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Design of the 450 GHz sub-harmonic mixer based on Schottky diode
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Abstract: To realize remote sensing at sub-millimeter wavelengths, a 450 GHz sub-harmonic mixer was studied. An
anti-parallel pair of Schottky diodes is the key component in the mixer. The length of the diodes is 74 pm, and the cut-
off frequency of diodes is up to 8 THz. The suspended microstrip matching circuit was built on quartz, and the metal
block was cut into two halves. The diode embedding impedance was calculated. The diode package and the matching
circuit were integrated in the mixer model. The predicted single side band ( SSB) conversion loss is 8. 0 dB, with
4 mW of local oscillator power. Measured results indicate that the lowest measured SSB conversion loss is 14.0 dB,
with 5 mW of local oscillator power. The loss is below 17.0 dB in the band from 433 ~451 GHz, with a 3 dB band-
width of 18 GHz.
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Fig.1 Schematic diagram of the sub-harmonic mixer
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Fig.2 Model of the sub-harmonic mixer, (a) Circuit model
and (b) Cavity model
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Fig.4 (a) Electromagnetic model and (b) S,, and S|,
for the diode package
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Fig.6 (a) Electromagnetic model, (b) S; and S,,,
and (c) S;, and S,, for the LO three-port network
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Fig. 7 Simulated performance of the mixer.
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conversion loss versus RF frequency ( fi, =
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Fig.8 Photos of the mixer, (a) the module and
(b) Quartz-based circuit
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Fig.9 Measured results of the mixer, (a) View of
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FERYAEAL. S5 RN 10 Fron, RoF 8w 22 3 80T
ARG A, 7 B 19 i 22 3 20 T BRI B 72 R

20
18 |
16 |

—_ =
S
T T

Conversion loss/dB
=

FHAEAERY
w— GEJERR20 pm
—o— (VB 10 pm
M| —=— SRR K20 um, A B f 10 um

-PO [N I e e -]
T T T

20 430 440 450 460 470 480
Frequency/GHz

K10 IR A& A2 200 TR 22 52w i) 5 ELAE AR, $30
A AE AR A5 FE B 5 A R 1 22 4K ((fo = 224 GHz,
P, =4 mW)

Fig. 10 Simulated performance of the mixer suffered
from errors. SSB conversion loss versus RF frequency
((fio =224 GHz, P, =4 mW)



306 gih 5 =2 K% R 34 %

AN B 22 Y SE R R R, 23 T B R K
3 dB A SE /. D5 BAS R UL 1O T RS g
22 A 22 % 450 GHz 8 531 A% 1 B8 14 3% i Al
WA A2 N — YA T Ap, A 2R AR 5 94 3 R 1Y
R RE A A8 22 B RS BE s BB R — AP IR
TR AR (1 22 A FE

5 #Hig

RSO T — Xt B ) FFBCAY H Rk AR, R
R R R G S 45 3 M B D5 8, B T 450 GHz 1Y)
TUOETERAS . BB AR A BEAR A B
WU FE Jy 6.0 dB, AR5 % & AR E B X
THICBC L %, 15 B3R 4% 1) 05 B3 #E 9 8. 0 dB. £
JE A AN, TR A3 B B FE S 14. 0 dB.
T T — R BRI R, AT AR5 B
B . T Tk SRR 2R, O R — IR A
R TS

References

[1]XU Zheng-Bin, QIAN Cheng, DOU Wen-Bin, et al. Design
of a W-band sub-harmonic mixer by employing microstrip
technology[ J]. J. Infrared Millim. Wave (Vf1IEMW , &V,
FEOOR, 4. T AR M W I B R S I TR A A 5
It M SRR FEHR) 2013, 32(3) : 242 -247.

[2]AN Da-Wei, YU Wei-Hua, LV Xin. Design and fabrication
of a 2 mm-band sub-harmonic mixer based on quartz[ J].
J. Infrared Millim. Wave( % KAf, TH%E, B . T4
UL I R B ORI IR AR R B AT £05h
5ZKiEEH#)2011, 30(1) ; 33 —37.

[3]WANG Cheng, DENG Xian-Jin, XIAO Shi-Wei. 140 GHz
sub-harmonic mixer based on Schottky diode[J]. INFOR-
MATION AND ELECTRONIC ENGINEERING ( F J, B 5%
HE, E A T R R RE Y 140 GHz YRS I TR A
R EESBEFIR)2011, 9(6): 713 -717.

[4]Yao Chang-Fei, Zhou Ming, Luo Yun-Sheng, et al. Milli-
meter-wave fixed-tuned subharmonic mixers with planar
Schottky diodes[ J]. Journal of semiconductors, 2012, 33
(11) . 115007.

[5]Yao Chang-Fei, Zhou Ming, Luo Yun-Sheng, et al. Devel-
opment of terahertz frequency solid state multiply sources
and sensors with Schottky barrier diodes[J]. ACTA ELEC-
TRONICA SINICA( Wk %, AW, B isA: 4. BE T M e Bt
g T BB EE [ ZS A IR A A SR . B
$2)2013, 41(3) ; 438 —443.

[6] ZHANG Bo, CHEN Zhe, FAN Yong. 220 GHz sub-har-
monic mixer[ J]. Journal of University of Electronic Science
and Technology of China (5K, B4 , B 5. 220 GHz 43i
BRI SY. BFREE K FFH) 2012, 41(3): 397 -
400.

[7] WALIWANDER T, CROWLEY M, FEHILLY M, et al.
Sub-millimeter wave 183 GHz and 366 GHz MMIC mem-
brane sub-harmonic mixers[ C]. Microwave Symposium Di-
gest(MTT), 2011 IEEE MTT-S International, Baltimore,
MD, USA, 2011, 1-4.

[8] TREUTTEL J, THOMAS B, MAESTRINI A, et al. A
380 GHz sub-harmonic mixer using MMIC foundry based
schottky diodes transferred onto quartz substrate[ C]. Pro-
ceedings of the 20th International Symposium on Space Ter-
ahertz Technology. Charlottesville, VA, USA, 2009, 251 —
254.

[9]THOMAS B, MAESTRINI A, MATHESON D. Design of an
874 GHz biasable sub-harmonic mixer based on MMIC
membrane planar schottky diodes[ C]. Infrared, Millimeter
and Terahertz Waves (IRMMW-THz ), 33rd International
Conference on, Pasadena, CA, USA, 2008. 140 —144.

[ 10]MADJAR A. A novel general approach for the optimum de-
sign of microwave and millimeter wave subharmonic mixers

[J]. Microwave Theory and Techniques, IEEE Transac-
tions on. 1996, 44(11) : 1997 —2000.

[11] COHN M, DEGENFORD, JAMES E, et al. Harmonic
mixing with an antiparallel diode pair[ J]. Microwave The-
ory and Techniques, IEEE Transactions on. 1975, 23(8) .
667 —673.

[12] MASS S A. Microwave mixers [ M |.
House, 1993 11 —24.

London: Artech





