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High sensitivity terahertz detectors based on the InP/InGaAs Schottky Barrier Diodes

ZHOU Jingtao, JIN Zhi", SU Yongho, SHI Jingyuan, DING Wuchang, ZHANG Dayong, YANG Feng, LIU Tong

(Institute of Microelectronics, Chinese Academy of Sciences, Beijing 100029, China)

Abstract: InP/InGaAs Schottky Barrier Diodes(SBDs) detectors, due to their high electron mobility
and low barrier material characteristics, have a very high voltage response sensitivity and are widely
used in highly sensitive terahertz wave detection technology. To further reduce device parasitic effects
and enhance its high—frequency performance, a novel structure of substrate—free single—-mesa T—junction
Schottky device is proposed, with a cutoff frequency of 9.5 THz. Based on the novel structure of InP/
InGaAs Schottky device technology, terahertz detector modules for multiple frequency bands such as
220~330 GHz, 30~500 GHz, 400~600 GHz, and 500~750 GHz have been developed. Compared with the
detectors of the same frequency band from VDI Company in the United States, the detection sensitivity
and other indicators are similar, indicating that the device has a promising application prospect in
terahertz security imaging.
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Fig.1 Diagram of the epitaxial structure of InP/InGaAs 54800 1.5kV 31.9 mm x3.00 K SE(L)
terahertz Schottky devices Fig.2 Diagram of InP/InGaAs terahertz Schottky device air bridge structure
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Fig.3 Diagram of T-type Schottky junction
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Fig.4 Diagram of substrate—free single-mesa T-junction Schottky device
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Tablel The intrinsic factors of InP/InGaAs Schottky diodes

NO. type anode diameter/pum  series resistance/Q2  junction capacitance/fF cut—off frequency/THz
1 T-type 0.3 96.0 0.15 9.5
2 traditional 1.0 6.2 3.60 44
3 traditional 2.0 33 14.00 34
4 traditional 3.0 2.5 29.40 22
5 traditional 4.0 2.1 47.00 1.6
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Fig.7 Picture of an active terahertz imaging system

K7 EhAOR 3 R RG]



EeRl B&iE%: ETFInP/InGaAs HEEZRENS RBKMHZEZRNES 43
3 &g

A SCHE W T — A oA A T RSSO B AR 0 R AR R, AR 20 9.5 THz, KR T R AU S5 1
InP/InGaAs 14 #5 5L 88 45 A, WFH T 220~330 GHz . 325~500 GHz. 400~600 GHz il 500~750 GHz %5 25 ## EX (1) K ik
2z A M S AL, Horh 220~330 GHz M B Rk 24 A6 I 25 A5 B 55 36 [ VDT 23 ) 1 [) 450 B4 ) i A B AT 1, A ) 3R gl 32
SEFEBRART o % A 1 AE ROb 2% 22 K UG b B AR B 1 1 T 5 .

SE Lk
[1] AR BRES R AR | s R bR 22 B2 i 5 T 200 Bis 24k, 2023,39(5):1-18. (HONG Wei,CHEN Zhe,ZHOU Peigen,

et al. Millimeter wave and terahertz integrated circuits and processes[J]. Journal of Microwaves, 2023,39(5):1-18.)

[2] Sleeskds . S5 2 K I TR R 3 gk R [0]. Tk 24 4R, 2023,39(5):92-98. (MA Kaixue,ZHANG Lei. New advances in RF
and millimeter wave power amplifiers[J]. Journal of Microwaves, 2023,39(5):92-98.) doi:10.14183/j.cnki.1005-6122.202305011.

[3] LIU L,HESLER J L,XU H Y,et al. A broadband quasi-optical terahertz detector utilizing a zero bias Schottky diode[]J]. IEEE
Microwave and Wireless Components Letters, 2010,20(9):504-506. doi:10.1109/LMWC.2010.2055553.

[4] SEMENOV A, COJOCARI O, HUBERS H W, et al. Application of zero—bias quasi—optical Schottky—diode detectors for
monitoring short—pulse and weak terahertz radiation[J]. IEEE Electron Device Letters, 2010,31(7):674-676. doi:10.1109/LED.
2010.2048192.

[5]1 SILESJ V,GRAJAL J,DI-CARLO A. Design of submillimeter Schottky mixers under flat—band conditions using an improved
drift—diffusion model[J]. IEEE Microwave and Wireless Components Letters, 2009,19(3): 167-169. doi: 10.1109/LMWC.2009.
2013741.

[6] THOMAS B,MAESTRINI A,GILL J,et al. A broadband 835~900 GHz fundamental balanced mixer based on monolithic GaAs
membrane Schottky diodes[]J]. IEEE Transactions on Microwave Theory and Techniques, 2010(58): 1917-1924. doi: 10.1109/
TMTT.2010.2050181.

[7] CHATTOPADHYAY G. Technology, capabilities, and performance of low power terahertz sources[J]. IEEE Transactions on
Terahertz Science and Technology, 2011,1(1):33-53. doi:10.1109/TTHZ.2011.2159561.

[8] LEE C,WARD J,LIN R,et al. A wafer—level diamond bonding process to improve power handling capability of submillimeter—
wave Schottky diode frequency multiplies[C]// 2009 IEEE MTT-S International Microwave Symposium Digest. Boston,MA,USA:
IEEE, 2009:957-960. doi:10.1109/MWSYM.2009.5165857.

[9] GRIFFITHS P R,HOMES C C. Instrumentation for far—infrared spectroscopy[EB/OL]. Handbook of Vibrational Spectroscopy
(2006-08-15). https://onlinelibrary.wiley.com/doi/abs/10.1002/0470027320.s0207. doi:10.1002/0470027320.50207.

[10] SZE S M. Physics of semiconductor devices[M]. 2nd ed. New York:John—-Wiley & Sons, 1981.

[11] ZHOU Jingtao,GE Ji,YANG Chengyue,et al. Planar InP-based Schottky barrier diodes for terahertz applications[J]. Journal of
Semiconductors, 2013,4(6):064003. doi:10.1088/1674-4926/34/6/064003.

[12] LIU Xiaoyu,ZHANG Yong, XIA Dejiao, et al. A high—sensitivity terahertz detector based on a low—barrier Schottky diode[J].
Chinese Physics Letters, 2017,34(7):070701. doi:10.1088/0256-307X/34/7/070701.

[13] REN Tianhao,ZHANG Yong,YAN Bo,et al. A high performance terahertz waveguide detector based on a low—barrier diode[]].
Chinese Physics Letters, 2016,33(6):060701. doi:10.1088/0256-307X/33/6/060701.

EEE N
A% (1975-), F, it BINFTER, EETr
16 Ay R A 2% 0 S 18 285 FL 1 i 1F 55 46 BB R BF S . email:

zhoujingtao@ime.ac.cn.

¥

THRE0981-), B, i+, BWRE, FEIRT
[ia] Ay A 2% [ 75 H a4 5 AR R R

&

KAE(1976-), F, WA, AIOER, EEr

€ B(1970-), ¥, WL, W6, EER W T Ry A 2% 1 25 HL - e 1 9 4R LA A

R R 25 181 265 P T S AR R

TRk (1983-), B, Wi+, B R, EEOFSITIN
PN AL B e X 4 S 95k . N

SEHIT(1979-), H, A, BIHFTEH, EEBT
OPSP N AL R A cZCESE SR %N

%  W1990-), H, #-L, BT, EEMR
T7 18] Ry K 2 ] 2 B T 2 4

x| #@(1995-), B, Wi+, TR, EEHFIE N
R 25 T 2 L AR T



