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ABSTRACT

GaN (Gallium-Nitride) is a promising candidate material in various radio frequency applications due to its
inherent properties including wide bandgap, high carrier concentration, and high electron mobility/saturation
velocity. Notably, AlGaN/GaN heterostructure field effect transistor exhibits high operating voltage and high
power-density/power at high frequency. In next-generation radar systems, GaN power transistors and monolithic
microwave integrated circuits (MMICs) are significant components of transmitting and receiving modules. In this
paper, we introduce technological trends for C-/X-/Ku-band GaN MMICs including power amplifiers, low noise
amplifiers and switch MMICs, focusing on the status of GaN MMIC fabrication technology and GaN foundry
service. Additionally, we review the research for the localization of C-/X-/Ku-band GaN MMICs using in-house GaN
transistor and MMIC fabrication technology. We also discuss the results of C-/X-/Ku-band GaN MMICs developed

at Defense Materials and Components Convergence Research Department in ETRI.
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RoH, W-th i} 2 =2 Fupar J Ao tfisf
%= InAlGaN/GaN, InAIN/GaN & F2 H|2]o]
S(Thin Barrier) 9|9 F-27} A5 3L i}, o 3#4]
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Max. Power . Gate .
Company Process frequency density V\(l;:‘:;:;e length ':l,g:;girg;; 3:::::(\'\;; Efficiency
(GH2) (W/mm) (um)
QGaN50 8 10 4 0.5 65 »190 -
QGaN25HV 12 8 4,6 0.25 48 »150 -
Qorvo[13]
QGaN25 25 8 4 0.25 40 »100 -
QGaN15 50 4 4,6 0.15 28 )60 -
GH50 6 35 0.5 50 »200 65%(2GHz)
ums[14] GH25 20 3 0.25 30 120 50%(10GHz)
GH15 38 2.5 0.15 20~25 )80 -
NP45-11 6 10 0.45 50 160 60~75%(2GHz)
WIN[15] NP25-02 18 6 0.25 28 120 50%(6GHz)
NP15-00 35 3 0.15 28 120 -
G28V3 8 45 0.4 28 120 65%
G28v4 18 45 0.25 28 120 65%
WO'[ESg]eed G28V5 40 3.75 0.15 28 84 65%
G40v4 18 6 0.25 40 120 65%
G50V3 6 8 0.4 50 120 65%
OIE/1II\7/;IC DO1GH 110 4.5 0.1 12 )60 -
ETRI ETG20 35 5 0.2 30 »180 -

£X Reproduced from [12-17].
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5.6~8.5GHzO1 A 30W &3], £4150]5 30dB, &
& 40%2] 573 ZH=tH22-24].
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WolfspeedAF2] CMPAG01C025D A|E-2 6~12GHz
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& 45%°] 5442 2=t OMMICARS] Z-%-Si 7]
T2 o]-83H vl Alo]E Zo]9] GaN &A= =2 2t
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Company Qorvo[22] Wolfspeed[23] UMS[24]
Model TGA2578 CMPA5259025F CHA7060-QAB
Process QGaN50 G28V3 GH25
Frequency(GHz) 2~6 5.2~5.9 5.6~8.5
Saturated power(W) 30 37 12
Small signal gain(dB) 27 32 30
PAE(%) 40 50 40
Voltage(V) 28 28 20
Current(mA) 400 - 420
£ Reproduced from [22-24].
H 3 X-iY GaN MMIC MHBZE7| 7|&
Company Qorvol[25] Wolfspeed[26] UMS[24] OMMIC[27]
Model QPA1010D CMPAGB01C025D CHAB8352-99F CGY2631UH
Process QGaN25 G28v4 GH25 DO1GH
Frequency(GHz) 7.9~11 6~12 10.7~12.75 6~18
Saturated power(W) 15 25 20 10
Small signal gain(dB) 25 32 25 20
PAE(%) 38 32 45 @43dBm 36
Voltage(V) 24 28 20 12
Current(mA) 600 - 500 2
£ Reproduced from [24-27].
4 Ku-tiY GaN MMIC HEZ3=7| 7|=
Company Qorvo[28] Wolfspeed[29] UMSI[24] OMMICI[27]
Model QPA1013D CMPA1D1E025F CHA7062-QCB CGY2632AUH
Process QGaN25 G28v4 GH25 DO1GH
Frequency(GHz) 6~18 13.5~14.5 12.7~19.7 14.5~18
Saturated power(W) 10 25 5 20
Small signal gain(dB) )25 26 20 29
PAE(%) >20 16 20 @37dBm 35
Voltage(V) 20 40 20 12
Current(mA) 1250 - 300 -

£X Reproduced from [24,27-29].
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QPA1013D A& 6~18GHzOA 10W &8, AAS oA thE ZZ7|E3} 54| 32 0] 753 GaN A
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A& 7HAH, OMMICAHS] CGY2632AUH A&
14.5~18GHzo A 20W &3, £4150]5 29dB, &
& 35%9] 542 2=rH24,27-291.
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g SolA= el A8 TEgE o]-&otd
GaN AEZE7] MMICE A&F o2 /s o1

glom U TAHL 0]83}t GaN MMIC 7jere- 3t
FAREAITE (2)9o]H]A I REHIC oA
o] F0fZ] 1L ITH30-32].

3 59 oJstd, C-t < AFZFFH719 ¢
QorvoAte] TGA2611-SM A& 2~6GHzol A
FaA4 1dB, HHYH A 30dBm, °]5 22dB
o] A4S 7HAH, X-t < AFZ5H719 ¢
OMMICAFS] CGY2222UH A& 8~12GHzOl A
FEZA14= 1.5dB, Y22 20dBm, ©]= 20dB
ol EAGE zt=th X-/Ku-H Y AFSSE7=
QorvoAte] TGA2227-SM A& Joje EAH S
2 2~22GHzOlA ZLA5 2.6dB, HH L HH
23dBm, ©]5 15.7dB] 5/d& 2H=1H22,23,25,28].
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C-band X-band Ku-band
Company Qorvo[22] Qorvo[25] OMMIC[23] Qorvo[28]
Model TGA2611-SM TGA2227-SM CGY2222UH TGA2227-SM
Frequency(GHz) 2~6 2~22 8~12 2~22
NF(dB) 1 2.6 1.5 2.6
Small signal gain(dB) 22 15.7 20 15.7
OP1dB(dBm) 18 )23 20 )23
Volatge(V) 10 8 8 8
Current(mA) 100 125 - 125

£% Reproduced from [22,23,25,28].
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H 6 C-/X-/Ku-tH GaN MMIC SPDT 7|&
C-band X-band Ku-band
Company Qorvo[22] UMSI[24] Qorvo[25] UMSI[24] Qorvo[28] UMSI[24]
Part # TGSZS3’32-2- CHS7012-99F QPC2040 CHS8618-99F TGS2353-2 CHS8618-99F
Frequency(GHz) 0.5~12 DC-12 8~12 6~18 0.5~18 6~18
Insertion loss(dB) 1 1.4 (1.2 1.3 1.5 1.3
Isolation(dB) 35 35 30 34 30 34
Switching _ _ _
R {35 35 35
OP0.1dB(dBm) 43 40.5 40 42 40 42
Input power(W) 20 - 10 - 10 -
£X Reproduced from [22,24,25,28].
AEAATANA 2.7 AH36,37]. 9% 30dB, HYYAAL 10w EAL A,
Ku-tY 2929 42 Qorvod] TGS2353-2 A|
. = 2 0.5~18GHzol A Ad<+4 1.5dB =
3. C-/X-/Ku-TH% GaN AQx| Fxs|z &5 0-5~18GH:OIA AYEH 1.5dB, =)
7l 30dB, ALY 10 S4 2tk UMSA
©] CHS8618-99F A& X-/Ku-thY AR =
HT 50 $441719] GaN T 71 18 6~18GHzolA] A U<4 1.2dB ©|s} A= 30dB,
a glon, ojo] wet Ay SAl7I0A GaN  HAF A 10W S 2=TH22,24,25,28].
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£X Reprinted with permission from [44].

1 C-0g oIHE S+ MMIC EA

35 35
Gain

30 NF 3.0

- \ 25
g 20 20 &
= g
= w
515 = 15 %

bl ¥ I P P A T M PR R e L B

10 il 10

5 0.5

0 0.0

35 40 45 50 55 60 65 70 75 80
Frequency (GHz)

£X Reprinted with permission from [46].

722 C-Hi% FYSSS7] MMIC 0I5 % NF 54

1% 12 ETRI DMCEH AT A st
C-tHH(5~6GHz) #|o|H-& S54=41 MMIC FAlo]
ot AESE7]+=3.5mm X 3.6mm2 A7|E &
FAg 46dBm L T 38.6% =0 5L 2=
t}. SPDT A2Y A= 1.8mm X 1.55mm9] Z7|&
0.63dB2] A4, 34.5dB9] A2 9 45.5dBm
o] o YA EAHS Z=rH44,45]. AT
Z7] MMICY] 7% 1.8mm X 1.55mm&] Z7]0]
o, 71§ 29} o] 25dBY] o] 53} 1.2dBY] A4
E4= Z=tH4el

1Y 32 X-tfH(9~10GHz) H o] & &4

£X Reproduced with permission from [47—-49].

T2 3 X-T Z{0|CHR 44 MMIC AL

.
[
o

E &
] 9
T @ ® g
=
o o
& 425 30
42 ——Poutl ~——Pouts 25
415 —PAE1 PAES 20
41 15
86 88 9 92 94 96 98 10 10.210.4106108 11 112114116
Frequency (GHz)
£X Reprinted with permission from [49].
- = = o =2 E
T2 4 X-TS HASEI| MMIC £ U 58 54

MMIC FAlo[t}, SPDT A= 1.8mm X 1.3mm
9] A71% 0.95dB2] A UEA, 31.5dBY] A& B
45dBm®] [t YFAY EAL Zh=tt47]. A=
ZZ719] 4% 1.8mm X 1.55mm%] 7|2 19dB2]
0|57} 1.78dBO] FZA1 £/ 2E=rH4s]. A€
Z27] MMIC: 3.5mm X 3.6mm2] Z7]o]d, 71
Y 49} Zo] AP 44dBm Y T& 38% TF°
S Z=rH49l

1Y 55 Ku-HF(15~16GHz) o5& S54241
MMIC Aot AHFE7]= 3. 1mm X 3.6mm

9l 37|2 &84 43.8dBm U G 34% 5=
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£X Reprinted with permission from [51].

2 5 Ku-ti9Y H0|HE 5= MMIC T4

e I I s

St

§21 (dB)
-
|
L

(gp) uonees| '2zg 'L

Isolation

£X Reprinted with permission from [51].

T2 6 Ku-CHS SPDT A9X| Miadl 3l 22|z £Y

o

dim

o] EAZ 2=tk AR=55719 49 1.8mm X
1.55mm2] A 7|2 15.7dB2] o] 53} 1.65dB2] &
SAS EAL 2H=H50]. SPDT 2 A& 1.8mm
X 1.3mm2] 27|82 7= om, 119 63} Zo]
1.1dB9] AJ&4 23.2dBY] AE|: EAS 2t
o} Ho Y AYL 42.5dBm $2Z0]H51].

V.22

Lo A= AAH ol A S4 MMIC
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