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ABSTRACT
I.TITLE

Establishment of Basis for Compound Semiconductor Components

Technology Based on Industrial Demand
II. THE OBJECTIVES

Commercial compound semiconductor(CS) components are used for a variety of
niche applications apart from Si applications at mostly small quantities. They are assembled by
medium-to-small companies using imported CS devices and integrated circuits(ICs”) due to the
lack of domestic manufacturing basis for devices and ICs’. This current domestic situation calls
this industry’s attention for a comprehensive invigorating move that can improve technological
level of industry by connecting R&D to industrialization and providing cooperation for
demand-oriented product development. This move would provide the effective ways for the
development of time-to-market products.

In this context, this study is aimed for the vitalization of high frequency components
industry by providing the basis for the development and commercialization schemes that not
only further develop R&D prototypes to commercially viable ones but also provide fabrication
services of multi wafer project shuttles. This study would at the same time provoke
country-wise industry-academia-research cooperation system to help medium-to-small
enterprises in this industry establish the thrust for the market penetration. Also, this study is to
provide a hub for the active environment in this industry for the exchange of information and
manpower. This study would also assist industry’s marketing activities by establishing the

relationship with test/certification organizations and mass production facilities.



[II. THE CONTENTS AND SCOPE OF THE STUDY

The contents and scope of this study is listed below:
- Establishment of the hub for the industrialization of demand-oriented high frequency
components
- Pursuit for the prospective CS components for commercialization
- Prototyping of 1~10GHz components through library improvement
- Establishment of pilot production technology
- Delivery of the timely prototyping of industry demand
- Establishment of the reliability technology through the cooperation with related

organizations

IV. RESULTS

The results of the eighth year of this study are listed below:

1. Development of 0.15um GaN HEMTs
- Design and Fabrication of 0.15um GaN HEMTSs

- Measurement of 0.15um GaN HEMTs

2. Development of 40W GaN package module at X-band
- Design and Fabrication of GaN HEMT at X-band

- Fabrication and Measurement of 40W GaN HEMT package module at X-band



V. EXPECTED RESULT & PROPOSITION

This study is to provide the basis for the cooperational environment in the CS components
industry through the establishment of the industry-academia-research hub, and, thereby,
contribute to the improvement of the competitiveness of CS components industry. The success
of this study will establish the design-fabrication-package-test-and-marketing productive cycles
within this industry, so that domestic companies can not only penetrate into already-present
market, but also even take the optimistic position in the emerging market. Eventually, CS
components demand will be self-supplied domestically and further result in the minimizing of

import expenses and the maximizing of export profits.
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Nketo] AapA zfell A &ekqith. o] FYEF AwledA X3S =E phosphorus

=

o
25 ALg3te] 7S A LS 80KeV, o] E=Z(ion dose):E 4x1014 /cm2 ©] AL-&5

I

=3
ko]
ay
jn]
=
[eb)
=t
o
=
p—
ot
[
R
)
AL
o
rE
o,
o,
vl

.
adpdele] PR a2 R sdel on ATw aAL GG 4E AT
[ez]
-

=
= ] 714 Q4L 98 1A AdTEe Ayaar.

N - -
2E EE 2HHE o gate] /A4S T/ o FHS FRAAY. I
E-om o 14 AFFES AT WFe AAstel enaFa A=)
SRR
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Ohmic metal

Isolation

SiN deposition

1st Metalization

T-gate litho.

T-gate metal

SiN passivation

Air-bridge metal

2 Q '*({t;
QA‘_ -

® S50 P

o
)

? .

2 L i3

-
® .
7o O

._.._"

[1”] 2-5

11

Ohmic €*] ¢

Ohmic lithe.
Ti/Al/Ni/Au deposition
Lift-off

RTA

Isolation lithe.
P implantation

SiN PECVD
Via litho.
SiN RIE

1* metal litho.
Ti/Au deposition
Lift-off

Footprint litho.
SiN RIE
T-gate litho.

ICP recess etch
Ni/Au depostion
Lift-off

SiN PECVD
Via litho.
SiN RIE

Post litho.

Seed metal deposition
Au plating

Lift-off

(728 2-4] AlGaN/GaN HEMT on SiC 22} A ZEA &A%



ACE A= dA4E fste] 2 dAvtolAds A ity FulE AR8sho
0.15 m AZL z2t= Alo]E 3F SL(single layer) ¥l Aot [28 2-7]
CDSEM 2.2 SL sl'& FA3e A7, develop ¥ 0.111 um(in) / 0.135 um(out) ©] A
o, descum ¥ 0.135 um(in) / 0.164 um(out) ©]At}.

Probe 52 3500
length| % = 5t 3000 | A
LM 5| 306 | 209 | 320
~—250.0
10| 490 | 492 | 521 B
20| 875 | 882 | 937 S00
40 | 1660 | 1650 | 1720 ¢
80 | 3190 | 3210 | 3200 a0
re  |2.14€-06|1.73€-06/4.00E-06|Q2-cm? gm ‘ ¥

rs 385 | 388 | 395 [Q/sq -g
Intercept 109 104 132
Slope 385 3.88 3.95

w
o
o
B
o
o

00 = - L - L

20 40 60 80 100
transfer length (um)

[19 2-6] TLM 57l °]g ohmic contact A3

[ 2-7] e-beam lithography o ¢]&F AO]E foot #HE

Aole Aol ol Fge F

3

B} d=7 2 7 2 ez durd o2 T-gate

12



2k g

[e) T
S ZE

i
o

o
S
i
flo

ofl

T-gate

=9 TEYAAE =&

E-beam single gate #® dA & RIE & SiN #2S o A3 T Ao]E ¢

7] 918l A e-beam lithography © 2]%F T-gate W¥lS FAsHSc}t. [

A B vle} o] T-gate HEL aligno] 2 21 e & FAHQC},
AlGaN/GaN HEMT Z:zbe] Al01E 2lxl2 FA4ol o8] azke] &

H
EAGE Aofsa FHAF dadl od e FRAY 54 AL

247 AP PTE-0T FHL 9|5}
=

K
ol
k

Zshm Axpgel B2E

of

“Leit} AlGaN/GaN HEMT &b 3heb o2 qhgshy] wiel 54
A2 A4S Algsto] AolE gAlAE Aok . A2
Hloloj = V|9 el A4S T HE dJew H85y] 9
oloj~g A 7}o] 7453k ICP(Inductively Coupled Plasma) 217 < 483130 t}.
BC13/Cl2 7k2=5 ARG ICP WA A2 A7 43 AH&she] AlGaN/GaN HEMT %
Hazte] AolE PAxa FAL ALt on, AolE M2 ICP power 250 W,
table power 5 W, BC13/Cl2 7}Z~ 3/18 scem, ¥ 5 mTorr, He 10 Torr &4 =7

N

¢

o7 AP t). T-gate AFL Ni/Au S =347 o2 Z23 & gITE-9 I HIY

of olsf Jds3Art.

[13) 2-8] e-beam lithography o ¢]3} T-gate =¥l

ppA o 8 AR EE 98 Ade SiN & FAE ] T-gate & EHF A5

13



ajelo]d Agsiltt. A= = 1 2 ddwEe] FAE 59 AdSs g

S AA 78 Jow eEsht dacehs $42 AAG. F 3.4 m ¥

AR Au B 3 & oA E AxZgolo] &l kS seed metal & A A EH o] ofo]-

% 2-9]= A7lel AHEd gl &) FEEE o A Akl &

Ohmic Isolation 15t metal
lon implant 1=t metal

T-gate Passivation Air-bridge

2nd SiN

(2% 2-9] 8 A 4= A9 AlGaN/GaN HEMT on SiC 22} @ RA %

A

22 AR FAo] Eyvk & hot plate oA A3 Axg FA4S 400 CTolA 30
g8 F X0100 monitoring TR o] thal e, Ed

279" s AR, Idss o2 S543Ith. DC mapping & A3 540 HAH

14



O 2 yniform 3FTH. [1¥ 2-10]

HA-2=Z HE W -3.2 -3 -3.1 -3.4 -3.3
Y HBEHA mS/mm)| 281 278 274 264 243
SMME (UA/Mm) 6.5 0.9 4.1 29 2.9
Idss (mA/mm) 760 720 720 790 £90
-3 -3 -3 1 -3.1 -3.4 -3.5 =37
274 272 263 260 276 263 268
7.8 3.3 [ 5.1 3.9 52 g
700 710 740 530 770 740 750
-3.2 =3.2 -3.2 =-3.2 -3.5 =3.5 -3.3
273 252 259 274 276 263 277
23 92 20 % 1.9 400 35
740 760 700 740 780 750 750
-3.2 -3.1 3,1 -3.1 -3.5 -3.4
276 260 267 274 261 271
25 1 77 326 4.3 72
740 630 710 720 800 760
31 =31 -3.3 -3.3 -3.5 -3.4 -37
274 256 276 284 279 281 754
0.3 2.8 25 20 55 2.8 &4
720 620 760 780 750 730 770
-3 -3.2 =31 =31 =37 -3.4 =37
262 280 275 277 287 287 275
1.6 22 5.1 2.7 332 2.5 163
720 750 710 720 850 790 810
-3 -3 -3.1 -3.3 -3.6
281 275 280 301 283
0.8 9.9 0.9 0.4 B3
720 710 720 800 830
oA EEET A ¥ ET R
-3.1 0.03 -3.5 014
274 7.5 275 13.3
21,2 2.7 £7.6 116.8
724 2.5 781 357

[2¥] 2-10] DC mapping A3}

Al 3 A 0.15um AlGaN/GaN HEMT 2=}

15




1. GaN HEMT (Wg=2x100 mm) =74 ZA3}

[717] 2-11]& Al9]E Zo] 2 x 50 img] GaN HEMT &= Alo]E 2 7, Flo]E Zeo]
0.15 im, %] AlPIE & 50 mE 2= 7|2 Zzjoln),

P25-2F50SD5H10

[2¥ 2-11] GaN HEMT &2z} ¢ o]o}-

S =R AYS 0VellA] 20VE Alo]E APS -5V oA -1V 744 ®H

o] =gl AF WIS Aye -V SAHY A3 =gol [t 10V
olE AtE WSS W =<l dFet EdRs dYds WHItE 54
dAgels 54 274 Fden. -V S821S Vds =0~ 20V,
Vgs = -5~ -1V (1V step)o]iL, Gn-& Vds = 10 VollA Vgs = -6 ~ -1 Vo|t}. [1
Y 2-12]& Alo]E AA E (Wg)o] 100 /<! GaNHEMT A2 Z43 [-V A o]ar,
Edx ddEx m & 58 2ok, A Ale]E Fo] 100 ] GaN HEMT
2R Vds = 10 V ol A Idss = 68 mA oW 9-73F AX 0 548 Yehyiglet. E

A AYE A gz R A EWds A€ A 280 mS/mm ©]th. RF EAS



00 MHz ~ 50 GHz oA =l At Vd=10 V=

SA7IHA S k. ZF mpoloja x| A

=
=

3t S—parameter = H21 3} MSG(maximum Stable Gain), MAG(Maximm Available Gain)

A
ol &3l [2¥ 2-13]¢F #o] Aek3k=(cutoff Frequency, ft), o353}

[e)
=

(Maxim gm Oscillation Frequency, fmax) FZ3sFAtl. Alo]E Zo] 100 mS! GaN
-3V oA ft = 46.27 GHz, fmax = 123.13 GHz ©]

1

HEMT ZAAF+= Vds = 10 V, Vgs =
=N
100
2f50sd5h10 Vg=-5t0-1V
80
p———
T 60 .r"',
E s
S 40 /
4
L
0-f T—
o 5 10 15 20
Vds [V]
100 50
2f50sd5h10
80 -
60 -
<
E
5 404
20
O T
-6 -5
2-12] Al°]E Zo] 2 x 100 zm¢! GaN HEMT DC =4 23}
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ft (blue) & fmax (red)
60 T T

s0F

H21 & MSG/MAG [dB)]
[7%) -
S S

]
=

Frequency [Hz]

[718 2-13] Al9]E Zo] 2 x 100 imQ GaN HEMT RF =% ZA 3z}

WA AN A% Sk, =, BE st 229 =d9 7ke] 4ol 5 un ofv]
s He @e AU HEE doln 249 F
|Badtel e 24 204 ZAde] dojolsel T4 SAd F RS

=3

poleh,

N
re

)
o
ol

100
2f50sd30h06 Vg=-5t0o-1V

80 ;(
] 4_//

g

Ids [mA]

0 5 10 15 20
Vds [V]



100 50
2f50sd30h06

80

60

40

Id [mA]

201

(23] 2-14] &9l =29l 4o 445 3 um 2 F2A17) GaN HENT DC 574 A3}

ft (blue) & fmax (red)
60 T

50 4

H21 & MSG/MAG [dB]
w e
=} =

]
=
T

o

Frequency [Hz]

[2% 2-15] 229k =#9 2he] 28 3 un 2 A7) GaN HEMT RF 574 A3}
o (19 2-14]E Azsh =9 o] A4S

3 C
A Axoltd. Vds = 10 V ol A Idss = 81 mA o]H 943k A2 Q0 x EAS eyl

. Edx A9 s JzZ2RY Hd Eds A9 A= 331 nS/m o]tk [1F

19



2. GaN HEMT (Wg=8x50 m) power =% ZAi}

[ 2-16]2 Alo]E Zo] 8 x 50 /me) GaN HEMT = Alo]E 8 7}, Alo]E Zo]
0.15 ym, &9 AlolE

|

50 mE e 2Ae] AR Apgolt,

20



[ 2-17] 30GH; R=% =4 A~

[-15 2-18] #A1=tel #lo]+ o} RF probe & ©]&-% on_wafer =74

21



30GHz oA =4 23 €A d s 3.40/m = JeERQIAL, PAE & 27%=
Rolo., a8 o554 7 dB & YEAT. SAHE AAge [29 2-19]9
R a=

35 7
Pout<€—

B
Power density [W/mm]

Pout [dBm] , Gain[dB} & PAE [%]

151617 18 19 20 21 22 23 24 25 26 27 28 29 30
Pin [dBm]

[723 2-19] 0.15um 8f50um GaN HEMT ZA%}9] power E4 =3 A}

Az Aol E Fo] 2x50 mel 2 7FA FF¢] GaN HENT A-=#}¢] DC&RF 54 4
KN

H}E A FSTE. 0.15 um AlOJE HolE 7HA = A= g DC 5SS HS
o 93 pinch-off 545 Ue At A9 transconductance #h< 280 ~
300 mS/mm A= P 5T 22 FAAFGS BelY. RF 54

i
ul
o
o
)
N ol
M
r 1

53.72 GHz, HW fmax = 136.38 GHz #=
2 8x50um Q1 AAE o] &3l REE FHH A|aHoA FAHE
=

o 30GHz Wi el A 3.4W/mm o] =3

|
5
[o
o
A%
=
oift
L
N
jf_l‘
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A 3 X-g 40w GaN 7| A]

g N
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A 3 F X-19 40W GaN #H7]X] &

A 14 X-t9 AlGaN/GaN HEMT A=} =2}

7N 3t

[1§ 3-1]2 SiC 7]¥& AFE-3Fe X-th<] GaN RF GaN HEMT ¥ &7pe] A2

TME YERA Aot

u-Gatl Mucleation Layer

OHMIC
- Ohmic litho. (OHM)
- Ti/Al/Ni/Au
U -AlGal deposition/lift-off
u-zakl (Mucleation Layer
SiC Gubsrate - RTA

SiN deposition

- SiN PECVD

- SiN etch

. Al an ISOLATION

- P-ion implantation

u-Gakl /Mucleation Layer

SiC Subtrate
FIRST METAL
- SiN RIE
. ' E—— - 1st metal

litho. (FMT)

SiC Subdrate
- Ti/Au deposition
- Lift-off
T-GATE Footprint.
u-2lGan - i
. u-Gall (Mucleation Layer . Footprint
Sic Substrate litho.(SL)

26
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- SiN RIE
- T-gate
litho. (TGATE)

T

"N e
u-AlGakl
u-Gaklf Mucleation Lay er

SIiC Substrate

T-GATE LITHO.
- T-gate
litho. (TGATE)

GATE Recess

- ICP Gate recess

r

L B
u-Al5ar

u-zall [Mucleation Layer
SiC Subdrate

GATE METAL
- ICP recess etch
- Ni/Au deposition
- Lift-off

2 -

[
u-Alaakl
u-zall/ Mucleation Layer

SIiC Subdrate

PASSIVATION

- SiN PECVD

- PAD SiN wet etch

AIR-BRIDGE METAL

- Post litho.(POST)

- Seed metal
deposition

- Air-bridge
litho. (AMT)

- Au
plating/Lift-off

[2¥9 3-1] SiC 7] &S AF83k= X~ GaN RF HEMT

3}etE 28] A o] electron-beam thermal evaporator
F&etde. ol Ni FAE HAST F FeS

27

2 A}gato] Ti/AINI/Au
R R



300A/1000A/300A/1000A ©] ¥ == kAT, [Z293-2]2 900 ° CRTA %9} 940 ° C
RTA 9] o1 Z=9] 338k dAul7 Apzle|t),

1A 97 8% 34 98 F M A A4S wATd 4EAT ghe 4

7} 406 ohm/sq ¢+ 9.35x10-6ohm.cm2 ©] #tS YEFUISITE. €1(P)e] o] &

FHell <
27 e TAE FYaled, & ddAE FRHAAES tEo] SN 9
A o] 2F}Y o] vhaAE ARSI S SIN 5004 & Al PECVD S o] &3]
SR § PFI38A & Abgste] B3 § BOE6:1 = SiN & AZeigith. a4
NE|H ofele] Fol o] F9o] Hol Ve AEAS == gl £E
A A~E9 A A= 02 plasma ashing ol &l A A Ak DI rinse 3T}, Isolation
&4 F thAl SiIN & 300A Sa3lch. PR JEld - RIE WS AH&dto] Hlotks
2 ztah i

[ 3-3] A gl&ets] A o8] J4d 3 gate fooprint ¢ SiN 21 Z7F5-

gate footprint &4

28



[ 3-3]2 # Aol oJs] FA3F gate fooprint & SiN 2} z+
% gate footprint &S ekl Aok, Axd gliaaey] T4l s SiN &
of 2¥x Alo]E o] &L 0.17-0.21 gm ©] A} 3-4] AA 2o
9 FA el F43 T-gate WS HEbd Zlojtk. 3 5 PMA 7329 ZEHA
2Eo HAAW glagty] FA 93] FAdH T-gate HH] F2 0.3 m o
AlE F=e] £ 1 m Aok, AolE A5 S&38H7] 4 gate recess & AF

ICP etch ¥ BClI3/Cl2 7}2=E A} power 3W = 157 7+ S8},

24
ute
A}
b
M
i
&
oK

ofo
ol
-
K
=
=S|

Air-bridge A= &4 Al seed metal & Z 22 Ti/Ni/Au=20/85/84 o2 3} o
A74330 PR & A}g3te] =F3tax) 3= Jd9S o Z59 0. =7 FAE 3 m=
A=

(29 3-4] A= 2laaeby] g4l o) 43 T-gate »j&

Al 2 A X-t9 AlGaN/GaN HEMT =2} 54 A

X-band GaN HEMT Z%}e] DC, RF, Power 54& ZA3IAt. 2%+ WA on-wafer
AHolA 71E EHAE A2 DC/RF & =439, X-band W<l 9.3GHz ol A]
Power & ZA3ITh. 7] &A= 2X100 <l GaN HEMT Axzpoltt,

29



otz [2¥] 3-5]& A°JE Zo] 2x100 mSl GaN HEMT Apzlojt}. Z1dolr <&
T AE mEe} o] AolE 2 i, AolE o] 0.25 m, @ ACE Z 100 m=
AoE 228 200 mo|t}.

A

ol

al

(28 3-5] AZE AoJE Zo] 2x100 Q] X-thed GaN RF HEMT =& 2z2p ARzl

DC 542 I-V 547 transconductance(Gm)ZHA-S FaAsIATh. AdAS =<
A HefolA AlolE Age WHAZE wfo] =9l AR ¥

SA% AT = Aol AlE dus WIS we =i ARt
2

I

V, Vgs = 5~=2V (0.5 V step)°]aL, Gm 2 Vds =7 Vol A Vgs
-6]& A ZE A)E Fo] 2x100 S GaN HEMT ¢] 1-V =74

w
=
rlr
op
X
o,
[
I
=
©
o,
=
o
S
S
=
=]
re
o
o
=
=
=
—
B
2
o
[
=
>

Aol [1d

AME 2 (G Z4F Tezol),

30



& T T T

Vgs=0to-4.8V
Step=-05V

Orain Current 4]

Drain Voltage[V]

[2% 3-6] #|ZtE Alo]E Fo] 2100 m<! GaN HEMT -V 574 23}

AA AClE Zo] 200 /me! GaN HEMT ZAH= Vds = 20 V o4 Idss > 100 mA ©]H
e AR EAS Ytk A SHAe =de] dFe dA wiel
Vg 7} 0 V 7bA] SAEA Bk, Eds Yy~ agzaiE Hg Eds
A9~ 292 wS/mm o]tk 22Fe] threshold AH2 -3.65 V ojm FX] QX

dEfel A o] AlolE Hste]l 5V we] FAZF= 10 paolt).
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el
ra
o

Transconductance [MS/ mm]

=)

-
"
5
I
L
-
f
4
il
[+

H2 1 & MEGMAG [dEB)

(28 3-8] #A|&tE Alo]E £o] 2x100 ¢! GaN HEMT RF =

32

Drain Current [maA]



RF 54& 54

b1 9l

AolE st 2.5 V o]aL o]

e

||V
o

27

.

ol

Stable Gain), MAG(Maxim gm Available Gain)S ©

2lek=9b<4=(cutoff  Frequency, ft),

=

fmax) & FZ3F3UTE. Alo]E Fo] 20

Vds = 10 V, Vgs = -2.5 V o] A] ft

Frequency,

183t

H &3 T3+ (Max im
0

£m

20 ; 70
T e e o
=3 5— G ain
| - :
= 20 F == [ T R -

{{B N | . - ol M 1°°

BE L e e s s u L. Mo
o <= - =
= ; I 'Y 40
nE:‘ W iammn '. .| ..—l;l"-.-l--l N ‘.. '.( ..........

- - iy 20
= - 0 ‘-
E iE - a :'.E.p. T — .(r _— [
% ot A '.‘ : ./ =0
a 1 e ’-/c.._. ........
= M - B ET
% Ef e e e @™ [|—=—Efficiency
o g.m-E . |

0 - L M a

0 5 0 5 10 15

Input Power [dBm]

(28 3-9] A)z+4

=l A 30V, ACJE Ak 2.0
) GaN =
ojglom 3
W/mel 545 Btk o|wf, ¥¥e]5 Pgain = 19.2

49 % #e YERNRICE.

HEMT A & A A}2]

Hel

33

dB S

= 47.5 GHz, fmax = 115 GHz ©|t}.

Efficiency [%]

Alo]E Zo] 2Xx100 <l GaN HEMT A= =4

z] =

A |

T34 0.5~50 GHz A1 =91 2%+ Vd=10V,
ZANA =A% S-parameter = H21 ¥} MSG(maxim gm
[13%] 3-8]% #o]
Oscillation

el X-th S GaN HEMT ZA}+=

23}

V, 535 9.3 GHz oA F AlelE He] 200
A= (19 3-9]¥ k. P1dB = 28.6 dBm
A9 (Psat)S 29.7 dBm (0.933W) ich. whabA FHd)

AEE 4.7

2 271§ & PAE =

RS



A 3 A X-th 40V GaN 71 A 2E AA

W
e
o

1. X-tHY 40W GaN #{7]#] =& A7

ol

A ZE 40§ GaN HEMT AAE

|\

getal FF7] el A&3kr] Sste] Hr|AE
AFsrgda, AzE Hy A7|AE [ 3-10]10] YERdSith. ARE AxbE
0.25 m2] Al°]E Zo](gate length), 100 me] ¢ Alo]EZ(gate width) 18] il
120 7o) AlolE 45 2t F AlolEF(total gate width)o] 12 mm Q1 Azpe]t}.

{712 el F 2L eutectic bonding FAHL o]&de] HAsAa,

A

H A= 1mil wedge wire & o] £3}o] AloEdty} A2t gzof o]F By

=
98 stglon, seoldds AN we o BYe FARAUL.

]

=
=
3
E
E

M OIRITTRNTT

[2% 3-10] Al=t¥l 40W GaN HEMT Z~=}ef sf7]%]

Package ¥ 40W GaN HEMT AAS o]&3dto] Aza #7]%x 259 d#3 =9
Hpolol~ 325 ADS & ARESt AA Sith. AMgH 7

RO4003 .2 7154 20mil, ©A F7 1/20z, 48 3.55 9]

FN

712 Rogers A}9]
™ Tangent loss &

0.0027 oltk. AAE 3=} Holobe [¥ 3-1113 vk, F37) ofF &7

ol 1/4 3¢ Aole] dE M= Fo| radial stub & AME3FATH Blocking
=

capacitor ¥ IF 3-8 High-Q ceramic capacitor & A}&3 DC A&7} gt

34



HE= 319th. Gate bias 3 EoE= AF7F 0.5mA o)stER WA EE27] wjio
Aze] wolE 0.4mm = ¥ 2 7hsAl AASEI AL, drainbias 3] 2= AF7F &

AR =A 527 o AR YolE 0.8m = V% FA AAsY .

o o] o}

LR

e

Subst="MSub1|

W08 mm

1=3 mm

WITEE_ADS MRSTLE
TeeZ Shubd
Subst="MSub1| Subst="MSub1
W1=0.8 mm Wi=2 mm {8
W2=0.8 mm

MM Subs"MSubl

n: W=08 mm {8 na © Spoce  TL10
Pod Subst-"MSub1-1=4.7 mm & Subst="USUb1"Cq Subs-rmsub1  FPoil
P1 W=12 mm WAZmm  gp7pE  WelZmm Pz
L=10 mm L1=0.6 mm L=5 mm Nomr=2

(b) =}l wpoloj 2 3=} gojof:
(23 3-11] =eQ] Hpoloj 2 3]z gojoly =
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[29 3-12]0 AlEdold Axs 2vs AES; dhabEd AdEd 27

LER AT

m3

freq=9.300GHz
S(1,1)=0.017/-8.691
impedance = Z0 * (1.033 - j0.005)

a WS
1 -
freq (8.000GHz to 11.00GHz)
0 r_’_#—r.q’l_ﬁ 0.0
5] ml EE— Y
freq=9.300GHz
10— dB(S(2,1))=-0.076 1.0
15— —1.5
5 207 2.0 /%
% 25— —-2.5 %
8 a0 —-3.0 &=
35— —-3.5
m2
07 freq=9.300GHz e
45— dB S(l,l))=-35603 l—a4.5
50 L B B 5.0
8.0 85 9.0 9.5 10.0 10.5 11.0
freq, GHz

A dB(S21) 2 wkA} 24 dB(S11) B4

b

(WAl 524 (b) )

Ad
[2¥ 3-12] v}olo]~ 3|2 Simulation 23}

[29 3-13]& dY 2 Ao ¥&3F AA ol =] AL RF

Y9 wlolojx IRt HMYAS on/off st 32 el FHY T4
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= =go] dYo] Enable ¥+
TAAE ATt A 3|25 XS] WA Eojrtof o] Y

TR AAE .

1R 45009

uigRnT

e o N
H 3-14]= AAS RF FE9 & A9 3 AXE X dY9 Aol 3|29

[11:1 - - = pal R =

PCB Layout ¥ A" EE 7]4+E2 FAo|t}
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2. X-t 40W GaN #|7)|A 2% A @ =4 BA

=49 99 AZ ool Aol
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=
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o

[1§ 3-16]2 BE AlES 93 4=
RF 7} Ao =2 ydd RAS AFgsta
Functional Generator & ©]&3}e] &JF WEXE Zojx A&y}, =glo]H X

A 43dBm A% Ye= Aow ARESal U gk §i=ge] DUT o So7kA

Eol3 A= AAE A T &

FEs Ads] st AMgPT. AFE AP FAstnA T A AFAE
olgatt, g Feo] xmFug g DAV AREIT DT dE 2
FE A7) sl M= Spectrum analyzer b 3h9] MBS ARE-RITE
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POWER SUPPLY2
HP6673 +30V

—
POWER SUPPLY1
+24V &,or + 10V
o Clurerbmebor Peak power Meter
==ul -
a
SIGNAL - -30dB, 50W min.  POWER
GENERATOR | up to 18GHz i SENSOR
il g "ot [amn |
;T o
R Drive Amplifier ‘

(Spectrum Analyzer)

E8267D (upto  43dBm power output min,

10GHz, Pulsed  404B Gain min. @9.3GHz
RF(optional))

[ 3-16] =& APS 93 +4=

D) [1§ 3-16]3} #o] AnE AP},

2) 9= AolEL xS Signal Generator ¢ FYPE AolEL T FE
g LJH e & o] 835} ZA3Fe] Signal Generator o &% 195 WA},

3) Signal Generator ¢ &= HE o]&ste] DT EHWe| Alo|Ex 7H7]9

A8 BAS 78 Spectrum analyzer & 3 H|El o] offset e A3 =1},

b

4) Signal Generator ©] Power & -20dBm ©]3t= AAZ F ==L OFF & AA3),

5) Power Supply A%< +30V & 93 A5F HAIE 24 = HAS § &89S OFF
OFF gkt}.)

6) =gtolB <ol HYdS "ON" 5 A AFAA &Sl & F DUT ol Enable

GRS HAsk] AF7E 0.8A+ 0.2 A & I},

7) Signal Generator 9] &¥& "ON' Al7]x I9E A3 &HA A4 =49

35W(45.5dBm) ©] We=A &gk, ojw 3] F2 HAHS DT o 7hstd

Qr¥lth. (H2 7]F 43dBm ©]st, 10%)

8) 98 Aol W &2 39, ARAF E o5& 77 FAH%.

9) =79, 4899 = DC AR AHS o] &t &S AL
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[ 3-17]e A= 40 W s 7]A] 2E5S YERNRIch, Al=td 9715 BE2 30V
@l HLE ARESte] FEHES o, H2AE 100 ps ol 10%9] duty cycle ]
Hx Z2HNA FAHL s9t. 54 A3 S5 g9 UeA 42 W9

B olt}. AHRNEE(PAE)S FE7)e

lo

d
obdA X FAIZE CW 25 W44 dBm) &1 Hol A FH43 A3} 33.8 %2 EAS

Balv., Hx wHor SAE AHITHY SAEAHNE (2™ 3-18]% [%

[19 3-17] Azt 40 W H71A] 25

» | | i 2048 MKR 46, 1748

40 ? 0dBn 1048/ 1.0440ms L TRIGGER|

35 Y | |- | | ¥ ; 3 ! i { EEP
! -

VIDED TRIG LEVEL
—+—Pout(dBm) @ 9.2GHz (’ 36.0 dBm
-m-Pout{dBm) @ 9.5GHz
—+-Gain(dB) @ 9.2GHz
——Gain(dB) @9.5GHz

Output Power (dBm) & Gain (dB)
N
w

5 & : e e W
27 28 30 32 34 36 37 39 41 43
Input Power (dBm)

[2¥9 3-18] 40 W #}7]X] =& &8y 4 o5 54
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w
-
td
i
||V
o2l
iih
i

3 = 5 4 e
Tl 9.2 ~ 9.5 GHz
Pout 46.17 dBm
VDS : 30V
VGS -3V D 2.4 A @Pout=25W, CW
Modulation : s 32.5 % @Pout=25W, CW
100us, 10%
K, L o) = 6 dB
1DQ 0.9 A

A 44 AR

il

ETRI oA 7W2FE 40W GaN-on-SiC HEMT ZAbe} /dts 2z21E o] 83t o7]%
RES AA A Ao diEiA st AlfE Ao 714 BES

AJEZL 12 mm o], H2Z 100 ps o 10 %<

o

0.25 e Ale|EZo|E zla
duty cycle o A2 oA SAAD} 42 W(46.17 Bn)e] =HHE EA3} 6 dB 9
Agols, 1#ar (W 25 W(44 dBm) =& =olA 33.8 %9 HF7taE & (PAE)
EQS Btk AFE GaN-on-SiC HEMT 2#49} #7]%] RES X-th9 o]t
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A 43 dE

FoA T4 SFEVEA BEAAY 7IvAst Ags 3 A3 vgs3

FE ATkl o] AT ABRS dAuTH
o AzEl AolE Fo] 2x50 mel 27FA] FF9 GaN HEMT A=A} DC&RF =7
2435 Ag sk 0.15 um ACJE FolE JHAE &AE dAHA DC
EANS  Hgoemw 943k pinch-off EAS  YEHUAY. 2AHY
transconductancegt-2 280 ~ 300 mS/mm B EE el o FE3 EAly 2o
FARNFHES BT RF 54 #S Auny Aol =g 1h7 e Wl
kA RF 54 e RS vebeth. Ao Tk A28 =9l 1HA o]
1.5um! 227k Vds = 10 VY wl, T =53.72 GHz, A fmax = 136.38 GHz #<
HER AT, ARE Ao dEdE 54 8x50umdl  2AE o] -&31
2EE F4 A=®dA FAS vk, I 30GHz S ellA
3.4V/mme £ 489 r 548 ey
® ETRI ol A 7RHE 40W GaN-on-SiC HENT ZAA1¢} 7l AzpS o] &&to] 3)7]%]
REg AA Az Aol el 7=kl AlFtE axpeh 7)1 A] REe
0.25 me] Alo]EHolE zkil FAO|EZZE 12 mo|w, H23F 100 ps ol 10 %
o] duty cycle & H2~ 7oA SAHA 42 W(46.17 dBm) 9] &84 54

6 dB 2 M=ol5, 1E]ar CF 25 W(44 dBm) &3 A ollA] 33.8 %] AHH-714a
£ (PAE) 545 w3, AZE GaN-on-SiC HEMT ZxFe} #1714 25 X-t) ¢

Al2=E T TheFgh S8t oke] A &o] s o dAE.

glol
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oFo)

HEMT (High Electron Mobility Transistor) : L&A} 9]
EAA 2H

RF (Radio Frequency) : X534

Gm (transconductance) @ FSZAYH X

PKG (Package) : ¥|7]X]

Vd (drain voltage) : =9l <t

Vg (gate voltage) : Alo]E A<t

fT (Cut-off frequency) : A3}~

fmax (maximum oscillation frequency) : Zthutxl 4=
PAE (Power added efficiency) : AZH¥71a&

Idss (drain saturation currenct) : =2 X3} AF
P1dB (1-dB gain compression point) : 1dB ¢]5 4=+
Wg (gate width) : Alo]E *

MSG (maximum stable gain) : o <tg o5

MAG (maximum available gain) @ HtT| 7}& o|&
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=&/ | s5/EH/A=
TR Al = ek
TEHE A =}
WA Ad g 7t =4
= | g | 2015-0120212
12 74 93 (15.08.26)
WA Axp 9 o]o] Alx =4
= k= | 2015-0047093
) (15.04.02)
5 A I=zg e =4
= o gk [ 2015-0046939
AE ZE A (15.04.02)
T | A A HAE FA [ @ | 2015-0038995
(15.03.20)
AANE Feel d-&ste Al %
= ) St | PR20150856KR
AEo)|E A AIZ=E7) (15.10.05)
ool BEIA = ¥3sh= A=
=) =+ | PR20150776KR
GaN E X 2~E A% 4 (15.09.17)
AEsEHaz 54 F= Al %
S B ) gkt | 8051-2015-01127
9 ZZ7] 3y 9 (15.10.16)
] A=
=] (W= A2 HAE #X gh=t | 8051-2015-01031
(15.10.07)
LTCC 7]9& o] &3t &
Zo] =& GaNAl 3= -5
=4 ) = 9012920
AEues] Fx 2 71 A (15.04.21)
E I
A | ASEA =R Ao = 9166011 s=
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(15.10.20)

AHEANE A HE R s
=9
oA |ol5xd 7leS TH|ISH v 666163
o (15.03.23)
AES5E7)
AAY dAAsEY Edxx =4
=7 A ] = 633984
B A2 (15.02.27)
o o] BB R & Egshe A=
=7 A v = | 8051-2015-009878
GaN EW; A 2E Az (15.09.17)
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HaAte] DC & RF 545 54 3}

I AdE A

Ny

® J|ETA
] A2
T2 A = F o g A%
A A]
Cree?] oy ¢Jo]HZE Al&3IA
Ku-¥M= GaN HEMT )
™ 4 0.15um 2 0.25um =% GaN| 731 [2015.10.06
3L %
[e}
° HEMT 27} 2AS 73
s Via-hole ©] &AHE GaN
H]o}& o] 9+ GaN|HEMT on SiC wafer & #|o]A t©t
HEMT on SiC $lo]5 o] &A A A4 = Qe
TDP - [2015.11.24
o] dolA t}olA|cracks ¥ A /ujH HE €y =
AR A fAsts HAHsd dold A
7h
RIEES o] €3le] SiNg 27t &
RIEZ o] &slo|wjol o] Aol 9xo] w&
SiN & 2748 A& Aol&  Folstaxt
™ | Z75 |2015.11.24
o Azsw S|3. w3 oAgEe Hold o
4 e A7t Aol FHeldtm
2} gk
%Y GaN HEMT 2#Fe] &4 A
GaN HEMT Z=ke]| .
| ¥ Breakdown St 543 ol
TM |Breakdown A%t = A7 [2015.11.26
e 3 F&d s A3 Ba
4 2w
A
AolE ZAol& (.15 unz A 23k
0.15 um 7N¥E &=}
| T AClE FAE A= )
TDP |DC&RF E4 =3 o]Z&w [2015.11.26




IMFET AH8& 3| Edx2Eo AolEvy =9l

™ |EdA2EH F R|ldo &dss wolaz~Efy]| 7159 [2015.11.26
d 11 2as A
X-te GaN RF A [0.25um GaN HEMT 2%} 34 ZA3}

TDP 34 12015.11.26
Hax ATy | A
dlolA o]l F|ody &A= vi"gew 3 2S99
AL 22 FES(AZE B a84doz golAy

™ SAY |2015.11.27
s}t st7] g g tulol~E =Y ste] &b
29 U TES T8 st 21s g1

40W GaN HEMT PKGE A}-&38}o] A
X-band 40W GaN ¥
TDP A = Azbek #7)1%] 2E | AsT [2015.11.28
714 &
A3 A
Cree A}9] AF8 AlGaN/GaN ol
GaN HEMT A& A2z del#HE A g3te] 0.15um GaN 2015.

™ oLt

74 A3 HEMT A2AHE 11.28
A =sr A Ay
GaN HEMT 2=} =|W24¥ ¢o]5 DC & RF =4 A7} 2015.

TDP 1ad
AA(W24) A2 12.01
FAEA] A A ol
°]sk  AlGaN/GaN|Al1GaN/GaN HEMT Z=Fe] AlAl A 2015.

TDP THY
HEMT Z2F A9 Al[d A3 A 12.01
3
GaN 918 ~3to]d

GaN g B9 <IHE S4= 2015.

WP |A=He  FA4E ol E

54 vjug delgE A 12.01
54 vl
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