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(57) ABSTRACT

The present invention discloses a fully Cu-metallized III-V
group compound semiconductor device, wherein the fully
Cu-metallized of a III-V group compound semiconductor
device is realized via using an N-type gallium arsenide ohmic
contactmetal layer formed of a palladium/germanium/copper
composite metal layer, a P-type gallium arsenide ohmic con-
tact metal layer formed of a platinum/titanium/platinum/cop-
per composite metal layer, and interconnect metals formed of
a titanium/platinum/copper composite metal layer. Thereby,
the fabrication cost of 111-V group compound semiconductor
devices can be greatly reduced, and the performance of III-V
group compound semiconductor devices can be greatly pro-
moted. Besides, the heat-dissipation effect can also be
increased, and the electric impedance can also be reduced.
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FULLY CU-METALLIZED III-V GROUP
COMPOUND SEMICONDUCTOR DEVICE
WITH PALLADIUM/GERMANIUM/COPPER
OHMIC CONTACT SYSTEM

BACKGROUND OF THE INVENTION

[0001] 1.Field of the Invention

[0002] The present invention relates to a I1I-V group com-
pound semiconductor element, particularly to a fully Cu-
metallized I1I-V group compound semiconductor device with
palladium/germanium/copper ohmic contact system.

[0003] 2. Description of the Related Art

[0004] Traditional II-V group semiconductor elements,
such as HBT (Heterojunction Bipolar Transistor), HEMT
(High Electron Mobility Transistor) and MESFET (Metal
Semiconductor Field Effect Transistor), adopt a gold/germa-
nium/nickel composite layer as the ohmic contact metal layer
and adopt gold as the material of interconnect metals. How-
ever. the gold/germanium/nickel ohmic contact metal layer
has many weaknesses, such as too great an extension of the
contact resistance, the indistinct contact border, and too high
an annealing temperature.

[0005] Inconsideration ofthe RC delay effect, the elements
can attain better performance via replacing gold with copper,
which has lower resistance and better heat dissipation. Fur-
ther, the cost thereof can be reduced also. Similar to the case
that copper is used in silicon semiconductor elements, copper
atoms will rapidly diffuse into a ITI-V group compound semi-
conductor element and thus disable the element if the ochmic
contact metal layer and interconnect metals are made of cop-
per.

[0006] Therefore, an effective diffusion barrier layer is
eagerly desired in realizing a copper ohmic contact metal
layer and a copper metal trace. In IEEE TRANSACTION ON
ELECTRON DEVICE, VOL.51, NO.7, JULY 2004 was dis-
closed a conventional technology that WNx is used in a dif-
fusion barrier layer for the copper metallization of intercon-
nect metals in an InGaP—GaAs HBT. Refer to FIG. 1.
However, gold is still used in the ohmic contact metal layers
42, 44 and 46 of the emitter, base and collector in the nGaP—
GaAs HBT 40. Copper metallization is only partially realized
in the conventional technology. Thus, the problems of using
gold in ohmic contact metal layers still persist.

[0007] Accordingly, the present invention proposes a fully
Cu-metallized III-V group compound semiconductor device
with palladium/germanium/copper ohmic contact system to
overcome the abovementioned problems.

SUMMARY OF THE INVENTION

[0008] The primary objective of the present invention is
provide a fully Cu-metallized III-V group compound semi-
conductor device with palladium/germanium/copper ohmic
contact system, wherein the fully Cu-Metallized III-V group
compound semiconductor device is realized via using a pal-
ladium/germanium/copper composite metal layer as the
N-type gallium arsenide ohmic contact metal layer, a plati-
nuny/titanium/platinum/copper composite metal layer as the
P-type gallium arsenide ohmic contact metal layer, and a
titanium/platinum/copper composite metal layer as the inter-
connect metals.

[0009]  Another objective of the present invention is provide
a fully Cu-metallized I1I-V group compound semiconductor
device with palladium/germanium/copper chmic contact sys-
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tem to greatly reduce the fabrication cost of a I1I-V group
compound semiconductor device and effectively promote the
performance of a III-V group compound semiconductor
device.

[0010] Further objective of the present invention is provide
an fully Cu-metallized I1I-V group compound semiconductor
device with palladium/germanium/copper ohmic contact sys-
tem, wherein copper is used to reduce electric impedance and
promote heat-dissipation effect.

[0011] To achieve the abovementioned objectives, the
present invention proposes a fully Cu-metallized I1I-V group
compound semiconductor device with palladium/germa-
nium/copper ohmic contact system, which comprises: a com-
pound semiconductor device, wherein the compound semi-
conductor device further comprises: at least one N-type
gallium arsenide layer, and at least one P-type gallium ars-
enide layer: at least one N-type gallium arsenide ohmic con-
tact metal layer formed of a palladium/germanium/copper
composite layer and formed on the N-type gallium arsenide
layer of the compound semiconductor device; a P-type gal-
lium arsenide ohmic contact metal layer formed of a plati-
num/titanium/platinum/copper composite layer and formed
on the P-type gallium arsenide layer of the compound semi-
conductor device; a passivation layer formed over the com-
pound semiconductor device, the N-type gallium arsenide
ohmic contact metal layer formed of a palladium/germanium/
copper composite layer and the P-type gallium arsenide
ohmic contact metal layer formed of a platinum/titanium/
platinum/copper composite layer, having several openings
revealing a portion of each of the N-type gallium arsenide
ohmic contact metal layer formed of a palladium/germanium/
copper composite layer and the P-type gallium arsenide
ohmic contact metal layer formed of a platinum/titanium/
platinum/copper composite layer; a plurality of interconnect
metals formed of a titanium/platinum/copper composite layer
and connected with the opening-revealed portions of the
N-type gallium arsenide ohmic contact metal layer formed of
a palladium/germanium/copper composite layer and P-type
gallium arsenide chmic contact metal layer formed of a plati-
num/titanium/platinum/copper composite layer.

[0012] Below, the embodiments are described in detail to
make easily understood the objectives, technical contents,
characteristics and accomplishments of the present invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0013] FIG.1isadiagram schematically showing the struc-
ture of a conventional InGaP—GaAs HBT using copper as
interconnect metal; and
[0014] FIG. 2 is a diagram schematically showing the
structure of an overall copper metallization InGaP—
GaAs HBT according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0015] The spirit of the present invention is to propose
device constituents to overall realize copper ohmic contact
metal layers and copper interconnect metals in III-V group
compound semiconductor devices, such as HBT, HEMT and
MESFET. Below, the embodiment of the copper metalliza-
tion in an InGaP—GaAs HBT is used to exemplify the
present invention. However, the present invention is not lim-
ited to the embodiment.

[0016] Refer to FIG. 2 a diagram schematically showing
the structure of a fully Cu-metallized I1I-V group compound
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semiconductor device with palladium/germanium/copper
ohmic contact system according to the present invention,
wherein an InGaP—GaAs HBT is used to exemplify the
structure thereof. The compound semiconductor device 10
comprises: a GaAs (Gallium Arsenide) substrate 12, an
n*-GaAs collector 14, an n™-GaAs sub-collector 16, a
p*-GaAs base 18, an n™-InGaP emitter 20 and a GaAs cap
layer 22, wherein the n*-GaAs collector 14, n™-GaAs sub-
collector 16, p*-GaAs base 18, n~-InGaP emitter 20 and
GaAs cap layer 22 are sequentially bottom-up formed above
the GaAs substrate 12.

[0017] The compound semiconductor device 10 further
comprises: a collector ohmic contact metal layer 24 formed
on the collector 14 and formed of a palladivm/germanium/
copper composite metal layer, an emitter ohmic contact metal
layer 26 formed over the emitter 20 and formed of a palla-
dium/germanium/copper composite metal layer, a base
ohmic contact metal layer 28 formed on the base 18 and
formed of a platinum/titanium/platinum/copper composite
metal layer.

[0018] The compound semiconductor device 10 further
comprises a passivation layer 30 formed over the compound
semiconductor device 10, the collector ochmic contact metal
layer 24, the emitter ohmic contact metal layer 26, and the
base ohmic contact metal layer 28. The passivation layer 30 is
used to separate the compound semiconductor device 10, and
the ohmic contact metal layers 24, 26 and 28 from the air lest
they deteriorate. The passivation layer 30 has several open-
ings to reveal a portion of each of the ohmic contact metal
layers 24, 26 and 28 and define connection sites for intercon-
nect metals. The passivation layer 30 is made of silicon oxide
or silicon nitride.

[0019] The compound semiconductor device 10 further
comprises several inner metal trace layers 32 formed of a
titanium/platinum/copper composite layer and formed on the
openings revealing a portion of each of the collector ohmic
contact metal layer 24, the emitter ohmic contact metal layer
26, and the base ohmic contact metal layer 28, wherein plati-
num functions as a diffusion barrier in the composite layer.
Thus, the copper metallization layers completely replaces the
traditional gold/germanium/nickel composite layers to func-
tion as ohmic contact metal layers in the compound semicon-
ductor devcie 10.

[0020] All the abovementioned collector ohmic contact
metal layer 24, emitter ohmic contact metal layer 26, base
ohmic contact metal layer 28, and inner metal trace layers 32
may be fabricated with an electron beam vapor deposition
method; the patterns thereof may be defined with a lift-off
technology used in the traditional compound semiconductor
device.

(0021] Compounds of Cu,Ge and PdGa, As, will form in
the palladium/germanium/copper composite metal layer dur-
ing annealing, and the formation of Cu,Ge will exhaust the
copper atoms in the palladium/germanium/copper composite
metal layer. Thus, copper atoms will not diffuse to the GaAs
compound semiconductor. Therefore, when the collector
ohmic contact metal layer or emitter ohmic contact metal
layer formed of the palladium/germanium/copper composite
metal layer is applied to an N-type GaAs semiconductor
device, the contact resistance of the collector or emitter ohmic
contact metal layer can be reduced to 5.73x10’ Q-cm” via a
wider annealing temperature range of between 220 and 350°
C. The compound Cu,Ge has a lower chemical potential than
Ga. Thus, Ga atoms will diffuse from the GaAs substrate to
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the ohmic contact metal layer to create an ohmic behavior.
Besides, the palladium layer can increase the adhesion force
of the germanium/copper layer lest the germanium/copper
layer peel off.

[0022] Inconclusion, the present invention proposes a fully
Cu-metallized I1I-V group compound semiconductor device,
wherein the Cu-metallized is overall realized in a I1I-V group
compound semiconductor device via an N-type gallium ars-
enide ohmic contact metal layer formed of a palladium/ger-
manium/copper composite metal layer, a P-type gallium ars-
enide ohmic contact metal layer formed of a platinum/
titanium/platinum/copper composite metal layer, and
interconnect metals formed of a titanium/platinum/copper
composite metal layer, whereby the fabrication cost of III-V
group compound semiconductor devices can be greatly
reduced, and the performance of I1I-V group compound semi-
conductor devices can be greatly promoted. As the thermal
conductivity of copper is higher than that of gold, the heat-
dissipation effect can be increased, and the electric imped-
ance can be reduced.

[0023] The preferred embodiments described above are
only to exemplify the present invention but not to limit the
scope of the present invention. Any equivalent modification
or variation according to the scope of the spirit or character-
istics of the present invention is to be also included within the
scope of the present invention.

What is claimed is:

1. An fully Cu-metallized ITI-V group compound semicon-
ductor device with palladium/germanium/copper ohmic con-
tact system, comprising:

a compound semiconductor device further comprising:

at least one N-type gallium arsenide layer; and
at least one P-type gallium arsenide layer;

at least one N-type gallium arsenide ohmic contact metal
layer formed of a palladium/germanium/copper com-
posite layer and formed on said N-type gallium arsenide
layer;

at least one P-type gallium arsenide ohmic contact metal
layer formed of a platinum/titanium/platinum/copper
composite layer and formed on said P-type gallium ars-
enide layer;

a passivation layer formed over said compound semicon-
ductor device, said N-type gallium arsenide ohmic con-
tact metal layer formed of a palladium/germanium/cop-
per composite layer and said P-type gallium arsenide
ohmic contact metal layer formed of a platinum/tita-
niuny/platinum/copper composite layer, having several
openings revealing a portion of each of said N-type
gallium arsenide ohmic contact metal layer formed of a
palladium/germanium/copper composite layer and said
P-type gallium arsenide ohmic contact metal layer
formed of a platinum/titanium/platinum/copper com-
posite layer; and

a plurality of interconnect metals formed of a titanium/
platinum/copper composite layer and connected with
said N-type gallium arsenide ohmic contact metal layer
formed of a palladium/germanium/copper composite
layer and said P-type gallium arsenide ohmic contact
metal layer formed of a platinum/titanium/platinum/
copper composite layer.

2. The fully Cu-metallized III-V group compound semi-
conductor device with palladium/germanium/copper ohmic
contact metal layers according to claim 1, wherein said com-
pound semiconductor device is heterojunction bipolar tran-
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sistor (HBT), high electron mobility transistor (HEMT),or
metal semiconductor field effect transistor (MESFET).

3. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact system according to claim 2, wherein when said com-
pound semiconductor device is heterojunction bipolar tran-
sistor, said N-type gallium arsenide layers function as collec-
tor and emitter, and said P-type gallium arsenide layer
functions as base.

4. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact system according to claim 1, wherein said ITI-V group
compound semiconductor is gallium arsenide.

5. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact system according to claim 1, wherein said passivation
layer is made of silicon oxide or silicon nitride.

6. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact system according to claim 1, wherein an electron
beam vapor deposition technology is used to fabricate said
N-type gallium arsenide ohmic contact metal layer formed of

Aug. 6,2009

palladium/germanium/copper composite layer, said P-type
gallium arsenide ohmic contact metal layer formed of plati-
num/titanium/platinum/copper composite layer, and said
interconnect metals.

7. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact systern according to claim 1, wherein lift-off technol-
ogy is used to define patterns of said N-type gallium arsenide
ohmic contact metal layer formed of palladium/germanium/
copper composite layer, said P-type gallium arsenide ohmic
contact metal layer formed of platinum/titanium/platinum/
copper composite layer, and said interconnect metals.

8. The fully Cu-metallized III-V group compound semi-
conductor devcie with palladium/germanium/copper ohmic
contact system according to claim 1, wherein said ohmic
contact metal layer formed of palladium/germanium/copper
composite layer and said ohmic contact metal layer formed of
platinum/titanium/platinum/copper composite layer are
annealed at temperature of between 220 and 350° C. to
achieve a better contact resistance.
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