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Fig. 1. Schematic diagrams of (a) photoconductive emitter antenna and (b) photoconductive detector (271,
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Fig. 2. Schematic diagram of THz-time domain system [33,34],
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Fig. 5. Scanning electron microscopy image of GaAs

Schottky barrier whisker contacted diode with honey-

comb structure [47].
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Fig. 9. Schematic diagram of SHEB principles [34]
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Fig. 10. (a) Schematic of the antenna-coupled GFET terahertz detector; (b) optical micro-
graph of the GFET detector; (c) circuit diagram of the GFET detector (58],

090702-5


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

Y18 Z R  Acta Phys. Sin.

Vol. 67, No. 9 (2018) 090702

4 THz QWP

THz QWP & — P& 17 [A] BRI (1) R A 4%
PR, HAA B m e ROE R 35S A URI
fR I 2 501, THZz QWP B YR X 22 A & 1)
&2 F B R, BRI A S — 2B 441 GaAs
MR (T BEE) M1 — 2 AlGaAs ¥ K (3 2 J2).
THz QWP R I E 2y 24 THz % N 5t 21 88 14
{10 ' BT I, A7 T 7 R R ) AR 4 IR RO T
e 5 BT B L B 2 T e S A, XLk
B FTE A I & 1A R B s FELAR, d il
BTSSR AT LSBT THz Sa 2R
T T A R X A S R T B R DL M
BB 2 9 FE 55 2 500T DAL AN (7 e 7 i J92 450 6
() QWP 884 01, SR, FR T 2 A sk (g g iy 1020
THz QWP 145 2 WK E — B, 5 80O Ik
AN, BRI T AR RS . AR B T, B
Ji 2% BT B I O T 3 70 2 s i R A ) 2%
PRI L A L 0T BAN N TR
QWP [ B3, AATT— BAE AR R R & 7
2 Bl — 4ok = 4E 4 B AT R & 1L, Rl
SRR IR R A 05090 DL R R TS B F M AT
A 0T S E LR R B S B R s T
25, THz QWP S rItERE O & H 7 KR g
B [78,74]

THz QWP & —F A5 i 480 2%, 3 LA B
VG A, (ERE LN AR B A L H
R CAE B, 4L A QWIP f i B 3 R ik L+ 75
2% 179, 2010 4E, A B RF B 24 [ S B AR E
P SIS R AR R A AL YRR B 8 AR R
) THz & T 06 2% (QCL) 1F N & SE, THz
QWP E B 2%, SLL T & 405 5 1 THz TLZf%
Wy, RS R 2580 kHz, A AN 4.1 THz,
Pt g 2 m 771,

2017 4F, LiZs 8] % THz QWP &5 M3t 47 T4k
1, R T o 2 i iy s 3, Sl T 6.2 GHz 1
HilH5 58 () S THz QWP. 7E1% 525, THz QWP
K 45° fg G T 45, FER R BT 50 Q1
o e B2, A TS ARG S, N T RIE
THz QWP [ =3 W NRF %, SR FH THz QCLAE N
iz, W11 (a) s 8. THz QOL 15 & 429k
BEUF TAE, HEK N6 mm, XA IRBIE N

6.2 GHz. 4 THz QCL %314 4b T 2 PAB 515
I, BT Bt THz D6 A2 4 R A1, 8 sl R B Ry 1
BRI 6.2 GHz. THz QCL ZER I %3 5 [ (1) 56 B 4n
11 (a) /£ NGB PR, R EARZ 300 pm. N T
{RIUF THz QWP B9 58 Al 43 THz ), KA
# BT RS9 400 pm x 400 pm, W1 11 (a) B4
BTN, s RS0 THz Y6 NS 8 THz QWP
ZJG e A O B, 1% H A A A o 1
N TR A 2 SR AT 40 GHz i ) 5 )
Bias-T (T 2w E ), 2 )5 K KB HBOREERHE
SHATROR, 5 JE TEARE 43 BT BT S 50 &
11 (b) & 45 R, H FEh THz QCL ¥
R GG A THz QWP 156 B, w7 LLE H THz
QCL &b Z P TAERLE, BOt a5 FIERMI 25 1)
KoEaULic. B 11 (b) 22 FENRA THz QWP I
15 2 1) THz 6 1 1] 51 % 6.2 GHz, %45 & W
THz QWP ¥ )3 47 98 18 31 6.2 GHz, 7] 5L I iy is
PRI, FE THz QWP ] LA FAE THz IR A%, %
Fi% 753, Al LR THz QWP % THz QCL 4
A T Ak E, WK 11 (b) 4 FTEFTR.
B3, H T %79, Zhou & M) sl seB 1 3 T
THz QWP VRS #% 1A%, % RS BA 1) 1 B
2 ] LR THz 't T e 46 30108 ik B, AT R FH s 2
(ARG A 5 TBOK i I S 5 AR AT o o2 2 1 AR
78 THz 3 B, B AR FRGER /N 0 28 1k 0T 4 8 -/
JR AU 5 AN TR 2R 2 R R B8 &5 A, T DA s AR A k)
A5 BB T 3 1 5wk b, 8 38 1 S I R 1
J87 1591, Shackleford % 51 7 43 J& -2 T4 - & R 4544
IR IS b 42 fb J2 R i IR T 9K REE & )8
M, 3 S8 R A NG DA T A5 B A AL B
TG FE BN AR, B 7 NS &, 1 0R
T BB E I, AT S T A AR e S e A 8
M. Todorov %5 A 572 (modal method, —F
LTI FC B H 3 7 2R 4 JE o i A A 0% B 4 1 5
FA) PR B e vk 820 o 3R T LA A I 4 e A i
&8 - - B S R RO R AT T R Gt
Ft, FEHEH T T UL 4 B A 454 () THz A B
TR 2 531 MOEMHZ R IE NS R A N & )8
Tl H (AN [ ) LART AR L 2 580k 5 A 7] (1 LR 430
2, R 75 1R A R 5 T IS, T A
[ BRI B e ), FLEES A SZIG e B 7 &8 ik
i Rl A G ) 2 P P 2 T RS 35k 36 ) 1 5 (84,891,

090702-6


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn

38 % 3k Acta Phys. Sin.

Vol. 67, No. 9 (2018) 090702

()

OAP

THz QWP
(400 pm X400 pm)

50 ©
transmission
line B

290 pm

210 pm

OAP

DC power supply

THz QCL
(15 pm X6 mm) Vad
d .
Terahertz ¢
incident

Bias-T

AC+DC
MWL

DC

‘{ DC power supply

AC

[

Low noise
amplifier

Spectrum
analyser

—

(b) Frequency/THz
2 8 £
F e 0 %
e
-
3
~
Z
b7
2
2 .
ER -
e
g
= THz QCL
g (150 pm X 6 mm)
g cw@15 K
S = '
4.10 4.20 4.25 4.30 4.35
Frequency/THz
—70 —70
6.19896 GHz
—75r —75
g E
3 —80 ] —80
= 17 dB =
= =
o0 —851 o —85
@ | RBW: 100 kHz @
20-average
—90 —90
r RBW: 4.7 kHz
_o5 I . 1 . 1 . _o5 1 . 1 . 1
6.1980 6.1985 6.1990 6.1995 —200 —100 0 100 200
Frequency/THz Frequency/THz

11
Fig. 11.

terahertz QWP; (b) fast detection of terahertz light [78:79],
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(a) Experimental setup of the fast terahertz detection using a microwave transmission line equipped
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Fig. 12. (a) Schematic diagram of the sub-wavelength meta-atom detector (top), optical microscopy image of the

meta-atoms arranged in array geometry (bottom left panel), scanning electron microscopy picture of the same

array (bottom right top panel) and close view of a single meta-atom (bottom right bottom panel); (b) normalized

radio-frequency spectra acquired when the QCL is driven at 0.5, 1.5, and 2.5 GHz
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Fig. 13. (a) Optical microscope of THz QWP; (b) scanning electron microscopy images of cavity array detector
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Abstract

Terahertz (THz) technologies have broad application prospects in ultrafast space communication, heterodyne
detection, biological detection, non-destructive testing and national security. Ultrafast THz detectors, which can
respond to the THz light with modulation rate larger than 1 GHz, are the key component of fast imaging, space
communication, ultrafast spectroscopy and THz heterodyne applications. Theoretically, the traditional THz detectors
based on heat effects are difficult to meet the requirements for fast detections, while the semiconductor based THz
detectors can work under the condition of ultrafast detection. Photoconductive antennas with ultrafast response time
are suitable for room-temperature broad-spectrum THz detections. Schottky barrier diodes, superconductor-insulator-
superconductor mixers and hot electron bolometers are promising candidates for high-speed THz spatial heterodyne and
direct detections attributable to their high conversion efficiency and low noise. High-mobility field effect transistors
based on two-dimensional graphene material have the advantages of high sensitivity and low impedance, which make
this kind of device have great potential applications in room-temperature high-speed detections. THz quantum well
detectors (THz QWPs) based on inter-subband transitions are very suitable for the applications in high-frequency and
high-speed detections because of the advantages of high responsivity, small value and integrated packaging. Recently,
we have demonstrated 6.2 GHz bandwidth modulation by using THz QWPs, the fast THz receiving device. On the
other hand, low working temperature and low coupling efficiency are the main factors that restrict the applications of
THz QWPs. From the Brewster angle, 45° polished facet coupling structure, to one- or two-dimensional metal grating
and surface Plasmon polariton coupling configuration, researchers often explore the appropriate coupling mechanism
which can not only couple the normal incidence THz light, but also improve the coupling efficiency substantially. The
sub-wavelength double-metal micro-cavity array coupling structure has two advantages which make THz QWPs a key
candidate for fast imaging and detection in THz band: firstly, the patch antennas on the device surface can effectively
increase the light absorption region, and the periodic structure can make the normal incidence THz light fulfill the rule
of intersubband transition. Secondly, the sub-wavelength size double metal structure can restrict the light within a very
small volume, and the electric current will be enhanced by the resonance effect when the cavity mode is equal to the
peak response frequency, which can suppress the dark current and improve the optical coupling efficiency of the device.
In this paper, several ultrafast THz detectors are reviewed and the advantages and disadvantages of various detectors

are also analyzed.
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