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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

X



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 1* year of this study are listed below:

1. The development of 1W, 2W InGaP HBT power amplifier (PA) modules at 2GHz
- Design of InGaP HBT power Tr Cells
- Fabrication of 1W power Amplifier chips (P1dB: 32.3 dBm, Pgain: 15 dB)

- Fabrication of 2W power Amplifier chips (P1dB: 33.6 dBm, Pgain: 12 dB)

2. Development of PHEMT PA MMIC for mobile communication repeater
- Definition of customer requirements specifications

- Fabrication of PHEMT power Tr prototypes



- Design of PHEMT power MMIC
- Fabrication of PHEMT power MMIC
- Packaging and evaluation of PHEMT PA (acquisition of ETRI Q-mark and

technology transfer)

3. Development of low noise MHEMT device
- Noise Figure: 0.6dB (Frequency: 26 GHz)

- Associated gain: 12.8 dB (Frequency: 26 GHz)

4. Development of general-purpose PHEMT SPDT switch
- Definition of customer requirements specifications
- Fabrication of PHEMT switch prototype
- Design of SPDT switch MMIC
- Fabrication of SPDT switch MMIC

- Packaging and evaluation of SPDT switch

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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g AR aEsiglen] AA] gojopxolM s ek &kth. <1d

AL AL Y
- L
®
ReR2 Ofm ReRf Ofm P
L .
4]
v o 1 <1 < 1l 1
3 sec
Ve vret 5
PC B3] PC OBRIOBBOFROTOEI0
xit X7 X3 _xixz X
T 550 P, ORRE0 PO R RRA0850
x5 x4 x3 xiz x6| x5
"
RoR1 Ofm
=
| 1¢ O
i [ e
S_InduciRE_Block
5 Bhck Xi6. DG Bockz 1
DO Bleckt D=34 {0} N
b

9 c
C=6.9pF (o}
iy
1

er

- jf‘s

o P
o o

<Y 2-7> 2 g AHFHY] 2=,
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Transducer Power Gain, dB

. . PAE, %
16 T Dotwoan markore 08 40 ¥
15. 1[m8 P
810.1 m 304 | - 4
15. \ ] VS(PAE Spectrum{1)=37 873 /
15. ?1 Otu'\t/lpu'LPowgr . Z(F /
at Marker m2, dBm 104
152 ¥ 33.60 ] /
18.0-prrrr e e e O orrr e e
5 0 5 10 15 20 25 30 35 -5 0 5 10 15 20 25 30 35
= Fund. Output Power, dBm = Fund. Outout Power. dBm
<a¥ 2-8> 2 Wa AEFEH7] AlEHeld A,
2 g AEIFE7] AEHHA A= <ad 2-8>° yEehd 9l 1 We
AYFEoS 2 WF AEFFole A AT HA AoE <E 2D
DECE=N
<HE 21> AEFE7) LA 4A Ashe] v,
A A A (specifications) AEFZ7] 312 AA 23
1Ve dg€537] 1V Adg€537]
- P1dB > 30dBm , Pgain > 10dB - P1dB = 31.55dBm , Pgain = 20.1dB
2 Wi AHZE) 2V AGFE]
- P1dB > 33dBm , Pgain > 10dB - P1dB = 33.6dBm , Pgain = 15.9 dB
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Al 2 A InGaP HBT A€ 5Z%7] (PA) AZ 2 =4

1. InGaP/GaAs HBT A%} A2}

0.8 ~2.5GH, oA 2 W o HUE=ES zv= Ae=Z \NIC F AZS 951
NUEZ 0@ [nGaP =& Zt3 o] 2Z0@ (Gals = AlEd HBT FERE
<3 2-2>9] oll¥ge]H S ARSI

<¥ 2-2> InGaP/GaAs HBT ol 3%,

Layer Material Thickness (nm) Doping (cm™)
Emitter cap  n'-InGaAs 50 >2x10"
n'-InGaAs > GaAs 50 >2x10"
n-GaAs 150 4x10"
Emitter N-GaAs 50 5x10"
N-Iny sGaP 50 5x10"
Base p'-GaAs 80 4x10"
Collector n-GaAs 850 1x10™
Subcollector n'-GaAs 500 4x10*
Buffer GaAs 1000 undoped
Substrate GaAs (620um) semi—insulated

* n—type dopant : Si or Te
% p—type dopant : C

X

InGaP/GaAs HBT ol ¥ 7%= AHSH7| 2N 2HgA] S 2Hns v ghol

S BE=F AASY. =, A E-AgET 33 H (Veeo)o] 14V ooz A
FAAGG oF 2.8 W e ZEt. e dITxs AHUETY =3
TEE 9FL FAE SVPI7IREA Thesklt. <ad 2-00w 2 ATl
AH8-¥l InGaP/GaAs HBT MMIC A|#F &8¢ sFRZolvt. HAFHel AR&d

Eevtrze] e F 16 Jiglen, 9 ovok: w4l 1 7ie wiiaAv)
AHE-E ATt
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Align Mark Litho. &
Etch

\ 4

Emitter Metal Litho.,
Metal  Deposition &

1** SiN Deposition, 1* Via
Litho. & SiN Etch

Lift-off
|

Emitter Mesa Litho. &
Mesa Etch

NiCr TFR Litho., Metal
Deposition & Lift-off

Base Metal Litho., Metal
Deposition & Lift-off

1" Metal Litho., Metal
Deposition & Lift-off

Base Mesa Etch

2" SiN Deposition, 2™
Via Litho. & SiN Etch

Collector Metal Litho.,
Metal  Deposition &

2 Metal Litho., Metal
Deposition & Lift-off

Lift-off
|

Collector Metal Alloying
(RTA)

Air-Bridge Post Via
Litho. & Base Metal

Depo.
|

Device Isolation Litho. &
Isolation Etch

Air-Bridge Litho. & Au
Plating

CAP SiN Deposition

3™ SiN Deposition, Pad
Litho. & Etch

CAP Metal Litho., Metal
Deposition & Lift-off

Lapping, Back-side
Via-hole Litho. & Etch

BT Al 4247

A 4

<19 2-9> InGaP/GaAs HBT MMIC A%} 34 EF%.

o 9471 wer 4732

= dolHie] fAe e A7

BN
il
A
N
(o
tl
v
il

e AR AlA F

b, RS T ) 9ol

& g Fed aa® AsE A7




g4 Apgol )

G Foett. webd, AMAEE aEE o deo]Hit Ee

oAU ] Aol W& 27 dFIS vl T8 8 4R HFstE A7 389
ARgol w9 Fasitt. B AT e FAAZ SAA WAste EdUAS
WA 3 A} ICP(Inductively Coupled Plasma) 72127 FAHS T2 AFE3FSIT).
90 nm/min ol A

sttt dejHor duHFoz AREE InGaP o A7 HCl §Ho=

WEIhAE BOLE AESE oM Hsnt o3 w60 -

oug, Hlo)l~ @ AUy A= ZZF Ti/Pt/Au, Pt/Ti/Pt/Au & AuGe/Ni/Au =
AHg-3FITE. Ti/Pt/Au 9F Pt/Ti/Pt/Aut 294 TS 98] 487 2agloy, o'
=39 Gads ol AT AuGe/Ni/Au AFEH A2 H9o= 330CNA 20sec <

380TolA 20sec ZF 2@ dAegoen W2 HEAFEALS =S 3l

AYSH7]ell wpoloj 23z, AP So] EgE MMIC Azte fs)
TaAE JIYH, AFMAE, Atk AFAEE S50

B
Metal)® FZ(CAP Metal) Alolo] +44d3E(Silicon Nitride)o] A==

-

253 MIM(Metal Inductor Metal) #3HAIE]E AR&SFSATE. PECVD o= 23
TadstEe] F7= 100 molw @A A (1000 wm ) FHAEHFS 1pF o},
AYE= 943 e AWHe] YAFHEA ool-HEA] JHE A EF TS
Abgate]  AlAFsEITE. wpolojs Fwm 9l A i) k43t Adgow ALgH

HpEhA g2 NiCr o2 AlFs . o whepAdke] WA 20 ohm/sq. 7k HESH

15



F Ut ol AYFEr]o AFA FWHoME sy E oo st
B Ao Auygo] S8H ¢olHE 100 me. & kA 3=

B2As tiol, Agagdd wasE d¢ asdoz wEaux o

3. slolsulel &% 54 #9294

<a9 2-10>2 2 AFoA Az slolHe] zZF "B=9] PCM (Process Control

=EvAt=4

Monitor)Well A ol u|e]=7] 220 mm? Q1 7] 242 AFol5e] BEE HojFt},

ave. | std.
54.911.79

50.8 50.6

<19 2-10> 4 1A ol HAWA AN B2 HE A 2320 w’)e] Aol S
TdLdE (1,=0.1mA, V.=1V).

4 QA oA 7zt FEe] A7 19.5%9.5 mn® ZA] o] HAAYES

A €] s 24 N9 vt EAstt FEol v E(CE, common emitter) I-V Al
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PldB & HHgHAaxte] &8 FiEdA Qs EAS Ay R, FHEALS
°o]5<& 15.5, P1dB #k2 31.1 dBm ©JUT}. <29 2-12>¢] 2 W o AH A%}
Y EAS YEY. 54 43} o]52 12.9, P1dB 4t 33.8 dBm o] T}
36 .5_54
32 | r__.l', - 48
(R A ER A AR R R R I R
28-":":"1":":":"‘-»."":"./':'-42
— L : : : . : / J
% 24 | IS S S A,.,lf., o 136
i s i
= 20| - -/ 30 <
'g 201 .'/.‘,l"i' e 2N 1% %
L e e s e s Sl P
a ==  J 1=
§1Zj' [ '(/'-'/j B A Sy RO
3 8p FEEmEmEES -_;.z'if‘ rrrrrrr oo 112
L [—a— o w TR an g
41 .1..— T —e—paE [1°
O_‘_-g'..-.l_.. b by ——— 0
0 2 4 6 8 10 12 14 16 18 20 22 24
Input Power [dBm]
<Y 2-12> 2 W AYSE7] 2454,
5. 1WH, 2WH A8=527]19 54 A3
AAE 1 WE HAEEEZ7) MIC3 R A7]E 1.15X1.7 m'® <19

2-13>2 AFE Hol AMHS HolFErh, <a¥ 2-1>E A¥E AYFE)o

o

2
)
Jm
ox
tlo
s
£
N

ol 2 GHzoll Al P1dB = 32.34 dBm, Pgain = 15 dB, P.A.E. = 48%=
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TR R PO e B3 ] b o |
s e s et by 1 g d e
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< 2-14> AFE 1 Wg A

Ls

4227 99

J[m

AAE 2 WEF HAYZFEZ7) WMICE = A7|E 1.55%1.81 mn’® <1¥
2-15>= AlFtE Hol ARE HoFEr. <ad 2-1662 AFtd dEFH7] 9
A EAS BolF=t] 2 GHzol A P1dB = 33.6 dBm, Pgain = 12 dB, P.A.E. = 36%%
of $-3 5S4 Bt AA A} v B F9d4E 33.6 dBnl &
o} e AE Ao} o5 3.8 dBEAsI . 3, AA A A=
A npojojx 3RO HV7F IVFEES AA HIJoU FA A= dFwkol

AAA B Fteke AS B 7 ded old wAlY] A AAC ARggH
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<8 2-15> A FE 2 WF AHZZ7] 329 Holol(a)d H ALA(b).

36 ‘ 54
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32 [ M 48
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Input Power [dBm]
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A 34 A=

LWa 2 2 W A83E7]E InGaP HBIE 7|22 she dEaztz
1o AA 9 AHsTE. voloj 2325 Rrtstal JEAT Y EFHA4%S
skl A & EHABFS off-chipallA & dHolm= wji =AA] Power
Load-pull 3} A& LA}, 1 W5 AE 537 A7A P1dB = 31.55 dBm, Pgain
=20.1dB o] o} AZF A A= P1dB = 32.34 dBm, Pgain = 15.0 dB & PldB:
< 7Vehal Pgaine FHAsISITh 2 Wi A9 5E 7] AAA] P1dB = 33.6 dBm, Pgain

=15.8 dB o] o} AZ3E =4 A7 PldB = 33.6 dBm, Pgain = 12.0 dB & P1dB+=

AAA S} Fe AE Ao Pgaind A3t ol Axle] mde] A3
P SN HEveE EAFS FaATIHE idE sleR A7 <3E 2-3>0
AT E719] MaEtAan A4 27 2 54 Z23E v]usgl

<E 23> 1V, 2 Wi A¥FEo)e) Awird, dA ds, 24 Ave) v,
Sl 32 At CEE-E e
1= P1dB > 30 dBm 31.55 dBm 32.34 dBm

=]

=32
A7 Pgain > 10 dB 20.1 dB 15.0 dB
= P1dB > 33 dBm 33.6 dBm 33.6 dBm

2 W=

=z
AESH7] Pgain > 10 dB 15.8 dB 12.0 dB
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ETRI Power Measurement System
HP85653E

Analyzer

Tuners : FOCUS 306 model
SN: 090 for Source, 089 for Load narda MOD766-20

Powel
DC-4GHz, 20W, 20dB
HP11612A 0pt001 HP11612A opt 001 % Atten)
Channel BC1040-1006 o0 iiz.26. 56K OOV DE 2 oA max narda242-20
0.7 - 1GHz SN:101 100V DC 2.0A max : 0.5-

1 [gad ia 1 Directiona!
Isolator BI:E Bia uﬂﬂ' couple
Channel BC1040-1006

= Input output

Ditectidnal fixture fixture 0.7 - 1GHz SN:102 e
oufler SOMHe.38. 5GH,
nardg4243-20 > 2-20. 5Nz
0.52GHz, Powel 30dBm - +20dBm
" HP8481A
10MHz - 18GHz
-30dBm - +20dBm
0-20Vj0-2A
EHL-4240 (0-7V,0-5A)
SN:H011393-8
Ampg 30dB, -5dBm max input
HP438A
Comm 100KHz - 110GHz
Synthesized Control -70dBm - +44dBm
Sweeper
finlA Pout
HP8340B Power Meter
3".’155:{218_ 2A 10MHz - 26.5G Hz

(0-8V,0-3A)

<Z1¥13-1> ETRI Source-Load Pull Setup

4ol Abg® Ak AClE o] 0.8uml ETRI pHEMT #&

YA
[}

Ao

=

How F AlelE WAL 150x6 um ©|t}. o <1¥ 3-2>%= FAHH Ax49

Aol

<71¥13-2> pHEMT & 2x}be] AR
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<HE3-1> AAE AEFZ7] A
Frequency GHz 5
Gmax 4B 15
Power Gain dB 2
P1dB & %
01P3" dBm > 40 dBm

’ 0IP3 measured with two tones at an output power of 10dBm/tone separated by 10MHz.

The suppression on worst case IM3 product is used to calculation the OIP3 by 2:1 rule.
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<IH3->AAE AHITFHT] 9 Hololx

A 2 A PHEMNT A= ZF<%7] (PA) A2}

1. SiNx HHS- o] 83}

-

-3 AlolE 34 9 S5zt A
pHENT A= 22tE £2 F35 974 AHgstr] Sair = Alss Aol &
AehA g wHE FTAHAS TFEA @ T FAES AdsA e x27dx
Aot F55EA, o55A4S Mol k. EdA2E ] AgFaes
2 (4 3-1)3 o] Yol Ao a-AolE ATMAR LA (C )9 E
A=AYE 2 (g (213-2)9 (A 3-)AY EMAXEE F24A5 (Lg, Zg, X)
of e B AN (e, vo) 5T BAAE = ATk, (A43-2)9 (43-3)& (4]
o zkefsl sh HF Ao AdFa, f1E (2] 3-4)9 3Fe] FET ¢
Tx4 BYRF Fow ®Fo] sttt g
o, AdFasEE A7) AT D g2 Eolal G & FoloF ta, H

AeFaes FEA717] A s A% 53 2) A°lE A% R A7 &

—4

K
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Aol o) AeojH dele] AolE SiNx uhEh Aol MARgT}. o7]A, glaie o] 9}
A2 A 7ol o) Folw Hwle] Ho|rt Ao|E oo s|FaA Hi=dl, 2|ihie)
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T-gate 543 B3FHo PAoz AoE Zu A 4o glus sto] A=
AlGaAs/InGaAs pHEMT ¢ HZFARl DC EAES <19 3-8 ek, <1d
3-8(7H)>= -V 4 (FACE
A (FACE & 150um) S, Z18]al <18 3-8(th)>& Al B~ &5t 54
(FACIE & 300um)s WERATE. A2k A (£ pinch-off )2 - 0.8
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VAL $£3£02 0.8un = 0.5um AlGaAs/InGaAs pHENT 9] 74-- w$- & o=z,
o]= pHEMT oll3]+x9 HZA3tel ntd 4 AolE 3 #jx|o] 7], EIRI
pHEMT MMIC Library old #l&dts 2xbe 58424 (pHEMD), 524 R, L, C)
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st 9o, &= 9 A9 Mask 2 A ZETE, NiCr A3-A 9} Ti/Pt/Au gate

o FHole 7o) vpazzk ALgHE

—_L
=

Mesa Etching for Align Key Formation and Isolation

Ohmic Metal / SiN Dep.

Gate Litho.

SiN Etching & SiN Dep.

Thin Film Resistor(NiCr) patternine & TFR metallization

Gate Metal Patterning

SiN Etching

Recess Etching

Gate Metallization

SiN deposition

VIA Opening

Au-plating &%

|
SiN deposition & PAD opening &4 & THTHA

<19 3-7> AlGaAs/InGaAs pHEMT &4 2] &&=
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<719 3-8> AlGaAs/InGaAs pHEMT &) 73 2<¢l DC EAE:

3
=

(7h) 1I-V =4 (FAle1E

: 150 um); (Y}) Transconductance =4 (FA0E #%

150 um); (t}) Ale]E-

BAet EX (ZAOE Z 1 150 um x 2)
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2. 7% 27 AR

&4 ETRI AlGaAs/InGaAs pHEMT A& A4z} 2 A2 ZFZ7)(PA) Al Z3-A ol A

AEE = e aAbs AZNICH) I AHSATE (SIN 744 MING)E ARE-Zo. NiCr
#8+e Thermal Evaporatorg ©]&3}e] NiCr &< Z&sto] AZFs=d, &%
kAo R olgy = oy 7HA EF F Nilr2 58 Ay AF4ES
ngo g Jde ol g o, & AR @EE A3 s Ze AFdAE
o] &3&ka Qltk. &dA] ETRI Libraryw NiCr A3 Add EAHE 20 Q/sq. 2 A
Bt ok, AGAEE 12 AT Ti/Pt/Aus AFEsta §A A& PECVDE
2 SN wheRe ARREkal 23 HEe =gd 95 ol&ste A ARl MIM

(Metal-Insulator-Metal) 3% 7Ft. o]=1d MIM (Metal/Insulator/Metal)

T2 SiNx ANAEE AEstE dAAZEA ERI AAIE  greld g ol A=

AAZZ o " £7S 1000 AolstE GFAl @A sle] d9ud o APAEAS

0.6 fF/un’e] #& FAe =% A= Jom, ea7F 10 % o Z KA glo]

AAl e deee dEhlla JA vk, ¥Rk ofyEk 1000 A TS
=

At MIMARAIE = 20V o] F88] 2 &5 545 Yehda gle,
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Al 3 4 PHENT d =537 (PA) =74 2 #H7}

0,
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)
jam}
=
=
=
i&‘
i)
e
=5
M
ol
o
o
u
2
L
i,

<I™H3-9> & AR AHITHTI A7IA" AHTEHT]9] Aot}

Parameters Units Min. Typ. Max.
Frequency MHz 2000
Gain dB 14.5 15 16.5
S11 dB -6 -8 -10
S22 dB -5 -8 -10
OP1dB dBm 23 24 25
0IP3 dBm 40
NF dB 1.6
Voltage V 5
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125 degree High Temperature Impact Test
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A44d4dE

Mg sglon, FAN O B2 dAAY (= pinch-off A2 -0.8

VAo, EWRAAGE A S Vgs=0Voll A 250 mS/mm ©]%F, Alo]E-=d ol A=

>
o
lo,
otk
Az
>,
rl
flo
2
i
e
o

S A/ Ao A5 -19 V 4=k
olg]et AL wEoz E AOE WA 900um 9 22 A 544
Source-Load Pull 7]|®o s wedan Ao wradale] #7F 97]#]¢1 SOT-89
Elel oz #7]% 8kt o] ZZ7|= 24 dBne] P1dBS}F ©]E0] 900 MHzolA] 20 dB,
0IP3 40 dBm®] $-7% 54 B0 z7ho] 83t | Fo-E A% HAES
AR A=A BHEEA S8kt
FF oolgd AAFZI = 9k 93 APFTEE dA 2 sow

ol &= o Xt

41






Al 4 & A3 MHEMT 4%}
ks

43






Al 4 & A3 MHEMT &2 7

A1 A AFS MHEMT &4 2 Axp7gt

1. 4 =&
[nP 7]3& 7]E o2 & [nAlAs/InGaAs HEMT 2x}E =& dFaEA
et FSE5AAS 2o dEvgE g gide] MIC Al &t de] AREEa k. 19

U InAlAs/InGaAs InP HEMT AAF= GaAs 7|82 7|2 02 3k AlGaAs/InGaAs HEMT A&
2ol a7 7Aool MRaL, iAo m AjolA 7] HAYA 4 X o]
InP wafer & <A Ao = AL&317]7F L&ksir). o]eldk A& 43S R4z A
otel o] MHEMT(Metamorphic InAlAs/InGaAs HEMD)T-Z 24 GaAs 7]l
metamorphic buffer =< 4338l lattice mismatch S <23}3F &= InAlAs/InGaAs
HEMT #2329 active &5 4473 zlojth. & AFA & Al]E Zol7t 0.1um ¢l A
8- MHEMT 2=#+2 7§slo] DC 9 RF #5548 AT

2. x1 1—0 MHEMT _qu U] /\X]» 7HH1—

<O 4-1> FAA o T ¥l AR (MBE)E AR&Ste] o vERH A e
GaAs MHEMT ol ¥ 725 Yebdl Aotk MHEMT ol ¥ 4= 432 -4
7] 3ol metamorphic 7-%2] undoped InAlAs &=58 A A3 InAlAs 2, InGaAs
AEE Adz AAEATt. oo InAlAs 9] spacer 3 WEHFS A3 o
S-9 Schottky gate 2+ doping & SHA &2 InAlAs 52 AFE-SISITE. MHEMT
Aol A S e A S A7) el 5x10%/en’® 02 B3 InGads S0l AMEH
Q. AAE MHEMT 7] S Hall AX 2 54 A32 55 -2 (300K) oA 2DEG =
o] carrier =% 3.2x10"% /em®o]al Ax}e] o] %= 9 100cm’/V'sec ©1 Aoz 1}
Ef 5k}

B Qo)A Al =Hek MIENT = Aol EZol7} 0. 1um o] 3L Aol EZEE 100um o]

o
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o 2asl =917ke] 1AL 2.0um, A9 AlCEZY] AL Ium &2 FHoj9)

Ch. MHENT aAbAl b2 x4z, e9is d594, Aole Adgdyd 3 A=
2] 2}, Schottky AlO|E A=59 &4 A= 118830t
Layer thickness Material: In content
Cap layer InGaAs:0.53
Schottky layer InAlAs:0.52
Delta doping -
Spacer layer InAlAs:0.52
Channel, 25nm InGaAs:0.53~0.6
Device buffer InAlAs:0.52
Metamorphic buffer InAlAs: from O to 1 grading
Substrate GaAs

<71¥ 4-1> GaAs 7] S A3} InAlAs/InGaAs MHEMT ¢ of 9] +%

Gads MHEMT ZeAH Q13 A1Zh§-9 Abg-shol 20EG 5 obel7h4) wlAb 417}
sho] active 2749392 Aolstadrh. ol WA FH/Z AGe/Ni/Au £8F5S
29 F F5AA FAE AHgstel N, B917014 dAelste] LR HEAFE

datelnh. AAM A=Y FAE AR 0. F ACIE AWE FAetn

= =]
succinic acid 52 2178 M-S AL83Fo] InGaAs QBT Aelzdo=g 2713sle] 7 o]
E A 2TAS S ool dAH F2A7Z Ti/Pt/Au & S8k g ZE X
3Fed MHEMT 2%F2] Schottky Ale]EA =S HASETH. <18 4-2>& 0 Tpm MHEMT 4=

Zpo] T- Alo]E S YEbA Aolth, E AT AE succinic acid 524 2ZH-go
2 Alo]E A 2ate]  AelE Zol7} 0.1um Q1 MHEMT &2+E Al 2bske] DC ¢} RF 5

Y

o
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gn  Det WD j—— 500nm
o0 TLD 59 ETRI

<% 4-2> 0.1pm MHEMT ZA%}e] T- Alo]E .

<29 4-3>+= 0.1pm & MHEMT &72ke] 1-V 54 S Yebd Ao 2 = Qs 1.5V o A

AolE HeHS oV oA -0.2V 7+FA oz W3lA 7| HA =g

o
)
Hu
it
e
o
ot
o
2
Y

60 _ Top Curve: V =02V
| Step of Vgs=-0.2V

20 -

Drain Current, 1, _[mA]

T T T T T
0.0 0.5 1.0 1.5
Drain Voltage, Vgs[V]

<% 4-3> 0.1pm MHEMT 2#}e) 1-V 54,
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<29 4-4> 0.1um MHEMT Z:72+¢] transconductance 57

[o5

ft (blue) & fmax (red)
=i} T

50+ B

.
=1
T

H21 & MSGMAG [dB]
(%)
o

Dllll\ 1 Lol 1 1 I R | L R
10° 10" 10" 10"

Frequency [Hz]

<1% 4-5> 0.1pm MHEMT Z&2%}8] Faparo]l whE hy ¥ MSG/MAG ¥ 3}
<1 4-5>& AClE Zo|7} 0.1um 0] 3 Zo] 100 pum 1 MHEMT Aol o} 3l
A AelE Zgto] 0.1V ela Aazs-=gel zgte]l 1.5V w Fuldo] mE 7ol

59 Hsts SAT Aoz dFol5S - 20 dB/decade = 2)4tsto] -3k A}
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T (e 185 GHz 2 5% 1F354S Yediddy. =3 F35d w

MSG/MAG ¢] W3tz By 3 HHEF F35 (fy) = 300 GHz o]},

Rl

<% 4-6>2 Al°]E Zo]7k 0.1um o3 Eo] 100 pm ¢ MHEMT ZAx}e] 3}
Fol W& FeAget o]5e] WItE Ho Fa glon,

dB o HA FEAFe12.8 dB o FEol5 54 B

i\

AT 26 GHz oA 0.6

1.5 T T T T T T T T T 3 14
= 14 | —0—NF
e I ——G 413
= 13| as

N

woq2| *— 4
=z [ ~_ 11 @
Py ® B o
= 11+ [ o [z}
2 L \0 o 1 8
2 - D/ []
i 10 LN o 411 2
Q L ® — @
2 ool e o,
z | /D/ \'\ 3
E 08t " *~_ 100
=} | D/ — ¢ e
£ — oy
e 071 U W
£ L 49 =

0.6 =

05 I N 1 N 1 N 1 N 1 N 1 N 1 N o 8

26 28 30 32 34 36 38 40
Frequency[GHz]

<71¥ 4-6> 0.1pm MHENT Ax}o] Foparo] wha A4} o] 5 st

A 2Hd A2
ZAFSFA Y. Al FSE MHEMT(2£100pm) AAFE 970mS/mme] #H o transconductance}t

Ao MdE 0.1um 3 A FSMIEMTAAS 7R3k 3 DCoF REFFSEAS

-0.6V9] threshold voltage, 185GHz] A+FutS B, SAHFIS 26 GHzol A

0.6 dB ¢ HA #H&xF9 12.8dBe) #ASols EAS By,
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A 5 F HL PHEMT SPDT
29 %] 7k
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A 5 A WL PHEMT SPDT 29| 7lat

A 1 A PHEMT SPDT A4

& FUA fstel Ae=AE

L EYEES 500 4TS 91skel Nicr w43 o g3l

FET FET FET FET | @
100x8 100x4 100x4) 1008

FET

75x41 I 7F5EI4
W r

Vctrl-l Vctrl-2

<1 5-1> HE SPDT =9 A 3] Z(ver.1.0)=

71249l schematics ©]&3te] Libra® o]&3te] 1Al FH A s}
(optimization)& 33 5 ADS 3= AlEeCIHE &7 ol&ste]l dAs.
<O¥ 5-2>% IR AEHA AFE HojFr

B S g9 (0.5 GHz ~ 4
GHz)ol A9 s -1.06

| dB o] 3}, otolZ o] e -44.5 dB o] &}, 1e]a A
542 -12.5 dB °Jst® W g & g vk <& 51> A qFA v A7

Ashg vlawste] vpebdich,
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Fo rward Transmission, d&fi

0,
. 3
] freq= 40 00GHz
104 BEE 1063 |
1 ——
. 20] ———
so3ac 1 -
00 BRB 307 fieq=4 D 0GHe
OOmmn ] dB(5(3,1))=44.596
© TTT -
407 v
50
60— T T T LR A
0 1 2 3 4 5
freq GHz

<19 5-2> & SPDT £=91A] 32 (ver.1.0)¢] Al&dold AA A3}

< 51> AWFAT AA Ade W

Fd =8 A7 AFd(specifications) | SPDT 2=91A| 3|2 (ver.1.0) AA Az}
- A4 0 1.1 dB typ. - abelaal 1 -1.0 dB o3}
- =9 WhAREA 10 dB min. - WAL (On-AFE]) : 12.5 dB ©] 3}
- olg WkAlE=Al 1 10 dB typ. - WRALEA(Off-AHE]) ¢ 14.3 dB ©]&}
- ofo]&HolA : 30 dB typ. - olo] &Y olA : 44.5 dB |4
<19 5-3>2 WAL SPDT =9 A 3| 2% (ver.l.1)°]th 3] Alo]=2E Folal
AYEE F7HA717] flste] Ag=-AE Fx25 d9eait.

RFC ]

© RFL

BIAS
<1% 5-3> HEA}S SPDT
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712 A schematice ©]-&3to] AgilentAle] ADSE o]-&3to] A7A|8H3AT).
AAl] AHE3E GaAs pHENTS] 291x] &A= AlolE Zo|7} 1 wmela =9l
Q2 7ol Al 2.5 wolth AFEE A9A A= AlE FA7E 150 ume] i
Al E7F 27091 &2H(150 x 2)9F Ale]E FA|7F 75 ume] 3L Alo]E7} 4700 AAH(75
x 4)eltk. o] 29x AaAE Alo|Eo| upelejxE lrtete] AHEE On/Off3HH

=Y 2e22 Fd RFNEZF JdEHET. GaAs pHEMT 29X 2Abs

3

33 (depletion type, normally on) Z2Xx}fo]|B=Z Ao|Eo]| 0 V7F ¢l7F=w zdo]
Aol =gl 20~ Aol M5 7f KaR=ghe] Alo] E |
T E ¢ (threshold voltage) ©]dhe] S <I7istd Ado] @A =g A}

42 Aol MBI AYHA gtk F, 294 £4F B4 AAAE 0
U

7] B 7HAe] sk wAel v mEbd FhAdeR FEA7 st

=Yl A zd F(HHAYES QUtsta AlolEe] 0 VE  QI7FshH 7]E

292 &A7F Onol  HESF  AoJEd ulo]o]xE QI7FSFAL AgilentAl]
WA 7] (Network Analyzer)E AF&38te] S-melulgE FAHse] SA3 sid=
AAle A&stsltt. <9 5-4>% = AgEgold ZiE Boet. A T

(0.5GHz ~ 4 GHz) ol A1 9] A dE2L -0.7dB o8}, ofo]&do] e -41 dB o] a},

=
18

=
T
N
V
Ir
=
T
I,

542 -16 dB oJst® Wi $rde o 7 A <

A3 AA A9E vjaste] vepi,

o
Ach
=
ol
st
J
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0.0
—02; 10—
= il = 20
5 04— S ]
& — 22
5 0.6 -— 1 o -30—
g oo g ]
0.8 40—
B e e e e B e L B L B L
05 1.0 15 20 25 30 35 40 0.5 1.0 15 2.0 2.5 3.0 35 4.0
freq, GHz freq, GHz
AL O] A= A -
(a) AdE=4 (b) Ag=

freq, GHz

(b) WA=

R

<% 5-4> WA SPDT 9% F=Z(ver.1.1)9 A&l A}

<3E 52> /gt A AA Aol Hlul(ver.1.1)

A% AA A (specifications) SPDT 291X 3] Z(ver.1.1) AA ZA3}

Al 1.1 dB typ. - e 0 0.7 dB o]3}

=3 WkAlEA 0 10 dB min. - o= HiAEA (On-AHE)) @ 16 dB ©] 3}
1= WkAlEA 0 10 dB typ. - o0=8 dxEA(0ff-AFE]) ¢ 16 dB o]}
A% : 30 dB typ. - Ad X : 41 dB ol
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A 2 A PHEMT SPDT A% 2 =4

A7 H& SPDT 29 % SPDT 3] Z(ver.1.0)2] Az TA-L A3 A24dz}
e, FAe A Fxey] wEh. Je) A7]E 0.64 x 0.57 'R e
HittiteAho] HMC284MS8Gel wlsle] oF 18 %e] FAlol= HAE olE F AUT.
<a¥ 55> AFE e AR E ReFErh. <9 5-6>2 ETRIS] pHEMT SPDT
294 o] EAS HoFEt. d Fag 90 ~ 4 GHz)olA 83l Hlsto]
A= Y=, ol ON-wafer S48 o AS
HA 5/d0] vhey] doET. waA f71AE HJo 54 54 4

Hlal B ds

U A 1 |l[|]l|i| —
e W

(b)

<1¥ 5-5> HE SPDT 29 % 3] &E(ver.1.0)9] #olo}b-(a)¥t 3 ALz (b)

Insertion Loss Isolation Return Loss
On-S11(dB)
0 0 g —— On-522(dB)
0.5 -10 - N e Off-S22(dB)
A -10
? Kl V= ?-zo —~ ?-15 —
P s f. -30 v — ’ ;g s
E 2 E-w b 50 - \/
[ P 35
2.5 50 S0 V
3 [T S I PR PR PR PR P Y 45 Bt 1 T
0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4 0 05 1 15 2 25 3 35 4
Frequency [GHz] Frequency [GHz] Frequency [GHz]
(a) (b) (c)
=~ = = . 2= A=
<719 5-6> pHEMT SPDT =912 o 54 :(a) A &=4,(b) AeE, (c) ¥A} &4
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<% 57> WAL SPDT A9A] AlFE Ho ARE meFErh. <1
SPDT 2914 & SA% ARE BofFd. Fu g9 0.5

JEs 27 B o3, relm AF SHe

)
rE
-~
Rl
oft

5-8>2 Azt

n

~ 4 GHzoll A AFS1E4 S -1.3 dB ©]3},

-16 dB olet= A AT},

(a) A71AL A (0.67 x 0.57 mm°) (b) On-wafer =4 3 (0.69 x 0.79 mm*)
<18 5-7> WA} SPDT 29 x| 3] & (ver.1.1) AR

0.0 0

-0.4 -10

-0.8

dB(S(2,1))
<
/
l
/
dB(S(2,1))
\
\

.
N 1 —

-2.0 -50
05 10 15 20 25 30 35 40 45 50 05 10 15 20 25 30 35 40 45 50

freq, GHz freq, GHz

(a) =4 (b) A=

°o ]
N /=/
05 10 15 20 25 30 35 40 45 50

freq, GHz

24

(c) HEAFE=A

<% 5-8> WHALE SPDT 2912 H(ver.1.1)¢] S A3}
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A 34 A=
2008 1A= AA 2 AFE M8 SPDT AYX 3 ZE(ver.1.0)"E
AU, 4 GHz Fubrol A A £4 EA1L 1.0 dBols}, ofol&kdo] AL 30
dB o], AFEAL 20 dB o|A EAS BT
<3 5-3> JNrA, AA AR, SA Aol Bl
e 7het ALk AA Azt =4 23
Al &4 1.1 dB typ. 1.0 dB o3} 1.0 dB ©]3}
=9 WAl 10 dB min. 12.5 dB )&}k 20.0 dB °]3}
AH HhAb=A 10 dB typ. 14.3 dB °]3} 20.0 dB ©]3&}
ofo] & o] A 30 dB typ 44.5 dB ©] A+ 30.0 dB o)A+

T

A = AP “9haLE SPDT 2= ¢

A]

32 (ver.1.1)7E SA33}. 4

Fago A A9 &4 5 1.3 dBolsk, AEleE 27 dB o], AEEAS 16 dB
ojao] EAL Wtk AAAN} SHANE vud B uw Aoyt AAZEs}
wol Holwtt, =X Ho A @ FEAe BAS =3 QA aH).
<3 54> AA A} A Aye] vlal (ver.1.1)
g & 7R A}k AA Azt =4 A3
Al &4 1.1 dB typ. 0.7 dB ©]3} 1.3 dB ©]3}
=9 WA 10 dB min. 16 dB °]3&} 16 dB ©]s}
de wkapEAl 10 dB typ. 16 dB ©]3&} 16 dB ©]3&}
A= 30 dB typ 47 dB ©)% 27 dB ©]%
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FAH T2 T4 SEEREA FEaAd Vs Ae edd
=

Ax} thea e Aokl olde AT A

® InGaP BT A&z} wokill M= 1 W % 2 Wi A8FZ7]E5 InGaP HBTE
7)1 8- 222 3Fi= Power Tr CellS o] &38te] 1o = AA 2 AZsue. 1WF
Power Tr Cell 2529 542 P1dB = 31.1 dBm, Pgain = 15.5 dB, 2 W5 Power
Tr Cell REY E54°S PIB = 33.8 dBm, Pgain = 12.9 dBolglow,

stol  HHSEVE

k
tlo

Hpoloj~3l2 5 Hulsta  fEAddy EE€A
AAEAT. AA SAHA = FHATES off-chipdlAd & oFolmz wji
Power Load-pull 3} HEF5E7|o] A3E ALt 1 W AHFH7]9 A=t

% 57443+ P1dB = 32.34 dBm, Pgain = 15.0 dBo]lo™, 2 W dAgFZ7]e

Lo

A2S 4 A7+ P1dB = 33.6 dBm, Pgain = 12.0 dBe]ith. ofz <3i2-3>&
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SEF

HBT: Heterojunction Bipolar Transistor

PA: Power Amplifier

P1dB : 1dB compression point

OIP3 : 3th Output Intersection Point

ICP: Inductively Coupled Plasma

PECVD: Plasma Enhanced Chemical Vapor Deposition
TFR: Thin Film Resistor

MIM: Metal-Insulator-Metal

MHEMT: Metamorphic High Electron Mobility Transistor
SPDT : Single Pole Double Throw
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