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75 ~ 110 GHz wideband frequency tripler chip based on planar
schottky diode
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Abstract: Based on the GaAs planar Schottky diode process, a W band wideband frequency tripler MMIC is designed
with a reverse parallel diode pair. By combining the finite element method and equivalent circuit method, an accurate
equivalent circuit model of the planar Schottky diode is built in the frequency range of 10~280 GHz. The nonlinear har-
monic balance tool is utilized to achieve the optimal frequency tripler design in the W band. The measurement results
show that the frequency multiplication loss is less than 15 dB under 17 dBm driving power, and efficiency up to 6. 7%.

The chip size is 0. 80 mmx0. 65 mmx0. 05 mm.

Key words: planar Schottky diode, reverse parallel diode pair, frequency multiplier design
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Fig. 1 EM model of planar Schottky diode
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Fig. 2 Model of diode without air bridge: (a) EM model; (b)

equivalent circuit model
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Fig. 3 Equivalent circuit model and EM model simulation re-

sults of diode structure without air bridge
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Fig. 4 Model of diode with short circuit structure: (a) EM

model; (b) equivalent circuit model
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Fig. 5 Equivalent circuit model and EM model simulation re-

sults of diode with short circuit structure
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Fig. 6 Model of diode with open circuit structure: (a) EM

model; (b) equivalent circuit model
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Table 1 Typical intrinsic parameters of Schottky di-

odes (anode diameter of 2 pm)
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lent circuit model: (a) EM model; (b) equivalent circuit model
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test comparison curve

Schottky diode DC and capacitance simulation and
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Fig. 10 (a) Diagram of balanced frequency tripler structure;
(b) layout design

3.0 T T T T T T T T T T T
2.5 A T
2.0 1 4
~
2 15 y
n ——/\
>
1.0 7
0.5 B
0.0 T T T T T T T T T T T
75 78 81 84 87 90 93 96 99 102 106 108 111
f/GHz
(a)
-4 T T T T T T T T T T T
-64 i
@ -8 1
=
=
g -107 _
<
o0
@
b -14 i
g
@
© -16 B
.18 i
-20
T T T T T T T T T T T
75 78 81 84 87 90 93 96 99 102 106 108 111
f/GHz
(b)

B =AM BAE R« (a) BRI LL 5 (b) Sl 17
Fig. 11  Frequency tripler simulation results: (a) VSWR; (b)

conversion gain

12 A A
Fig. 12 Photograph of chip

WA B N A5 L5 FE e/ Ry 11, 8 dB@RFINfreq=
27 GHz, H.17 dBm I I tH B AL 52, S K i
YR A 5. 2 dBm, fis ABEIE<1. 4,

F2EGE T WP B AT AT T I,



6 1 M Ho A5 LTI AR A 1 75 ~ 110 GHz 587 = f5Al e A 773

FFOE R
2537 GHz I 2.4 555
[ ThEETBOR AR mm Bk ®
2.4 [mm §§

KEME |24 | ypigis [
AR mm e

K13 ISR GRER
Fig. 13 Diagram of the test system

3-0 T T T T T T T T | T T
2.5 E
2.0 B
&~
3 1.5 | =
n
> M
1.0 B
0.5 _
0.0
T T T  } T T T T T T T
75 78 81 84 87 90 93 96 99 102 106 108 111
fIGHz
(a)
-4 T T T T T  § T T T T T
6 i
—— 15dBm
s ——17dBm
a8 i
=
£ 10 i
[
o0
= -12 4 -
2
4
£ _w
>
g
< -16 B
.18 | i
-20
T T T T T T T T T T T
75 78 81 84 87 90 93 96 99 102 106 108 111
fIGHz
(b)

K14 AE b2 : (a) S0 LG (b) FEl 45
Fig. 14 On-chip test curve:(a) VSWR;(b) conversion gain

M AT LA 2 M) A B e i 5 S B =
FE A AR P LUK B B £, A5 B AR D 14 dB, 1553
R LUK E 6. 7%

R2 ZEm=SHFIERL R
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