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EPC Files Two Patent Suits Against Innoscience

21 hY

WHAT:

WHERE:

WHEN:

STATUS:

EPC

-Versus

Innoscience (Zhuhai) Technology Company, L
Innoscience, Inc., and Innoscience America, | o

4 EPC patents directed teHEMT technology
2 Innoscience Product Lines (650 and 100\

If Innoscience

1) U.S. International Trade Commission; and
2) U.S. District Court, Central District of Califortr I
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U.S. Gallium Nitride Semiconductor Devices Market i — B 4 -
size, by product, 2020 - 2020 (USD Million) GRAND VIEW RESEARCH

25.6%

U.5. Market CAGR,
2023 -2030

£520.0M

$454.0M II

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030

@® GaN Radio Frequency Devices Opto-semiconductors Power Semiconductors



https://www.grandviewresearch.com/industry-analysis/gan-gallium-nitride-semiconductor-devices-market

GaN Power Devices: Loeihgrm Evolution

GAN POWER DEVICES: LONG-TERM EVOLUTION*
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Number of patent families

GaN-on-Silicon Patent Landscape
Time evolution of patent applications split by application field

All GaN-on-Si patents
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Overview of ITC Investigation
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1. Legal Issues intertwined with complicated
technical issues

2. Fact and Expert Discovery Is extensive, time
consuming and expensive

3. Litigation budget can be critical
a. Not uncommon for the loser to have made a critical
strategic or substantive mistake ultimately linked to
budget tensions

b. tKS RlIéda 2F 4d4a02NDKSR S
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| United States Patent
Lidow et al.

a2 United States Patent

Lidow et al.

($4) COMPENSATED GATE MISFET AND
METHOD FOR FABRICATING THE SAME

15 Imentors: Alexander Lidow. Marina Del Ray, CA
c,

(21 Appl. N 12756906

US 8,350,294 B2
Jan. 8, 2013

(10) Patent No.:
45) Date of Patent:

(LS} Robert Beach, [a

(54) COMPENSATED GATE MISFET AND
METHOD FOR FABRICATING THE SAME

LIS}, Jeanjun Can, Torrasce, CA (USE
Alana Nakata, Fedando Heach, CA
(LS}, Guung Yaun Zhae, Tormnce, ©A
L5}

(75) Inventors: Alexander Lidow, Marina Del Ray, CA
(US): Robert Beach, La Crescenta, CA
(US); Jianjun Cao, Torrance, CA (US);
Alana Nakata, Redondo Beach, CA
(US); Guang Yuan Zhao, Torrance, CA

(US)

Apr. 8, 2010

Apr 8, 2010

(22) Filed:

37 Gate Contact 40 Confinement Layer

39 Semi-insulating Layer

35 Source contact 36 Drain Contact

34 Barrier Layer

| 33 InAlGaN buffer
Layer

— 32 Transition layers

3/2003 Stockman
12/2006 Hikita et al.

6,537,838 B2
2006/0273347 Al

2008/0006845 Al* 172008 Derluynetal. ... 257/192
2008/0296618 Al* 122008 Suvhetal. ... 257/190
OTHER PUBLICATIONS

Tsuyukuchi et al., “Low-Leakage-Current Enhancement-Mode
AlGaN/GaN Heterostructure Field-Effect Transistor Using p-Type
Gate Contact,” Japanese Journal of Applied Physics, 2006, Japan

ABSTRACT

(57)

A MISFET, such as a GaN transistor, with low gate leakage.
In one embodiment, the gate leakage is reduced with a com-
pensated GaN layer below the gate contact and above the
barrier layer. In another embodiment, the gate leakage is
reduced by employing a semi-insulating layer below the gate
contact and above the barrier layer.
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Review
Research Progress and Development Prospects of Enhanced
GaN HEMTs

Lili Han *, Xiansheng Tang, Zhaowei Wang, Weihua Gong, Ruizhan Zhai, Zhongqing Jia and Wei Zhang

Lase nsit, Qi Universiy o Ty (Sandong Acadmy ofScics) o 250104 i
oy gl ) il gngOulisscn (WG
RZji jimgeip sdlaser.en (2]
* C Tl 5

Abstract: With the development of energy efficiency technologies such as 5G communication and
electric vehicles, Si-hased GaN microelectronics has entered a stage of rapid industrialization. As

anew generation of microwave and millimeter wave devices, High Electron Mobility Transistors AIGB N

(HEMTs) show great avantages in frequency, gain, and noise performance. With the continuous

advancement of material growth technology, the epitaxial growth of semiconductor heterojunction

can accurately control doping level, material thickness, and allay composition. Consequently, HEMTs .ga s

have been greatly improved from material structure to device structure. Device performance has
also been significantly improved. In this paper, we briefly describe MOCVD growth technology

and research progress of GaN HEMT epitaxial films, examine and compare the “state of the art” of
enhanced HEMT devices, analyze the reliability and CMOS compatibility of GaN devices, and look

1o the future directions of possible development.

Virl

Keywords: GaN HEMT; AlGaN /GaN heterojunction; enhanced device

O s
Goog, W.; Zhai, R; Jia, Z; Zhang, W.
iosirch Frogees and Drvasproams With the rapid of i ion and technologies continu-
Prospects of Erhanced GaN HEMT:, D 10 change us and the world we live in, communication equipment and other electronic
[ — devices must bedmlnped far mgh»speed lugh frequency, digital circuits, and microwave

conductor rna(Lnih such as gallium ml‘ndl u,.m and silicon carbide (SiC), are nl.nuly

mature. Thanks to the high saturated electron drift speed, high breakdown electric field,
radiation resistance and other excellent physical properties, GaN and SiC are ideal for
microwave electronic devices and are widely used in the field of wireless base stations,

1. Introduction

Ausdemic Edtoe: hai Lo,
Gruseppe Greeo, Ray-Hua Hormg,
amplen L, Zey Liu,
Mingseny Peng, Yang Wang,

Sapphire

Vang i and Yaanpeng Wu satellite TV, and radar [1,2]. SiC has a clear advantage in high voltage (higher than 1200 V)

applications, while GaN prevails in power conversion and high-frequency work. In partic-
Received: 15 April 2023 ular, GaN-based HEMTs, which generate a high concentration of two-dimensional electron
Revined: 18 May 2023 s (2DEG) at the heterostructural interface and have on resistance 30% to 50% lower than

Accepted 25 May 323
Puslishest:  Jure 2021

(O

Copright. © 33 oyt shers, 65 10 improve. SIC substrate i
Liooaee FL et Sotarian, €N achieve large-scale indhustri

SIC devices [3,4], are ideal for the next generation of high-frequency, high-power power

electranics applications. It can be wldely used in all kinds of electronic products, new
energy vehicles, industrial d ather important fields

D y 30 years of pment, the of GaN-based HEMTs contin-

of high price while GaN-based HEMTs on Si substrate

ization at low cost due to the mature development of 51

i e s cp s s SEMICONGUCEOF technology, which is easy o back-end process compatibility and msbm
dosribied under the terme ang Widely used in consumer electronics jes markets.

conoes of the Crenve Commocs  HEMTs are depletion types in which the devi il has a high udZDDC
Attriution {CC V) s G/ in the channel at zero bias, leaving the device on. The enhanced GaN HEMT is safer and
crvvecommansrg /e /by/ | MOTE energy efficient because it exhausts the 2DEG in the channel at zero grid bias, and
wn the device is in the off state. Therefore, GaN-enhanced HEMT devices have important
Crystais 2033, 13,911, hitps:/ ok org /103390 eryst1 60811 e ——

Figure 8. (a) MIS HEMT; (b) HEMTs with Schottky exposure [60].
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1. A column III Nitride transistor comprising;:

a substrate,

a set of III-N transition layers above the substrate,

a III-N buffer layer above the set of transition layers,
a III-N barrier layer above the buffer layer,

a compensated GaN layer above the barrier layer, and
a gate contact above the compensated GaN layer.

37 Gate Contact 38 Compensated Semiconductor

Clol
35 Source contact 6 Drain Conta

s at e «—1 33 InAIGaN buffer
G/ 2YLISyal SR

i) . e

FIG. 2

2. The transistor of claim 1, wherein the compensated GaN Q ‘WA
layer contains acceptor type dopant atoms passivated with A " . ﬂ‘

hydrogen. B
3. The transistor of claim 2, where the acceptor type atoms : Tl m
are selected from the group consisting of Mg, Zn, Be and Ca. "“/Ji' S N

WHopn tFiSyas C

MDA LAt R LU i Radulescu LLp ..
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FIG. 1 (Prior Art)

111 Gate metal

106 High doped p-GaN

Gf 26 R2ypdS Ré~ LI

100

102 Transition layers

Radulescu LLP fre,.

WYH pn

tFdSyidz CA3OD

Compensated semiconductor layer 38 preferably comprises
AlGaN or GaN with a deep level passivated p-type impurity
such as, for example, Mg, Zn. Be, Cd, or Ca. Buffer layer 33

1

S

Wtnl G SyYyHIS
oYymm!l yy2ial

= ; rain Conf
v | & | f nDD
H ’ «— 133 InAlGaN buffer

Ly -

SR

I~ 32 Transition layers

The critical step in the above process that differentiates the
device of the present invention from the prior art device (FIG.
1) is the passivation of a p-type impurity using hydrogen. The
passivation leads to two differences. First, in GaN transistor
1, the compensated semiconductor layer 38 is a highly com-
pensated semi-insulating material, while in GaN transistor
100 of the prior art, layer 105 is a conductive p-type material.
Second, the capacitance of the gate electrode to channel layer
1s reduced in the present invention as compared to the prior
art.
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Tech Background: NobBkrize Winning fiaN for LEDs

The next significant development in creating an efficient blue LED occurred
in 1992 when I was able to clarify why p-type GaN had remained so elusive
for 20 years. While Akasaki and Amano achieved a major breakthrough in

Background Story of the Invention of
Efficient Blue InGaN Light Emitting Diodes For MOCVD growth of GaN, ammonia (NH;) is used as the nitrogen

Nobel Lecture, December 8, 2014

) source. Ammonia dissociates during growth and atomic hydrogen is introduced
e SO into the GaN crystal. If Mg is present in the crystal, the hydrogen atom forms a
magnesium hydrogen complex (Mg-H), thereby preventing Mg from acting as

an acceptor [11]. Thermal annealing of the GaN:Mg sample in a hydrogen-free
" N e W environment above approximately 400 °C permits hydrogen to diffuse out of
a

the crystal, thereby breaking up the Mg-H complex [13]. As thermal annealing

o s Shuji NakamuraBackground Story of the Invention of Efficient Blue InGaN Light Emitting Diode
Tl #""/y F Nobel LectureDec. 8, 2014
e

xxxxxxxxxxxxxxxx




azNB ¢SOK F O1 3 NP dzy R

w2t S m27F 3tk OF y OA Sa I IbyYR

* Hole Generation : Mg-H Complex

Mg b ¢
. activation
| | doping | | | { |
Ga—N —™ > Mg—H—N ————> Mg" *N
{2 4% M 45 45 N [ [
anneal
u-GaN Mg-H complex acceptor

* Electron Generation : Ga-H Passivation

c
| | Hydrogen | | activation | /
S passivation, o H

{

—_— Ga e

% EPA

-
d*
-

N defect

-
LI

e

Defect Passivation donor

Figure 1: Two types of major hydrogen species inside Mg-doped GaN epilayer. Mg-H complex
generates holes if activated, and Ga-H passivation generates electrons if detached.

The Mg-H complexes are believed to form during the cooling process after MOCVD. Removing
hydrogen from the Mg-H complexes should release holes, giving improved p-type performance.

The Ga-H family involves nitrogen vacancies that act as electron sources, giving undoped GaN an n-

type character. The binding of hydrogen passivates the vacancy, holding the electron in place. Such
Ga-H passivation occurs during epitaxial growth.

Wdzy S YSe9of{ SOENBOKEYXEOIt NBY20RZLIRR KRR NRBESH B A2ty at 1A&/S Md
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In the development phase. transistor processing is done in | |
: 'e 9 . ~ ” Ao —— ; [ Gate Metal |
imec’s 200 mm CMOS pilot line using a Au-free process flow. goc ro—

The growth of II-N layers is carried out by metalorganic o '
chemical vapor deposition (MOCVD) on 200 mm Si (111) i
wafers. The Mg doped p-type GaN (p-GaN) layer is grown in

sequence with a AIN nucleation layer, the (Al)GaN buffer. i oy e
GaN channel and AlGaN barrier layers. The TiN gate metal

E-mode/Normally-off operation

Source contact field plate

TiN
S | EEPT—

Fig. 1. Schematic illustration (top) and cross-section TEM
micrograph (bottom) of the gate area of the p-GaN gate transistors.

Complaint (ITC), Ex. 49 at 172 (annotated)

[ 2YLX F Aydneim/ 0 9E®

To circumvent such issues, here at Innosdence

Interconnect

Passivation

Gate (L
‘ ' S Stack Strain Layer |D i
AlGaN il

we grow a p-GaN layer on top of the AlGaN
barrier, forming a Schottky contact with the -
p-GaN layer. This results in normally-off/e- , GaN

o e e s v n

-]

o086 @6686@666‘966966
mode operation. GaN 2DEG
Buffer Layer

5® al NO2y> DIbY AYyRdAZAGINEUAZ BMNEWEYN YA Al »BISES AHRBYI 1O & ¥ i Waky G450



AAy3 2NRSNI 2F A

GaN Transition Layers: Si

(IN-N Buffer Layer
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e - — - (57) ABSTRACT
o An enhancement-mode GaN transistor and a method of form-
/ ing it. The enhancement-mode GaN transistor includes a sub-

strate, transition layers, a buffer layer comprised of a III
Nitride material, a barrier layer comprised of a III Nitride
material, drain and source contacts, a gate I1I-V compound
containing acceptor type dopant elements, and a gate metal,
where the gate I1I-V compound and the gate metal are formed
with a single photo mask process to be self-aligned and the
bottom of the gate metal and the top of the gate compound
have the same dimension. The enhancement mode GaN tran-
sistor may also have a field plate made of Ohmic metal, where
adrain Ohmic metal, a source Ohmic metal, and the field plate
are formed by a single photo mask process.
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Tech Background: Gate Shapes
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Figure 4. (a) HEMT structure based on P-GaN grid technology [3]; (b) Energy band
changes before and after the introduction of p-GaN cap layer [33].
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1. [A] A method of forming an enhancement mode GaN transistor, the method comprising:
[B] nucleating and growing transition layers on a substrate; [C] growing an Il Nitride EPI layer
over the transistor layers; [D] growing an Il Nitride barrier layer over the EPI layer;

[E] growing a GaN layer with acceptor type dopants over the barrier layer;

F] depositing a gate contact layer on the doped GaN layer;

[G] applying a gate photo resistant pattern

[H] etching away the gate contact layer outside the gate region;

[I] etching away the doped GaN layer, except a portion of the doped GaN layer beneath the
gate contact;

J] removing

[K] depositing a dielectric layer;

[L] applying a contact photo resistant pattern ,

[M] etching the dielectric layer to open the drain and source contact area,;

[N] removing the contact photo resistant pattern;

[O] depositing an Ohmic contact metal,;

[P] applying a metal photo resistant pattern

[Q] etching the Ohmic contact metal;

[R] removing the metal photo resistant pattern; and

[S] performing rapid thermal annealing to form Ohmic drain and source contacts.
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