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High efficiency 170 GHz balanced Schottky diode frequency doubler
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Abstract: The output power of terahertz resource is a critical parameter to limit the long range
application of terahertz technology. To accomplish the high efficiency terahertz multiplier, two high-
efficiency 170 GHz balanced doublers were built using the two planar Schottky diodes with diverse
electrical specification. The employed equal circuit diode model, based on the developed high-frequency
characteristic modeling, considered the IV characteristics, the limits drift velocity saturation of carries, DC
series resistance and skin effect simultaneously. From the comparison and analysis of the simulated data,
the impact of diode electrical parameter on the doubler performance was discussed. Test data show that
the two 170 GHz balanced doublers show 11% and 24% highest efficiency respectively, 15 mW and
25 mW output power correspondingly across a 155-178 GHz band. As shown in measured result, the
employed Schottky diode modeling and balance structure is suitable option to design high efficiency
terahertz multiplier.
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Fig.1 Model of Schottky diode
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Fig.2 3D simulated structure model of planar Schottky diode
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Tab.1 Main physical structure parameters of

planar Schottky diode

Parameters Thickness/pm
Anode 1
Si0, 0.6
Epitaxial layer 0.3
N+ buffer layer 8
GaAs substrate 1.5
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Tab.2 Illustration of each component parameter

in the diode electric model

Parameters Function
1-V features analysis of diode
I(V) under the forward and reverse

breakdown state

CV features analysis of diode
C(V) under the forward and reverse
bias condition
R
Simulation plasma resonance
phenomenon under the high
frequency characteristics
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Inertial inductance L,

Skin effect impedance Z Simulate the skin effect
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Ohm-—contact resistance Z. R
resistance

XA E R RS, EIERIE VR
T 3 KTq BIZ&1F T A4 1=V Rtk al i Bl ot

V-IR,
=1, e

g JR}}z
exp kT (V=IR)) |-1 | =1,

heAARST T | @)

Kb R AL g S 1.6x107°C;
n IR s k R 2% = W A(1.37Tx102 J/K) s T R
4 XTI BE 5 A Ay BEA TRDBR 5 A Sy AR A B A 1R b R
B b WHRBEEE

RS A AN 2 T AR 2 Y T B B A R
Ak PRSI E J2 L B ELAT — R AR . S T TR
O3 HT, 2 AR L M W A E 2 r B R e A

Tepi Lepi
Re: epi = epi 3
" 0gtA qrAc Pt N ©

1 ANIE R B JRESE ;A SR FIAR TR ; o S A1 AEE
JERTIERAR,

TERHR 2% e R T, AR AE A BB H B 5
EoI R = A S (R il SR R0 05 VR 2
TS T 20 MU RSN PR 520 4 by EARASURS P 1
i P EL ) 1 A8 I — AN A2 2R i S B TR, ] 1(b)
IR o AR OB R ANIE SR A BHL R (VA2 HL 2
C, AV LR L 0 R AR TR BRI R 1 A
AR S R P H 5 RS IR W) IO P R RS RO
REAS L LR A st O f, A, AR P R R
PR f A K

0120003-3



bk AR

www.irla.cn

% 46 %

%14
1 o ,_1 q
ﬁ—2 *,fs—zf = (4)
e Tom g
Crpt— L=fa (5)
Repia)d Wy

AT, gL T AT 5 o, B TR 0 R A
BTG L & AP AR A LR

i3 A (D) ~(2) G2 T A A5 3 iy A
1=V 2B, AT I A H S, 1, R
dyo T 1(b) BT 7 HL S A AL 7 B HLBH. Ropi, 7 55 HEL
A Cy MBPE IR L 5 T 4R A R A =
o s 2k e, 25 X AR R 3 s iy
S TET P AR A R A A 5 2 B ] I 2 i TR
K (3)~(5) 7 it 5 ] LAAS 2 AH I 2 BO8UE

RITHEHBE-REBELMTHSHY
Tab.3 Relative matrial parameters of planar

Schottky diode

Parameter Value
Diode A anode size/pm?’ 6.6
Diode B anode size/pm? 28.2
Electron mobility w,/m?:(V-s)™! 8000x10™*

Electronic effective mass me /kg 0.063x9.109 5x107*

Conductivity o/F-m™ 0.113x107"
Doping concentration Ng/cm™ 10"
GaAs g, 12.9
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Tab.4 Extracted value of Schottky diode parameter

Diode Barrier Saturation Series Junction
tvpe height V, current [, resistance fator capacitance
P N /A RIQ T CufF
A 0.76 6.6e—15 7.6 1.12 9.8
0.6 50e-15 5 1.21 30
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Fig.3 Simulated and measured diode /-V line
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Fig.4 Topology structure of 170 GHz doubler
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Tab.5 Comparison of the two terahertz doubler

simulated result

3dB
Opt i t/output C i
Diode P . Hnput/outpu Viius! V 0}/ e.rswn bandwidth
impedance efficiency
/GHz
A 60+73j/10-30j -1.4 15% 23
B 83+107j/ 38-14j -8 35% 18
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Fig.6 Main structure parameters of doubler A
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Tab.6 Doubler performance comparison

Work Output power Conversion

frequency/GHz /mW efficiency

[3]doubler 160-186 10-15 15-25%
[4]doubler 177-202 3-10 6—-10%
[6]doubler 213-230 10-15 4-5%
[9]doubler 190-225 5-8 6-9%
This paper 152-176 7-14 5-11%
160-178 5-25 10-24%
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