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(57) ABSTRACT

The present invention provides an ohmic contact for a
copper metallization whose heat diffusion is improved and
cost is reduced. Therein, the ohmic contact is formed
through a depositing and an annealing of three metal layers
of Pd, Ge and Cu; and, the contact resistance of the ohmic
contact is adjusted by the thicknesses of the three layers.
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COPPER METALIZED OHMIC CONTACT
ELECTRODE OF COMPOUND DEVICE

FIELD OF THE INVENTION

[0001] The present invention relates to a compound diode;
more particularly, relates to obtaining an ohmic contact
electrode having a low contact resistance by adjusting
thicknesses of a palladium (Pd) layer, a germanium (Ge)
layer and a copper (Cu) layer coordinated with an annealing
process under a pro per temperature, where the ohmic
contact electrode is applied in a Cu metallization; and the
contact resistance of a compound semiconductor device in
the ohmic contact electrode is effectively improved and the
cost is effectively reduced as well.

DESCRIPTION OF THE RELATED ARTS

[0002] Traditionally, the ohmic metals used by gallium
arsenide (GaAs) devices are divided into two groups: one is
a group of alloyed gold (Au)/germanium(Ge)/nickel(Ni),
and the other is a group of Pd/Ge/Au through solid phase
reactions. The group of Au/Ge/Ni is the most widely used
ohmic contact now, which is obtained mainly through an
eutectic reaction between Au and Ge and a diffusion of Ge.
Because the eutectic melting point for Ge/Au is 360 Celsius
degrees (° C.), its disadvantage is that, under such a high
temperature, the ohmic metal for the contact resistance is
diffused into the substrate. In addition, under an environ-
ment of a potential difference, a degradation of the contact
resistance happens either.

[0003] Regarding the other group of Pd/Ge/Au, a solid
phase reaction occurs in a rapid thermal annealing (RTA)
process, where a better stability under high temperature is
obtained; yet a higher contact resistance than the group of
Auw/Ge/Ni is obtained either as a disadvantage. Its ohmic
contact is formed through firstly obtaining a ternary phase of
palladium gallium arsenide (PdGaAs) on a GaAs layer; then
the ternary phase is decomposed into a Pd/Ge phase; and
then a n+ GaAs (Ge) is obtained by a re-growth on a surface
of the GaAs. Thus, an observation is obtained that the
ternary phase of PdGaAs has a quite strong impact on the
ohmic contact. Hence, if the metal for the ohmic contact is
Cu metalized, it is of great help to the whole procedure for
the ohmic contact. Yet no proper Cu-metalized ohmic con-
tact for the ohmic contact appears until now.

[0004] An U.S. Pat. No. 3,965,279, “Ohmic contact for
group III-V n-type semiconductors”, is proclaimed. An
object of two metals of PdGe is formed on a n- GaAs
through an electron beam evaporated depositing (EBE
depositing); and then an ohmic contact is obtained through
an RTA. This 1s a traditional way to obtain an ohmic contact.

[0005] Another U.S. Pat. No. 4,011,583, “Ohmic contacts
of germanium and palladium alloy from group III-V n type
semiconductors” is proclaimed. Another object of two met-
als of PdGe is formed on another n- GaAs through an
e-beam depositing; and then another ohmic contact is
obtained through an RTA under 300 to 500° C., where a
diffusion for Pd/Ge is obtained under the temperature
between 300 and 500° C. without melting. Yet the tempera-
ture is so high that it is not applied to the GaAs device.

[0006] Besides the above patents, a first article is pub-
lished, “Microstructure characterization of Cu3Ge/n-type
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GaAs chmic contacts”, by M. O. Aboelfotoh, J. Appl. Phys.,
76(10), 1994. Therein, a first ohmic contact is obtained with
an object of two metals of GeCu, whose contact resistance
is about 6.5x1077 square centimeters (cm®). When the con-
centration of Ge is between 5 and 40 percent (%), an ohmic
contact is obtained. In addition, when the concentration of
Ge 1is over 25%, a phase of GeCu compound having low
contact resistance together with Ge is obtained at the same
time. This kind of GeCu is the only Cu-metalized ohmic
contact over GaAs device till now. An ohmic characteristic
is obtained by the reaction between Ge and Cu, whose
contact resistance is about 6.5x10~7 cm® When the concen-
tration of Ge is between 5 and 40%, an ohmic contact is
obtained. Moreover, when the concentration of Ge is over
25%, a phase of Cu3Ge compound having low contact
resistance together with Ge is obtained. Because the Cu and
the Cu compound are directly contacted with the surface of
the GaAs device, Cu is apt to be diffused into the lattice of
GaAs.

[0007] A second article is published, “On the low resis-
tance Au/Ge/Pd ohmic contact to n- GaAs”, by P. H. Hao,
J. Appl. Phys., 79(8), 1996. Therein, a second ohmic contact
of Au/Ge/Pd is obtained on a n- GaAs; and then is processed
with an annealing under a temperature below the eutectic
temperature of Cu/Ge so that a low contact resistance of
~10 " cm? is obtained.

[0008] A third article is published, “Ohmic contact for-
mation mechanism of the Au/Ge/Pd/n- GaAs system formed
below 200° C.”, by L. C. Wang, J. Appl. Phys., 79(8), 1996.
Therein, an Au/Ge/Pd is obtained on a n—- GaAs; and then is
processed with an annealing under a temperature of 175° C.
to obtain a low contact resistance of ~10° cm® Under a
lower temperature, the Pd reacts with the GaAs to obtain a
phase of Pd4GaAs; and, under a higher temperature, the
phase of Pd4GaAs is decomposed to obtain an n+ GaAs.

[0009] Although the above prior arts processes Cu metal-
lization, a diffusion barrier layer is required for each prior art
to avoid actions between Cu and Au. Hence, the prior arts do
not fulfill users’ requests on actual use.

SUMMARY OF THE INVENTION

[0010] The main purpose of the present invention is to
obtain an ohmic contact electrode having a low contact
resistance for compound devices, where the contact resis-
tance of a GaAs is improved and the cost is effectively
reduced at the same time.

[0011] To achieve the above purpose, the present inven-
tion is a Cu-metalized compound device using an ohmic
contact electrode, where the ohmic contact electrode is
composed of a Pd layer, a Ge layer and a Cu layer, deposited
on a compound semiconductor device through E-beam
deposition; then superfluous metal and photo resist are
removed; and finally the ohmic contact electrode having a
low contact resistance is obtained through an RTA. Therein,
the ohmic contact electrode having a low contact resistance
is obtained through the RTA under a proper temperature and
the adjustment of thicknesses of the Pd layer, the Ge layer
and the Cu layer; and a Cu-metalized compound semicon-
ductor device is obtained by using an ohmic contact without
depositing any barrier layer on the ochmic contact electrode.
Accordingly, a novel Cu-metalized compound device using
an ohmic contact electrode is obtained.
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BRIEF DESCRIPTIONS OF THE DRAWING

[0012] The present invention will be better understood
from the following detailed description of the preferred
embodiment according to the present invention, taken in
conjunction with the accompanying drawing, in which

[0013] FIG. 1 is a view showing a structure of a preferred
embodiment according to the present invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENT

[0014] The following description of the preferred embodi-
ment is provided to understand the features and the struc-
tures of the present invention.

[0015] Please refer to FIG. 1, which is a view showing a
structure of a preferred embodiment according to the present
invention. As shown in the figure, the present invention is a
copper-metalized compound diode device using an ohmic
contact electrode, where the ohmic contact electrode 1 is
composed of a palladium (Pd) layer 11, a germanium (Ge)
layer 12 and a copper (Cu) layer 13; the layers (Pd/Ge/Cu)
11, 12, 13 are at first deposed on a compound semiconductor
device 2; the compound semiconductor device 2 is a gallium
arsenide (GaAs) device; then superfluous metal and photo
resist are removed through a lift-off process; and, in the end,
the layers 11, 12, 13 are processed through a rapid thermal
annealing (RTA) to obtain the ohmic contact electrode.
Therein, the ohmic contact electrode 1 obtains a low contact
resistance through adjusting thicknesses of the layers 11, 12,
13 coordinated with the RTA under a proper temperature; the
thickness of the Pd layer is between 50 and 1000 angstroms
(A); the thickness of the Ge layer is between 500 and 10000
A; the thickness of the Cu layer is between 500 and 10000
A; and a 9x1077 ohms square centimeter (Q cm?) of contact
resistance for the ohmic contact electrode 1 is obtained
under an annealing temperature of 250 Celsius degrees (°
C.). In addition, the compound semiconductor device 2 is a
heterojuncton bipolar transistor (HBT), a high electronic
mobility transistor (HEMT) or a metal semiconductor field
effect transistor (MESFET).

[0016] When processing a Cu metallization with the
ohmic contact electrode, a Schottky metal 3 is deposed on a
compound semiconductor device 2 through an electron
beam evaporated depositing (EBE depositing) coordinated
with an air bridge of Cu 4, where an end of the air bridge is
connected with the ohmic contact electrode 1 without depos-
iting a diffusion barrier layer. And, an ohmic contact is
obtained by an inter-reaction among the metals of Pd, Ge
and Cu and by a diffusion of Ge to the compound semicon-
ductor device 2; thus, a compound semiconductor device
completely Cu-metalized is obtained. In the present inven-
tion, the ohmic contact 1, the Schottky metal 3 and the air
bridge of Cu 4 are all made of copper, where the Cu has
better heat-transmission and electric conductivity than Au, a
traditional material for those components; the heat diffusion
of the compound semiconductor device is thus effectively
improved; and cost is also effectively reduced owing to less
price of Cu than Au.

[0017] To sum up, the present invention is a Cu-metalized
compound diode device using an ohmic contact electrode,
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where the ohmic contact electrode with a low contact
resistance is obtained through adjusting thicknesses of three
metal layers coordinated with an annealing under a proper
temperature; no barrier layer is required; Cu components are
used; a heat diffusion of a compound semiconductor device
for the ohmic contact electrode is effectively improved; and
the cost is effectively reduced too.

[0018] The preferred embodiment herein disclosed is not
intended to unnecessarily limit the scope of the invention.
Therefore, simple modifications or variations belonging 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 copper metalized compound device using an ohmic
contact electrode,

said compound device having an ohmic contact electrode,
said ohmic contact electrode comprising a palladium
(Pd) layer, a germanium (Ge) layer and a copper (Cu)
layer,

wherein said Pd layer, said Ge layer and said Cu layer are
deposed on a compound semiconductor device through
a process selected from a group consisting of an
electron beam evaporation, a thermal evaporation and
a sputter deposition and finally said Pd layer, said Ge
layer and said Cu layer are processed with an annealing
to obtain said ohmic contact electrode.

2. The compound device according to claim 1,

wherein said ohmic contact electrode obtains a contact
resistance through an annealing of said Pd layer, said
Ge layer and said Cu layer.

3. The compound device according to claim 2,

wherein said contact resistance of said ohmic contact
electrode is adjusted by changing thicknesses of said Pd
layer, said Ge layer and said Cu layer.

4. The compound device according to claim 2,

wherein said Pd layer has a thickness between 50 and
1000 angstroms (A).
5. The compound device according to claim 2,

wherein said Ge layer has a thickness between 500 and
10000 A.

6. The compound device according to claim 2,

wherein said Cu layer has a thickness between 500 and
1000 A.
7. The compound device according to claim 1,

wherein said compound semiconductor device is selected
from a group consisting of a heterojuncton bipolar
transistor (HBT), a high electron mobility transistor
(HEMT) and a metal semiconductor field effect tran-
sistor (MESFET).

8. The compound device according to claim 1,

wherein said compound semiconductor device is a gal-
lium arsenide (GaAs) device.
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