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Research Progress of Terahertz Mixer Technology
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Abstract Terahertz mixers can mix the original signal with the intrinsic signal and transform the frequency to achieve
spectrum detection, super-resolution imaging, and highly sensitive detection of astronomical signals, which have
important potential applications in terahertz spectrum identification, terahertz security inspection, and radio astronomical
detection. First, this paper introduces the basic principle, classification, and main technical scheme of terahertz mixer.
Second, according to the application requirements of ultra sensitivity, high frequency, intermediate frequency broadband,
and miniaturization integration of terahertz mixers, the global development trends in the design and manufacturing
technology of terahertz mixer are analyzed. Finally, the applicability, technical challenges, and possible solutions of
terahertz mixers are summarized to elucidate the technical characteristics of three types of terahertz mixers and identify the
technical development trends.
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Fig. 3 Schematic diagram of harmonic mixer (left)"”
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Table 1 Performance comparison of foreign harmonic mixers based on Schottky diode

RF Frequency LO Noise Harmonic Author (company) &. Reference
band /GHz conversion loss /dB  power /mW  temperature /K number country

183 6.85 5 988 Second 2007 Steve Marsh, UK [22]
650-690 8 4.2 1500 Second 2010 Paul Wilkinson, UK [23]
1130-1220 15 1-1.5 6000 Second 2012 Bertrand Thomas, UK [24]
1900-2800 30 1 — Second 2013 VDI, USA [25]
88-90 9-16 15 — Second 2019 Kohei Fujiwara, Japan [26]
75-110 9 20 — Second 2021 Farran, Ireland [27]

T ARk, B FE Schottky — i 48 1R 0 2% 7 1 & %
Mk o AR RKAE R R E TR A AR RN R
M fE B TR K2 A T R T 3T Schottky —#)

B 38 I TR A AR I 5T, O BUAS — FR 40 Rl B R R
W

& m

Do

F 2 [ENHET Schottky — G AY T TR & M AR HLEL

Table 2 Performance comparison of domestic harmonic mixers based on Schottky diode

RF Local power / Frequency Diode Harmonic
. . Year Reference

band /GHz dBm conversion loss /dB type number
90-100 13 8-13 DMK2308 Second 2013 [28]
82-94 12.5 12-14 R23C15 Fourth 2015 [29]
91-97 19 11-18 MA4E1310 Second 2019 [30]
560-600 5 11.5 DBES105a Second 2020 [31]
94 10 9-14 DMK2308 Second 2021 [32]
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Fig. 10 Monolithic integrated HTS THz mixer equivalent circuit (left) and HTS THz mixer frequency response simulation (right)""
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Fig. 11 Josephson junction simulation equivalent circuit™”’
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Fig. 12 Schematic diagram of SIS mixer with integrated antenna, microstrip impedance converter, and superconducting junction (left)

and S,, curve for direct coupling of antenna and SIS junction (right)""”’
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Fig. 13 Geometry of double junction SIS tuned circuit™”
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Fig. 14  Optical micrograph of NbN/AIN/NbN mixer with integrated tuning circuits (left) and DSB noise temperature as a function of

LO frequency (right)"*”
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Fig. 15 Balanced mixer on wafer'
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Fig. 16 Diagram of balanced mixer device. (a) Balanced mixer device within waveguide mixer module; (b) signal path diagram of

balanced mixer"*”

g 1200 . v 04
a I* =0 AV o NBN ;E‘
2 1000 b oottt ——A&Veony 199 £
‘E’ “""-..\. —-c"'(“-o-...\ 9. 9
Z s i ~—].04 =
g N 2
- E c0f n J-0s §
waveguide & N\ ©
probe % 400 f —a=T, \any {12 g
“~ —a—Tp _\% 'E
2 wof 1“3
g fLo =046 Tz o
“ o A A ilo

&

12

8
Bath Temperature (K)

10

Bl17 0.5 THz 4 NN J SIS IR A &t it 1ot 2 W 3O (2 FED) R STS TR AR A% 4 WO bIL W 7 1L 13 0 i) I ey P 19 o AU B ¥ VL 78 1 % R
(D
Fig. 17 Optical micrograph of 0.5 THz all-NbN SIS mixer chip part (left) and receiver noise temperature and reduction in gap voltage

versus bath temperature for SIS mixers (right
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Fig. 18 I-V curve, noise temperature, and IF characteristics of balanced SIS mixer. (a) Pump I-V curves for four SIS junction array

when LO is 133 GHz; (b) measured noise temperature and IF as a function of bias voltage when LO is 155 GHZ""

2.5 HEBBMS[HARELE

HEB T/EHL & 3+ 8 7 fm 74 B IR EAH S,
LA A Vi A5 B B AR RO il B B 3B R
7l BEAE HEB M L B9 43 A5, A5 H 47 79 v 1) R Hs L
#efF FVERYE . HEBIRM A% TAE T 5 R A B X AR
Dy R AE TR AAR L), vl XF 1 THz A i H
T 8 S R AT v SRR A
2.5.1 HEB & %%t

) 45 JE W K 2# B Mor Nahum & B & J& v i 1
AU FLE AR T A9 559 88 5 32 T — R B Y R 2 A
GRS . BRI R — P TP B R R AR
JEE— A0 & JE A Ak . i e AR B IR T
B — 1~ % T S5 A, A 4 A R T E R L .
S J B ] £ AR T 5 A b A 7 RS T R BN Al
y i R o e el TS o8 2 R S R S 1 S S NS
Z ] ) FTE R 0 S5, S B S R TR X
P HRAE . BET 2 um X 6 pm X 0. 05 pm 1 42 @ A FRAE
T=100 mK iy # 1 & E T 8 & it 15 115 NEP K
3X10 " WeHz ", Bl & 2Oy 10 ps, W WA A 107 V/W
TR A S8 B0 LA R B R 38 AT I e U 2 K RN 2
KA S BRI A i P R

Pl 19 Sy % SR A R B 132 i R R, Ok B
SR LRI G A R U AE F BEL T 4 TR Ak (R %) R RE R,
H = AR 9 4 A R T TR T S I 2 e
ARG A T N
2.5.2 HEB#/& 1%

# 5 HEB YR 00 28 19 F A 45 4 fi — BB 5 3o
A i 1) PR 2B, AR ARG 8 1 THz. 5538 i 3
Tl K O TR 2R A BRI AR | 8 A 0 B A 1
TAETER A o BUA il T IR A0 R (14 F 73 B 2 30T I A
W T, A B 5 R AEL MR . MR HEBIR
WS B A AR YRAT 5 TR T R AR B OC A 38w AU L

Junction

\

Antenna

Pl 19 i S 4 UL 132 1 7R R IR
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Fig. 20 100X optical magnification of HEB device graph (left) and schematic of cross-sectional structure of NbN HEB device (right

2.5.3 HEB R BH KK A THE

1) NbN & % 211 HEB 18 #i #%

LI B S0 K 2ET A HEB R 7 i i
THATAHE, 19984, Z KA T NbN & 7% 4111
HEB i 4 #% 5 #7 BL SR o T FE B 8 £F 820 GHz #1
900 GHz B % W& 7 3 B 43 531 2 1100 KR 980 Ko &1 21
R T DSB M 75 I B2 R AR B ARG FR . LA B,
5T HEB 1R M0 2% 59 6 % S 422 03 0 Mg s I R
4t 1 K-GHz "7k F, 606 GHz &b 1 31 5 £ 1
PR R 408 K

1500 ' re— ; . T
1400 -
1300 -
1200 + 5 B
1100 -
1000 | v
900 |
800 |-
700
600 |-
500 |-
400 |

300 L L L . 1 ki | I SR | I3
400 500 600 700 800 900

DSB Noise Temperature, K

Frequency, GHz

Fl 21 HEB R DSB M 75 i B B AE (L LR 7007
OB R A SCR[57-58]
Fig.21 HEB mixer DSB noise temperature versus frequency””.
‘o7, ‘[, ‘4 data are from Refs. [57-58]

FE 620 GHz S R, I 4t /9 624 HEB TR0 2% 1
M9 5 45 90k B 4 GHz, M I B4 9 8 GHz. HDOG
Z0 35 o 1 0 TR A T T R B R G A 1 T R A
1 mW , 7 R0 20 3 il i i VR AT 48 T 75 IR 7 D) R 4
100 nW . & F HEB 8 T 15 401 45 19 bk 2% 42 i 2% 1%
SR AT R

2) B N K bR 2% S HEB IR R

rhE R E B A IR R SR s AR fE K
AR A PR SRSB4 K M BRI B 1
HEB T M 52 55 o 76 [J P9 2 56 JF g HEB IR 53 £ AR i
5%, KT UG A 0 L 3 13, 7 m 2K Ik B I A 4R Ik

)[34]

REZFF
2.6 Schottky %5 HEB #0 SIS 48 57 22 14 BE EL 3%

o E BR 2R B 2 41 R A Zhang Y RLEE T 4
BRZAWF 5 /INLTT & 0B HEB IR A0 4% DSB $2UK #%
) T 7 3 B TV R O R o BT 22 R TR [R) A R
T A% AF 5T 2H A MR R IR BE UK OF- o AT DL Schottky TR 4 4%
M 7 3 38 AE 50 hy/ by BT, SIS 18 45 %% Al HEB 18 59 #%
W 75 7E 5 hv/ky BT, He Schottky 1R 4 #5 5 — > B &
9 AHE B B b MR AR (1 Av/ky) 1A BEE
Al 3t ek SIS A1 HEB 2§ 14 45 ¥4 $2 T e 75 7K - .

50 hotks ="
L
R
10 Schottky _ o 8 - .
o8 - S hotks -+
" '.'_- -
- - HEB .-
i’ 10° _:g. n La
- .. g "
: L . -‘:’,}
b= ha-
Af’
T
10 —i *  Schottky
A a SIS
s . e
1L 1 1
= 0.1 1 10
fio (THz)

22 RIEBFSE LAY Tyt B A8 ke 11
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Fig. 23 Schematic diagram of various orientation angles of

round bottom edge"™”
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Fig. 24 Photograph of mixer and junction area (left) and
packaged mixer (chip 5 mm > 5 mm) (right)""”
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