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0.42 THz subharmonic mixer based on 3D precisely modeled diode
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Abstract: A broadband 360 ~440 GHz subharmonic mixer based on Schottky diode designed by UESTC
and fabricated by CETCH3 is presented. Diode modeling is described to simulate the electromagnetic
environment due to geometry-dependent parasitic effects in the extremely high frequency band. The
whole subharmonic mixer is optimized by means of combination of field and circuit in HFSS and ADS.

Measured results show that the sub-harmonic mixer yields minimum conversion loss of 9.99 dB at 406
GHz while the conversion loss was less than 15 dB over 380 GHz to 430 GHz and less than 19 dB o-
ver 360 GHz to 440 GHz when LO power was 6 dBm at 210 GHz.
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Fig. 1 Planar Schottky diodes
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Fig.7 Topology of the 420 GHz sub-harmonic mixer

8
Fig.8 Model of the flip chip diode

flip-¢hip

0.26 mm

0.05 mm

HFSS

ADS

SNP
ADS
3
50 pm
0. 127 mm
0.017 mm  Rogers 5880 K
9
20 mm x 20 mm X 20 mm
10
11 12 8.75 GHz
8 3
X 3 x2x2
x2 %2
K .
210 GHz 6 dBm 380 ~430
GHz 15 dB 360 ~440 GHz
19 dB. 406 GHz
9.99 dB 13

9 420 GHz
Fig.9 Photography of 420 GHz sub-harmonic mixer

Ry 16
Rs . Rs
G
Rs (0 14
Go 1.2.3fF Rs 7.10.15Q
Rs

?1994-2018 China Academic Journal Electronic Publishing House. All rights reserved. http://www.cnki.net



342

37
20
—=—measured
—e—simulated
g 16 [
ke
g
w12+
2
g
@]
8 L
10 : a0 2 44
Fig. 10  Photography of Schottky diode 360 380 00 & &
RFfreq/GHz
13 420 GHz
o —_— Fig. 13 Simulation and measured results of the 420

GHz sub-harmonic mixer

- X BUE S [ 48fzmine
- b)) O
LO
P 8.75 GHz 2R 8
R LN |
g
ERE g
S
11
Fig. 11 Block diagram of the test platform 6 y 3 . .
360 380 400 420 440 460
RFfreq/GHz
12
—=— Rs=7Q
11 —e— Rs=10Q
—— Rs=15Q

12
Fig. 12 Photo of the test platform

o

420 GHz

10 +

Conversion loss/dB
©

8 L
7L
6 . . . .
360 380 400 420 440 460
RFfreq/GHz
14 GO0 123fF Rs 710150

Fig. 14  Simulated results when the Cj0 is 1 2 3 fF
and Rs is 7 10 15 Q

9.99 dB



3D

0.42 THz 343

References

SIEGEL P H. Terahertz technology J . IEEE Transactions
on Microwave Theory and Techniques 2002 50(3): 910-
928.

HOSAKO Iwao SEKINE Norihiko PATRASHIN Mikhail
et al. At the dawn of a new era in terahertz technology J .
Proceedings of IEEE 2007 95(8) :16114623.

GAIDISM C PICKETTHM SMITH CD et al. A2.5
THz receiver front end for spaceborne applications J .
IEEE Transactions on Microwave Theory and Techniques
2000 48(4):733739.

BULCHA BT KURTZDS GROPPI C et al. THz Schot-
tky diode harmonic mixers for QCL phasedocking C .2013
38th International Conference on Infrared Millimeter and
Terahertz Waves ( IRMMW-THz) Mainz 2013:1-=2.
HESLER J L HUI Kai HE Song ef al. A fixed-tuned 400
GHz subharmonic mixer using planar schottky diodes C .
Tenth International Symposium on Space Terahertz Technol-
ogy 1999:95-99.

ALIJABBARI N BAUWENS M WEIKLE R. Design and
characterization of integrated submillimeter wave quasi-verti—
cal schottky diodes J . IEEE Transactions on Terahertz Sci—
ence and Technology 2015 5(1):73-80.

MEHDI I SILESJV LEE C et al. THz Diode Technolo—
gy. Status Prospects and Applications J .
of the IEEE 2017 105(6) :9904007.
CHEN Zhe ZHANG Bo FAN Yong et al. Design of a low
noise 190240 GHz subharmonic mixer based on 3D geomet—
ric modeling of Schottky diodes and CAD load-pull tech—
. IEICE Electronics Express 2016 13(16):

Proceedings

niques J

10

11

12

14

15

16

20160604.
HESLER J L. XUH RECK T. Development and testing of
a 2.5 THz Schottky mixer C  Infrared Millimeter and
Terahertz Waves ( IRMMW-THz) 2011 36th International
Conference on IEEE 2011: 1-2.

YHLAND Klas. Simplified Analysis of Resistive Mixers

J . IEEE Microwave and Wireless Components Letters

2007 17(8) : 604-606.

CHEN Zhe ZHANG Bo ZHANG Yong et al. 220GHz
outdoor wireless communication system based on a Schott—
ky-diode transceiver ] IEICE  Electronics Express
2016 13(9): 20160282.
TANG Aik Yean STAKE Jan
and crowding effects on high4requency losses in planar
Schottky diodes J . IEEE Transactions on Eleciron De—
vices 2011 58( 10) : 3260-3269.
XU H SCHOENTHAL G LIU L
and Canceling Parasitic Capacitance in Submillimeter—
Wave Planar Schottky Diodes J . IEEE Microwave and
Wireless Components Letters 2009 19( 12) : 807-809.
TSENG Y C BOKOR J. Characterization of the junction
capacitance of metal-semiconductor
Schottky contacts J . Applied Physics Letters
(1):013103-0131033.
DAHLBERG K. Development of on-wafer calibration meth—
ods and planar Schottky diode characterisation at THz fre—
quencies D . Helsinki: Aalto University 2014.
MAESTRINI A WARD J S GILL J J et al. A 540-
640GHz high-efficiency four-anode frequency tripler J .

Impact of eddy currents

et al. On Estimating

nanotube

2010 96

carbon

IEEE Transactions on Microwave Theory and Techniques

2005 53(9): 2835-2843.



