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Development Status of Terahertz Technology
for Space Application

LU Yan

(Shanghai Institute of Technical Physics�Chinese Academy of Sciences�Shanghai 200083�China)

Abstract: As the transition region from infrared light to microwave in the electromagnetic wave, the

terahertz (THz) wave has its unique characteristics which are widely known. With the mature of the

unit technologies such as THz radiation sources, detectors and so on, the THz technology has been firstly

applied to space astronomical observation, deep space exploration and earth meteorological environment

monitoring by USA, Europe and Japan. The development status of the THz technology for these appli-

cations is summarized mainly and the research status of THz radar technology and THz communication

technology and their application prospects in the future are analyzed briefly.
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0.1 ∼ 10 THz (�
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�

*2+&5/�.6 (Jet Propulsion Labora-

tory, JPL)� ���34�
��1�	/��

� 2 '7���!�%+	 0.67 THz  ��1

�2,0Æ [2]�5�1<��%0� 1 m�8-

1.�.	��
�
 5 s )19-&�� 25 m

-'�� 50 cm×50 cm .;/2�%+	���

*226�2�	374 (Defense Advanced

Research Projects Agency, DARPA) 
 2009 �/

'��
���	/� �3
&�� 0.67

THz�0.85 THz�1.03 THz �4�	��* 5

:� 	06 [3]�2012 ��;�4/'�=.

�8 70�1 (Video Synthetic Aperture Radar,

ViSAR)>/��ViSAR ),�<�'��?(

��
���5@&�0/2���9
�$�
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� 2 1� JPL �6&�!�2A&89�:;3�

43Æ��7�����ViSAR ),�5�.%

0� 100 m� �%+	1/ 0.2 m�<49	�

5 frame/s�<'�	�� 170 GHz�

1.2 M89:N;<O
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2.73 K���>?���;7@�8Æ� 10 ∼
100 K���	�
�'�A<� 30 ∼ 300 µm�

=�
 0.1 ∼ 10 THz ��	�)�
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'7� 2.7 K >?C�+ 30 K @�!5?Æ7

�� [4]�

� 3 =F@?�&A@$�

���
�2'�(��
���
��

�
�Æ�&����Æ�"@���
�1983

��*�B�>�2CA������Æ !

(Infrared Astronomical Satellite, IRAS)  	B��

5 !DG��C<'
 8 ∼ 120 µm �
�

)�D$E�	3��4A0� 0.6 m � R–C
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%7� 12 µm�25 µm�60 µm � 100 µm�IRAS  

!
EH2� 10 4I�./��A!)� 50%

��Æ� 98% ���)�
�����
��

��F.9F��=G2�C� 10 4�Æ��

 !D��� �����
������

1.3 J(KPQ
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E��� !�!�$��!�$�����)

H$��A8@�&�$��!-�*!9&

��4ÆI�

�
�$�),�8��%������

JI),������JI),�,��JI

),�J���������JI),��	

��J +������=����K �J�

4 '7�
�����JI),���4��

,��:+�)��J�==D��	�*�

9$�32G@���K'L��DK��


��J	
�
��J +� 	�J�=�$

�����������DK��&�J/2

�, [6]����,��JI),B��'(�

,����
��J���
����K �

� 4 LL;"MEM&�!�DEKFGL&N9�

#B NTT MM���$��.6
���

$�),�� <'�9
9&4ÆI (Wireless

Local Area Network, WLAN)$�������2

��6-��2004 ��;�	6MI� 0.12 THz

9&$�),�=<�32G@���K'L

(Uni-Traveling-Carrier Photodiode, UTC–PD)�NH

"O (Amplitude-Shift Keying, ASK)���I��

K'L���� [5]����9	� 10 Gbit/s �

N:?G��=5MM$���9 InP '(�

��O)����I ��
�$�0Æ��

<'�	� 0.12 THz�G��	� 10 dBm�'�

PPOF�&�%0� 450 mm�?G-'��

1 km�?G9	� 10 Gbit/s��A�?G 6 G-

JQ��4�.�J� ��NTT MM���

N�	��8'� �.O�<'�	� 0.25 ∼
0.3 THz �$�0Æ�50Æ<�� UTC–PD �
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��I��K'L5:���?G-'P� 0.5

m�J UTC–PD�G��	�� 200 µW��@�

9.5 mA ��50Æ����9	� 24 Gbit/s �

9*K?G��KH	
�1/ 2×10−9 ���

2 tFrwHxz{|}RÆ
/���Q�*2�8=�PIR�#B�

 ��
��� �������Æ���	

<'"�*�
�Æ���&����&-�

���2'�(���5<'
�
���

�# ��"�J'�%�


 1983 ��? IRAS  !SDB��=�

*2����4 (National Aeronautics and Space

Administration, NASA) �8=��4 (European

Space Agency, ESA)%7� 1989�� 1995� 	

�=>?C���RJ>(Cosmic Background Ex-

plorer, COBE) !������� ! (Infrared

Space Observatory, ISO)��)K !��, !

����01��������/�	��

����LM���L 1�

S 1 TUVWXYZ[\]^_[`abcdWefghijklm

LNMQ R@TQ SN R@�R MNTO PEUU

IRAS 1983–01–26 LEO 1� NASA/

VO/Q�

8 ∼ 120 µm SWORPVQR&SWE�10 K TXXS

YTU�VWS 0.6 m

COBE 1989–11–18 LEO 1� NASA 30 GHz ∼ 3 THz UVPXYYZQZP�650 L TW�

1 ∼ 240 µm (1) TYZ[Z[;;\\ FIRASR

(2) T]@YZPX[U DIRBER

(3) V[V$A@\ DMR

ISO 1995–11–17 HEO ESA 2 ∼ 240 µm 2286 L TW�VWS 0.6 m & R–C YTU�4

\;�PE�(1) YZW] ISOCAM�2.5 ∼
17 µmR(2) ;"UWP ISOPHOT�2.5 ∼ 240

µmR(3) ^$[;\ SWS�2.4 ∼ 45 µmR(4)

S$[;\ LWS�45 ∼ 196.7 µm

SWAS 1998–12–05 LEO NASA 490 GHz,

550 GHz

ZT]X_V$A@\�U`QR&Y^La

^b__E#XZ;��H2O (556.936 GHz),

O2 (487.249 GHz), Cl (492.161 GHz), 13CO

(550.927 GHz) : H2
18O (548.676 GHz)

Odin 2001–02–20 LEO `c/`WV/

d�/eO

118 GHz, 490 ∼
500 GHz, 540 ∼
580 GHz

X_V$A@\ SMR�S Stirling 6Q]Q

RW 98 K & (Y^La^b) ZT]aQP

Spitzer 2003–08–25 [�\

S�]

&XX

b^S

N

NASA 3.6 ∼ 160 µm STWQR&OR R–CYTU�3\PE�(1)

YZYYW] IRAC (4 KN)R(2) YZ;�

P IRS (;�fg 5.6 ∼ 38 µm�;�[YN

R=λ/Δλ ≈ 90, 600)R(3) h�iZ_[;\

MIPS�acj 24 µm"70 µm"160 µm Z_Z

[: 52 ∼ 100 µm &;�Z\[[

Rosetta 2004–03–02 ESA 188 GHz,

560 GHz

Rosetta SNE�Z[&V$PE MIRO

dZT]X_V$`=aQP� aQ\

H2O"CO"CH3OH"NH3 \

AKARI 2006–02–22 LEO e] 1 ∼ 180 µm 0.685 m &Q R–C YTU�^PW\]a6

Q�TYZbQP FIS�_] Ge:Ga aQE
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nS 1 TUVWXYZ[\]^_[`abcdWefghijklm

LNMQ R@TQ SN R@�R MNTO PEUU

Herschel 2009–05–14 Xe L2 k ESA 480 GHz ∼
1.91 THz

60 ∼ 200 µm

^WS 3.5 m &YTU�SORTWQR& 3

\PE�(1)l[YNTYZZT[;\ HIFI

(480 GHz ∼ 1.91 THz)R(2) ;"YYW]:

[;\ PACS�;�fg 55 ∼ 210 µmR(3) ;

�Y;\QmZ___P SPIRE�n]b`

cZ_;�P�;�TOS 194 ∼ 313 µm

Plank 2009–05–14 Xe L2 k ESA 30 ∼ 70 GHz

100 ∼ 850 GHz

UVPXaQ�X]l^__X;��U`

6QW 50 K�`\PE�(1) OMPE LFI�

_]lf"MacdVb&DE"__EY

Y�o`R\S 20 K�fg 30 ∼ 70 GHzR(2)

lMPE HFI�_]A@b\aQEYY�o

`R\S 0.1 K�MNfg 84 GHz ∼ 1 THz

p1��Æ����
 ESA � 2009� 	

� Herschel � Plank 37�
 Herschel E�B��

%0� 3.5 m �gqr"B2;A/ 80 K�5

�#DG� 3 4�8�(GB�(1) ����*

%�3 (Heterodyne Instrument for the Far-Infrared,

HIFI) [7] (�� 5)�5d�Be���	a�

��<'8Æ� 4 K�01����� 480

∼ 1910 GHz�C� 7 4�������� 1 ∼ 5 <

�a(f������ 480 ∼ 1150 GHz�ce0

1	�� 6L � 6H <�:���	:3�*f

������ 1410 ∼ 1910 GHz�ce01�$�

4 4%�3 (2 4����d� 2 4�%+	

�d) � �*�,=��Jhbd�O�3

$�(2) �����c�Æ�%�3 (Photodetec-

tor Array Camera and Spectromete, PACS) [8] (��

6)�PACS ���� 60 ∼ 210 µm�� �H

%���Æ3gd�K� (i3�j�� �)�

5K�hk$E (60 ∼ 85 µm � 85 ∼ 130 µm)

��k$E (130 ∼ 210 µm) K ����4 Si

��	:3cK����.;� 1.75′ × 3.5′�9

 3He ::�;b 0.3 K �<'8Æ�
�<

'0"+�PACS <��4 Ge:Ga �(gd��

���� �.;� 50′′ × 50′′����01

�� 1500 km/s��%+	�� 175 km/s��

a@Dc5=��� <2 K ��8��%+

	 λ/Δλ� 1500 ∼ 4000	(3)���Æ�� �

5:d (Spectral and Photometric Imaging Receiver,

SPIRE)�SPIRE �4�$E�Æ (<'���

250 µm�350 µm � 500 µm) ��4s�fbK 

� 5 HIFI &ecdZi�
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� 6 PACS &;3�:89�

��d (01�
�� 194 ∼ 672 µm) K �

���Jd�j<���	:3cK�����

<'8Æ� 0.3 K�%�3�.;� 4′ × 8′��

4$EA� ��FTS �.� 2.6′ �e.;��

%+	
 0.04 ∼ 2 cm−1 (&�� 250 µm �


��λ/Δλ=20 ∼ 1000) �)���

Plank  !
� Herschel ��E�B�A 

	� [9]�'� ESA=>?f� 2020>37��

H%�Plank �#�"���
��>?C��

	�Plank  !�"�	H%<�'gO��D

�	),�dk�Cd��(1) ��d� (Low

Frequency Instrument, LFI)�<������fH

K'L�	�5:����	01�� 30 ∼
70 GHz�<'8Æ� 20 K	(2) ��d� (High

Frequency Instrument, HFI)�����L 2	<�

��	:3���cK��	01�� 100 ∼
857 GHz�<'8Æ� 0.1 K�� 7'7� Plank 

!��;8Æ���5 !<��@h)� 5◦

� V1g�	�;��;A"�	�i;::�

;��!�2::�;Æ+J–T �;�� LFI �

$ 20 K �<'8Æ� 4 K ����K�l�8

Æ�==j$� 3He/4He gl�;(. 1.6 K �

0.1 K ����<'8Æ (tm)H9I�� 8)�

5���8Æ
���Q�����k�8Æ�

1/��;���'h8��

ESA� 2004� 	�l!��� Rosetta&

��� !dkEE���h��H%�9D

G�3J�	GB�Rosetta EE����d

� (Microwave Instrument for the Rosetta Orbiter,

MIRO) <�j���*5:����@�
�

S 2 Plank/HFI Wopqr

�]MN (GHz) 100 143 217 353 545 857

em (GHz) 33 47 72 116 180 283

$nm\ (arcmin, FWHM) 9.2 7.1 5 5 5 5

aQE QA@b\Yi

aQE&o`R\ (K) m 0.1

6Q�� H2 6Q + J–T 6Q + 3He/4He io6Q

ju_n&kn ΔT/T3 2 2.2 4.8 14.7 147 6700

ju_n&kn ΔT/T4 4.2 9.8 29.8

ju_n&lm\K\ (mJy) 9 12.6 9.4 20 46 52
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8 � � 2015 q 1 �

� 7 Plank j=&6QR\op

190 GHz (1.6 mmk�	��) � 562 GHz (0.5 mm

k��	��)�"����� 67Pl!�$2!

(2867) Steins �$2! (21) Lutetia ��L@8Æ

�8ÆpÆ�����	��5:��c5��

4&�bK%�3�����lv�ll�$

 �7J�4Jqn��mqg�Æ�qf�w

��� 9 '7� MIRO d��9I��n�L 3

K���	��5:���
gN [10−11]�5 

!� 
���x2� 10 ����h�� 2014

� 8 I 12 # ��h� 67P l!��=EE�

Ce-.l!�i3 2015 �h9)���#�


&-�� !���
 0.001 ∼ 1 THz �

���&��"�::&�
qn (H2O) �m

& (O2)�$�&m&::&/2����.

o��&8Æ�i%%Ir&	$�&qn:

:&/2����.o��&rÆ�i%%

Ir&�&p !���	3�)i�� 183

GHz $E�4J*226&p !37 (Defense

Meteorological Satellite Program, DMSP) ���o

� 8 HFI aQE&ysdM89

�?(���8Æ��d (Special Sensor Mi-

crowave Temperature Sounder, SSM/T)�NOAA '

E&p !��6/���3$ (Advanced

Microwave Sounding Unit - B, AMSU-B)�6/�

����d (Advanced Technology Microwave

Sounder, ATMS) ��rÆ��d (Microwave

Humidity Sounder, MHS)� ��D��
���

�q3%�
��p::&��������

�& %D���4Jqn�j5�km� [12]�

s���z��&@@�d@@��B&@H

'����������tq%I����


���B*��
��	�������&�

q�m&�lq7�oq7�&��w�!%I

BF����&H�=86>(��L 4 K��

G2� 	�&-�� !���
��(d

����qF�

��%�p1��
���d�
 NASA

� 1991 � 	��@�&�	 ! (Upper At-

mosphere Research Satellite, UARS)�5 !
 

u��?���	--�@�&�7,�q	

�!� !���pm��d (Microwave Limb

Sounder, MLS)�$E�*"�	3K �MLS

<�tqrI��K'L�����G$E��

��@�	%7� 63 GHz�183 GHz � 205 GHz

(&��
� 4.8 mm�1.64 mm � 1.46 mm)�q4

������ 500 MHz���%+	�� 400 km

(qd) � 4 km (i%)�MLS �����A8@�
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� 9 Rosetta SNE�& MIRO PE&89\Zr

S 3 Rosetta/MIRO lmWopqr

190 GHz 562 GHz X_VKN;�P& 8 s[M`cMN

YTU&^W 300 mm vRs�s MN (MHz) `c

$nm (FWHM) 23.8 arcmin 7.5 arcmin H2
16O 556936.002 1(1,0)–1(0,1)

;�^tMN 188.5 ∼ 191.5 GHz 547.5 ∼ 580 GHz u H2
17O 552020.960 1(1,0)–1(0,1)

IF rtem 550 MHz 1100 MHz H2
18O 547676.440 1(1,0)–1(0,1)

;�[YN 44 kHz uv{v CO 576267.9305 J(5–4)

;�em 180 MHz n NH3 572498.3784 J(1–0)

KNw 4096 CH3OH 553146.296 8(1)–7(0) E

A@\ DSB uxR\ 800 K 3800 K wo CH3OH 568566.054 3(–2)–2(–1) E

wxN 0.1∼1.92 kbps CH3OH 579151.005 12(–1)–11(–1) E

S 4 stTUVWuvZ[`abWefgjklmwxyz

LNMQ R@TQ SN R@�R MNTO PEUU

UARS 1991–09–12 LEO 1� NASA 63 GHz, 183 GHz,

205 GHz

V$spaQP MLS duyZT]__

E�]LQ\yRqZ[&l[YN;�

DMSP 1991–11–28 LEO NOAA/DoD 91 GHz, 150 GHz,

183 GHz

uvt[ww]V$r|E SSM/T–1, 2

Aura 2004–07–05 LEO 1� NASA 118 GHz, 180 GHz,

240 GHz, 640 GHz,

2520 GHz

V$zuaQPMLS�]L{Qsv:v

}`{�x GHz A@\"THz A@\:[

;\zuw|dZ

SMILES 2009–09–10 ISS e] 625 ∼ 650 GHz LL^t}MaQE&X_V$zuA

@aQP � ]LaQVvyRq�&

O3"HCl"ClO"HO2"H2O2"HOCl"BrO"H-

NO3"SO2 \

NOAA 15 ∼ 19 1998 ∼ 2009 LEO 1� 89 GHz, 150 GHz, x~V$aQdM AMSU–B :V${\

MetOp–A�B 2006, 2012 LEO ESA 183GHz, 89∼190GHz aQP MHS

Suomi NPP 2011–10–28 LEO 1� 23 ∼ 183 GHz x~V$aQP ATMS
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� 10 UARS j=& MLS PE

S 5 AURA/MLS W{|}~

KN �]$S
|u (FOV)

XZQ\xv ~`Q\
w^ (km) uk (km)

R1 118 GHz 5.8 12 R\w^[[ xF"y[yz[["�ZPq& H2O

R2 190 GHz 4.2 8.4 H2O"HNO3�d UARS/MLS�

183 GHz {&|t

HCN"xF"Oy ClO"N2O"O3"SO2

R3 240 GHz 3.2 6.4 O3 CO"OyR\:y["�ZPq& H2O

R4 640 GHz 1.4 2.9 N2O"HCl"ClO HOCl"BrO"HO2"SO2"xF"kPq O3
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