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Recent advance of CO,-pumped THz imaging

LI Qi,YAO Rui,YIN Qi-guo ,SHAN Ji-xin ,WANG Qi
( National Key Laboratory of Tunable Laser Technology, Institute of Optic-Electronic, Harbin Institute of Technology, Harbin
150001 , China)

Abstract: In order to study the characteristics and the future development direction of terahertz two-dimension imaging
methods based on CO, laser-pumped far-infrared laser source,the basic principle of CO, laser-pumped far-infrared laser source
and two typical lasers, SIFIR-50FPL and FIRL100 made in USA and England respectively, were introduced. Then the domestic
and international research results of imaging in recent years and their imaging characteristics were discussed. Finally it was
concluded that the long-distance three-dimension image THz radar, the real-time imaging focal plane array (FPA) detection and

the real-time image processing and automatic target recognition system were the development trends of the research of CO, laser-

pumped terahertz imaging.

Key words: lasers;gas laser; THz imaging; THztadar ; two-dimension scan

5l

i

K% R AT 2 ZAE 0. 1THz ~ 10THz [X 7] P i)
mLAMEREE N . T EAL T RLZEERRE E
et T LAAT LA SE 8 — SRR Y A TR, Bl dn s
A1 AR DR B AR e ot 4, AT T .
H, K#F2& 5 606 FREE A, 3% 0 1 THz (¥ LRI
Mt FRE R RA Y 4meV iEiE /N T X SHERMBER,
HWARSITEHL A ENRE, IEE TAEHR
ERRA . J35h, Rk gZ RS BAT TR M Ko 139 K
B 2% I B Y AL RE U T SR AN IR I, IR S E
7K 43 5E BE W S0 L 42 30 0 R b 25 58 5T o IR UL, Kk 2%

TG H <0 R L AR T B BA SR 30 B2 Bl

YEERIN 2 B (1963-) , &, # %, TENBEH LTS
IR A% H THz AR AR .

E-mail ; hit_liqi@ yahoo. com. ¢n

YR8 H 1 :2008-03- 14 ; 40 E & 20k A 87 :2008-06-19

R IR AL S I R | BE YT R SR B S A T
R AR

KiF 2k B AE ARG CH +EZEN IR, E
RAMESESCER L (208 B % kb it s
AR, FET R A PR IR (S B, (F B2 K, HR&K
B BRE K, SZHL,CO, Bothhia Kifig 2 4
G RR G EE B S8RE, HilL, -HEAA
IFFRE . CO, BOLHIE Kk BOLIRSUIA N R E S
L IVAGEL PN e

EWSMAEST CO, BORE Ak 2% BOGTR 1 AL 1R
Z Aoy R S B EEA REMET A AR E
TR AR, REMETARR SIFIR-50 BoLds, 24
i 35 ERT R SS B ( National Aeronautical and Space Ad-
ministration, NASA) BB TE L THET 5 4.

PR BN CO, BOLRIE NMF2E HOLER A
JREAN LB R, BRI BRI B SN T LA F)
PR BOCIRHAT R 2L R RO FI A R #a %, B Jm
A48 1= A A OB TR L R R



152 oo B R

2009 # 4 A

1 CO, HAHMIBERBHEMAR[RERFEBEME
ERmEN

A M CHANG F1 BRIDGES % 2 T Stz H B im
LLAMNBOLIR G Ja  E SE B ik 4 MO 28 3578 T AGE 1
KB, Z5E47 40pm ~ 1200um Z 0] KB T JLTi%
2, Horpihig Y A K A 2R 3OE H 118, 83um
HOtH H PR B

F CO, By 9P(36) L iz FH BEr=4: 2. 5THz ¥k
HEeg R~ BRI 1 i,

I #%(CH,OH)
W1z
C029.69pm
f\/.

iJféiJJJELE%::{ —<
2.5THzE 5

Bl 1 2.5THz BG4 HIRE R /R B

Ytz KL O R4 Tor FR g2 8
MIBRIT , B TR R 9. 69 pm g CO, O, M
PN AES BT R | IR BURAS, HEEZIBER J = 16;
SrTAES | JrahiUR B E KM T =16 K¥ZhREHER
L2 J =15 MRS, T L B Ky 118. 83um 1)
K& T 885 71 F B K IR IE PR 3 228 X A
TSN AT LU A S SR Y R AR 2R ST o

R 25 WA B IR B R 2 R, OGS

K ~FCO, 0 0%

B2 KHZEROLS N T RN 2 E
FRAHE 2 NI, — DAL CO, BOLRRE
BIR, & B A — TR JL AR R
AAFZEIEE 0 B B A ™ A 52 SO 5 it R 2%
ot
M2 w] 24 7= i) SIFIR-S0FPL K 25 BOLA , B
HSEYE AN 3 PR, 35 B AR K A 2% O Sk K

& 3 SIFIR-SOFPLj(iﬁFZé%E
RS, AMEREERER ZEETERA ER
IR A FRAUKEF B . BOERMERLA N 1. 8m x

0.5m x0.3m,

SIFIR-50FPL it A T — 4~ 3 47 HL-3(1 % ( Fabry-Per-
ot, F-P) S5 RPE R G, IR L HEMYIREE, ©
FEE-MERM F-P IR TR RIS E
HE WO BUR , BE o B F-P B, {8 F-P ¥rg)
EIFR RIS I, e — A 2 5 FH A S k3
SURINES AR5 8 R B A BT 28 9835 CO, Bk
78 FE B R RS R Bl €O, B

BT CO, J%4R F KAk 25 S K TR AN [E, SIFIR-50
FPL j=A: Zfp Kafa& i it , 3% 1 45 1) SIFIR-50FPL

FER LS R,
# 1 SIFIR-S0FPL ity #ob 2 1

B/ um #1%/THz SR TR Hith ¥/ mW
70.510 4.25 CH,0H 29
96. 500 3.11 CH,0H 42
109.29 2.74 CH,F, 30
117.73 2.55 CH,F, 48
118.83 2.52 CH, OH 49
122.40 2.45 CH,F, 35
122. 40 2.45 CH,F, 20
134.00 2.24 CH,F, 45
158.51 1.89 CH,F, 72
184.31 1.63 CH,F, 125
214.58 1.40 CH,F, 61

e & TRUASA w4 =1 FIRLLI0O YK #2538
SR, RAR B LI R R sl CO, BOokds, Ktz
RE . FIRLIOO BU KM ZMOLH WA Eahia e &
o WOLLAERAHA 2. 2m x0. 4m x 0. 3m (A3
CO, REARS ), B SIFIR-50FPL f K¢ X 5|7
FHZ RS AR S, M CO, Sk High, FIRLI00 &
R ZEHIEHR A AR E, B4 FIRLI00 54
Th# & T SIFIR-SOFPL, B {fE BB &, B 4 A4
FIRL100 R K424 MOt A M BOL L LY 45, K2 P
45 Hi FIRL100 AU R 2% BO0ES T E MR HBOS |,

&l 4 FIRLI0O %Y #2530k
%2 FIRLIOO & ot &4

B/um %/ THz B i FE/ mW
96. 500 311 CH,OH >60
118.83 2.52 CH,OH >150
184.31 1.63 CH,F, >150




BIBHE F2H

= B CO, BtHiE Kbh2% R BT o B it R 153

2 ESNBRHTIHR

2006 4, t8 1= #9 SALHI F1 KOCH 25 AR H A
CO, iz K ZEHOtAS (P 118. 83um) pE4T 72 3E
BBEBHRR £ 7 HASHCHN RO
AREsRrEE" E S5 EHRSRER.

g
B wAmmsEm
Y 5 B KR 2% 62 50 IR 4 U B, — BRSO,

—fESt. 2ENBERREINSH RS L. &
EXER SR REB AL E, FRBIRS E,
BRRRESREERNE T H, BFa &
BRER N B A GFEN A,
FHLERE Iﬂﬁ&ﬂnﬁi B H A8 L OCRUR,
IS B A B, BEICETE 2 BB P E E, 8
2 T, TR 2 8RR, B TES
S E N LA ZBOGTH R S, Fit, 7
LA B BOGA R L DI R AR E T R R G, X
POy B B SR A BRI 28 A 70 R B R R S o .

6 A TH TS %5 SR SR S5 R 5 (A

a
E

K6 HIESELHMERREERN
a—(EHEN b—KBFE —HEFH

6a K NARE T M55 B, 1 6b TS M AR i
KRR, B 6c BH SH I S 0 b 2% B R
B ASHHIES H EGIRFE R, BR B .
W, MR TR RERMBE IR R
B 7, RBOLA S RERBERILEHR L, 20K
Rt NS, RSN b F e i RS BB B A4y

BT trRaenms

WH L, B R S RE BT, Bt A
™o WHRESRIWIGERIE,

2004 4F , [ AR B M HAR 5 B BB SE I
%% SIEGEL #1 DENGLER ¥ 2. 5THz #p 2 &8 A T4
PER AU o AL ML AR _E W L Hﬂi‘ﬂﬂ%
HeaREE R AMMEAER .. AT HRBAMEME R, &
IR B RS R L 5 [l ﬂvTﬁﬁfﬁ!ﬂ#ﬁEE
B, AR B A0 22 R S ASYE L Rt AT 1
T WA WA S 5 AR IR TR (5 5 IR AR A8
SHRAR) HHP 2 B AR, 1K 8 B E W RS
HjE}‘JﬁSZ{%,’%iBE/T%EI HPR/ TS, KA

B8 REEEsER G
GAHT AR H SIFIR-50 K#F 2% R MAVE R EiRE
ARG 38 3 PO KA 2% TRAT 20 Y6 R 4 6 43 B
MM EW R, ErPZEAPMERSIEE 2 #0 1 435

i th 2B R SR BB RS T, S E RN
IMHz ~3MHz, 3 B9 55045 5 1) e 330 M ), 1E
PRIRFIAOLA R . PTG 5 2 P R B AR LA
FHBOR AR B i 00 56 B2 A5 BRI P B AE (L 2 (5 R
BRI B 2 B ShF6 b, ERBOLE RS
AT

AT L 167 AR AR 2R X 2mm B (192 B 4H 41
HATHNERUR . 181 9 JEIXA LR I RO 2% 55 R &%
ERIVAES

EE EE i M Lowell K2 W2 KB HE ALK
z% DICKINSON % A F 2006 4E Xt 3m i ) AHEAT T 4F
ZERUE, ALK ZE AR TR I AT 17 2Ot R B
AR SER R B, SUGIAT T SRR R
10 )22 6 R B B A 22 1R R 48R I, LA R R
1. 56THz#1 350GHz,

BANZRGAEMNE KM EBOLHR IPERN RS
FRB I, BRI E 0 & b, U R EF
IR eEME Yk, REMEOLAES, A
i, B RERWR BN . FIARBRRE,
R T H B NRE R TR TR AR T



154

2009 -4 H

S
B
2,,
1

[

y/mm

3 T
'.h#le\)-—-

o s
4 /
x/mm

100
80
§ 60

1 1
bbbl o—nwaun
"

x/mm

O 2 BRI LR 2 fr 0 P R o 12
a— A b—iBEF  c—Afi

I EERTE 4“|L

Yedihia e 21 4

MR W s m(uih

ﬂl‘i#l\ ﬂu i j ’r)x ¥ COMZ]

H = »( I L 4“
H kx4 ,
\]'\@’

K HRZ% % 75 i

L4 1254mm,
#K:6350mm,
G WA R 2 1) 5%
M0 2XRBIIERR ARG RER
T 7 1 B R R A AE A BB 2L AN S AL
A4k, R B 5 (R B oK

Xt EABRE, 8RS R IS 2 BIR RER
NGB ASRE W 2 , B, DICKINSON 25 A 3L T
HHEHENERE RS, B 1 2AEnEE, &%

| fide e

| EEL@\? 23

AU A 4

e

CRNNS Pt (e

LR BRI Sh 22 BAR A G ok, L i B & R AR 2538
GRS R GE KR 24 TH S R AL, SOt A
B 1.56THz, ERARELH SR —REAFRKE,
BUH Tk s &, m T 2 e, iR
SEHHTEMEARRIER AL, AL 2 4E R 53 50, B ¥
RERWERER. CHRBILKENEARE . B
12 A E A S 2B R BAMN ALY
B A R KR R% RSS2 T OB
M FAS (B A B L) PTRSE ML . kR b

A DL AR, 1B T R AT 6 TR R R R .
K [ERRE BT BE T 2005 48 F F i B 6 1 5 Fl
H7.5um ~ 14pm B 160 x 120 1870 (1404 5t # i 42

K12 shEmig R n e
VRS HEAT TS S PR AR AR . K%
TEE LYK 118, 83pum, 13 BiEBBRERE
., Eﬁﬁtﬂﬁﬁi’ﬁﬁiéﬁ)ﬁ%%*ﬂ%%#ﬂﬁ%%%}é,m%

: ) T = I A S

K% | 0 e~ AL
| BOtH . B
\\,\,-i =ik Fr— -(/ lem)

B A i "ii?f(_f‘:l()&n)
B 13 seRdEsB ARG B
WEBEK T E ) 6. Smm J&E 1) 7 B 2R 2 0B 4% DEBR
T RZRHOL, AR S AT BT S, MR B
BT AT K 60 Wi/s, B 14 rhég ) T P ke B Xy i
CAWAN:Op N 3 A R ERE S

almm
=)

29mm

14 e AobR 2% iR gk )

P 14a rp R @800 70 B 5 [ 14b S 8% 4] 15T
SI8 50 wm MRS BE IR SRR I S B s B 14e
JEAE 16ms W [6] 93 1 14b 3E47T UG, BEfT BT EE
IERYRBF3E B P 14d O 5 £ SV o 50 R 2 0 b
BRSO Fr L 315 B R A, 5 LR HDPE; &



B3BE H2H % m CO, Btz KHFZ% BB B R 155

l4e ZAF BRI T S 2TA K 14d PRESRPA, AN
8] Sms, HH#EAT B 7 BB IE B RAF2E PR X AR
LERER LM

3 EARBGHRIARK

LA E R #E S CO, WOtz RF & Bt it
T2 HER R T R BAL A R IR R 2 RN A
”ﬁ/l\éilikj(% ]

@Rﬁ?ﬁ%%?%ﬁﬁﬂﬂ: 2006 4F R FH 3z =
FIRL100 BB ZEBOCAR LT T 2 &SRB, S0
B IR 48 A Sh 3t wa i AR, A1 IETE DTS =
FMCE R, B 15 BHBBRER,

BAS T A A B LR X i A
IR 2:F 2007 4k A X EAT 2w # SIFIR-
50 WOLRR AT T 2 4EBE ST R, I 28K A H 2 Pyro-
cam [l £ 7 AR, & R PR men 17 1) [ AR AR P AR AL,
FERTRBZOGREE 7, Bk k5%
B, AT HEREDER MR, ¥ TFRE B
Ko B 16 fpagih bﬂ]ﬁitﬂt’i’) 10 JUEUKEIJO

16 10 JEkept
M IR Lk R = G B F BRI 5L BT T 2007 4R 2
ST R ZE B AT 2\ A 72 ) SIFIR-50 FPL K 3%

F17 RBNEHRES BB

WOLERFIRT 2 IR TR 25 F R KR 220 5 2 4
ARSI ARG, AFT BT FSL B T B BUR R G5 i 4K
o B 17 RAMABRBRERKBHRLRA KT G
KRB, HANEFEHR PR,

4 HRIE

FIF CO, iz i K b 25 B8 S R 1 B 00 LR B
K—HBANTA N FER BT I B AT o
2004 45 ~2007 A=A 254~ A ) [ 5 B BT /N X
PR ZZIRAAT T A RSB H IAT T . X LEDETE
BR AT AT , 4 /5 b b SUSAT RR E S R ERH
4 U5 (1) IR , & & H IR O XY
SEHARE R AR o DB R AW T A i B v R K
BFEEBCER T RE R %o (2) MR R,
IHaRAE 3 EEE R AR, KR XOLIRSM IR , it
EREMT KB Z T B NI, T SR &% e 5
FEBMGIMER . (3) {5 BT B2 PR 45 S 7% Bf , 2 65 A
MR AL 7 AT R A AR BURAT 50, IR B 3 DO
Mo (4) BT RBEBEE AT LR B MK
W, F i, PR BULTE R G RA HIN . IR E
GLReRs e R A Sl R AR AT 048 ok, Kk
ZERE R A SHRAT SR R — N EETY
la] , X 77 T8 BB 55 240 I {52

2 £ X #

[1] SCHADE U,HOLLDACK K,KUSKE P,et al. THz near-field imaging
employing synchrotron radiation { J]. A P L,2004,84 (8) . 1422-
1424.

[2] PRADARUTTI B,RIEHEMANN S ,NOTNI G, et al. Terahertz imaging
for styrofoam inspection [ J]. SPIE,2007,6772.67720P1-67720P5.

[3] ZIMDARS D,WHITE J,STUK G, et al. Time domain teraheriz detec-
tion of concealed threats in luggage and personnel [ J]. SPIE,2006,
6212:6212001-6212005.

[4] ZHONG H,KARPOWICZ N,PARTRIDGE ] et al. Terahertz wave im-
aging for landmine detection [J]. SPIE,2004,5411 .33-44.

[5] CHERKASSKY V 8,KNYAZEV B A,KUBAREV V V et al. Imaging
techniques for a high-power THz free electron laser[ J]. Nuclear in-
struments and Methods in Physics Research, 2005, A543 (1) . 102-
109.

[6] FEDERICI J F, SCHULKIN B, HUANG F, et al. THz imaging and
sensing for security applicalions-explosive, weapons, and drugs [ J].
Semiconductor Science and Technology,2005,20(7) :S266-5280.

[7] WANG Q,CHI X,LI Q. Imaging theory and development of THz free
electron lasers [ J]. Laser Technology,2006,30(6) :643-646( in Chi-
nese) .

[8] ZHANG Zh W,CUl W L,ZHANG Y, et al. Terahertz time-domain
spectroscopy imaging [ J]. Journal of Infrared and Millimeter Waves,
2006,25(3) :21722(in Chinese).

[9] PLANKEN P C M,BAKKER H J. Towards time-resolved THz imaging
[1]. Appl Phys,2004, A78(4) :465-469.

(F# % 158 )



158 ok HOR

2009 ££4 A

E,0.876 /(0.997cosf)’ + (0.916sin8) ",
WASERIG E, =1, WXF 2. 1pm #9375 5164
W2 60 MY RRE, X A ML E 2 frR ., AEE AT L
0.884

0.877 T~
0.86 \

0.851 \

N0.84

0.831
0.821
0.811 o

0.801

0 20 40 60 80 100
(%)
Fig.2  The relation between the amplitnde of optical transnission and the
angle

KB, 0 B, 7 SR I AR /N, B ey % i 194 5 el ik A
8o JRER KA ST 58 A RPCR FXHHER
SR, B (11) LA £
- _ cos( - (p) _
E = JA + B e’ (12)
. av -i6
sm( 7 — ¢)e
R CIREh e AR B Fwn, 5 (1) A HLE
Al

B =%—¢>+0 :%—arctan(Coteeo'%x"m) +6 (13)

B RE r=p/0,RIE A/2 P WBERAER . B
B 3 al LA F I8 i WUR , A2 3 B g H

NIE

2,024
2.001 .
/
1.981 4
. /
1.961 e
1.941 e
/
1.927 —
0 20 40 60 80 100
0/(°)

Fig.3  The relation between the polarimetry role of A/4 wave-plate and the
# angle

AERE 2 £ 0 FIIC R, H 6 BT N,

W7E 0 = 10°[F,8 =19.21° r =1.920;9 = 80°Rt,8 =
159.13°,r =1.989 , 0] L, = e WYXt A/2 I Bl Jeff
JH % 2t B B 1

4 £ it

(1) RS RGN A 45° 3¢ M 2 fm Dt i 1
A/A B T R AR RN, 15 B A 2 15
It , MWL, Hfi R 5 RIRABAE K. (2)F
BRI AN, SOt A2 P IR R
DG EIE R B I ERE M B AN 6 A0 2 T2 i
FRCG 0 MR (3) d T b i AR A R,
BEHEIR R o

AL 3BT AT I+ b AR ) e e X B b B R
W AN 5 AN, FE AR RS D AT T

2 F X W

[1] XU Y Q,SONG L K,ZHAO P T. Birefringence measurements of mus-
covite mica with wavelength modulation compensation method [ J].
Laser Technology ,2006,30(1) :99-100( in Chinese).

[2] LI G H. Optics [ M]. Ji’nan: Shandong Education Press, 1990 ;452-
458(in Chinese).

[3] FENG W W, LI GH, CHEN L G. Polarizated-light interference spec-
trum of quartz wave-plate [ J]. Acta Optica Sinca,2007,27(6) :1044-
1048 (in Chinese).

[4] MUTK,LI G H,SONG L K. Study on retardation variation hehavior
of quartz wave-plate follows temperature [ J]. Chinese of Journal La-
sers,2006,33(7) :949-952 (in Chinese).

[5] ZHANG Zh Y. Circular dichroism technic and application [ J]. Mod-
ern Physics,2000,12(5) :23-29(in Chinese).

[6] WANG G H,WU F Q. Effect of magnetic circular dichroism on Fara-
day rotalor’s extinction ratio [ ] ]. Laser Technology,1999,23(6) .
350-353 (in Chinese).

[7] HUANG H H. Optical matrix method and Fourier method [M].
Shanghai; Tongji University Press,1991;19-23 (in Chinese).

[8] XU W W,JIANG Y. The Change of linearly polarized light by uniaxial
cuystal fake film [ J]. Hetlongjiang University Natural Science Jour-
nals,2000,17(2) :64-66(in Chinese).

[9] GUO Sh H. Electrodynamics [ M ]. Beijing: Higher Education Press,
1997 :135-142 (in Chinese).

(L4% 155 1)

[10] FU E Sh, WANG Zh Zh,SH1 P Sh. CW CH,OH far infrared lasers
[1]. Acta Optica Sinica,1982,2(1) :9-17 (in Chinese).

[11] SALHI M, KOCH M. Semi-confocal imaging with a THz gas laser
[J]. SPIE,2006,6194:61940A/1-61940A/8.

[12] SIEGEL P H,DENGLER R J. Terahertz heterodyne imager for bio-
medical applications [ J]. SPIE,2004,5354:19.

{13] DICKINSON J C,GOYEETTE T M, GATESMAN A J et al. Teraherz
imaging of subjects with concealed weapons [ J]. SPIE,2006,6212 .
621200/1-62120Q/12.

[14] LEE A W, HU Q. Real-lime, continuous-wave teraheriz imaging by
use of a microbolometer focal-plane array [ J]. Opt lett, 2005, 30

(19) :2563-2565.

[15] ZHANG C H,WANG Y Y,CHEN ], et al. Continuous-wave terahertz
imaging system based on far-infrared laser sonrce [ C]//Conference
Digest ol the 2006 Joint 31™ International Conlerence on Infrared and
Millimeter Waves and 14th International Conference on Terahertz
Electronics. Shanghai . IEEE ,2006 :426.

[16] ZHANG C H,WANG Y Y,GAl B, et al. Continuous-wave THz ima-
ging system based on far-infrared laser source [ J]. Superconductivi-
ty,2007 ,35(3) ;245247 (in Chinese ).

[17] ZHANG M,RUAN Sh Ch,YANG J,et al. The sofiware design of THz
imaging system [ ] ]. Microcompuler Information,2007,23(31) :25-
27 (in Chinese).



