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(ZX:N. Hussaina et al., “Metasurface-based low-profile wideband circularly polarized patch antenna for 5G millimeter-wave systems,”
IEEE Access, vol. 8, 2021, pp. 22127-22135, CC BY 4.0.)
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O] =3: QORVO (EX: https:/iwww.qorvo.com/foundry)

e 500-nm & 7| =(QGaN50)

- GaN on SiC (4-inch Wafer) - DC ~ 10 GHz application -<BEVTS Y
e 250-nm = 7| =(QGaN25)
- GaN on SiC (4-inch Wafer) - DC ~ 18 GHz application -<40V 1S Y

e 250-nm & 7| =(QGaN25HV)
- High-voltage GaN on SiC (4-inch Wafer) -DC ~ 10 GHz (& £0F: 6 GHz 0|5}
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0| =3 : WOLFSPEED (Z4: https://iwww.wolfspeed.com/products/rffoundry-services/)

Gate length

Bias Voltage
Breakdown Voltage
RF Power Density
Frequency Band

SiC Substrate thickness

“‘l i w;;imniversity

G28Vs

0.15um

28V

>84V

3.75W/mm

DC - 40GHz

T5um

Resistor

Source FP
Au Gate

G28va

0.25um

28V

>84V

4.5W/mm

DC - 18GHz

100pum

Gaova

0.25um

40V

>120V

6W/mm

DC - 18GHz

100pum

Substrate Via
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0.4um
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& : OMMIC (GAN on SiLicon, 31NcH WAFER) (E4: https://www.ommic.comfiii-v-processes/)

e 100-nm & 7|= (DO1GH)

- TS HE 12V -2 2=: 35 (or 3.3) Watt/mm
e 60-nm = 7|= (DO06GH)
e T e 12V -3 2&: 3.5 (or 3.3) Watt/mm - Cutoff frequency: ~ 150 GHz
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CH2t: WiIN SeEmiconpucTor (5 371 3738)
e 150-nm & 7|= (NP15)
- & T2 20 V (Breakdown voltage > 90 V)

- 7|8 =4: 0.10 mm

GaN 2Xx 7| Ed &5
(EX: 0|57 2| 5H, “5G 0|5 SA12 ¢t GaN RF HAAX 4 HAEHS| 2 7|1 58)

Compary | T U@ | na | wg | pa | EM
Process QGaN15 G28V5 GH15 DO1GH NP15 GaN
Gate Length{um) 0.15 0.15 0.15 0.1 0.15 0.18
Bias(V) 28 28 20 12 20 15
BVdo(V) 70 70 70 40 70 60
Density W/ mm) 35 35 35 3 3 25
,i‘:;fu‘;f,i;?f;ﬂf’,_) 40 40 40 50 40 30
Efficiency(%) N/A 55 40@30GHzZ 45@40GH2 35@30GHz 23@30GHz
Wafer Size{inch) 4 4 4 3 4 4
Substrate SiC SIiC SiC ki SiC SiC
R B Scongsil University 4 @IS
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3.5G 282 2|st GAN HES = 7|

GAN FouNnDRY S &

e L0 M = GaN-on-SiC 7|%t GaN Foundry AMH| A7} 7HA| E

o 2| A, GaN-on-SiC 7|=

= 0|83t 713 H|gho| Bis =T 8 ArE=tof| =3 2.

o FF0 = 713 ZEEHE 25tY, GaN-on-Silicon0| A|EE FE 759 US.

GaN Power Device Market Size Through
2017 to 2026 (in Million)

CAGR: 29.4% 15e3

2016 2020

017 2018 2019 2020 2020 2002 202

Sales volume Today 2024

GaN-on5C related
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GaN.on-% related ; :
P TE . H

GaM-on-Damond
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. Wired Broadband ° RF Energy :r;vcal
First device . @ ‘6@
» O ° 09 0

2000 2008 2010 2015 2020 2025 2030

GaN Power Device Market Size
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2~6 GHz Power AMPLIFIERS (ALL TECH.)
* 30 dBm 0|3} FY: cMOs 7| 0| FX
e 40 dBm 0| BY: GaN 7|=0| F&
- 30 dBm 0|3} B2 GaN PA 71 Atz 7L 79| 81 3.

- E} 378 7|% hH| & Power-added efficiency (PAE) £88 B Y.

2-6 GHz PAs
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” ,.l
© o " E? .
70 &g
. 3 gus !
° - . - o .f .
60 e - TN
= PR e s ’1-.-0_-_ LY 0- -~ J-qe. ‘: M -
ém - . . . L N
w i - "0 ey . %
3 ° or‘:? %0\,_ v * 3 v Y - i T
40 o . > @ g8 — il % s S0
|0 L, AN Al - 3
° 00g °© R 2, % o
» ° % o o S : .  Sn
° ° . s B* x H
-] 3‘},. s LDMORS
20 ® o o‘ = \\ \ »x
(-] 0.. 0 © a \‘ \\ X LOWOS
10 s 0 " " - = CMOS Trond
2 i = = Si0n Trend
o 3
10 20 30 40 50 60
Psat (dBm)

& &KX Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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6~20 GHz Power AMPLIFIERS (ALL TECH.)
« 25 dBm 0|3} FY: cMOS 7| 0| FX
30 dBm 0|4 E9: GaN U GaAs 7| 20| F&
- 25 dBm 0|3} EH2 GaN PA 71 Atz|7L 79| 81 3.

80
O Cuos
70 - a4 50
- - " OaN
60 * . e o Oalks
20 — « A = B !
— -
L * "
] = . .
3” --'b"'—-’—_-—qu- ----- i - A= = = CHOS Trond
\
aQ o L4 v --
1 A \“.\ e $Ga Trend
30 . A Ny . " - * e
e & (] .- . .
! oo % o Uiy Lo w, |
L) (] -
20 o ° ..‘Q"& \\o\: " L
° °O .o, °°_ \\ \\ .
10 o o ] +« © Ny
. \ A
. \ \
0 A
10 20 30 40 50 60

& &KX Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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20~50 GHz Power AMPLIFIERS (ALL TECH.)
e 24 dBm 0|3} ¥H: cmos 7|=0| F=
¢ 25~35dBm BY: GaAs 7|=0| F&
e 35dBm 0| B9Y: GaN 7|=0| F=
-24 dBm 0|5} EY2 GaN PA 7HE Atz 7L A9l 21 8.

20-50 GHz PAs
70
O CMOs
60 A S0e
a SaM
50 a il oo
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w L . "
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!” *Pe ® ..‘ digalor me,, - sy . . == 800 Trnd
o a A . e .
.M P :;‘ ‘:.5 - o ..0. \\‘\\‘ :H .. & J'o 4
20 03 % I“‘l o * VR i ie
40,9 © oo el vty o . :
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10 o 20° c%'q  a° 7 P i o
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& L ~
0 . -
10 15 20 25 30 35 40 45 50 55

& &KX Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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>50 GHz Power AMPLIFIERS (ALL TECH.)
* 20 dBm 0|3t Y: cmos 7|=0| F=
e 25dBm 0|4 BY: GaN X GaAs 7|£0| T
30 dBm 0|4 B%: GaN 7|=0| Fx
-20 dBm O[3t FF2 GaN PA ZHE AR2f|7L 79| 81 8.

>50 GHz PAs
50
o CMos
45 ° a $i0e
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40 ) s " L
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3% A : LDMOS
e A Bt A el S e B T e
t!ﬂ s 1 o e . . . ) P
o [:] \: o 4" o! = = CMOS Trend
§zs o ?‘ °°°° o‘ °°‘o°q ;\‘\ ..o. .’ y ° [ g - = Bi0s Trend
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. a e "o @ ° B o ot 3\ ok - .
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5 o R —— A e ¥ T a
a o| ® Q) CatY L o, " . \
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0 5 10 15 20 25 30 35 40
Psat (dBm)

& &KX Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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PowerR AMPLIFIERS (ALL TECH.)
20 GHz 0|5t BY: GaN2| Z % 30 dBm 0|4 &3 M=

Saturated Output Power vs. Frequency (All Technologies)

70
CMOS
- SiGe
50 GaN
GaAs
" LDMOS
30 InP
& —Trend_CMOS N
= 2
= —Trend_SiGe
* 10 —Trend_GaN
o | —TrendGass :
—Trend_LDMOS ;
A0 Trend._InP '
+ Oscillators
20
Multipliers
30
0.1 1 10 100 1000

(Log) Frequency (GHz)

a8 &4 Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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GAN PoweR AMPLIFIERS
oW LCHY O|5I0| M= CHE = 30 dBm O] & &8 M=
- Mobile application 2| &% 5= Past < 30 dBm (Max. 33 dBm)

- GaN Power amplifier= TR 2 A2=2 9 71X =5 8&

Saturated Output Power vs. Frequency (GaN)

o @ GaN <10%
® = GaN 10-20%
= GaN 20-30%
0 = GaN >30%
—Trend GaN <10%
4 ~—Trend GaN 10-20%
E ~—Trend GaN 20-30%
-
‘im —Trend GaN >30%
© GaN from 2018
20
10
g
0 oo =
0.1 1 10 100 1000

(Log) Frequency (GHz)
& &KX Power Amplifiers Performance Survey 2000-Present, Hua Wang, Georgia-Tech Electronics and Micro-Systems (GEMS)
Lab, School of Electrical and Computer Engineering, Georgia Institute of Technology
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6. IMS LAB. DESIGN EXAMPLES

36 ~ 39 GHz 6-B1T PHASE SHIFTER (1/4)

e Win Semiconductor 150nm (NP15)

e Ref.: S. Kim, S. Jang, J. Lee, H. Jeong, K. -J. Kim and C. Park, "Ka-Band GaN HEMT Phase
Shifter With T-Type Structure for Beamforming Applications," IEEE Microw. Wireless Technol.
Lett., vol. 33, no. 6, pp. 743-746.

Verri
RFIN RFoutr RFin RFour RFiN Corrp RFout
" ——W—a = =
’* 'J—_, Rone | I
Ls Ls ;Aj{ Ls Ls
.L = = m =

Open -T- Cr

Ve c I!".;: c . %
D—| Corrs ... = Le Ron.s <= Le
+—F d

(b) (c)
T-type structure: (a) schematlc of the used low-pass T-type structure, and equivalent circuits for the
(b) pass- and (c) shift-states.

O o OF OO T

180° 0° 5.625° 11.25° 225° 45°

Overall structure of the designed phase shifter.
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6. IMS LAB. DESIGN EXAMPLES

36 ~ 39 GHz 6-B1T PHASE SHIFTER (2/4)
e Chip size: 3,740 x 0.980 mm?2.

Lgo = 1s
B —ZanL,gCopprp '
1-2@*LsCorr.p
Cro = e
@ LyCorrF P
Lgo

< Lgo

- 1+ 20? Corr p LEg

Equivalent circuit of unit-bit in shift-state considering the parasitic
capacitance effect of My

- R . -
O 5.625° i) 22.57 = 45" MOMp 190° il
WY S | “..‘ I ' .(-:h [ r.‘.‘ I_' . r. l"l '
= I i B T T
' 1 ﬂ i m I a | g
1 I I rt
| D & I I Ly
1 I . ——
j I R A ATt MR A~ SR
_ BN i o ﬂ I
W e E SN
V> s G N WY
o “ . O I'I - I ' |
9 V4 : %

Chip photograph of the designed Ka-band GaN phase shifter.
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6. IMS LAB. DESIGN EXAMPLES

36 ~ 39 GHz 6-B1T PHASE SHIFTER (3/4)

-1

_40 " ' 1 . L N L s .40 "
35 36 37 38 39 40 35

0

0

1 A L A 1 A 1

36 37 38 39 40

-

1 i 1 i 1 i 1

35 36 37 38 39 40

Frequency (GHz) Frequency (GHz) Frequency (GHz)
— = - < 15 15 o
4 0 —— ———— ;8_ . i
& e — o =
o= —— T | w
@ 225 —— e <) O
| RL1— — = '§
R — —= @ =
® 12 e— — __—j__”—_._:———‘j - =]
s Be—————— & =
s *f —————— ® ®
g 0 ==— F— — r—— z 0 A 1 PR [ | DU - 0.0 E

35 36 38 39 40 X 35 36 37 38 39 40

Frequency (GHz) Frequency (GHz)
Measurement results
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6. IMS LAB. DESIGN EXAMPLES

36 ~ 39 GHz 6-B1T PHASE SHIFTER (4/4)

[1] [2] [3] [4] [5] This Work
Technelogy 0.25 pym GaN 0.25 um GaN 0.25 um GaN 0.15 ym GaAs  0.15 um GaAs 0.15 pym GaN
HEMT HEMT HEMT pHEMT HEMT pHEMT
Freq. (GHz) 8-12 8-12 8-10 10-14 18-20 36-39
Bits 5 5 3 3 4 6

I/O Return loss(dB) <9/<«<85 <8 <9 /<85 <85/<7 <9.8 <-5.1/<-6.7
Insertion loss (dB) 7 11.65 = 3.45 13515 6.5£1.5 911 > 8.68
RMS phase error (%) 5.5 2.52-6.23 <3 <15 <5 < 4.60
RMS magnitude error (°) 0.8 0.41-1.16 1.1 <11 <0.62
Chip size (nm) 1.9x4.5 6 4.1 x2.5 1.5 x 1 2 x 1 3.665

[1] P. Sun, H. Liu, Z. Zhang, M. Geng, R. Zhang, and W. Luo, “X-band 5-bit MMIC phase shifter with GaN HEMT technology,” Solid.
State. Electron., vol. 136, 2017.

[2] H. C. Chiu, C. M. Chen, L. C. Chang, and H. L. Kao, “A 5-bit x-band GaN HEMT-based phase shifter,” Electron_, vol. 10, no. 6, 2021.

[3] P. Sun, H. Liu, M. Geng, R. Zhang, T. Yuan, and W. J. Luo, “"High power 3-bit GaN high-pass/low-pass phase shifter for X-band
applications,” Microelectron. Int., vol. 35, no. 2, 2018.

[4] J. H. Tsai, Y. T. Kuo, and H. C. Yu, “A Ku-band 3-bit phase shifter MMIC using GaAs phemt technology for phased array system,”
Microw. Opt. Technol. Lett,, vol. 57, no. 4, 2015.

[8] K. T. Trinh, C. H. Lin, H. L. Kao, H. C. Chiu, and N. C. Karmakar, “18-20 GHz compact passive 4-bit GaAs MMIC phase shifter with
low insertion loss,” in Asia-Pacific Microwave Conference Proceedings, APMC, 2019, vol. 2019-December.
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6. IMS LAB. DESIGN EXAMPLES

18 ~ 42 GHz SPDT SwitcH (1/4)

e Win Semiconductor 150nm (NP15)

e Ref.: T. Kim, H. Im, S. -H. Lee, K. -J. Kim and C. Park, "Highly Linear K-/Ka-Band SPDT Switch
Based on Traveling-Wave Concept in a 150-nm GaN pHEMT Process," I[EEE Microw. Wirel.
Compon. Lett., vol. 32, no. 8, pp. 987-990.

RFiniouT (P2)
- Design Parameters
Traveling-wave SPST Traveling-wave SPST
: « TR gate width (um)
R 1)

FouTt (P1) ' -—i t Rrew (P Mi =110
Symmetric structure M2 =180
: » Ms = 180
P1 P2 « TL width/length (um)

TL1 TL2 TLs TLs TLem 8280

M1 M2 M3 TL2= 5/200

I:_I |:_| TLs= 5/400

s = R — e — TLs = 40/650

o Ve eRG =5.3kQ

Schematic of the SPDT switch based on the traveling-wave concept.

Microphotograph of the GaN SPDT switch
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6. IMS LAB. DESIGN EXAMPLES

18 ~ 42 GHz SPDT SwirtcH (2/4)

1.0j

ﬁ. 0.2 0.5 1.0 2.0 5.0
Gate width of HEMT

ﬁn", =& 100 pm —®—150 pm
P == 200 pm —*—250 pm

Ve Ve
Re: 0-2i -G_:e_ n;i;:h ; tLE:rr_ s 5.0j Rc: 02 -5.0j
ON Iig:: R OFF
= - 02 | 05—t ——20 ' -59 = -
-1.0j
(a) (b)

Simulated S-parameters of HEMT device (frequency range: dc - 50 GHz): (a) on-state, (b) off-state.

TR on TR off
m
2 e
5 ! g —
nis1,2,and3 < (' Dominant e
— for Mi, M2, and Mz, p» = ; Ln component |,
tivel o
Re respectively S PR
Ve - ,'-.=.- Rn,on Rn,oft

Equivalent circuit of HEMT device for on- and off-states
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6. IMS LAB. DESIGN EXAMPLES

18 ~ 42 GHz SPDT SwirtcH (3/4)

L2020 &> s Za> Is s> L Zs > Ir Zr> IDn

G Eses

" _mlmpst Por{(Bm)  Lo-mputiPort Mesk) 03 *"“'""t:"‘“"’ o ‘é“‘ he | —8— 26 GHz
E —§-OuputPgri(dm) +C—OuDytFornt Maas) E‘-’ 0 T ) -_,._27 GHz e
8 . = _ O 45 —a—23GHz
2 | w3 2., E S N
: o g N '
- _20 = L E (=] A
£ =) = o
= I E= -2.0 P 35
3 3 & 3
o -30 v " £ 25 g 8 30+ ; &

<4 . X f
.40 i . . . . . -3.0 - 25
15 20 25 30 35 40 45 5 20 2 30 35 40 45 25 30 35 40 45 50
Frequency (GH z) Frequency (GH z) Input Power (dBm)

Measurement results

Ls" l Sooﬂg'sil.l.lni\fel’sity 30 ﬂ I " E lsv\ETl;lr :TAB CROWAVE



6. IMS LAB. DESIGN EXAMPLES

18 ~ 42 GHz SPDT SwirtcH (4/4)

Reference [1] [2] 3] [4] [5] [6] This Work
Process 90-nm CMOS  90-nm CMOS 100:;:_“_(?3)\_3 ASél:wmoss;OI 150:&?&4&5 130-;1‘;5@9 150;;:;?&1!1
Topology Tre::;l;:g- Tre:;.r:\l:zg— Tra\::\f:gg— Series-shunt Tr?ﬂ:r:::g- Series-shunt Tra\:::;\g-
Freq. (GHz) DC-60 50-94 15-80 DC-50 36-38 DC-110 18-42
RL (dB) > 10 > 20 > 10 MNA > 8.1 > 109 > 96
IL (dB) <3 <33 <36 0.76 @30 GHz <32 2.5 @60 GHz <2
ISO (dB) > 48 > 27 *29 23 @30 GHz > 28 27.3 @60 GHz * 322
IP1dB (dBm) 17 15 @77 GHz 27 @35 GHz 29 @30 GHz 12 @37 GHz 17.1 @60 GHz 495 @27 GHz
Chip size (mm?) 0.68 x 0.87 0.57 x 042 1.0 x 1.0 0.16 x 0.025 193 0.54 x 0.18 3.7 x 0.51

[11 H.-Y. Chang and C.-Y. Chan, “A low loss high isolation DC-60 GHz SPDT traveling-wave switch with a body bias technique in 90 nm
CMOS Process,” IEEE Microw. Wireless Compon. Lett., vol. 20, no. 2, pp. 82-84, Feb. 2010.

[2] S.-F. Chao, H. Wang, C.-Y. Su and John G. J. Chern, “A 50 to 94-GHz CMOS SPDT switch using traveling-wave concept,” IEEE
Microw. Wireless Compon. Lett., vol. 17, no. 2, pp. 130-132, Feb. 2007.

[3] K-Y. Lin, W-H Tu, P-Y. Chen, H-Y. Chang, H. Wang and R-B. Wu, “Millimeter-wave MMIC passive HEMT switches using
traveling-wave concept,” IEEE Trans. Microw. Theory. Techn., vol. 52, no. 8, pp. 1798-1808, Aug. 2004.

[4] C. Li, B. Ustundag, A. Kumar, M. Boenke, U. Kodak, and G. Rebeiz, “0.8dB IL 46dBm OIP3 Ka band SPDT for 5G communication,”
in Proc. IEEE 18th Topical Meeting Silicon Monolithic Integr. Circuits RF Syst. (SiRF), Anaheim, CA, USA, Jan. 2018, pp. 1-3.

[3] K. T. Trinh, H.-L. Kao, H.-C. Chiu and N. C. Karmakar, “A Ka-Band GaAs MMIC traveling-wave switch with absorptive characteristic,”
IEEE Microw. Wireless Compon. Lett , vol. 29, no. 6, pp. 394-396, Jun. 2019.

[6] C. Tinella, J.M. Fournier, D. Belot and V. Knopik, “A high-performance CMOS-SOI antenna switch for the 2.5-5-GHz band,” IEEE J.

Solid-State Circuits, vol. 38, no. 7, pp. 1279-1283, Jul. 2003.

“‘l I Soon " .'ﬂg‘]r;illﬂl‘.lniversity 31

I " E INTELUGENT MICROWAVE
SYSTEMS LAB



CONTENTS

1.5G 0|53l 7|=

o 5G 54 YAI4 small-cell =2 710 [HE GaN power amplifier Al =HCH Of| &
2. GAN RF 2%x1.-37d 7|&

 A|A| GaN Foundry GaN-on-SiC 7t &&= / 5l 2| FoundryZt S8 & A|Z X| Y
3.5G 88= ?ITH GaN TEHIF7|

e 5G/6G 7| X| =& GaN power amplifier A|Z} =HCHf Of| &
4. 748 HASE| 45 58

e GaN power amplifier: Z|4 30 dBm 0|40 S2L0}0] H&
5. 582 1ES57| 85 32

e GaN power amplifier: Z|4 30 dBm 0| &l2] S 200 H &
6. IMS LaB. DESIGN EXAMPLES

» Phase shifter, attenuator, switch, and power amplifier

APPENDIX

o HE=XIE

“‘l i wg";i.iﬂﬂnivemity 32 0 I " 5

INTELUGENT MICROWAVE
SYSTEMS LAS.



APPENDIX

[J Al. Case study: W-Band GaN Power Amplifiers
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Al. CASE STUDY: W-BAND GAN POWER AMPLIFIERS

=YU: Faunhofer Institute for Applied Solid State Physics — 20184
o T8 "Full W-Band GaN Power Amplifier MMICs Using a Novel Type of Broadband Radial StubIEEE Trans. Microw. Theory
Techn,, vol. 66, no. 12, pp. 5664-5675, Dec. 2018.
o 573: 100-nm GaN HEMT (Substrate: SiC, Thickness: 75 um), fr = 95 GHz, fyax = 280 GHz
* Power Combiner

Corporate TL power combiner/dividerS 225 2! E50f ALS.
HSUEL| SEYULELE 17 022 B ¥8 (05 m metal width) > 2 A8 &2, Y SE =L

= s
se £tol e H| 2

3-stage 4-stage
SAFOe | GHz 70-110 70 - 110 z

=Y | dBm | 27.2‘ 286 average (70 — 110)
HHoIS B - 10 >13 -
22 | % | >6.5 | >6.1 | average (70 — 110)
37 | mm?2 | 375 X30 | 425X30 | -
Measurement results Chip photograph
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Al. CASE STUDY: W-BAND GAN POWER AMPLIFIERS

O|=3: Raytheon — 2011'd (High Gain/Efficiency/Power Versions)
+ 9ol "W-Band GaN Power Amplifier MMICs,"in [EEE MTT-S Int. Microwave Symp. Dig,, Jun. 2011.

S73: 150-nm GaN HEMT (Substrate: SiC, Thickness: 50 pm), f; = - GHz, fyax = - GHz

L ]
b C}

|o

» Power Combiner
Corporate TL power combiner/dividerS Z} t2| &
FSUEZESE 787 ol S8eMELAE R d8 > 2 XS =
=25 £tel . ?EI %yl% g? Clin
High Gain  High Eff. ~ High Pout
SAFO GHz 95 9 91 -
P Cowatt | 13 12 17] -
Hols  dB 21 16 515 -
% | 10 | =20 | 1 | @Paan
37 | mm? 2.5)(1.6_ 25X 0.9‘ 2.9)(1.6‘ -
Vos _ v | 15.0 _ 17.5 | 200 e
Power density | mW/mmz | 330 _ 530 | 366 | -
Measurement results Chip photograph (High gain/efficiency, power versions)
35 @BINE e
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Al. CASE STUDY: W-BAND GAN POWER AMPLIFIERS

3 =: Nanjing Electronic Devices Institute — 20163
o T8 "W-Band MMIC PA With Ultrahigh Power Density in 100-nm AlGaN/GaN Technology,'lIEEE Transactions on Electron
Devices, vol. 63, no. 10, pp. 3882-3886, Oct. 2016.
e 574: 100-nm GaN HEMT (Substrate: SiC, Thickness: - um), fr = - GHz, fyax = - GHz.
» Power Combiner

5 ctol ds H| 1
SXFM== GHz . 90-97 -
-t | dBm | >315 | 32.2 dBm peak power @ 93 GHz
HEo|s  dB | 16.7 | peak small signal gain
2= % | 21 | w/ power gain 13.7 dB @ 93 GHz
37| mm?2 - | .

Measurement results
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Al. CASE STUDY: W-BAND GAN POWER AMPLIFIERS

0| =}: California Institute of Technology — 2018
o +9o1: "A W-Band Spatial Power-Combining Amplifier using GaN MMICs"in 15th European Radar Conference (EuRAD), Sep.
2018.
o 573: 150-nm GaN HEMT (Substrate: SiC, Thickness: 50 um), f; = - GHz, fiax = - GHz
* Power Combiner
Corporate TL power combiner/dividers 2} tH2| &i=5 4l

==
MEHZES S7/ 010 SHUTTAS U/ P8 2O S & > U2 Ky 24, F% 54

8=

0 g 45 O°
SAFOE GHz 94 94 — 97 .
=272 dBm 30 33 wiVpe=14V
X20|S  dB 16" 14 WVoe=10V
peak 2€ % | 15"I 15 | W/ Vps =14V

a7l |mm| - | - ] .

Measurement results Chip photograph
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Al. CASE STUDY: W-BAND GAN POWER AMPLIFIERS

=YU: Fraunhofer Institute for Applied Solid State Physics IAF — 2019
e £%1: "D-Band and G-Band High-Performance GaN Power Amplifier MMICs", IEEE Transactions on Microwave Theory and
Techniques, Vol. 67, No. 12, Dec. 2019.
e 573: 100-nm GaN HEMT (Substrate: SiC, Thickness: 70 um), fr = 100 GHz, fjyax = 300 GHz
* Power Combiner
1:1:2:4 H|29| CiEt 0|0, 3¢ Y 40 staget= EH9] B2 Pz 2
GCPW 1=F AREGI0] CPW 1= [fiH| 22 544 QU|EA g gl d=2X0f Oig =238 &=

25 = g5 Hl2
SAFo GHz  107-148 D-band
SH | dBm | 26-4- @ 120 GHz
deols @8 >25 :
28 | % _ 11.5 _ @ 120 GHz
37| | mm?2 | 7-5‘ -
Measurement results Chip photograph
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Al. CASE STuDY: W-BAND GAN POWER AMPLIFIERS

3= Science and Technology on Monolithic Integrated Circuits and Modules Laboratory-

20204

D
o w2l

: "A W-Band Power Amplifier with Distributed Common-Source GaN HEMT and 4-Way Wilkinson-Lange Combiner

Achieving 6W Output Power and 18% PAE at 95GHZ", Intemnational Solid- State Circuits Conference(ISSCC) Feb, 2020 .
e 57d: 150-nm GaN HEMT (Substrate: -, Thickness: - um), fr = - GHz, fyuax = - GHz
e Power Combiner

1:2:4H|28| Ot A= TR HEHBZ/IE S VIEES &
Wilkinson 2! Lange Z%17|E E85}0] (U= gl =3 ot

g8 ©Y 45 4l
SAFL+  GHz 93-99 2
£3¥E  dBm 37.8 @ 92 GHz
H=EHols  dB 15.3 -
5L % 18.3 @ 95.5 GHz
16.72 .

37| mm2

Measurement results
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