Chinese Physical Society
IR Acta Physica Sinica

. Institute of Physics, CAS

FAHIE K IFZEIRMIZARI SR ZnSe BIABE R FRI I FEHFE
5% LEZE L R4 EZH T RIE IRE EIW EEE
Photocarrier dynamics in zinc selenide studied with optical-pump terahertz-probe spectroscopy

Li Gao-Fang Ma Guo-Hong Ma Hong Chu Feng-Hong CuiHao-Yang Liu Wei-Jing Song Xiao-Jun
Jiang You-Hua Huang Zhi-Ming Chu Jun-Hao

5| F15 |2 Citation: Acta Physica Sinica, 65, 247201 (2016) DOI: 10.7498/aps.65.247201
TE 25 7 32 View online:  http://dx.doi.org/10.7498/aps.65.247201
23 N 2¥ View table of contents: http://wulixb.iphy.ac.cn/CN/Y2016/V65/124

EATRERCH B B S &
Articles you may be interested in

BB de A ' FEL R S DR R AL
Photo-conductivity decay properties of Fe-doped congruent lithium niobate crystals
Yy 22422013, 62(3): 037201  http://dx.doi.org/10.7498/aps.62.037201

VO, # i Vis-NIR A NIR-MIR i [ fla % 6 5 73 B
Spectroscopic ellipsometry analysis of vanadium oxide film in Vis-NIR and NIR-MIR
YE 23,2016, 65(12): 127201  http://dx.doi.org/10.7498/aps.65.127201

BRI W SRR AS S ) PR R AR I B B AT 5

Investigation into the reverse recovery voltage peak mechanism of freewheeling diode at a switching
transition

VP 2E4%.2014, 63(21): 217201 http://dx.doi.org/10.7498/aps.63.217201

BT BRI IGBT 45 T F B R 6 51
Investigation of the prediction model of IGBT junction temperature based on the rate of voltage change
YE = 4.2014, 63(17): 177201  http://dx.doi.org/10.7498/aps.63.177201

VR RETE RO ek J v A 2 1 o A — A R S I O S )
Effect of the trench shape on the electrical properties of silicon based trench barrier schottky diode
PP 27 H%.2014, 63(12): 127201 http://dx.doi.org/10.7498/aps.63.127201


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml
http://dx.doi.org/10.7498/aps.65.247201
http://dx.doi.org/10.7498/aps.65.247201
http://wulixb.iphy.ac.cn/CN/Y2016/V65/I24
http://wulixb.iphy.ac.cn/CN/abstract/abstract51917.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract51917.shtml
http://dx.doi.org/10.7498/aps.62.037201
http://wulixb.iphy.ac.cn/CN/abstract/abstract67512.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract67512.shtml
http://dx.doi.org/10.7498/aps.65.127201
http://wulixb.iphy.ac.cn/CN/abstract/abstract61467.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61467.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract61467.shtml
http://dx.doi.org/10.7498/aps.63.217201
http://wulixb.iphy.ac.cn/CN/abstract/abstract60716.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract60716.shtml
http://dx.doi.org/10.7498/aps.63.177201
http://wulixb.iphy.ac.cn/CN/abstract/abstract59611.shtml
http://wulixb.iphy.ac.cn/EN/abstract/abstract59611.shtml
http://dx.doi.org/10.7498/aps.63.127201

) I8 ¥ 48  Acta Phys. Sin.

Vol. 65, No. 24 (2016) 247201

FCHIE KR 24 IR ML AR ZnSe R E
HRTFINFHMT"

FEHFV GEEY Gt
RAFED LAY

AR
# KA

EE2HY xEEY

A E?Y

1) (R H B BT 515 B TS, 3 200090)
2) (hE R EBE_EEEEAR B ST, b E R SR BE E K R SR =, B 200083)
3) (L RKEYER, LI 200444)
4) (IIARITIE R Y E S B TR0, BT 250014)

(2016 4E 10 H 13 HYH; 2016 4£ 11 A 8 HILEMESH )

A edIa - K 2GR EAR, BT T ZnSe 12 it BT AR AN A 2492 B i 3 SR X I (R AL L 7. 2
FL KO 400 nm KIS e E T, ZnSe (38000 1 it BL R AU E B Bodt AT 1R IS, AR KGR
F S TA N [ AN P AL S TR T [ P4 ik ' S PR P T T B K. bR B R st TR () B ik s D' RE 8
38K S i R R A O, B ORI 38 BE (RN, ORI D6 A 38 IR BE R OR, Sk IZ AT ' A i 131
T8, BBOIE PR AR BT b TR 8] 38 K 188 1A B U St T4 I (1] B i s Dl o 2 I T 8 K EEAHT IR A R, A
[Flihia YEAE IR I 8] ZnSe £ A 26 B B I# S HL T % H] Drude-Smith BT TARGFAIILE. Xt ZnSe JEE(
LT B0 AR BRI T e F R A B v AR SR 1 A SRR AR AR

KUZIA): Jedihia R REERI, JeE B, SEAE R T, BT R

PACS: 72.20.Jv, 72.20.-i, 42.65.Re, 72.80.Ey

15 =

P URRDRE B TR A T R R R
PRIEERY. B I X PR T IR TR RSN )
MR IT, W BLERG HER T EME & E R, JIF
B BINR OB J AL, ekt SRR
ANEAESR HEFT A Bdls, v idele s as 1 1 e A
1 121 4R A3 o 2 S B0 A

TEIHIZ - AT R IR LA SE — BT 2% 5 BT A
S RAF IEAR BT B T AT EOR. S HARE R

DOI: 10.7498/aps.65.247201

FH R 25 7 2 0 20 4 4k 32 ik v A0 A 2 #8000 fk avf R
SEELIN ). G AR BT DA UL I A
55 OB T B R 15 2, SRS — A
P J Fb i 4 (SR FTIA 200 fs) B[] 43 3% 2 R 300
B, RS RE B B T R IR T
W AT A 25 T AR SEARIX 23 TR B k&gt
X S ARSR T A BT 0 A AR A+ BURK, RE
B WA SR IR S WL T IR A2 B AR DL, AR
TR ZEI HOGEBOR, Sz - K2 3RO i
BORFINE A, w3 Al i 15 SOURE i IS 4F

* [H K EHRR RS (S 11404207, 11674213). L AR AE S (S 14ZR1417500) . g iRtz o7 Bosk ae )y g &
TUH (#t#t5: 15110500900, 14110500900). T BZERHAGIFIHH (M5 1522086). LifF 7 32 = K & A 3035 77 5t BTl
H ('S 2Zsd115106) AL 3268 A A 51 k54 (HHE S K2014-028) B BHM LA

T BfE/EE. E-mail: i gaofang@163.com
© 2016 FEYIEF S Chinese Physical Society

http: //wulizb.iphy.ac.cn

247201-1


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.65.247201
http://wulixb.iphy.ac.cn

¥ 12 Z R Acta Phys. Sin.

Vol. 65, No. 24 (2016) 247201

Pk, TJa & BT R MR a SR AE R £
FIVEE, PGS - KM 2& R B 1 '
RS RPR I SR R R e (S TR R
ESUREHRERYVEE W N % S Ealp

AR, FEA SR RHELE BALEE. Ot

fl A7~ B OGS R B AR I R R R
RO 7 25 AT AR N2 FH 1T A5 52 AT ORI, ZnSe i
A M Y 5 251 T- VIR BLEE A B F K, =R

AR TE RN 2.7 eV, G VE FIE 0.5—15 pm,

HAMR R BT, v T Lo g WO
B O ARAT  IE W6 A BOG R IR
TRPE L AR M A S R S ) B 2 01T
KT ZnSe B 7= A FERI KA 24 L4 H 1R 2 4H
oA iE 18200 7Ed 2 JUAFE B, ZnSe TE M 2% B
(R4 5 236 A H O ORISR B S R 1 5 2 T AT
1963 21220 (B 78 3 06 1 ZnSe HUARM R Ak
2RV B EIR T3 1R EAT SR T ARAR D AR SR
FH 64138 - 22 48 MR B 9 ZnSe B B 5t
TGO FE RN KA 2% 3 B HL 5 2R A I RV A 7. 7E
O 400 nm HEZYE/ER R, ZnSe 80 T
sth, P4 1ok R o o e o' 2 R AR I, AR IR ot
TEA 1) (BT it PR A TR 36 K A8 i i
9400 nm, iz 6 N 240 wJ/em?® fEA T ZnSe
Y B A& H, 3 38 B 5 I8 ' A 3R I [7) ) 38 o 3% i ek
/I, 3£ Drude-Smith #2847 TR iF L&, F
F 62 - 22 PR AR X ZnSe S B T 50
D15 R I BB 9T e ' R A I U T R R
it B S0 AR A

800 nm, 1 kHz, 120 fs

Ti:sapphire

S G R AT ) SR 56 R G e iE - Kk 2%
PRSI 248, Hoks B 1 s, sess A B F
WOt Y6 IR /& Spectra, Physics 2 7 42 77 1 F A2 UK
#% (Spitfire Pro), & LR #% (Mai Tai HP) 1) b
Fikr /R gl o, EBOR AR B 0K O 800 nm,
HAEMFE N kHz, Bkt 5820120 fs. EOGAS
R B HEr R ay R =Ry, — R T AR
DR 2508, BN A, — 4 BT PR K 2%
B, MRONERING, T3 4b— 56 7 s i) 6 T UK FE
fn, MO . KR 2% 3 B IR 209 100 mW
HLB K N 800 nm KOG I A T8 1 mm, (110) B
7] (1) Zn'Te fi & 7= 10 2300 Kk 2% i il ik B
HY HOBHORE P4 7 VR BRI, 59 A RO 1 )R
1 mm, (110) BUF 1) 53 4b— 2k ZnTe &4k 5 #EF
BRI 2%, FeNBURTBOR &, 385 LN R 4R 1) K A
ZRWAT T, IS R IR MO R 1) 55 A
— 0 43 LU R 1 0 K D 800 nm )4 BBO
A AR AT A, HOL A O 400 nm (3.1 eV). i
PSR T RO BT, fhis ot AR T A
40—240 pJ/em?. LI, OKHRZE OB ELAR LA
1.5 mm, BURFE M FHIE L EA 286 mm.
12 6 B BLAR K TR 6 e B B AR 1 6 A, X
BB 70 73 CRAIF-R I S 8000 210 > 35 51 BOR K b 1
#oy. SEE b BT LA ZnSe FF dl 2 A HERF i
MEHEARA R A SIWRER), JE 0.5 mm, (0001) B
P SEEe 31 S IR N AT

2 %

Q BS Delay line 1

regenerative
amplifier
Optical chopper s@ PD1
PTFE Wollaston
L \l \I prism
S = »
ZnTe ﬁ Zn'Te
I PD2
M Delay BBO I /
line 2

Sample

Pump beam 400 nm

1 (TR Sz - AR 2 R I B 5

Fig. 1. (color online) Experimental setup for optical pump-terahertz probe measurements.
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Fig. 2. The absorbance spectrum of ZnSe at room

temperature.
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Fig. 3. (color online) The negative differential trans-
mission (—AT/Tp) (normalized) of the main peak of
the terahertz probe pulse as a function of time delay
with pump fluence of 40, 70 and 240 pJ/ch for bulk

ZnSe. Solid curves are biexponential fits.
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Fig. 5. (color online) Real and imaginary components
of the complex terahertz conductivity of ZnSe at (a)
2 ps, (b) 20 ps, (c) 100 ps delay time after photoexci-
tation with a pump fluence of 240 pJ/cm?. Solid lines

are fitting curves with Drude-Smith mode.
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Table 1. The fitting parameters with a biexponential
function for pump fluence of 40, 70 and 240 pJ/cm?

with excitation at 400 nm.

Pump fluence/pJ-cm~2 T1/ps T2 /DS
40 38 1119
70 81 3434
240 125 4146

# 2 AFAHIEHIEIRF T, Drued-Smith A& 24
Table 2. The fitting parameters based on Drude-Smith
model at different pump delay time with excitation flu-
ence of 240 uJ/cm?.

Delay time/ps wp/(21)/THz T/fs c1
2 158 69 —0.99
20 298 19 —-0.9
100 230 17 —0.85
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Abstract

Optical pump-terahertz (THz) probe spectroscopy is employed to investigate the photo-excited carrier relaxation
process and the evolution of terahertz conductivity in ZnSe. With the pump pulse at a wavelength of 400 nm, the
carrier relaxation process can be well fitted to a biexponential function. We find that the recombination process in ZnSe
occurs through two components, one is the fast carrier recombination process, and the other is the slow recombination
process. The fast carrier relaxation time constant is in a range from a few tens of picoseconds to hundreds of picoseconds,
and slow carrier relaxation time constant ranges from one to several nanoseconds. We find that both the fast and the
slow carrier relaxation time constant increase with the power density of pump beam increasing, which is related to the
density of defects in the sample. Upon increasing the excitation power density, the defects are filled by the increased
photo-excited carriers, which leads to an increase in the fast carrier relaxation time. While, the slow carrier relaxation
time increasing with pump flux can be attributed to the filling of surface state. We also present the THz complex
conductivity spectra of ZnSe at different delay times with a pump flux of 240 pJ/ch. It is shown that the real part of
the conductivity decreases with increasing the pump-probe delay time. The real part of the conductivity is positive and
increases with frequency in each of the selective three delay times (2, 20, and 100 ps), while the imaginary part is negative
and decreases with frequency. The transient conductivity spectra at terahertz frequency in different delay times are fitted
with Drude-Smith model. According to the fitting results from Drude-Smith model, with the pump-probe delay time
increasing, the average collision time 7 and the value of ¢; decrease. Generally, a higher carrier density leads to a more
frequent carrier-carrier collision, which means that the collision time should decrease with carrier density increasing.
The abnormal carrier density dependence of collision time implies a predominance of backscattering in our ZnSe. The

predominance of backscattering is also observed for the negative value of ¢i1. The negative value of ¢; indicates that some
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photocarriers are backscattered in ZnSe. With a delay time of 2 ps, the value of ¢1 approaches to —1, which indicates
that the direct current (DC) conductivity is suppressed, and the maximum conductivity shifts toward higher frequency.
With increasing the delay time, the value of ¢; decreases: in this case DC conductivity dominates the spectrum. The
study of the dynamics of photoinduced carriers in ZnSe provides an important experimental basis for designing and

manufacturing the high speed optoelectronic devices.

Keywords: optical pump-terahertz probe, pump flux, photocarriers, transient conductivity
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