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[57] ABSTRACT

A contact structure and method of bonding III-V semi-
conductors which prevents shorting of the edges of the
semiconductor chip and also allows the chip to be
bonded with either major surface facing upward. Both
surfaces include a gold pad surrounded by a material
which is immiscible with the preform metal used to
bond the chip to an outside surface. During fluxless
bonding between the gold pad on one surface of the
chip and the preform, the preform metal is prevented
from wetting the edges of the chip. The opposite sur-
face of the chip can be electrically contacted by wire
bonding to the gold pad on that surface.

12 Claims, 4 Drawing Figures

A statutory invention registration is not a patent. It has
the defensive attributes of a patent but does not have the
enforceable attributes of a patent. No article or advertise-
ment or the like may use the term patent, or any term
suggestive of a patent, when referring to a statutory in-
vention registration. For more specific information on the
rights associated with a statutory invention registration
see 35 US.C. 157.
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1
CONTACTS TO III-V SEMICONDUCTORS

BACKGROUND OF THE INVENTION

This invention relates to fabricating III-V semicon-
ductor devices and, in particular, to a structure and
method for bonding and electrically contacting semi-
conductor devices.

In the fabrication of III-V semiconductor lasers, the
bonding of the device chips to suitable heat sinks or
conductors and subsequent wire bonding to make elec-
trical contact to the device are critical steps. Typically,
the device is solder-bonded to an outside surface such as
a heat sink or conducting pad by use of a preform com-
prising a metal such as In. The opposite surface of the
device is then typicaily wire bonded to establish an
ohmic contact to that surface.

In one particular example, the p-surface of an Al-
GaAs laser included layers of titanium and platinum
over the contact to the p-type surface and a thick Au
pad formed selectively over the platinum layer. This
surface was bonded to a heat sink by means of an indium
preform and a liquid flux including Zn and HCL. The
opposite (n-type) surface included a layer of Ge-Au
alloy which in some cases covered a selective area of
the n-surface defined by an opening in an SiO; layer. An
ohmic contact was provided to this surface by soidering
a wire to the Ge-Au layer (see Swaminathan et al.,
“Bonding Pad Induced Stresses in (AlGa)As Double
Heterostructure Lasers,” Journal of Applied Physics,
Vol. 54, p. 3763 (1983)).

While prior art bonding and electrical contact meth-
ods produced reliable devices, the procedures were
time-consuming and required a high degree of operator
skill. It would be more efficient, for example, to provide
a wire contact to a surface by means of ultrasonic bond-
ing techniques and, further, to provide bonding of the
other surface with a fluxless preform bonding proce-
dure, which is generally cleaner than a system using
flux. Furthermore, in view of the various applications
for a particular laser chip, it is desirable to provide a
contact metallization which allows either major surface
to be bonded to an appropriate outside surface while the
opposite device surface can be chemically contacted.
During the solder-bonding of either surface, it is also
necessary to prevent the solder from flowing along the
sides of the chip and causing short circuiting of the
Jjunction. It is therefore desirable to include in the metal-
lization some means for stemming the flow of soider
metal to the edges of the major surfaces of the chip.

It is therefore an object of the invention to provide a
metallization and a bonding procedure with the above-
described desirable features.

SUMMARY OF THE INVENTION

This and other objects are achieved in accordance
with the invention which, in one aspect, is a semicon-
ductor device suitable for solder-bonding to an outside
surface and having one major surface comprising a
p-type III-V semiconductor material and an opposite
major surface comprising an n-type III-V semiconduc-
tor material. The device further comprises a metal pad
consisting essentially of Au formed over a selected area
of both major surfaces. The devices also includes a
material surrounding the metal pad over both major
surfaces, which material is immiscible with the solder so

2

as to prevent the solder from flowing to the edges of the
device during solder-bonding.

In accordance with another aspect, the invention is a
method of fabricating a semiconductor device which

5 includes one major surface comprising a p-type III-V
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semiconductor material and another major surface com-
prising an n-type III-V semiconductor matzrial. The
method comprises the step of bonding one of the major
surfaces of the device to an outside surface by providing
a fluxless solder preform between a metal pad over said
major surface and said outside surface and heating to
melt the solder while the solder is prevented from flow-
ing to the edges of the major surface. An ohmic contact
is applied to a metal pad over the other major surface by
contacting a wire to the metal pad and applying sonic
energy thereto.

BRIEF DESCRIPTION OF THE DRAWING

These and other features of the invention are delin-
eated in detail in the following description. In the draw-
ing:
FIG. 1 is a cross-sectional view of a device in accor-
dance with one embodiment of one aspect of the inven-
tion; .

FIG. 2 is a schematic illustration of the bonding of the
device of FIG. 1 in accordance with an embodiment of
another aspect of the invention;

FIG. 3 is a cross-sectional view of the device of FIG.
1 at a later stage of fabrication in accordance with the
same embodiment of said another aspect of the inven-
tion; and

FIG. 4 is a cross-sectional view of the device of FIG.
1 at a later stage of fabrication in accordance with a
further embodiment of said another aspect of the inven-
tion.

It will be appreciated that for purposes of illustration,
these figures are not necessarily drawn to scale.

DETAILED DESCRIPTION

FIG. 1 illustrates in cross section one embodiment of
the structural aspects of the invention. The device is a
semiconductor laser comprising an n-type substrate, 10,
of InP with a p-type surface region, 11, formed by diffu-
sion of Cd into the substrate surface. A V-groove, 12, is
formed in the same substrate surface. Formed over the
surface, and included in the region of the V-groove, are
sequential layers 13 and 14 comprising, respectively,
n-type InP and p-type InGaAsP. The portion of layer
14 within the V-groove comprises the active (light-
emitting) region. An epitaxial layer, 15, comprising
p-type InP.is formed over the layer 14. A mesa portion,
16, is formed over the V-groove area by depositing an
epitaxial layer comprising InGaAs or InGaAsP and
etching the unwanted area. This particular type of semi-
conductor laser structure is known in the art as a V-
groove channeled substrate buried heterostructure and
is described, for example, in Ishikawa et al, Electronics
Letters, Vol. 17, p. 465 (1981). Of course, the invention
is not limited to this particular semiconductor structure
and should be applicable to all types of III-V devices
requiring solder attachment to heat sinks, conductors,
or other outside surfaces.

Ohmic contact to the p-surface of the device was
provided by a layer, 17, in this case comprising layers of
Au-Zn-Au sequentially deposited by evaporation and
patterned using a photoresist lift-off in a window of an
SiO; layer, 18, which was forméd over the surface of
the epitaxial layer 15 and over part of the mesa portion
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16. Ohmic contact was generated by alloying the Zn
metal to the mesa portion 16. Ohmic contact to the
n-type surface was provided by a layer, 19, of an Au
alloy, which in this example was Ge-Au with propor-
tions of 12 percent by weight Ge and 88 percent by
weight Au. The layer was approximately 3000 Ang-
stroms thick and was also deposited in a window of an
SiO; layer, 20, by a standard photoresist lift-off proce-
dure. The layers, 18 and 20, were formed by plasma
deposition. The Ge-Au layer, 19, was in the shape of a
rectangle surrounded on four sides by the SiO; layer.
The Ge-Au layer, 19, was aiso aligned with the contact
layer, 17, by means of a standard infrared imaging pho-
tomask aligner. ,

Subsequent to the formation of the contact layers, 17
and 19, additional layers of metals, 21 and 22, in this
case titanium and platinum, respectively, were depos-
ited over the entire p-surface of the device. The tita-
nium layer, 21, was approximately 1000 Angstroms
thick, while the platinum layer was approximately 1500
Angstroms thick. The layers were deposited by triode-
sputtering ad sintered at a temperature of 250 degrees C.
for 5 minutes.

Next, a pad, 23, consisting essentially of Au, was
formed over the n-surface of the device. The pad was
deposited by electroplating to a thickness of 3000-5000
Angstroms so that the Au was limited to the area of the
Ge-Au pad 19 previously formed on the semiconductor
surface. The Au pad was, therefore, surrounded on all
sides by the SiOj layer 20. The thickness of the pad is
preferably in the range 3000 Angstrms-1 um to avoid
significant stress on the semiconductor which could
increase the degradation rate of the device. In this ex-
ample, the pad was pure Au (less than 1 part per thou-
sand of impurity). However, pads having at least 99
. percent Au may be usable in the present invention.

Another pad, 24, consisting essentially of Au, was
then formed selectively over the p-surface of the de-
vice. This was accomplished with a standard photore-
sist (not shown) which was developed to expose the
underlying platinum layer in the desired area. The Au
was then deposited by electroplating to a thickness of
approximately 3000-5000 Angstroms, followed by re-
moval of the photoresist to leave the pad in the desired
area. The pad, therefore, was surrounded by the layer of
platinum around the edges of the device. Again, it is
desirable that the thickness of the pad be in the range
3000 Angstroms-1 um to avoid undue stress and that the
pad be at least 99 percent Au.

Either major surface of the completed structure can
then be bonded to an outside surface. For example,
FIGS. 2-3 illustrate bonding of the device in accor-
dance with one embodiment of the method aspects of
the invention. In this exampie, the p-surface of the de-
vice is bonded to the surface of a heat sink, a portion of
which is illustrated as 30. To provide the solder bond, a
fluxless preform, 31, consisting essentially of In, was
provided between the Au pad, 24, on the p-surface of
the device and the heat sink. The preform was approxi-
mately 6-9 82 m thick and measured approximately 250
pm X 500 pm. The preform was deposited on the sur-
face of the heat sink and the device placed directly
thereon. The structure was then heated to melt the
solder with no bonding weight or pressure applied to
the device. In this example, the heating was at a peak
temperature of approximately 245 degrees C. for ap-
proximately 20 seconds.
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As illustrated in FIG. 3, the above technique results
in a bonding of the p-surface to the heat sink by a
mound of an alloy of In and Au, 32. An important point
to note is that the alloyed solder, 32, after melting, is
essentially confined to the area of the Au pad and does
not flow to the edges of the device. This is because the
platinum layer, 22, is immiscible with the in from the
preform. Consequently, the portion of the platinum
surrounding the Au pad acts as a barrier to the flow of
the solder to the edges, and electrical shorting caused
by such solder flow is essentially eliminated.

As also illustrated in FIG. 3, the n-surface of the
device was provided with an ohmic contact to outside
circuitry by means of a wire, a portion of which is
shown as 33. The wire was bonded to the Au pad 23 by
means of a ball bond, 34, which was formed from the
wire by standard techniques. The wire was bonded to
the pad by contacting the ball bond and pad while ap-
plying ultrasonic and thermal energy. In particular, the
wire was attached uitrasonically at a frequency of ap-
proximately 63 KHz while maintaining the heat sink
and bonded chip at a temperature of 80 degrees C. for |
minute according to known techniques to establish the
bond. The ability to thermosonically wire bond is one
advantage of the Au pad 23 over the n-surface, Such a
technique is much faster than the solder-bonding usu-
ally employed to contact the n-surface.

As illustrated in the embodiment of FIG. 4, the n-sur-
face of the device can be bonded to heat sink 30 by the
same or a similar solder 32 in the same manner as previ-
ously described for the p-surface. Here, the solder is
essentiaily limited to the Au pad 23 because the SiO:
layer, 20, is immiscible with the In preform. Thus, in
this embodiment, the SiO; layer surrounding the pad
acts as a barrier to solder flow to the edges of the de-
vice. As also shown in FIG. 4, the p-surface can be
provided with an ohmic contact by thermosonically
bonding a wire 33 to the Au pad 24 over said surface in
the same manner as previously described for the n-sur-
face.

It will be appreciated from the foregoing that the

, presence of an essentially pure Au pad surrounded by a
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layer of either platinum (p-surface) or SiO> (n-surface)
provides unique advantages in bonding III-V devices.
However, other materials can be employed for the same
purposes. For example, other layers which are immisci-
ble with In can be provided around the pads as a barrier.
A silicon nitride layer may be usable in place of the
SiO2 layer, and other oxidizabie metals which provide a
good barrier, such as Mo and Cr, might be used in place
of Pt. Further, other types of solder preforms, such as
those containing Pb and Sn, might be employed in place
of In and appropriate materials compatible therewith
substituted for those previously mentioned. In addition,
although the invention has been described in terms of
laser devices, other III-V semiconductor devices may
take advantage of the contact structure and method of
bonding described herein.

It will also be appreciated that although fabrication of
a single device has been shown, typically the devices
are batch fabricated in a single semiconductor wafer
and then separated into individual devices by scribing
and cleaving. The use of the selectively formed Au pads
23 and 24 provides an additional benefit in this regard
since full area contacts on the major surfaces would
form a hinge during cleaving requiring time-consuming
and delicate chip separation. Cleaving outside the area
of the Au pads eliminates this problem.
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Various additional modifications will become appar-
ent to those skilled in the art. All such variations which
basically rely on the teachings through which the in-
vention has advanced the art are properly considered
within the scope of the invention.
What is claimed is:
1. A semiconductor device suitable for bonding with
solder to an outside surface ad having one major surface
comprising a p-type III-V semiconductor material and
an opposite major surface comprising an n-type [II-V
semiconductor material, said device further comprising:
a metal pad consisting essentially of gold formed over
a selected area of both major surfaces; and

a material surrounding said metal pad over both
major surfaces, said material being immiscible with
the solder so as to prevent the solder from flowing
to the edges of the device during solder-bonding.

2. The device according to claim 1 wherein the p-
type and n-type materials comprise a portion of a semi-
conductor laser.

3. The device according to claim 1 wherein the mate-
rial surrounding the metal pad is selected from the
group consisting of platinum and silicon dioxide.

4. The device according to claim 1 wherein the thick-
ness of the metal pads is within the range 3000 Ang-
stroms-1 pm.

5. The device according to claim 1 wherein the [1I-V
semiconductor material comprises InP.

6. The device according to claim 1 further compris-
ing a conducting surface solder-bonded to the metal pad
over one major surface and an electrical wire ther-
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6

mosonically bonded to the metal pad over an opposite
metal surface.

7. A method of fabricating a semiconductor device
which includes one major surface comrising a p-type
III-V semiconductor material and one major surface
comprising an n-type III-V semiconductor material
comprising the steps of:

solder-bonding one of the major surfaces of the de-

vice to an outside surface by providing a fluxless
solder preform between a metal pad over said
major surface and said outside surface and heating
to melt the solder while the solder is prevented
from flowing to the edges of the major surface; and
applying an electrical contact to a metal pad over the
other major surface by contacting a wire to the
metal pad and applying sonic energy thereto.

8. The method according to claim 7 wherein the
solder preform consists essentiaily of indium.

9. The method according to claim 7 wherein the
solder is prevented from flowing to the edges by a mate-
rial which is immiscibie with said solder surrounding
the metal pad.

10. The method according to claim 7 wherein the
metal pads consist essentially of gold.

11. The method according to claim 9 wherein the
surrounding material on one major surface comprises
platinum and on the other major surface comprise
silicon dioxide. '

12. The method according to claim 7 wherein the

III-V semiconductor material comprises InP.
* * x5 % *



