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National Chiao Tung University

Abstract

In this thesis, we have prepared bismuth selenide thin films which
were grown on Sapphire(0001) substrates-by pulsed laser deposition(PLD)
and change various substrate temperature to get optimization. The surface
morphology of samples with various substrate temperature was studied
by means of Scanning Electron Microscopy (SEM).The crystal structure
and carrier concentration were investigated by means of X-Ray
Diffraction (XRD) and Hall measurement.The ultrafast carrier dynamics

behavior have been studied by Optical Pump-Probe measurement (OPOP) .

We use coherent optical phonon ~ coherent acoustic phonon to anlyze

high frequency and low frequencyAR/R singnal then find the appearance

of Bi-rich condition on thin film surface.
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2-2-3 Fh g3 éﬁ&ﬁ(Scanning Electron Microscope,
SEM)# 5z £ §¢i% X & & 47 %k (Energy Dispersive X-ray
Spectrometry, EDS) 4 #5
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A

BRI - B8 7 (Bi-rich)k B [18] o A AR RARR H R AR
POAT 3T kL b - SRAENTEC I i BACH X kA ke A 2
1T BlE 0 73 b AR T o0 Se/Bi oratio kot g H EA S FF
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1 2 3 4 4 B 7 g 9 10

Full Scale 743 ct= Cursor: 0,000 ke
Element. | Weight% | Atomic
Percentage
OK 5.76 20.91
Al K 22.91 47.36
SelL 21.60 17.90
Bi M 49.73 13.83
Totals 100.00 100.00

W 2-12  #£4F B 5 225 °CHIEDSH 45 W

A B A AR T R+ B A vt (Atomic Percentage)$t
ok A B 2 Se/Biratio =1.3 0 4p ¥ 2T H & Sl 6] o B EF A P
#4508 A e Se/Biratio B k5 2 - R o
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1.05F -
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Substrate Temperature (°C)

Se/Bi Rati

W 2-13 % k¢ 2 4§ & < Se/Bi ratio §
FOUBLZ I AR RARE B m AR+ b g ARARITY 101
B4 v T W Gtk Tl IR R R R AR o R R Bep 40 BR

AT G0 TE W2 T BT EGE GIAR T o

m\.

SORIRERER AR * SEM Splda a0 AR ST R Y

BRAR L (SR B B B enfi kb E 2 15KV ST R kR e
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o FHd +X 2wl - R 3, HE
Bo-X BRI e ApE o BREBERL Voo BFE A 427 v R
BBy MRS B >
y 2 R ot (2-3)00F o

X #dez b4 ¢ XY GRS PR

Fs=qV x B X (2-3)
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q En =0 X Vg 3 (2-4)
En=vy*xB; 3 (2-5)

hyph? e 2 F - TR > FLEEETER Va=Eqyw o Wi &5 R

Tt REDLF BN E R DM TR S

Vg=J/ne =l/neA ;1 (2-6)

PRYO) TR CASEMBG N LA - HQ26)N A

w(2-5)7 ¢ o T

Ey = (1/ne)JB,; =R, JB, 2

&

(2-7)

F PRy TEERE Rikc(Hall Coefficient) » H @ ¥ g 25 24 i 2

rp R RSP HT PRy B FRGpA L EM o F 20 En

UL 2 AAPF TS VERASRERIRAE N # P ARG

-

n =1/eRy =JB/eEy =IB/eVL A =IBw/eVL A =IB/eVd 5t
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(2-8)

H= Vd/EH 7 (2'9)

Fi’i%i“:*i}é)i??,i}?ﬂ?’ﬁi%ﬁ%‘%éé +X o BETFFX
NEERE B -y S e dafh o 8ad A - B oty e Ho
Flpb i g (B E R R RO f Eud %’?%W“’i\‘*mﬁiﬁ Aol U

F(28)E QO RFR T ER LR B

W 2-15 B £ #l7 & W) 3 p-type (b)3 n-type [19]

@ ) & weehf 3 Jk & (Carrier Concentration) ™ = gr\; B &

ETTRS

(Carrier Mobility)£ % I 4% 2 T enfd 2 > F % F 1 £REF »%
M@ F 0 A eni % o B 2-17 $] 2-19 5 # Fﬁik%Fiﬁli“iﬁ‘—? ER R
l—»"" ;\. ;’% ]F%}
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Resistivity (x 10 ohm-cm)

Carrier Density (10°"em”)
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140 4160 480 200 220 240 260 280 300
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W 2:17 7 b AR ARE P RR
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o a1 (@)
T | |

55F

50
aslk //
40F \.

3 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1

T40 160 180 200 220 240 260 280 300 320
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70F '/-

60f —
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of
140 160 180 200 220 240 260 280 300

Substrate Temperature (°C)

Mobility (cm?V's™)

W 2197 BAFER B3 BB

BT o R ko enE s H pn 7 4 (Se Vacancy) i b o i ¥ LR R
v BATH XRPIE K2 % o Flam T A0 A G R S AR A
At A %!éfgiﬂﬁﬂs‘tﬁwfb FyEoAafrEsF .';Z’é)gki‘ﬁﬁ@ L gL A
10~100 cm? V7's™ 2 BB § - B AMROR L - 13 ER T &
10 dic® xR A EWLE F BB - 133511 A 3 & & & (Molecular
Beam Epitaxy - MBE)er#= 3 B Fj ~ jedp 11> £ 5 £ & R it + k&
* 85 1 100 em R s [20]0 Fpt At (- B A7 S AR
ﬁﬁ%ﬁ@ﬁ’?%ﬁiﬁﬁ&ﬁ$ﬁ%ﬁU£?ﬁﬁg%iif*é

% 45 F 7 (Bi-rich) ez v 4058 5 o
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=% g — 3Rl (Pump-Probe) £ i % 3%
31 % — R ERRE

% nit) %
pump pulses ‘-.,__ "-..__
—= — = fimME

«—— 200ns —>
probe pulses ‘ l

- : » lime
+| i..:_.."‘ E .II
t(dela *
el N chopper modulator
Py 2.1 KHz at pump beam
o (£} atg %,
.."".l
probe pulses
(fram sample) firne

[ |e— 0.01ms —|

=
detector & lock-in amplifier
21 KHz

Alft) 1 l,(t) = AR(z) | R(1)
= n(t)

W 3-1 - R % RET L
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hEE —FRIF &Y o d FETAE S R BIRET HE > LY
d A kggik 809 1 20904t A A i sk Bk o L ek (Pump) o
33 en i F Pk (Probe) o — B4 frdld E kenk ik o #1953

FhpEIEH LG G ERTFERMHAKS LGP €3I R BE

I

N(Y)4E % PF [ s % 7 5 (Relaxation) » 4rjcs 7 & ~ B3 ~ B 3
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4—)\
o1

EHoEBEE n)F LEKREF ST P T S E 4F S
MHz » %7200 ns ¢ & # - B*% > iz B EE gF 125 ns £
B- = RF O B EA R AR RIF R kAR # F AR T AR A
g ﬁﬁ S K I ddhded w0 @ d A EE RS R e s
tRSEns B g e R e BT R E R PER] R A fREF
i GELE G et o B ie R B AN ) ¥ 107107 A

*o44p 2~ B(Lock-in Amplifier) » —ixf%ﬁﬁz BN
TREL O ST AL gt kg b oo A b - B E AR AR
1A R 3 311 KHzZ o #7027 fedipls 8 fogh 2k x S Lo T L Lt
P od gidpc s BRIE R BAEACR 3-1 0% = 3T o L) 5
DCTRME > R4 F X AR A Al(D) 5 &~ £ F X% it £AR
B 1 AN D/NOF § 73] B2 H = PARM/R(L) o B s F & 32 44F
Pl TR A B K BN B L BB AR 0 B F S TR

ko e R AR EALE S ARR(D) S 1 A
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AR/R =Rpump open ~ Rpump close / Rpump close — (Ir“i)pump open —

(I r/I i)pump close /(I r/I i)pump close — I r pump open — I r pump close /1 r pump close

=AU/, 7 (3-1)

Ho
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3-2 g -FERIER AR

I_____T-q—p______________“l
. | J\'
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|
: delay .
[

Femtosecond 7
laser pulse

& REF G IN & OUT
Lock-in ampl.

Stage Analyzer
controller N2
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W) 3-2 pog-FFRIE R G S

g - R E RS Ac R 3-2 7 T MR ETEFET N
(Ti:Sapphire Laser) > 4y #icts 41k ¢ ol £ 5 800 nmo % &% & 100 fs»

LA 5 & 80 MHz -
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Bk hAw 0§ AGE- B ITL I 50 T (
Dispersion Compensation) » && 2% 3% {f¥ e 1 sk g e0#% e 5 & 5 100 fs >
LT F S RE A plhod A S F BAL S B0 4] E(AO
modulator) ~ E 7 ¥R gl 33 & o gt J’rs ¢ A 2 ¢ #y3c i (Positive
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ERFERFEFaoH o NPy R T H S 5 Newprot
M-IMS600CCHA -

TR - Fdpy € 5 - By LR = 24k 8L
ToORASHEAFEL > APIA A P AFPEF > R R EF
EIRRIR RIS R AR o Aot — k> APE R B AR §TAE T
T i E Al ek o F o FRE 5l ARG A Ak H
PNl BRSSO B RE R ERERS £ R
eference) » @ ¥ — s P E i LAl > B LA P~ /IR S o A
W P B B35k 5 R e

FRR kS FeE A ok BPR (PN IUELAL S R 53 5L Signal) 0

N

~ 3k i ip] & (Photodetector) » ¥ #5323 EEildr & 7 324 S 3 5 a
B fip AR ] S UL S R E LA R o B R ERIE P g
Fm B § MR RouE R 2 %3 B (Signal-Reference) 1o -k 2 5L i

= RBIE R AT MV LT SRR PEREE R # a7

X

T ATA 4 e o TRELE K54 4 4p 2 % E (Lock-in Amplifier)
% % # 5 @ & (Multimeter) » £ #% i 7 "% LabView #it #4741 » i]&'v" "

I p it B RIS A By T o
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Frid FHEFHHEG
4-1 % g R R BRI L SOECTEPE R M FIRT AT &
¥

ko] & AP PR R E - E R R R B 2 e

‘3\\-

Bi,Ses &% o 17 Bl EprpF & b5 1 2t & pr A (Delay Time) %
=+ ¥ 4

%o HLP AR R et S Fi,e

— Bi, 3e /AL O, thinfim
—Bi,5e, single crystal
— Bi, 5e, single crystal

ARIR [x10™] (arb. units)

0 10 20 30 40 50
Time Delay (ps)

W 4-1 Bi,Se3 & %27 H £ 11 2 Bi,Se, faf B pF Y -1~50 psF B ¢

AR/R 5
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sl —— Bi_Se /AL O, thinfilm
Y . — Bi_3e, single crystal
= —— Bi_Se, single crystal
= 4}
o
[
=
‘r|
o
—
=0
S
= 3l
0 10

Time Delay {ps)

W 4-2 Bi,SesE s 8 £ 4 % BiSesH f p £ BEEFR-1~10 ps® B eh

AR/R# 8L

d Bl 4-1 8 B 42 g 90 G RO SdR I T S B4R R T H &

BiySe e % 0 ¥ P 43 A fdk

%

B F 8 BioSes® K 58 o i

¥ 5% TLBi,Ses W BiySes ¥ & KA iR i 7 5 49 14 o

a. #§*+ & 4 & (Hot Carrier Dynamics)
BRI R A B 4 A 0~1ps BF e AR/R SUELePIE (o

¥opE K RSTIR S 0 € %5 d § T (Valence Band)i:8 1 ¥

# (Conduction Band) » = jrs chf' 3 B £ o knd =7 Sl £

% /& (Power Fluence) 7 B o i & % R AR > AR FIE T F it 5 i
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PAXS oo@ gt AR FIE T A AR S 34 3 (Hot Carrier) -

SRBPT Y EE R SR IR AR R R

K

G
L p Efa £2 4 {3 §35d #a it (Thermaliz-
ation)£r 8 ciy £ K08 PRI -
2 IR & b R H A R R BRSNS R
BHREFLERF @ A AET R SN LR AR
%+ (Coherent Optical Phonons) 14 2 e 23 ##p #-3 (Coherent Acoustic
Phonons) o @ 24§ v 2 d Bl 4-2 5 3k A L e e B a2 5 0~1ps 2
e ARIRAEL 7 5 Hd — 134k % cndEsdiE &2 3 A M BLrnix & & IR »
M B MR G 18 20~50 ps Fam g I i‘%{’—"ﬁﬁ e 3 KA B
F o
b.F 3 sk 4 &= (Coherent Optical Phonons)

BAR PRI B 5 A RAE BT o §OREFF R R UL D H =
Foibasfp e P pE S € R H % A A K dREEE 0 T d $F R R

IR EFenB LM sF IRt o giBE v @

i
e

1% MEIE B K ch [ X 5 206 THz » 22 8 & (&4 & £ i ehAly,
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kil
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4 @B] 4-3:
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e. fI* A58 i@ vL " Strain Pulse Propagation | 2% & 3+
R W, 2 ]

EALUCIE = FEEESERSESRT e AT S
BFAIE A2 A BS enfs4[23-24] 5 st 32 % 2 4 C. Thomsen
F 7 BT 1984 #14% 91[25] o F L 0 A PR S ehiE A B — B % e
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d C. Thomsen *+ = 1]%6 B Il BT 3R I B IR R R £ R

RS I SRS

Tt = A2nvs 74 (4-1)

HP s dr ¥ > A5 A& o ns S35 F > v s Baif o

d B 4L T R e 5 30ps  REATE F g Y g h ek
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4-2 H. o BB GRS RBIE T L R
50 B g PR N B dR AR 0 AN R et IF R SR T i
SRRt R ehE S ELch T Bl @ = ¥ 98 4% (Fast Fourier

Transform » FFT)# | @] 4-7:
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