a view showing a HEMT (High- Elec-
tron-Mobility Transistor) structure for a Cu-metalized com-
pound semiconductor device according to the present inven-
tion.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

[0016] The following descriptions of the preferred
embodiments are provided to understand the features and the
structures of the present invention.

[0017] Please refer to FIG. 1, which is a view showing an
HBT structure for a Cu-metalized compound semiconductor
device according to the present invention. As shown in the
figure, the present invention is a Cu-metalized compound
semiconductor device 1 of an HBT structure, comprising a
substrate 11, an auxiliary base layer 111, a first n-type ohmic
contact layer 12a, a p-type ohmic contact layer 13, a second
n-type ohmic contact layer 12b, a metal interconnect 14, a
dielectric layer 15, a collector layer 16, a base layer 17, an
emitter layer and a dotted layer 19. When the substrate 11 is
made of GaAs, the first n-type ohmic contact layer 124 and
the second n-type ohmic contact layer 125 are made of
Pd/Ge/WN_/Cu; the p-type ohmic contact layer 13 is made
of Pt/Ti/Pt/Cu; and, the metal interconnect 14 is made of
Ti/Pt/Cu. When the substrate 11 is made of InP, the first
n-type ohmic contact layer 12a and the second n-type ohmic
contact layer 126 are made of Ti/Pt/Cu; the p-type ohmic
contact layer 13 is made of PY/Ti/Pt/Cu; and, the metal
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interconnect 14 is made of Ti/Pt/Cu. The metal interconnect
14 is obtained by firstly plating with a layer of photoresist on
a surface of a compound semiconductor device to be
exposed and developed through a photolithography process
for defining an area to be plated with metal. Then a diffusion
barrier is obtained through a deposition by a sputtering or an
electron-beam evaporation to prevent Cu and other materials
from inter-diffusion and inter-reaction, where the diffusion
barrier is made of Ta, TaN, W, WN,, TiWN_, Pt or Pd. And,
a Cu 1s obtained by a sputtering, an evaporation, a Cu CVD
(chemical vapor deposition) or a chemical electroplating.
When a sputtering is processed, a collimator is used to
obtain better directionality with no step coverage. At last,
redundant metal is removed by acetone through a lift-off so
that the metal interconnect 14 is obtained.

[0018] When the present invention of a Cu-metalized
compound semiconductor device uses a substrate 11 of an
n-type GaAs, the ohmic contact layers are made of Pd/Ge/
WN,/Cu; when the substrate 11 is made of an n-type InP, the
ohmic contact layers are made of Ti/Pt/Cu; and, when the
substrate 11 is made of a p-type GaAs or a p-type InP, the
ohmic contact layers are made of Pt/Ti/Pt/Cu. The Cu of the
metal interconnect 14 is prevented to be inter-diffused or
inter-reacted with other materials and the substrate 11 by the
diffusion barrier; and, the resistance of the present invention
is further reduced by the Cu so that the RC (Routing
Control) delay of the present invention is reduced. Further-
more, a Cu metal line pattern is obtained with the metal
interconnect 14 through a lift-off to be applied in a Cu
air-bridge. Please refer to FIG. 2A through FIG. 2E, which
are views showing a structure of a Cu air-bridge according
to the present invention. As shown in the figures, the
production of the Cu air-bridge 2 comprises the following
steps:

[0019] (a) A first photoresist layer 22 is formed on a
GaAs substrate 11 and a metal cushion pier 23 for an
air-bridge is defined by a photolithography process.

[0020] (b) A metal film layer 24 is plated on the first
photoresist layer 22 and on the metal cushion pier 23 by
a sputtering or an evaporation; and the metal film layer
24 is made of W/Cu/W.

[0021] (c) A second photoresist layer 25 is then formed
on the metal film layer 24. After a metal line of the
air-bridge is defined through a photolithography pro-
cess, the redundant wolfram on the surface of the metal
film layer 24 1s removed.

[0022] (d) Finally, an electroplated Cu layer 26 is
obtained by an electroplating and the redundancies of
the first photoresist layer 22 and the second photoresist
layer 25 are removed with acetone and plasma.

[0023] Concerning producing an ohmic contact layer, a
metal pattern is defined by a photolithography process and
a metal multi-layer is obtained by a deposition through a
sputtering or an evaporation. In the end, the photoresist and
the redundant metal are removed by a lift-off to obtain the
ohmic contact layer. Because the ohmic contact layers are
Cu-metalized and the metal interconnect is an interconnect
metal line made of Cu metal line instead of Au, its trans-
ferring speed is faster and its cost 1s low. In addition, because
the Cu used in the present invention has better heat dissi-
pation than Au, for those devices with high power, heat
dissipation effect can be improved together with reliability.
And, because the price of Cu is lower than that of Au, the
cost for production can be greatly reduced.
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[0024] Please refer to FIG. 3, which is a view showing a
MESFET structure for a Cu-metalized compound semicon-
ductor device according to the present invention. As shown
in the figure, the present invention is of a MESFET structure
3, comprising a substrate 31, a channel layer 32, an insula-
tion layer 33, a source 34, a drain 35, a gate 36 and a metal
interconnect 37. Therein, the source 34 and the drain 35 are
of N-polarity and are made of PdGe/WN_/Cu; the gate 36 is
made of Ti/Pt/Cu; and, the metal interconnect 37 is of a Cu
air-bridge structure.

[0025] Please refer 1o FIG. 4, which is a view showing a
HEMT structure for a Cu-metalized compound semiconduc-
tor device according to the present invention. As shown in
the figure, the present invention is of a HEMT structure 3,
comprising a substrate 41, a buffer layer 424, a channel layer
42b, a counter current layer 42¢, a blocking layer 42d, a
covering layer 42e, an insulation layer 43, a source 44, a
drain 45, a gate 46 and a metal interconnect 47. Therein, the
source 44 and the drain 45 are of N-polarity and are made
of PdGe/WN, /Cu; the gate 36 is made of Ti/Pt/Cu; and, the
metal interconnect 47 is of a Cu air-bridge structure.

[0026] To sum up, the present invention is a Cu-metalized
compound semiconductor device, which is Cu-metalized to
speed up the transferring rate, to enhance the effect of heat
dissipation, to improve the reliability of the device and to
greatly reduce the cost of production.

[0027] The preferred embodiments herein disclosed are
not intended to unnecessarily limit the scope of the inven-
tion. Therefore, simple modifications or variations belong-
ing to the equivalent of the scope of the claims and the
instructions disclosed herein for a patent are all within the
scope of the present invention.

What is claimed is:

1. A Cu-metalized compound semiconductor device hav-
ing an HBT (Heterojunction Bipolar Transistor) structure,
comprising;

a substrate;
an auxiliary base layer;
a first n-type ohmic contact layer;
a p-type ohmic contact layer;
a second n-type ohmic contact layer;
a metal interconnect;
a collector layer;
a dielectric layer;
a base layer;
an emitter layer; and
a dotted layer,
characterized in that
(a) said substrate is made of GaAs;

(b) said first n-type ohmic contact layer and said second
n-type ohmic contact layer are made of Pd/Ge/WN,/
Cu,

(c) said p-type ohmic contact layer is made of Pt/Ti/
Pt/Cu; and

(d) said metal interconnect is made of Ti/Pt/Cu and is
comprised of a diffusion barrier and a Cu.
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2. The device according to claim 1, wherein said metal
interconnect is obtained by a lift-off with a Cu metal line
pattern.

3. The device according to claim 1, wherein said Cu metal
line pattern is of a multi-finger structure in a Cu air-bridge.

4. The device according to claim 3, wherein a process for
obtaining said Cu air-bridge is comprised of the following
steps:

(a) Obtaining a first photoresist layer on said substrate of
GaAs with a metal cushion pier for said air-bridge
defined through a photolithography process;

(b) Plating a metal film layer on said first photoresist layer
and said metal cushion pier;

(c) Obtaining a second photoresist layer on said metal film
layer having a position for a metal line of said air-
bridge defined through said photolithography process
followed with a removal of redundant wolfram on
surface of said metal film layer; and

(d) Obtaining an electroplated Cu layer by electroplating
followed with a removal of redundancies of said first
photoresist layer and said second photoresist layer.

5. The device according to claim 4, wherein said metal

film layer is made of W/Cw/W.

6. The device according to claim 4, wherein said metal
film layer is grown in a way selected from a group consisting
of a sputtering and an evaporation.

7. The device according to claim 1, wherein said diffusion
barrier is made of a material selected from a group consist-
ing of Ta, TaN, W, WN_, TiWN_, Pt and Pd.

8. The device according to claim 4, wherein said diffusion
barrier is grown in a way selected from a group consisting
of a sputtering and an electron-beam evaporation.

9. The device according to claim 1, wherein said Cu is
obtained by a deposition method selected from a group
consisting of a sputtering, an evaporation, a Cu CVD
(chemical vapor deposition) and a chemical electroplating,

10. The device according to claim 1, wherein said sub-
strate is made of InP; and

wherein said first n-type ohmic contact layer and said
second n-type ohmic contact layer are made of Ti/Pt/
Cu.
11. The device according to claim 1. wherein said sub-
strate is made of n-type GaAs; and

wherein said first n-type ohmic contact layer, said second
n-type ohmic contact layer and said p-type ohmic
contact layer are made of Pd/Ge/WN, /Cu.
12. The device according to claim 1, wherein said sub-
strate is made of p-type GaAs; and

wherein said first n-type ohmic contact layer, said second
n-type ohmic contact layer and said p-type ohmic
contact layer are made of Pt/Ti/Pt/Cu.
13. The device according to claim 1, wherein said sub-
strate 1s made of n-type InP; and

wherein said first n-type ohmic contact layer, said second
n-type ohmic contact layer and said p-type ohmic
contact layer are made of Ti/Pt/Cu.
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14. The device according to claim 1, wherein said sub-
strate is made of p-type InP; and

wherein said first n-type ohmic contact layer, said second
n-type ohmic contact layer and said p-type ohmic
contact layer are made of Pt/Ti/Pt/Cu.

15. A Cu-metalized compound semiconductor device hav-
ing a MESFET (Metal Semiconductor Field Effect Transis-
tor) structure, comprising:

a substrate;

a channel layer;

an insulation layer;
a source;

a drain;

a gate; and

a metal interconnect,
characterized in that

(a) said source and said drain are made of PdGe/WN,/
Cu;

(b) said gate is made of Ti/Pt/Cu; and

(c) said metal interconnect is of a Cu air-bridge struc-
ture.

16. A Cu-metalized compound semiconductor device hav-

ing a HEMT (High-Electron-Mobility Transistor) structure,
comprising;

a substrate;

a buffer layer;

a channel layer;

a counter current layer;.
a blocking layer;

a covering layer;

an insulation layer;
a source;

a drain;

a gate; and

a metal interconnect,
characterized in that

(a) said source and said drain are made of PdGe/WN,/
Cu;

(b) said gate is made of Ti/Pt/Cu; and

(c) said metal interconnect is of a Cu air-bridge struc-
ture.



