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200 GHz doubler based on GaN Schottky diodes
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(School of Electronic Science and Engineering, University of Electronic Science and Technology of China,

Chengdu Sichuan 611731, China)

Abstract: A high—power frequency doubler at 200 GHz has been designed and implemented bhased
on GaN Schottky diodes. This frequency doubler replaces traditional GaAs Schottky diodes with high—
power—capacity Gallium Nitride(GaN) Schottky diodes and combines them with Aluminum Nitride(AIN)
substrates, which have high thermal conductivity, significantly enhancing the heat dissipation and output
power of the doubler. A suspended microstrip—waveguide transition structure with a wedge—shaped
membrane is employed, which realizes mode conversion and codirectional input and output by inserting a
wedge—shaped membrane into the standard rectangular waveguide, achieving miniaturization of the
frequency doubler. Considering the impact of temperature on diode operation, the traditional diode model
is modified, and electro—thermal coupled simulations are performed. Actual test resulis indicate that
under 500 mW continuous—wave input, the doubler outputs more than 20 mW in the frequency range of
190~220 GHz and achieves a maximum output power of 36 mW at 218 GHz, with a conversion efficiency
of 7.2%.
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Tablel Comparison of substrate material properties

material dielectric constant thermal conductivity/(W +m™' -+ K"
AIN 8.8 170.0

quartz 3.8 1.4

GaAs 12.9 46.0
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Fig.2 Block diagram of the 200 GHz doubler
2 200 GHz _AFHias AR BT

Ll SRERERERR -

M Iz s S R A R, DRI R R R A A
A0 e a0, R O R Y = 4R AR N ] 3 s
Ry S T R R A R, AR SCR HROBH B R 46 DT I s AT :
e AR A BH B0 RD S B R BHBT A BRI BRI Y A A
FHHL R (45-15)) Q, HetEf H BHBT M (55-27)) Q. /

1.2 W 8B4t -

X |

A 8 A8 W 1 A ok 9 Oy S A S R O 1) 2 TR e &
B, 7ESEBR A A R 5 8 LY T A R, Ry iR Fig.3 SBD and cavity model
BB A TR, AR SR ) — A AT B I M 9 B 5 5 3 =B R
B O, K 4 s . BT EIE SR A s A, T
R 5 52T 2 o B B 0 TE | ey
L4, (A A R, AR T A A N B Pl N
BV i U U B R H R 2R 0T 3B iR B JT (Compact Eﬂ \\
Microstrip Resonating Cell, CMRC)JEJ; B, WA S frw . suspended microstrip
P RO 7 R A R R BCHY R A i edsehapedmesnide menbrine
REM 7 220 5 v L B K KL T RS SR Fig.4 Schema?ic diagram of wedge-shaped membrane

conversion structure

WM, LA SRS 2# G5 RS mE R Pl 4 S BRI R e M % 2



46 AFEMESRFERFR %23 %

R, AMAEERKE.
iy AR 38 3 9 Sl e S B 11 BELT A VEE o A 3 o 3 O T 0 O AR AT 2 200 GHz AR B A9 B AR A
L 6 s

0 .
——5(1,1)
——502,1)
,20 - - 7\\\ w, —
: 2
: -8 =] -
2 S ; - A=y Ty <
f‘___ swire bonding
40 4 4 b
BT Te -
~60 M— ] Fig.6 Structure of 200 GHz frequency doubler
6 200 GHz _fEHian e phstit

1 1 1 L L
160 180 200 220 240 260 280
fIGHz

Fig.5 CMRC filter circuit and simulation results
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Fig.8 Simulation results of 200 GHz frequency doubler Fig.9 Simulation results at different voltages
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Fig.10 200 GHz frequency doubler Fig.11 Test link of 200 GHz frequency doubler
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Fig.12 Test results of 200 GHz frequency doubler
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Table2 Comparison of performance of frequency multiplier in the same frequency band

references frequency multiplication coefficient fIGHz input power/mW output power/mW SBD type
[6] x2 140~220 5.0 32 GaAs
[7] x2 140~220 31.9 3.8 GaAs
[8] x2 190~220 300.0 31.8 GaN
[5] x2 204~218 900.0 87.0 GaN
this article x2 190~220 500.0 36.0 GaN
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