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(57) ABSTRACT

A method 1s disclosed for attaching a bonding pad to the
ohmic contact of a diode while reducing the complexity of the
photolithography steps. The method includes the steps of
forming a blanket passivation layer over the epitaxial layers
and ohmic contacts of a diode, depositing a photoresist layer
over the blanket passivation layer, opening a via through the
photoresist above the ohmic contacts and on the blanket pas-
stvation layer, removing the portion of the blanket passivation
layer defined by the via to expose the surface of the ohmic
contact, depositing a metal layer on the remaining photore-
s1st, and on the exposed portion of the ohmic contact defined
by the via, and removing the remaining photoresist to thereby
concurrently remove any metal on the photoresist and to
thereby establish a metal bond pad on the ohmic contactin the
via.

17 Claims, 4 Drawing Sheets

15

=




U.S. Patent May 29, 2012 Sheet 1 of 4 US RE43,412 E

Prior Art

/—15

A T TTTToL. T AR L —

Prior Art - /
Y

,, \ (/ e .
| | 15
20 //—
18
16
-
\ 10
) 22




U.S. Patent May 29, 2012 Sheet 2 of 4 US RE43,412 E

15

—i
oo

|E

=

N

Figure 3

15

&

NI

I.....L
-

Figure 4



U.S. Patent May 29, 2012 Sheet 3 of 4 US RE43,412 E

Figure SA

35
19

Figure 5B l __E _ ‘

39
| 18
| 16
14 |
lQ_ \
R

Figure 5C




U.S. Patent May 29, 2012

Sheet 4 of 4

US RE43 412 E

35
mf)

I-ﬂ‘- IU‘! Icc

Figure 5D k

Figure Sk

> 1l | 18

e

30

A, 15

[=

—

[m lc::-

Figure 5F

o

=




US RE43,412 E

1
LED WITH SELFK ALIGNED BOND PAD

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

This application claims priority from U.S. Provisional
application No. 60/625,339 filed Nov. 4, 2004.

BACKGROUND

The present invention relates to semiconductor devices,
and more particularly to light emitting diodes having a bond
pad on an ohmic contact.

Light emitting diodes (or LEDs) are well known solid state
clectronic devices capable of generating light upon applica-
tion of a suificient voltage. Light emitting diodes generally
comprise a p-n junction formed 1n an epitaxial layer deposited
on a substrate such as sapphire, silicon, silicon carbide, gal-
lium arsenide and the like. The wavelength distribution of the
light generated by the LED depends on the matenal from
which the p-n junction 1s fabricated and the structure of the
thin epitaxial layers that comprise the active region of the
device.

Commonly, an LED includes an n-type substrate, an n-type
epitaxial region formed on the substrate and a p-type epitaxial
region formed on the n-type epitaxial region. In order to
tacilitate the application of a voltage to the device, an anode
ohmic contact 1s formed on a p-type region of the device

(typically, an exposed p-type epitaxial layer) and a cathode
ohmic contact must be formed on an n-type region of the

device (such as the substrate or an exposed n-type epitaxial
layer).

In order to bond a wire to an ohmic contact for connecting,
the device to an external circuit, 1t 1s known to form a bond
pad on the ohmic contact metal stack. It 1s also known to
protect the LED by depositing a layer of passivation over the
entire exposed surface of the device. However, the passivation
layer must be partially removed to permit the connection of a
wire to the bond pad. Forming and patterning a bond pad and
passivation layer may require multiple complicated and
expensive photolithography steps which require precise mask
alignment. Such steps are time-consuming and errors made
during photolithography steps may reduce or harm the oper-
ating characteristics of the device, which may result 1n dimin-
1shed yields or increased testing costs. Accordingly, 1t would

be desirable to simplify the process of forming bond pads on
LED ohmic contacts.

SUMMARY

A light emitting diode includes a substrate, an epitaxial
region formed on the substrate, and an ochmic contact formed
on an exposed epitaxial layer. A passivation layer covers
exposed portions of the substrate, epitaxial layers and ohmic
contact. A self-aligned bond pad adapted to recerve a wire
bond 1s formed within an opening 1n the passivation layer.

Method embodiments of the invention include forming an
epitaxial region on a substrate, forming an ochmic contact on
an exposed epitaxial layer, and depositing a passivation layer
over the entire device including the substrate, the epitaxial
layers and the ohmic contact. Portions of the passivation layer
above the ohmic contact are selectively removed to expose a
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2

portion of the surface of the ohmic contact within a via
through the passivation layer. A self-aligned bond pad 1s
formed within the via.

The foregoing and other objects and advantages of the
invention and the manner 1n which the same are accomplished
will become clearer based on the followed detailed descrip-
tion taken 1n conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a side view of a prior art device prior to wireb-
onding.

FIG. 2 1s a side view of a prior art device after wirecbonding.

FIG. 3 15 a side view of a device according to embodiments
of the mvention prior to formation of the bond pad.

FIG. 4 15 a side view of a device according to embodiments
of the ivention after formation of the bond pad and wireb-
onding.

FIGS. 5A-5F are side views of a device according to
embodiments of the mvention at various process stages.

DETAILED DESCRIPTION

The present 1invention now will be described more fully
hereinafter with reference to the accompanying drawings, in
which embodiments of the mvention are shown. This mnven-
tion should not be construed as limited to the embodiments set
forth herein; rather, these embodiments are provided so that
this disclosure will be thorough and complete, and will tully
convey the scope of the invention to those skilled 1n the art.
Like numbers refer to like elements throughout. Furthermore,
the various layers and regions illustrated in the figures are
illustrated schematically. As will also be appreciated by those
of skill in the art, while the present invention i1s described with
respect to semiconductor waters and diced chips, such, chips
may be diced into arbitrary sizes. Accordingly, the present
invention 1s not limited to the relative size and spacing 1llus-
trated 1n the accompanying figures. In addition, certain fea-
tures of the drawings are illustrated 1n exaggerated dimen-
s1ons for clarity of drawing and ease of explanation.

Embodiments of the invention now will be described, gen-
erally with reference to gallium nitride-based light emitting
diodes on silicon carbide-based substrates. However, 1t will
be understood by those having skill in the art that many
embodiments of the mnvention may be employed with many
different combinations of substrate and epitaxial layers. For
example, combinations can include AlGalnP diodes on GaP
substrates; In(GaAs diodes on GaAs substrates; AlGaAs
diodes on GaAs substrates; SiC diodes on S1C or sapphire
(Al,O,) substrates; and/or a mitride-based diodes on gallium
nitride, silicon carbide, aluminum nitride, sapphire, zinc
oxide and/or other substrates.

(GaN-based light emitting diodes (LEDs) typically com-
prise an insulating or semiconducting substrate such as S1C or
sapphire on which a plurality of GaN-based epitaxial layers
are deposited. The epitaxial layers comprise an active region
having a p-n junction that emits light when energized. FI1G. 1
schematically 1illustrates a conventional LED having an
n-type S1C substrate 10, an active region comprising an
n-GalN-based layer 14 and a p-GaN-based layer 16 grown on
the substrate and patterned into a mesa. An ochmic contact 18
1s formed on the p-GaNlN layer 16 and bond pad 20 for receiv-
ing a wire bond connection 1s formed on the ohmic contact 18.
A cathode ohmic contact 22 1s formed on the substrate 10.

A passivation layer 15 covers the upper surface of the
device. Passivation layer 15 may comprise a dielectric mate-
rial such silicon nitride or silicon dioxide. Passivation layer
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15 may be deposited using a conventional method such as
PECVD deposition or sputtering. Methods of forming passi-
vation layer 15 are described 1n detail in U.S. Patent Appli-
cation Publication No. 200310025121 which 1s hereby incor-
porated herein 1n 1ts entirety.

The formation ol bond pad 20 requires several photolithog-
raphy steps. In one such process, after formation of ochmic
contact 18, a layer of photoresist (not shown) 1s applied to the
top surface of the device. The photoresist 1s selectively
exposed using a mask and exposed portions of the photoresist
are developed out (1.e. removed) to reveal a portion of the
upper surface of the ohmic contact layer 18. The bond pad
metal (which may be for example Ti/Pt/Au) 1s then evapo-
rated or sputtered through the developed opening 1n the pho-
toresist and onto the exposed portion of the ohmic contact.
Finally, the remaining photoresist 1s stripped through immer-
s10n 1n a solvent such as acetone or a stripper such as N-me-
thylpyrolidinone.

Turning to FIG. 2, after formation of bond pad 20 and
passivation layer 15, a via 17 must be opened 1n passivation
layer 15 1n order to permit formation of a wirebond connec-
tion to bond pad 20. The steps for opening via 17 1n passiva-
tion layer 3 are similar to those described above 1n connection
with the formation of bond pad 20. Namely, a photoresist
layer 1s applied, exposed and developed to reveal a portion of
the passivation layer 15 above the center region of the bond
pad 20. After the photoresist layer 1s patterned, the passiva-
tion layer 15 1s etched to reveal the upper surface of the bond
pad 20, thereby forming a via in the passivation layer 15.
Photolithography steps such as those described above are
expensive and time consuming, since they require multiple
steps and precise alignment of a mask to a wafer. Since the
passivation layer 15 1s formed after the bond pad 20 in the
device shown 1n FIGS. 1-2, the ohmic contact 18 1s com-
pletely covered either by passivation layer 15 or bond pad 20.

Embodiments of the mvention which require a reduced
number of photolithography steps are illustrated 1n FIGS. 3
and 4. In these embodiments, a bond pad 1s formed as a
self-aligned feature within a via formed 1n the passivation
layer. Since the bond pad 1s formed after formation of the via,
no additional photolithography steps are required for the
bond pad. Moreover, 1n this embodiment the ohmic contact
metal may be selected to provide protection to the top surface

of the epitaxial region as well as form an ohmic contact
thereto.

Accordingly, FI1G. 3 illustrates embodiments of the imnven-
tion prior to forming a bond pad and prior to wirebonding.
FIG. 3 schematically illustrates an LED having an n-type S1C
substrate 10, an active region comprising an n-GalN based
layer 14 and a p-GalN-based layer 16 grown on the substrate
and patterned into a mesa. An ohmic contact 18 1s formed on
the p-GaN layer 16.

Although substrate 10 1s S1C in the 1llustrated embodiment,
substrate 10 may comprise any other suitable substrate mate-
rial such as sapphire, silicon, gallilum arsenide and the like.

A blanket passivation layer 15 covers the exposed upper
surfaces of the substrate 10, the epitaxial layers 14 and 16 and
the ohmic contact 18.

Passivation layer 15 may comprise a dielectric matenal
such silicon nitride or silicon dioxide and may be applied by
known methods such as PECVD or sputter deposition.

Turning to FIG. 4, a via 17 1s opened 1n the passivation
layer 15 using photolithography. A metal stack such as T1/Pt/
Auisthen deposited within via 17 to form a bond pad to which
a wirebond 28 may be made. Since the bond pad 30 1s formed
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within via 17 with a single photolithographic step rather than
two steps, the via 17 and the bond pad 30 are said to be
self-aligned.

FIGS. 5A-F illustrate steps for forming the device illus-
trated in FIGS. 3 and 4. Referring to FIG. SA, a precursor
structure 1s shown prior to formation of the bond pad. The
structure shown 1n FIG. 5A 1s identical to the structure shown
in FI1G. 3. Namely, FIG. 5A illustrates a LED having an n-type
S1C substrate 10, an active region comprising an n-GaN-
based layer 14 and a p-GaN-based layer 16 grown on the
substrate and patterned 1into a mesa. An ohmic contact 18 1s
formed on the p-GaNlN layer 16. A dielectric passivation layer
15 covers the exposed upper surfaces of the substrate 10, the
epitaxial layers 14 and 16 and the ohmic contact 18.

As shown 1n FIG. 5B, a layer of photoresist 35 1s applied
across the surface of the structure. The photoresist 1s then
selectively exposed and developed to reveal a portion of the
passivation layer 15 above the ohmic contact 18 as illustrated
in FI1G. 5C. Next, passivation layer 15 1s etched using awet 10
ctch chemistry such as a buifered oxide etch (BOE) or a dry
etch process such as reactive 10on etching (RIE), remote or
downstream plasma etching, or a combination of RIE and
remote etchung, to reveal a portion of the surface of ochmic
contact 18 as illustrated 1n FIG. 3D.

As shown 1n FI1G. SE, a blanket metal 29 1s deposited on the
surface of the structure. Metal 29 deposits on the remaining
photoresist material 35 as well as the exposed surface of
ohmic contact 18, where 1t forms a bond pad 30. The remain-
ing photoresist 1s then removed (for example, by immersion
in acetone), which removes unwanted portions of metal 29
but leaves bond pad 30 in place. The resulting structure 1s
shown 1n FIG. 5F.

The method described above may result 1n a small gap
between the bond pad 30 and passivation layer 15 which may
cause a small amount of the ochmic contact layer 18 to be
exposed. However, the entire device may be encapsulated 1n
a shell of protective material such as silicone which may
protect the exposed the exposed portions of ohmic contact 18.
Additionally, ohmic contact 18 may comprise a material such
as platinum which itself acts to protect the underlying epi-
taxial layers.

In the drawings and specification there has been set forth a
preferred embodiment of the invention, and although specific
terms have been employed, they are used 1n a generic and
descriptive sense only and not for purposes of limitation, the
scope of the invention being defined 1n the claims.

The invention claimed 1s:

1. A diode comprising:

a substrate having a first conductivity type;

a first epitaxial layer on a first surface of said substrate

having the same conductivity type as said substrate;

a second epitaxial layer on said first epitaxial layer and
having the opposite conductivity type from said sub-
strate and said first epitaxial layer;

said first and second epitaxial layers defining a p-n junction
therebetween;

a first ohmic contact under a second surface of said sub-
strate opposite to said first surface of said substrate;

a second ohmic contact directly on said second epitaxial
layer opposite said first epitaxial layer;

a passivation layer on and directly contacting portions of
said first surface of said substrate and portions of said
second ohmic contact, said passivation layer defining a
via opening over said second ohmic contact; and

a wire bond pad on said second ochmic contact, said wire
bond pad being self-aligned within the via openming
defined by said passivation layer;
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wherein said via opening defines a gap between said wire
bond pad and said passivation layer, and bottom portions
of sidewalls of said via opening are on and directly
contact a top surface of said second ohmic contact.

2. A diode according to claim 1 comprising a silicon car-
bide substrate.

3. A diode according to claim 1 wherein said substrate 1s
selected from the group consisting of [sapphire,] silicon, gal-
lium arsenide, and gallium phosphide.

4. A diode according to claim 1 wherein said first epitaxial
layer and said second epitaxial layer are Group I1I-Group V
semiconductors.

5. A diode according to claim 1 wherein said first epitaxial
layer and said second epitaxial layer are Group III nitride
semiconductors.

6. A diode according to claim 1 wherein said first epitaxial
layer and said second epitaxial layer are gallium nitride.

7. A diode according to claim 1 wherein said passivation
layer 1s selected from the group consisting of silicon dioxide

and silicon nitride.

8. A diode according to claim 1 wherein said first chmic
contact and said second ohmic contact are selected from the
group consisting of titamium, platinum, gold, and combina-
tions thereof.

9. A diode according to claim 1 encapsulated 1n a protective
material.

10. A diode according to claim 9 encapsulated 1n silicone.

11. A diode comprising;:

[a substrate having a first conductivity type;]

a first epitaxial layer [on a first surface of said substrate
having the same conductivity type as said substrate];

a second epitaxial layer on said first epitaxial layer [and
having the opposite conductivity type from said sub-
strate and said first epitaxial layer]:

said first and second epitaxial layers defining [a p-n junc-
tion] an active region that emits light therebetween:;

[a first ohmic contact under a second surface of said sub-
strate opposite to said first surface of said substrate;}
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[a second] ar ohmic contact [directly] on said second epi-

taxial layer opposite said first epitaxial layer;

a passivation layer, a photoresist layer and a blanket metal

layer on [said] portions of [said first] a surface of [said}
a substrate and on portions of said [second] ohmic con-
tact, and said passivation layer and said photoresistlayer
defining a via opening over said [second] ohmic contact
wherein bottom portions of sidewalls of said via opening
are on and directly contact a top surface of said [second}
ohmic contact; and

a wire bond pad on said [second] ohmic contact, said wire

bond pad being formed from the same metal as said
blanket metal layer and being self-aligned within the via
opening defined by said passivation layer and said pho-
toresist layer, wherein there 1s a gap located between
said wire bond pad and said passivation layer.

12. A diode according to claim 11 wherein said first epi-
taxial layer is on said surface of said substrate, said substrate
1s selected from the group consisting of sapphire, silicon,
silicon carbide, gallium arsenide, and gallium phosphide.

13. A diode according to claim 11 wherein said first epi-
taxial layer and said second epitaxial layer are Group IlI-
Group V semiconductors.

14. A diode according to claim 11 wherein said first epi-
taxial layer and said second epitaxial layer are Group III
nitride semiconductors.

15. A diode according to claim 11 wherein said first epi-
taxial layer and said second epitaxial layer are gallium nitride.

16. A diode according to claim 11 wherein said passivation
layer 1s selected from the group consisting of silicon dioxide
and silicon nitride.

17. A diode according to claim 11 wherein said [first ohmic
contact and said second] ohmic contact [are] is selected from
the group consisting of titanium, platinum, gold, and combi-
nations thereof.
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