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W-band Driver and Power Amplifiers in 0.1 pm GaAs pHEMT Process
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Abstract

This paper presents the design and fabrication of the 2-stage driver amplifier and 3-stage power amplifier MMICs(Monolithic
Microwave Integrated Circuits) for the transmitter modules of W-band military and commercial systems using 0.1 pum GaAs pHEMT
process. The stabilization circuits were utilized in the gate and drain bias circuits and the impedance matching circuits were
effectively implemented using RF pads for the compactness of the chip. The two-stage driver amplifier exhibited a linear gain of
more than 9 dB and an output return loss of more than 10 dB from 92 to 98 GHz. The three-stage power amplifier had a linear
gain of 12~13.6 dB and an output power of about 19 dBm from 90 to 98 GHz. The fabricated driver and power amplifier MMICs
occupy 1x1 mm?® and 1x1.5 mm? including RF pads and DC pads.
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2. MMIC design
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2.1 Stabilization circuit
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Fig. 1 Maximum available gain(MAG) and stability factor(K) of the 2x50 um
and 4x50 pm transistors (Vgs=—0.45 V, Vps=3.5 V and Ips=180
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Fig. 2 Stabilization bias circuit of the W-band pHEMT
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Fig. 3 Variation of maximum available gain(MAG) and stability factor(K) of the
2x50 pm transistor with the addition of stabilization elements (Vgs=—0.45
V, Vps=3.5 V and Ips=180 mA/mm)

2.2 W—band driver amplifier
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Table 1 Design specifications of the W-band driver amplifier and power amplifier

Items DriYer Po“./er
amplifier amplifier
Frequency [GHz] 90~98
Linear gain [dB] = 10 =15
Return loss [dB] > 15 > 10
Output power [dBm] = 18 = 20
Drain voltage [V] 35
Size [mm’] 1.0 | 15

Y 4% 17 29] ebyst szt AdE 255
m EAA2E|Q] o] 5t REF W hAE
S HojZr2021] 1Y 49] 0|59, REE U £AE 7
L Vpe=3.5 V, Ipsi=18 mA, Ipg=36 mA2] HFo]oj 2 27

AsYE|glon, & 9 AAFO| =31 X(contour) 1H-L2 16

dBm?| 1 o] I7FE S o] Afolrk 17 42] GA-

0 um 2 4x50
A

Edold 2

=

o

H
[
>

o & i

KIEE



838 The Transactions of the Korean Institute of Electrical Engineers, vol, 72, no. 7, pp. 836~842, July, 2023

circle 94 GHzolld Eix| 28 9] a7t 5o e =3l TE 5719 o5 ¥ AP HEE fJste] A wiA T
0 0] oj55 THOR FU o5 dilkE VM= a2 F Zsi % Z1,3 ERALE O JEY WA Agee] Bag)
AuE s A5 ek GPcircle> 54 0155 7B # (S11*, S22%)0] AFEE o] JuEA(1y 49 opt
st EEs AHE FAIBRL Qlr 2x50 pm EGHA|AE Q) impedance) S A7 YudAg AASIGCH2]. F WA T

GA-circle 41712 7.33—j13.75 Q, GP-circle®] =414

= 4x50 pm EMAAE] Q] AA-F H|H 0] GA-circle] H| A7} 3
A Zs 3} Fat oA 7, 2

= A T2 A ¢Fo} GA-circled} ZHEE= AA
1/]’ [e]

12.56+j8.45 Q) o]u, £ <] = AL A|zoz
88~100 GHzof|A] & o]5 A W Ha} dujEi F&S: s AAHE Usks 2220 o]=Q RTF 2 glo] A
]4.] . 3L -] =]
FHT E Quuag slzom Ak
I T T = =
o T Y St HAE 29 T 55719 IRwg mAskgon,
Normalized impedance = 50 Q - = - B . _
e N ol 29oke 919 RF =2 w43 A4 9pe
Li 5 =
e 56 T00 G Stk = FYol SAITH ZRuel YRS Dol
eq : 88~ z
“tZsy =€ S,F = 37]9] Hut BREO JiHk AE|H(open stub)Z 3451
“m . =6 Syt 5 O3 5
il e o g HAole] Qo] Bast vokE(via holgat HEH R
1 ofo] 744, AP =} Az Aol 1ML AESof 2%t
| Circle |
_ -
freq - 94 GHz A E3F dofubA] fb= WHflolA AAREA dY " =
cotous step =038 o 4 828 A P%Pﬂ A 4 =S QT
x50 um GA-circle -
o 2%50 um GP-ciele zREgon 2% Az Me) 271 19 o] ekl upel
----------- 4%50 um_GA-circle Zro] 1x1 mn? o]tk
—— 4x50 um_load-circle
4x50 um_source-circle
a8 4 2x50 um EMXIAE2| 0|5—2 2 4X50 um EMX|AES| RE-E/A
A—F AEzlo|Md Zat
Fig. 4 Simulation results for the gain-circles of the 2x50 um transistor and the
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3. MMIC measurement

5 257] 9 A F37]) MMICE Zzlo] Slo] A
24 2o BAB O, AT A%t A5 o] WAS
Alst7] $15te] DC 9=} DC Hpofoj2 ZQE Apo]o] Alo]
9 £l vholol slzo] 10 w3 100 pFe] FHI% il
E(single layer capacitor, SLC)E HEZ Hx|3}o] 2lo]ojlt]
og Oqﬁél—oﬂi 10 uF Bk ZHiAlE| 2 PCB 9jo] 27}}o]
e AsIATH25] Fol BE2el 4 &L 9Jsle] PCB
Tholli= heat sinkE 213+ Al jigE wi|5F3ich

smiejule 24 & goln Zen Alaw g
(extender) LES ARE3Io] APEQlom, A
LEI sy YAE Bete] nFT vA
ATH26,27].

9 9= Vps=3.5 V, Ipgi=20 mA, Ips;=40 mA 2] HfoJo]A Z
oA 2t -5 535719 S-uehn|e 54 Ay Aol
Ao} vlastar gtk o5 92~94 GHzoflA ©F 9.5 dB7} =
FE L 90~98 GHz FufoflA] 9 dB of9] o]5= ghi

m 12 =2

O

3k

OZi

-“L]f

J1N' »

o
o —l>

S}
£

>

4

L?u
JlN'
_o|l"

4 VE ol7lslch 18 102 Vps4 V, Ipg=19 mA, Ips=36
psi=70 mA2] HFolo]A ZAA 3Tk AE 27| 9] S-u}
stue] 24 Ans Agdold Aze} wlasidrk 90~98
GHzolA] 12~13.6 dBS] o]5o] 2= glal xﬁﬂx%gi 3 dB
o|j9] o|E dslyt BNt &8 HIAF Al
Aol ke 74Aw oF 4 GHz9| Futp ANSF 5@% Eﬁq_

%

10—

=]

(o]

|

T

v
—_
(=]

@
=) =
B 6 L20 v
~ ~
2 ™
Q D
n —_

o
4 - L.30 @

—o— S(2,1)_simul —=—S(2,1)_meas
{ ——S(1,1)_simul —e—S(1,1)_meas
—v—S5(2,2) simul —»— S(2,2) meas
R e e SIS I -40
75 80 85 90 95 100 105 110

Frequency [GHz]

a2 9wl 71§ S27| s-uiztale] AlZgold X &Y Zat Hlu
Fig. 9 Comparison of the simulated and measured S-parameter results of the
W-band driver amplifier

—o—§(2,1)_simul —o—S(1,1)_simul —— S§(2,2)_simul
—=—S5(2,1) meas —e— S(1,1) meas —&— S(2,2) meas

0
-5
=z
o z
= L-10
= ~
o )
) —
o
L-15 @
0 T T T T T T T T T T T T T -20

75 80 85 90 95 100 105 110
Frequency [GHz]
T2 10 W-iie x3 3E7| s-aiztole| AlZ2olMd ¥ &% Zat Hlw

Fig. 10 Comparison of the simulated and measured S-parameter results of the
W-band power amplifier

KIEE



840 The Transactions of the Korean Institute of Electrical Engineers, vol, 72, no. 7, pp. 836~842, July, 2023
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Table 2 Comparison of our work and the previously published W-band power amplifier results

Frequenc Power Gain Output power Chip size
References U v S PAE [%] = 2 Process
[GHz] [dB] [dBm] [mm]
[28] 84~103 15 21.5 N.A. 2 0.1 pm GaAs pHEMT
[29] 75~110 16.5 15.5 9.6 5 0.1 pm GaAs pHEMT
[30] 90 14.5 26 3.7 5 0.1 pm GaN HEMT
[31] 93 ~95 7.5 25 N.A. 3.7 0.1 pm GaAs pHEMT
. 92~94 9 18 15.6 1
This work 0.1 pm GaAs pHEMT
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Fig. 11 Measured output power(P,,) and power gain(G,) of the W-band driver
amplifier MMIC
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4. Conclusion
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