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Radio Frequency

RS : BEERER

. ARSNGB T5EE

P30 P40 Pro
Component Manufacturer (country) Manufacturer
(country)

Read-only memaory
(NAND flash)

Micron (US) (some batches)/ Samsung
(South Korea) (some batches, eqg P30 Pro)

Samsung (South Korea)

Radio-frequency front-

end modules

Qualcomm (US); Skyworks (US); Qorvo (US)

Skyworks (US), Qorvo
(US); Qualcomm (US)

Communication and
radio frequency chips

Near-field
communication chips

Screen
Microprocessor
(system on chip)

Battery

Lens

Gorvo (US)

NXP (Netherlands)

Samsung (South Korea)

Huawei's Hisilicon (China)

Desay (Chinal, Amperex (China)

Sony (Japan)

Could not be identified
MXP (Metherlands)
BoE (China); LG (South

Korea)

Huawei's Hisilicon
{China)

Desay (China); Amperex
{China)

Sony (Japan) , .
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Battery Speaker
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GaN vs GaAs , Si-IIE=ERAsE (PA)
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GaN vs GaAs , Si-{KIEFEIAES (LNA)
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State-of-the-art noise performance
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providers Hitaclu Cable Hitachi Cable Kyma £ |1AZZURRO Il (TOCERA)
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OptoGaN AZZURRO Hitachi Cable S |11QE |
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ﬁﬁm_ﬁ 40nm HH<GaN HEMT

i‘=! NANY Massachusetis
TEGHNOLDGICAL I |mﬁutﬁg.'of
/ LUNIVERSITY Technology
SINGAPORE

. v T v T v T v T v T 1000. v M hd - = T T T
m \ ] ] 800} A GaN-on-SiC, literature|
300 N GaN-on-Si transistors 600l A GaN-on-Si, literature | |
aN cap layer 2 nm \ A Literature 4 [ A, A ® GaN-on-Si, our group | 1
InAIN barrier 9 nm A @ Our previous work | 1 00 4 A\* This work -
_____ Ereme—t Nicpacerhnmpmn % This work N [ A ,
2DEG :El 200F .\A i :L:D 200 . HRL, self-aligned
) = ﬁ
GaN buffer 1.5 um | ANy . - Aeﬁ
ha A~ 100} . ]
Transition/Seedling layer 100} A e - 80} F Yy
= A _ 60} A,
15— | A 4 — [ YR
High resistivity Si (111) substrate 401 '
e 1] S P Y S — S—— T ———— —t ettt
0 50 100 150 200 250 10 50 100 500 1000
ng: 1.65 x1013 cm-2 Ly (nm) L (nm)
: 1250 cm?/Vs [
s . 1A% IHEEGaN 58 - FEEGaNFISICEGaNFFA1E
Lsq~400 nm, HEEELESTER [ERYscalingAYEa

Lg~40 nm
Z. Liu et. al., ICNS 2019
H. Xie, Z. Liu et. al., APEX 2019
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D0O1GH MMICs

ERg E““T“H Rl a1
I E.. M j— —
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~ e T l:l
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& 36 VDD = 12V _
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3 34 |
SR . _ _ » Qutput Power = 41 dBm @15V
BecBud Bl e el full vkl | 2 19 30 31 32 33 34
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Dt peower « TR G hip inecl Bwiioh PAE = TR Chip imcd Switch
. I I I I o | 1 | |
B e Rl .| on-warfer pulsed test L on-wafer puised test
< 3 —
> E ] — )
E M B am .J_.r-"
(MMIC T/R) - =]
Eh| e
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v - = - - - - - - 27 ] 0 ¥ i 8 k| ]
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HIHRE : SEIEESIHGaNZEXERIHE
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I TECHNOLOGICAL I Inatitate of L'EII:EI%IRH i .

e T ==" o e 55
WRMENS  TEMESESRRE o pcnaa IR

JiHY , access XIFAJERRIXEIRES IR

Source access region [ 1 v Intrinsic device Drain
s i H phsov,
\\:Il \\:,I \\::I Wac
= 1 |I|: |I|: >
ih 1 N
2-DEG Gate I Y w
GaN \ Il:\\ 1 1\ gate
1 \
Access region: Under the gate:
Imax.a = 9-Ns-Viinear Imax.g =(q.Ns5. Vs Source

== Inpaxa< Imax.g

GEN 1 : EEE KA GEN 2 : SEEKAEE GEN 3 : #asifEmeKs

18 (Fin-like Nanowire - (planar Nanostrip- 1418 (Planar Nanostrip-
channel) Z5#4 channel) &3 channel MIS)&5#3
Gate

Barrier Barrier

GaN Buffer GaN Buffer GaN Buffer
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ElIRY200 mmSiEGaNgEE
| 2DEGHRE(cm?) | iFIBE(cm¥/Vs) | EHI(Q/0) | FIEKE | Mg

IMRE 0.8e12 1800-1900 2012
LETI 1.1e13 1800 2012
IQE 1600 HR 2012
IMEC 1.16e13 1766 306 p 2012
IMEC 8.9e12 1950 350 2012
NIT 1.15e13 1660 p 2013
Veeco 8el2 2000 2013
Panasonic 8el2 2110 2014
IMRE 3el3 900 240 p 2014
AIXTRON 8el2 1500 2014
IMEC 407 2014
Raytheon 9.2el12 1555 451 HR 2014
IQE 1500 500 2014
Enkris 0.9e13 1500 400 HR 2018
LETI 350 HR 2015
SMART 1.6e13 1000 340 HR 2015

XEZ liu IMEC 9.5e12 1774 370 HR 2019



HFHE © 200mm EESCEHFHEMTHFER

N EECEE NANY I I m chusotis
Emmm. ' "“US S o3 %Icm I Tochnaloay *C. =C. Huang, et al. CSMANTECH 2015

*C. —C. Huang, Z. Liu et al. EDTM 2018

By optimization of the growth conditions and buffer thickness, crack free, low
wafer bow (<30 um), good uniformity GaN HEMT wafers were obtained

80 T I ]
===w/0 Sapphire Pits
= w Sapphire Pits

ol

40

20

0

Curvature (km)

-0
-40
-6l

80 | | | | | | | |
0 S00 1on 1500 2000 2500 3000 3500 4000
Time (sec)

Reported

Sheet Resistance (W/D) 400-500 340-420 350-500
2DEG sheet carrier density n_(cm-2) 1.2-1.4x10%13 1.6-2.0 x 1013 1.0x 1013

2DEG mobility m (cm?2/Vs) 1000-1200 900-1100 1500-2000

> Sheet resistance: comparable to commercial wafers (IQE/AIXTRON etc.)
Mobility: has room for improvement. More runs are needed to optimize the growth.
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s'" GAPORE RIE dry etching using Cl, and ALD Al;O; (10 nm) deposition;
BCl; gases; F’ECVQ SIN/SI10, (EGI'I_D[J nmy)
S/D Ohmic contact formation deposition and patterning;
PECVD SiN/SiO, (50/100 nm) bi- TUAI (50/200 nm) metal

deposition and patterning;

;:Fa 7 200m m ﬁE :E L?:E;r:ii?;cmc deposition and Fost gate annealing;
_‘;“h%RF H EMT*J{’E @ AIGaN/GaN recess etching (depth ~

BICMOSFER IS oo,

@ Ti/Al (40/200 nm) metal deposition
and patterning;

@ RTA475°C 1 minin Ny;

Ti/Al alloy

—

-_—
o T
—_—
_—

GaN

-
ecess dépth:%g Snm

1100 nm

*Z. Liu et al. EDTM 2019
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eliminary results
~ 150 mm wafer

0.45pm Gate Stepper 3.5pm Plated Au Interconnect

Lithography

Thickness: 100 pm
Slot via: 35 pmx70 pm

Chip Dicing
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GaN-Si CMOSR RSN IR L,

TR STREFFANE , TR
v RRERLEEIE |
@ 2DLERY (HALER ) @ 2.5DEER

GaNEEXE4IS(SAG

CMOS Substrate

SEES ® 3DER (ERORES. DiefEs )

X.EZ % liuzhihong@ieee.org GSMA-FEEHF

- 36 -



=ZEDARPAIRBHE

Technology |  MPWO mpwi | mPw2 | MPW3 |  Future MPWs
CMOS IBM 65nm GF 45 nm GF 45 nm GF 45 nm GF 45 nm
InP HBT TF4 (2 metals) TF4 (3 metals) TF4 (4 metals) TF4 (4 metals) TF4 (4 metals)
TF5 (3 metals) TF5 (4 metals) TF5 (4 metals) TF5 (4 metals)

g;zd\;aractor AD1
GaN HEMT GaN20 GaN20 GaN20 GaN20 GaN20

T3 (HRL) T3 (HRL) T3 (HRL) T3 (HRL) T3 (HRL)
GaAs HEMT P3K6 P3K6
ng:;)voenents (NT\[gffor?wtiis) (NPL?\:gfrtgigzs) PolyStrata (Nuvotronics) (NPL?\Lgfrtcr}?wﬁzs)
Base CMOS CMOS CMOS CMOS CMOS
Substrate SiC Interposer (IWP5) SiC Interposer (IWP5)

In fab

CMOS

High-Q
. [
Gahl Chiplet| | GaAs Chiplet

¥ Party CMOS CHIP

TSV

SiC Interposer

X2

liuzhihong@ieee.org
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