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1. ETRI =2lgl=

Angelov-GaN Model
-

ETRI SgIEHIT | 7|= &iEl
* ETRIMMIC 47| 8! 373 7|

- 0.5um GaAs pHEMT MMIC 7|=
* Non-linear GaN HEMT models for MMICs

- 0.12um/0.25um GaAs pHEMT MMIC 7|= . Angelov-GaN model for ADS
- 2 * 0.15um gate length HEMT operated at drain
0.1um GaAs mHEMT MMIC 7|& IS
- 1.0um InGaP/InP HBT MMIC 7|= « T > 55 GHz / Vbr > 100 V
- 0.5um/0.25um GaN HEMT 183 4X} 7|& T EATEL S B
* High temperature operation(up to 225 °C)
- 0.25um GaN HEMT MMIC 7|= + Resistor : NiCr TFR(26 Q/0), Mesa(440 Q/L))
- 0 15um GaN HEMT MM'C 7|% « Inductor : Rectangular, Circular
» Capacitor : MiM capacitors > 100 V
o ETRI gl-ol'I=I HI-E*-" Al o-|AI < ETRI .T'_R é%%‘
- Clean room (200 7.2, class 10 ~ 1,000) - DC/RF =% %tH| (network analyzer/probe station/load-pull

tuner 5 30%)

- xXHH| (i-1i = B=
2 XHH| (i-line stepper/EBDW S 55%) N

- 4 inch wafer (2 inch compatible) ¢ 22
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2. GaN HI=x| 7|= =&

| Advantages of GaN materials

GaN HEMT ZPARIe| HE-HOISH B2 ZWgo HEUSHE |
(=]
=
8 E e ~
o g En
=|
5 20
o N
A | EE
0 20 40 . 60 80 100 48“ Ga" 12“ GMS zav SI
1 GHz 100 GHz Source to Dram Voltage (V) )

o E3IAE(GaN) &1 O|A =2 o1||_-| | ¢| Ho 2 OI8t =2 =T
o]
H=



3. GaN RF 7|= &&= 20}

GaN RF Market Applications ~

AESA 20| =& &4 O| AL seeker (Ka™W)
,
Ite S
™ Communications >
e /
LTE O| S & 2l s Merg 2ol SMICH Ol sS4 xrekg ol
S C X Ku Ka w
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3. GaN RF £&4L A|

% S8

<GaN RF device Al &>
2017 2023

20174 20234

3.89$ 13%{$

(£3A: Yole Development, 2018.1)

A AAS GaN RFAA A|Ze FRE
20174 3.8 FRAA 20234 139%
TEE AZ ZeE AWt o, 949
7 A& (CAGR, Compound Annual
Growth Rate) 20% ©|e] =& AHAAE
HY Aoz AY

<-§8EoPH GaN RF &4 A1 A-8>

o
4% 0,8% 4,2%
B Defense
B CATV
Satellite communication
36.5% 54,6% B Others
Wireless infrastructure
AL o |
TTe TFHaSA

(£3A: Yole Development, 2016.3)

<GaN RF AZ5F7] &« JA A¢ Aw&>

GaN RF MBS E7| &8 oy A& Has
Ampleon, 1.5%__ erit ubishi Electric, 1.3% _ . 0.3%

\_ Toshiba, 0.9% _|nfineo
N\

NXP(Freescale), 1.7% ‘ -~ ______others, 03

i Sumitomo Electric,
42.2%

Northrop Grumman,
2.5%

eon, 4.6% _— 7

Wolfspeed, 16.4% _ 7

(£4: Yole Development, 2016)
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3. GaN RF &4} 3 &

0.5 pym GaN HEMTs

Applications

® 2-Way Private Radio
® Broadband Amplifiers
® Cellular Infrastructure
® Test Instrumentation

Total gate width : 26mm 180W GaN PKG
Unit gate width : 200um

Gate fi 1304
Features oo neer
70

® Gate Length : 0.5 um ; 60 e
® Operating Frequency : up to 5 GHz % >0 M?*“?@
oP, > 180 W@ 3.5 GHz 5 :Z /

® PAE > 60 % @ 3.5 GHz £ .

® Linear Gain > 13 dB @ 3.5 GHz o ——e
¢ Power denSIty : 7 W/mm - ° 30 | 3‘2 | 3‘4 | 3‘6 | 3I8 | 4IO | 4‘2 | 42"7 |
® Operating Voltage : 50 V Pin [dBm]

S-band 180W Tr  Va =350V, Vy=-3.5V



3. GaN RF &4} 3 &F

0.25 um GaN HEMTs

Applications

® Defense
® Aerospace
® Radar System

® Broadband Amplifier SR s s

Total gate width : 12mm Total gate width : 12mm X-band 50W PKG X—-band 50W PA
Unit gate width : 100um Unit gate width : 75um

Gate finger : 124 Gate finger : 16H
Features

® Gate Length : 0.25 pm

® Operating Frequency : up to 16 GHz
oP_. :50W@ 10 GHz

® PAE : 40 % @ 10 GHz

® Power Gain : 10 dB @ 10 GHz

® Power density : 4.2 W/mm

® Operating Voltage : 37 V

—u— Pout, —— Gain, —e— PAE
48 50
47
46
45

44
a3t
420
a1k
40t
390

[%) 3vd
[gp] ue semoy

L
n
o

Qutput Power [dBm]

18 L . L L . L L 0
30 31 32 33 34 35 36 37 38 39 40 41
Input Power [dBm]

X-band 50W IMFET Vg=37V,Vy,=-3.0V




3. GaN RF &%} ! ’él’-‘-*.ilﬂ 7I§

v 0.1um GaN HEMT & X} &3
v 0.1um GaN HEMT & X} 238 & =%
v X2 Y ) I20IEe F&

= Ad
[ ]

I source 1

I
AlozsGao7sN (25nm)

© 0.1 pm GaN HEMTs MMIC Library ]

v" Non-Linear GaN HEMT Models for MMICs L SIC substrate (100um)

via-hole
v" Angelov-GaN Model for ADS
. . v Target device : 4f200
v :
Resistor : NiCr TFR, Mesa 0.1 ym GaN HEMT AKX 2% ST [ 2 O T
v Inductor : Rectangular, Circular gate width : 200 ym
v' Target Freq : 28 GHz (Ka-band)
v Capacitor : MIM capacitors v’ Target Bias : Vd=20V, Vg=-3V
4 3\ 'd N\ (
| [ 0.lumGaN HEMT 4% 7% | Angelov-GaN Model . .
Gate foot length (um] o1 o G cndampecs Dok oo
Gate head length [um] 06/08 e o Line inductance Resistance by line
IS::J““-D"‘H distance 30735 = 2a 22205 3 0 - . o ::;w':'n‘ port 1 ! 1{::3]) {conductor
Gate-to-Source distance {um] 10/115 RiRd Tolu P In o ‘ s
Gate-to-Drain distance [um] 20/235
Unit gate width [um] 50/75 O R )
Number of gate [um] 2/4 o
Total gate width [um] 100 / 150 / 200 / 300 ot
SR 0
2F75um 4F75um Ef-ikE g N
i o
= = 0 : Interconnectsinducince
i ' e - o I
mim e Fome £
I T Y T ; £ £ - g ot
De-embedding I QIStE] 4% et 5o 5 w0 £ mé
Ly e 7 Ngax § E H A Ti
3 OlumPcM A% 8 AMAH A% 4 23 8 ) i " g 1
4 0.1umPCM 4% 9 O|IRAEY 2R T — o o o E .Pass(m( b;ap and resistance
[} 5 10 15 20 . s 4 2 2 a4 0 it SIC substrate xm
L 5 O0.lum 24X} 10 BVIA ) L Drain Voltage [V] Gate Voltage [V] )
\_ <GaN HEMT X 47| 5 0pA3 2o[of2> <GaN HEMT 2% 9 AX} EM F=> <FEAX THY>
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| 28GHz [ 5G A2M 7|X|22 MHASEJ| MMIC 7|2

o MEH=ZE7| MMIC M= < 4mm x 4mm>
- ETRI 0.15um GaN 4" Process :
- MMIC 3£ module H| %

% 28GHz MMIC PA =7d Zu}

- Pout > 12 W (41 dBm)

- Gain : 11.1 dB @ 28 GHz

- Input/Output return loss : - 14.6dB / -10.8 dB
-Vds:25V, Vgs:-4V

< H&HE 8HSZEI] MMIC AHD> < HIEE 4" GaN MMIC Wafer AH&EI>

dB S11 s21 S22 45 18
20
<—Pout[dBm
40 [ ] e t——% 16
35 14
= /
T, 30 " A
£ 1 Pout [W] g
o 25 10
Q / -
5]
g 20 / —vpaE 8 D
E s PE it
- 10 4
5 iL <— Gain[dB]
3 o~
Start: 500.0000 MHz Stop: 50.0000 GHz o 5 e 2
Mkr| Trace X-Axis Value Notes 0 e {
1] s21 28.0000 GHz 11.11dB Gain 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37
2% | 811 28.0000 GHz -14.861 dB Input return loss
sy s22 28.0000 GHz  |-10.84 dB Output return loss Pin [dBm]

< MMIC PA S—parameter S8 Z 1> < MMIC PA Output Power S8 Z 1>
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. ETRI GaN 20W SSPA T & 71w

1. Drive Amp Module

- TGA2594 GaN Amp Module
2. 2¥3E flot ZHi7|/Ag|
3. Sequence Bias Circuit
4. ETRI GaN MMIC X} H &

< ETRI GaN 20W SSPA 2 LHEALZ (F}), IR A (2) >
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GaN Power Device Applications

Low Voltage ___Medium Voltage High Voltage

-

PFC / Power supply : PVinverter Motor control Ships Power Grid

s b
' B

Wind energy

m Train transportation

< 200V . 600V 900V ; 1.2kV 1.7kv  3.3kV >6.5kV

I/

.




Others

u Military & Aerospace
Energy T&D

1 Transportation

1 Medical

M Telecommunication

W Lighting

u Automotive

¥ Industry

H Consumer

 Computer and office equip.

Very High Voltage
>3.3kV

GaN power device market size split by application ($M)

(Source: Power GaN 2017: Epitaxy, Devices, Applications, and Technology Trends 2017 report, Yole Développement, October 2017)

$500M
6002

$400M I
b
@
-§ $300M .
£ $200M =

$100M —

Aol B
—— = = | || |
2016 2017 2018 2019 2020 2021 2022
B QOthers, audie, medical, R&D ... B Server and data centers BiDAR B'Wireless power

Envelop tracking EUps WPV  WEV/HEV (including charger and DC-DC) Power supply

M ML AE 2 2 11=H
- & - Xxigt HOof = : 7= 8] [} 73% RS
- 20224 2} 52{&2| GaN MEHIZH| &%} A|Z1t 3602&E T1=22] GaN MEZ2E AlE of|&

(FX : Yole 2017)
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GaN Switch M AKX} 7| S HISER 2
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GaN SBD F2i A X} gt

A e
Surers

100 fdiv

Teollecter (A)

GaN Switch (GaN MISFET)

File Management Software for 370A and 371A

vertical
S0uA/div
Horizontal
100 V/div
Step Gen(AV)
S0mV/Step
Step Offset
0.0mv
AUX SUPPLY
o000V

Comment

Ip.=10A @ V.=1.5V
158 ohm

600V @ 150 uA

5

Vealkctor (V)

100 [div
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5. Summary

GaN RF/ZHE HITEH| 7|=

GaN RF/Power Semiconductor Technology

® 7|44

5G OIS &4, AYSY, 0|0l B8ElE GaN 1EH MASF7| AXt H HHIIZ 7|81} HI|XSkL,

ClolE ME X FUSTHE HHZE SOl &= XM GaN HHYEH A%t 7|&

— 1

283 % S8 AY 7ks 7|

O M7|XtEXt Y HIO|E ME| Soi| HEH8t XM T2 AAE AX}

O GaN RF HEZE7| 7|& I3} 7 (Y2 SumitomoAl 42% A|EHES
O Y OJET 100% Q! Ga203 HH=&|| AXH/AXL 7|& FAS} 71

o L X GaN 421X| MBAAX OI/HA/SEEN LE 7|8

=
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0 5G 0S54 7|X|2 HE FE|

o 24 #l0|Hg M 52|

o 310|H2|S, H7|XH] QMENZIHE 2 B
o HlO|EMER M2 25

oIT7|7|, 7Fd, #4 ST MY 28
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Electronics and Telecommunications Research Institute
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