27 8 Vol.27 No.8
2006 8 CHINESEJOURNAL OF SEMICONDUCTORS Aug. ,2006
/nSe
THz
.I.
( 510275)
nSe THz , THz FFT
113fs  THz 5 8THz , 3THz
nSe THz , THz
. THz; o ZnSe; ;
EEACC: 2520
: TN304. 2 A : 0253-4177(2006) 08-1412-05
THz
1 [12 14]
T M THz 2] - THz
(21 THz , GaP ZnTe (15 18
THz . ZnSe
Y 2 (2pm/ V) ZnTe(4pm/ V) ,
THz ZnSe vro (6 15THz)
, ZnTe(5 31TH2) ,  ZnSe
. Holzman PVD
; /nSe  CVD nSe
THz , ZnSe
THz , THz
[19,20]
, THz - , ZnSe
. /nSe
THz , THz THz . THz
THz . ,Nahata , ZnSe
(4] 180fs , Bonvalet THz , (10™
5] 50THz . Hz) (10" Hz) , THz
LiNbOs,LiTiOsz, ZnTe, CdTe, InP, GaAs
DAST THz e 8 ,
, ZnSe THz )
(100kV/cm, GaAs: 10kV/cm) ™ ( THz ).
(600cm?/ (V - s) :10cm?/ (V - s)) 1, : THz
(cvD) ) THz ( ) ;
o ZnSe THz
THz , THz
T . Email :stswangg @zsu. edu. cn
2006-01-05 ,2006-03-11 62006



8 : nSe THz 1413
, . L1, 1 5m, 2mm,
THz (113f9) , 111 ZnSe (
(6TH2). ,THz ) L1 ZnSe
, nSe . M7 , ,
THz , BBO
BBO , ZnSe
2 M8 :
S p ,
1 ZnSe . ,
THz . Ti :sapphire(Spec THz , THz
tral Physics) 800nm ,
100f s, 82M Hz. , ZnSe THz
BS : ( ) : :
M4 M5 THz
Ml Lg :
) l.)d"’_\, line l'i:sapphire
M2 .V : ¥, BS
- ! 5:1 A2 l‘ ]
I e WY 3 :I‘;k.w ”"“g‘\___‘ e G N DED.
Chopper : i / A‘*W}—‘
B A Mollaston
L2 mpemaper prism
¥ BBO
M4 MS 'J}i\l‘ ( Unlpl?lk‘l’
1 ZnSe THz
Fig.1 Experiment setup of THz radiation from ZnSe crystal
ZnTe (2 5mm) , :
3 ; ZnSe
ZnSe , , 2(b)
, , nSe THz
THz , (PD) 5 8THz, ZnSe
) vro (6. 15TH2z).
nSe , , THz
THz .
[14]
ZnTe (21 ., . | ,
200fs THz ( 4THz, ZnSe (vro =6 15TH2) THz
2 4THz) THz ZnTe (vio =5 31THz). THz
THz 2(a) , 2(b)  FFT ZnSe 05 30THz
2 ,ZnSe THz , ZnSe THz
113fs,FFT , THz 22
3THz , 6THz. ZnSe THz .
ZnSe (2mm) 3 25 500mwW



1414

27

THz amplitude/a.u.

L

L
0 200

1 1 n

1
600 800

]
400

Delay line/fs
(b)
5
=
2
g
=
§
T
=
| 1. 1 | | I S
0 1 2 3 4 5 6 7 8 9 10
Frequency/THz
2 ZnSe THz (a) ; (b)
FFT

Fig.2 THz waveform from ZnSe crystal (a) Time
domain THz waveform; (b) THz frequency spectrum

nSe . ,THz

, THz ,

E E(Z) ( I)

atz |pump
THz

Ernz (t) (D

[23]

Obr, (T) = %n&u Eriz (T)dz = Cznse Ernz (T) dz
(2)
AQ, (T) T THz

W, no ; C
L [24]

; CZnSe

L
A9 (T) = (1- R) Casf | Erwe (fA n+ Te*dz

(3)
R An THz
nSe L
o THz

, THz
AQr (T) ,
d ac
y4 A r4 = A r4
Em (T) dT Pz (T) An b (T) (4)
a , ,
A
Isignal _dJLHZ_(_T)- = ETHZ ( T) (5)
CZnSe L
4.5
. 40[: n
£ 35+
50 L
% 3.0F n
4 L
2251 "
2 -
= 20+
& [
2 T . TN
10k — RHERA
0.5 i 1 A 1 1 i 1 1 1
0 100 200 300 400 500
Incident optical power/mW
3 nSe

THz
Fig.3 THz peak-to-peak signa from clean surface of
ZnSe crystals under different incident optical powers

500mWwW , 3 THz
/nSe
,ZnSe
THz , /nSe
, THz
; ,ZnSe ,
[25]
[26]
THz
nSe , THz
t 4' 1
ZnSe )
DAST

[27]

) ZnSe



8 : nSe

THz 1415

THz :
) , THz
800nm

, THz

4.5 |
4.0
35

20

THz peak-to-peak signal/a.u.

rr 1 ryryryrrrr1reorrrrrr

[ 1 !
300 400 500
Incident optical power/mW
4 ZnSe

s b

1 1
100 200
THz
Fg.4 THz peak-to-peak sgna from ZnSe crystas

sprinkled by carbon under different incident optical pow-
ers

111 ZnSe
, THz
nSe

THz

THz ,
THz
THz
6THz,

ZnSe
3THz ,
113fs. ZnSe
,THz ,

/nSe
THz ,

[1] Mittleman D M ,Jacobsen R H,Nuss M C. T-ray imaging.
IEEEJ Sel Topics Quantum Eectron ,1996 ,2:679

Han P Y, Tani M ,Usami M ,et a. A direct comparison be-

[2]

[3]

[4]

[5]

[6]

[71]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

tween terahertz time-domain spectroscopy and far-infrared
Fourier trandorm spectroscopy.J Appl Phys,2001,89:2357
Schall M ,Uhd Jepsen P. Photoexcited GaAs surfaces studied
by transent terahertz time-domain spectroscopy. Opt Lett,
2000,25:13
Nahata A. Nonlinear optical generation and detection of ultra
short electrical pulses in transmisson lines. Opt Lett,2001,
26:385
Bonvaet A ,Joffre M ,MartinJ L ,et al. Generation of ultra
broadband femtosecond pulsesin the mid-infrared by optical
rectification of 15fs light pulses at 100M Hz repetition rate.
Appl Phys Lett ,1995 ,67 :2907
Hu B B ,Zhang X C,Auston D H. Free space radiationform e
lectro-optic crystals. Appl Phys Lett ,1989 ,56 :506
Zhang X C,Hu B B ,Darrow J T. Generation of femtosecond
electromagnetic pulses from semiconductor surfaces. Appl
Phys Lett ,1989 ,56:1011
Li M ,Sun F G,Wagoner G A ,et al. Measurement and analy-
gs of terahertz radiation from bulk semiconductors. Appl
Phys Lett ,1995 ,67:25
Hezzabi A Y ,Houtman H ,Meyer J. Time resolved i mpact i-
onization in ZnSe highrvoltage switches. IEEE Trans Plasma
S ,1994 ,22:1043
Yoneda H ,Ueda K,Aikawa Y ,et a. Photoconductive proper-
ties of chemical vapor deposted diamond switch under high e-
lectric field strength. Appl Phys Lett ,1995 ,66 :460
HolzmanJ F,BElezzabi A Y. Two-photon photoconductive ter-
ahertz generation in ZnSe. Appl Phys L ett ,2003 ,83:2967
Wu Q,Zhang X C. Free-space eectro-optic sampling of tera
hertz beams. Appl PhysLett ,1995 ,67:3523
Wu Q,Zhang X C. Ultrefast eectro-optic field sensors. Appl
Phys L ett ,1996 ,68:1604
Wu Q ,Litz M ,Zhang X C. Broadband detection capability of
ZnTe electro-optic field detectors. Appl Phys Lett ,1996,68:
2924
Wu Q ,Zhang X C. Free gpace electro-optics sampling of mid-
infrared pulses. Appl Phys Lett ,1997 ,71:1285
Wu Q,Zhang X C. 7 terahertz broadband GaP electro-optic
sensor. Appl Phys Lett ,1997 ,70:1784
Huber R,Brodschelm A , Tauser F,et a. Huber , Generation
and field-resolved detection of femtosecond electromagnetic
pulses tunable up to 41 THz. Appl Phys Lett ,2000,76:3191
Letenstorfer A ,Hunsche S,ShahJ. Detectors and sourcesfor
ultrabroadband e ectro-optic sampling: experiment and theo-
ry. Appl PhysLett,1999,74:1516
Holzman J F,Vermeulen F E,Irvine S E ,et a. Free gpace de-
tection of terahertz radiation usng crystalline and polycrys
talline ZnSe eectro-optic sensors. Appl Phys Lett ,2002,81:
2294
Hawkins Gary J. Spectral characterization of infrared optical
materias and filters. Doctor’ s Dissertation, Universty of
Reading ,U K ,1998
Liu Rui ,Gu Chunming, He Lirong et a. Generation of tera
hertz radiation via optical rectification and electro-optic detec-
tionin ZnTe crystals. Acta Physca Sncia,2004 ,53(4) :1217
(in Chinese) [ , , , .ZnTe
THz
(4) :1217]
Xu Xinlong,Wang Xiumin ,Li Fuli ,et al. Measurement and a
nalyss of optical constantsof bulk ZnSein THz region. Sec
troscopy and Spectral Analysis, 2004 ,24 (10) : 1153 (in Chi-

,2004 ,53



1416 27

nese) [ s , , .ZnSe THz ings on the surface of a ZnSe crysta irradiated by femtosec
. ,2004 ,24(10) :1153] ond laser pulses. Phys Rev B ,2005,72:125429
[23] Winnewisser C,Uhd Jepsen P,Schall M et a. Hectro-optic [26] Ursu I,Mihalescu | N ,Prokhorov A M ,et a. On the mecha
detection of THz radiationinLiTaOsz ,LiNbOzand ZnTe. Ap- nism of surface compound formation by powerful microsecond
pl Phys Lett ,1997,70(23) :3069 pulsed TEA CO:2 laser irradiation in technical nitrogen. J
[24] Uhd Jepsen P,Winnewisser C,Schall M et a. Detection of Phys D :Appl Phys,1985,18:2547
THz pulses by phase retardation in lithium tantalite. Phys [27] Carrig T J,Rodriguez G,Clement T S,et a. Scaing of tera
Rev E,1996 ,53:3052 hertz radiation via optica rectification in eectro-optic crys
[25] Jia T Q,Chen H X,Huang M ,et al. Formation of nanograt- tals. Appl Phys Lett ,1995,66(2) :121

THz-Wave Generation and Detection from Zn& Crystal Induced
by a Femtosecond Laser

Wu Xiaojun, Huang Min, Chen Xiaoshu, Zhao Fuli, Jia Tianging,
Wang Gang', and Xu Ningsheng

(State Key L aboratory of Optoelectronic Materials and Technologies, Zhongshan University, Guangzhou 510275, China)

Abgtract : We experimentally study THz generation and detectionin 111 ZnSe samples using optical rectification and elec-
tro-optic sampling. A THz radiation pulse with a width of 113fs (full width at half maximum) ,results in a wideband THz
spectrum near 5 8THz with a peak signal at 3THz. We also examine the dependence of the peak THz electric field on optica
pump power. The generated peak electric field increase linearly with increasing optical pump power in the ZnSe sample with
a clean surface,while for the sample with a carbon-sprinkled surface,the peak field exhibits a slow saturation behavior at
powers greater than 250mW. It seems that the damages surface decreases the optical rectification efficiency.
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