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Abstract

The works presented in this thesis focus on measurements on three kinds of
physical properties from single antimony triselenide(Sb,Se3) nanowires. The content is
divided into three parts - (1)optoelectrical measurements, (2)thermal-electric - Seebeck
coefficient measurements, and (3)thermoconductivity measurements.

Part one -

A dynamic scanning photocurrent microscopy (SPCM) technique was applied to
Sh,Ses single nanowires. In this experiment, an electrical transient was observed for
the first time when the single nanowires were illuminated laser pulses. It was
considered as a new phenomenon from the pyroelectric effect uncovered in single
Sh,Se; nanowires. By using the Chynoweth method, we were able to successfully
retrieve the pyroelectric coefficient o =60.094¢/m’k of a single nanowire.
Although the Sb,Se; nanowire is classified as non-ferroelectric materials, but it
exhibit a high pyroelectric coefficient. Therefore, we believe that the pyroelectric
transient observed in the single nanowires is due to the defects produced under
optical excitation which result to space charges generated in nanowires.

Part two -

Through the semiconductor manufacturing processes, a micro-device was
fabricated to measure the Seebeck coefficient of single Sb,Se; nanowires. A Seebeck
coefficient of 661.1(xV /k) was obtained by data fitting and processing. The
measured thermopower with a positive value indicates that the thermal transport is
dominated by holes. In addition, we also observed increase in Seebeck coefficients
when the bias voltage was increased. Due to the high resistivity of the Sh,Se;
nanowires, we believe that this phenomenon can only be interpreted by the phonon

drag effect, but not by the Mott formula.



Part three -

In order to measure the thermal conductivity of single nanowires, micro-devices
consisted of two adjacent suspended silicon nitride membranes were fabricated. A
single Sb,Se; nanowire was carefully placed on the device to bridge the two
membranes. By accurately determining the relationship of temperature difference on
each heating/sensing suspension membranes with the joule heating, we successfully

deduced a thermal conductivity value of

G, =1.522x10°W /K ork, =G,L/A=0.0172W /m-K

Key Word - Pyroelectric effect - Seebeck coefficient - Thermoconductivity - Suspension

thermal MEMs device - nanowire - Sb,Se;
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1.2.2 THER L& (Peltier effect)

R s e — TR ~ JRP R B - AFEIRELBEER C ~ D Ml
EHERT T1 > 12 PR - TR SO (5 ] FE B2 (electromotive) BEENEE T > LT
ERINEN— B LA A S — BRI R (] 1-3) o 1 LEA00E AT LUE Bl i
R E M (e (Peltier coefficient) » EFMHRR MG (AE(T ) R BRIV (@) T BEGHYEEIR
D -

L (Equ:1-2)
q
1T M R s (R T T S T R (o] 2 TR B CE HeAl » (&l 1-3) 0 B
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BRI IR 2 > 0% T1 #2 Al 12 $hma - AR IEAY MG REL 2 Ry & Ay
BH MG REL -

1-3 TR IS

1.2.3 ZM#R3E (Thomson effect)

BRI H oo B FR G S B Y R R RN R - BB - SRR T
SRERVENEERCR SRR e B e B R g
NS - FoRR A0 N 7R (Equn:3)FrA -
q=pLBIAT » (Equ:1-3)

o q By EAEN (rate of heating) » | JBER » AT Fom[E8(L - B RS EL -

5



HILTER G & 4R RO SRS AT LRV (13) -

e - S BRI S B B (Lord Kelvin) » S84S5 4 T SFEENVE G - 18
FyL# 5L %=N(Kelvin relationships) o %1 2 BT H 52(Sebeck) ~ MHEE
ii(Peltier) 52 72 4 #%(Thomson) Ay 5 AH BH 2

T
S, =22 (Equ:1-4
® =7 (Equ:1-4)

dS_ab: ﬂa _ﬂb
dT T

JitE3 14 #FRIRIE H vl BB MG R B 2 Bl - J7RE=K 1-5 AR Hvd S5
FRARBE IR (% o SRR (Ui R 5e 88 1 A SRR AV

» (Equ:1-5)

1

A

1.2.4 ZNE B (Thermoelectric Figure-of-Merit)

HEZANE Hod ~ TR SOSIERRE IR ARV REE Y EE B - (B e = 540
LB Y 774 » Bsh R [E PRI AR (R = Pl iy 2.8 - AR 2 A1
R RHEA S B8 % (electrical conductivity) > ZAZE2 (thermal conductivity) I A
& o N EENEE(B{E (Thernoelectric Figure-of Merit) k& — & 25 A 7> (i F bhfe g4 B
fir 2{E2% > 40 N2 (Equn:1-6)FT51

> (Equ:1-6)
H S Rl Hsd (A8 > o RyBRE A (electrical conductivity) » & Fy#AE# (thermal
conductivity) » T Ky 5 - T8 & Fe (M FI Tl S°o T Ry BABEB) /] (thermoelectric power) ©
FLANIE]_ERTAL - SNE B E LR =R AR AR - SEHYAE > o &
A (electrical conductivity) & & #8ZLE 22 (thermal conductivity)  ZVEEM L2 ZAE
BERT RS E RIS 2 - IR ER - EHTIVENE - AIEA S EE ]
(S0 )BURAVHEENELR (1) « ZRTT > WI(E 1-4) > AT S8t FIRE 2 # TRE (carrier
concentration) A pREY > i p AR LR S A IR - MRS 2 i B e
FRIGHOTRR N » Pt DA RRAHE SR e R A A 15 1 R AR A = Y BAEE 8 )

6



(S%c )= B » BENNEVEL TR » R ol T B o, IO TR » PR BN (B E -

F R iSRS v (R B B BRI SR B (A (A R A BN R A - 2
A AT - 3 ZT > 0.5 BEil R A SRAVEVEMRY -

[ I
[ I
I K I
kS : ' |
' ’ | N+ 3
S e, < | SRR TR SRR F e I o
) | ' 5G| ' .
Seebeck ' | ' ! ' i g Electrical
Coefficient . - ! -3 ’ Conductivity
- i " ' ’
| |
------ 'k---._'.....--l seodeovcossw .1-.-.‘.-. caslhascona
| : [ |
| - (N
______ | CERp— (IRpI—— ewodeovaew .-_.1.-_.-. g Ca—
- ' ' I
| Vo |
¢ Lt
| 10" em™ 1 log carrier concentration (n)
[ !
- H - | . ’ -
: ! : : | :
A ' ' ' ' | '
L [EEEs SR T
Thermal ! ' :
i i Electronic
Conductivity | .+ DN S ISt PR | k. Thermal
i i I ¢  Conductivity
' ) ' 4
..... na ..... S S
S A Lattice
1. i L J- _,' 1 "I Thermal
""" R S R R R Conductivity
i |
i | L
: : logn
Insulators 1 Semiconductors | Metals
[ |

& 1-4S~0 >k FEEGHE - SBE-FERG YR (RIE

1.2.5 BERKBRS-7ERAZLEE(Wiedemann-Franz law)

ERE AL (thermal conductivity) B A5 AR E ERAER 7 (k= &, + &) > — Fy7iy e ek 1
ENEIE SIS «, » MESIE TR« - B8 EERINSER » TR
FHIER BRI S IEVER © o AR FERMRL S TREIN & IR S
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Mo Y EVELR(13] - BN —REVEMRHIT S - FHT 1/ 3 SEEERERURE 7Y
o BRI BEAS - BEE R EARA I NI & FEREE BVERY R - W PUE B RS2

75 BZLIE B (Wiedemann-Franz law)##FE(1S) 40T 5FExU(Equn:1-7) ° a2 VB
B —ELE - BURERCOELL - H It 5 TR -

21,2
K_7 7°KgTnz /3m 7[ (k )T LT » (Bqu:1-7)
o ner?/m

L=%+%fﬁ%%ﬁﬁ%@mmmmmm>
S - EE S — BRI - (VST » STk R

LBUEEER(0) - WEN BEG S AL EREREEMABHEINES - HFH

S B F E » ge 2T — (30

B MR KAYEE S (diverge) ENVEE (BHE &

A= (] 1-5) » 878 TR G Y A R A S R A S AT RE

3t
< | (€4—p)/kpT=2
=< 2
E diverge
S |
= 1
9 I
(), AP N N .

0 2 6 g 10
1-5 BENFEG S AN EREFERHE

13.1 BRSWRRERE 7T 2 J57% - RERE



FERE/NER > BAPIRE a3 SR VR (B 2T 2057k - A — KRB RE K
#4H (Reduction Thermal Conductivity) » {EA 2B MERIMEZ 575 - [FlRF - KA
BB A REFIIF P (2 7 [BR AV EABE (2 Ui B B S IR - FRIR A s YRS R R
(surface to volume ratio) ~ RT3 - FERAORMRIHVENR M & 5 A HEZ B Y
R - Volz Bl Chen & Fl 70+ B ) 2B AG 5 Y ZORSRIVENE & A (R BA
W T B FRIRAT, 18) » fi Li eral > BB ST T I kG A REED
BHIRRY) - BUEAE Y [FE - RIGATLERAE — 2R A ERRE T HERE
RINFORGRIE > LB FOREI - BB R A IR » (F SRR N -
H R A KAYE S (boundary scattering) ~ BEFREIFELL « JH—4E(quasi-1D)45
faA B BT, -

R 2 Y B B P B 1 T S T AU B 2R Bl i - WA L SRR
T (Ge) 7ok ap 2 ZVELQ20) B 1 2 e R (nanofilms) (2D 2 &M Si/SiGe #
d & (superlattice) oK 4R 2 BB ESEQ) (B 1-6) = Liang 1 Li AHE—F =AY L
FHE TR ERRT - ZR I AR (stuface scattering) R IN (R [R 350 (size confinement
effect) B ZOK RE N RORERIVFIE23) S AMIERT 27 /e i T — 182
BRI 22 (sotope) MM - S IBAEEN 1 F BIRZEE S48 (superlattice )&
FOkGR » —40 Yang eral B AR S SOBHIMHE SRS ERT A 1.09nm FYE 7R
SREGH - FARESIETIRK 25%EVERE TIHI7KHEQD) - TS —E T AR R BARAL
E¥(compound) 1} » AT §# & <2:(SiGex) » ¥R TOREIRIR T S0%EVERES] - 12
LAY REE - F SRR R AN T (random scattering) & 2 (R FRE T

f&(localization phonon mode)ZE 4= (25) -

¥



% - T T i ¥ ’ £
R [ =
E 50 °® 115 nm

° ...........‘

£
S ® 56 nm
S 30k ° 00000 °]
00 coo

g .. ooooo ooooooooo
o L. e 7 ;
O 20 e© v"',vngQ%vvvvvvvvvvv
— @
g o v a
£

i © 22 n ve
L A AA AL
eYYVYYYYVYVY g
0 Y 1 1 1 1

0 50 100 150 200 250 300 350
Temperature (K)

1-6 A R oK SR B G L B ([

132 BRSWHREAEEE ZT 2575 - BEREHH

R T DR AR S AR A 2T 24 » Tt nT LB ek R EEEEN
(S?0) 7=l 2T {E - — MM = o] Sy =3B 2k S — 8 it B H o
(electrical conductivity) » ¥ FOKEEHE | 2 2B (mobility) & 32 & 5 (grain
boundaries)AJ5Z 2 - AIFRFLAFTRERV N A HHVSER - FLRELCEEVET ] - 55
1 PR A H e R8s - 18 FE - 20U (phonon drag effect) BEAE R &iiE
(energy filtering) « B SN B2 B T MIAVNHEIEH] - (& TE#REEg 2
BT W0 o R E o S ESER A IR B EQ0) - BER L3 - 1Y
ZORER - TR TR R NHAERE 200k » AR AMRE Hre(d o 10EE] ZT [E
1.0Q27) - 40k 1-7 For - BEt = Ry MB350 2 i H 5e {4 % (electronic Seebeck
coefficient) » S EaRhE Fy REAC 8 OHIRNF H v fad - sLtihég Mim LetE 2B T
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H2E » BIRAE S =8l 7574 - RS (mpurity) Z BER L E  fEREMBHEZ
BRGE > FHEF T E R R TP BB RIS RS - EREERE Z BT (SR AT
BRI AR - HH &2 220 5% (thermally activated) {528 = (E 7 B {HER

7 o B S AEREREEE L (density of states)ZEAE—l(H - W& 1-8 P - &R
REPETEATRERR S LI (B - R mI TG SRAYE H s (A8 -

350
300
T 250f
2 200}
? 150}
100
50}

100 150 200 250 300 350
Temperature (K)

[l 1-7 i SR R B B s T R BRG]
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T T T

-==DOS
—DOS+Resonant level

——— e e e - ——— - -

Density of States

|

1

|

|

1

"
X g

|

1

1

i

I

I

1

I

|

1

|

1

| | 1 1

Energy
1-8 B K REPE AT AE AR IR (EHRF » ] PRI oA H vl (R B E

1.4 B ERE (Pyroelectric effect)

EFEEE (Pyroelectricity) o 2T — Wy TH &L SR A MBI %2 ~ DB AEHUTRRER 52 -
REZHPFLEOR . B —REHES T G ES R (electric polarization)
Z s » AN 72 A (Equn: 1-8)FT41 -

AP =a-AT > (Equ:1-8)
H oo JIEE ST T 2 B (58 (pyroelectric coefficient) » ZAFEEE Fi8E A H 5
A B2 (spontaneous polarization) ° M EVEEER (B R Ry (Bqun:1-9) °

Equ:1-
@=gr  Eal)
:/H\:@Ps %5%‘@*@{ 28 1 1 , ?‘:‘\\» :E]Z—‘r//\ o

FERVRR R IR S s | > IR e R B R Y — A AE Z S B
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(dipole moment)Z/VFEE 28 &7 85 WA it <~ BEAK(AIE] 1-9) - EORE BN - SHRRAYE(H
E 3 AR B2 P, 0088 PP B ES ERREEE AEAGAE 1 SO SRR R (E B 2R
ST EETEM L > WEAE R ENEZ EREL -

BREEE  WIHHRA G » BAFTRE AT A = A EURBI R SR R R 1-10) - =5
o B2 AL B > RE BB AE ¢ BhAETE (inetic) ~ EEAETH (electrical) ~ ZABETE (thermal
energy) * AR AR BHL4E 2 [T 70 BT IE AR Z WIEL (R 3 73 B2 BT S(strain)
Bz Deelectric displacement) k2 Ji# o (entropy)  £&—RBE{AEIT~ - 4HE 0 HILEE A
L EIEREVEEL - I E o tWE IEAEREE(L o TORIE 0 B AT RE H R EE
Mkt B D HYEEL - SRR R — PR AV S SR (primary pyroelectric
effect) s BCRRIRE LB FAVETT S 1L - M2 FIEAS D (L K
{958 By B 1Ay 20F8 B8 380 (secondary: pyroelectric effect) © ifi—f&F A & & EHIEA
FREM T AR —E B P n AR - 1638 1-1 T R BV EE A ) B
Bl > (EFR Tl P S EE Y E (Ferroelectric) HFA A M M (Poled) » 1F—E &G 2%
BAIEE - H— TSR E EH BRI A 7R 8 )'E (Non-Ferroelectric) ©
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/ 1 o) @/Ions
S) S) ! /
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@ T Dipoles
o e e 8
@ @
PRI

Electrodes

> "ﬁxrrent
<=2 (&) S =

¥ == = +
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ol S0 >

w* (2 1y O
€5 I © O B ) : / Ammeter

19 BVEREERUIEER 5 RS e
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1-10 ZVEEEE 2 VR o~ = E
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-1 SEEEMRERIR

Primary, secondary, and total pyroelectric coefficients of various materi-

als. (Units are gwC/m?-K)

Material coetcient coctciont coethcient
Ferroelectrics
Poled ceramic
BaTiO, — 260 + 60 — 200
PbZr, o:Tig o —305.7 +37.7 — 268
Crystal
LiNbO, —495.8 +12.8 — 83
LiTaCy, —175 —1 — 176
Pb,Ge,O,, —110.5 +15.5 —a5
Ba,NaNb,O),. —141.7 +41.7 — 100
SrysBa, ;Nb, O, —502 —48 —550
(CHCF,), —14 —13 —27
Triglhyvcine sulfate + 60 —330 — 270
Nonferroelectrics
Crystal
CSe —2.94 — .56 —3.5
s — 3.0 — 1.0 —4.0
Ny — 0.9 — 2.5 —9.4
Tourmaline —0.48 —3.52 —4.0
Li,SO, * 2H,O +60.2 +26.1 +86.3

1.4.1 EHIEVEE %8B (Pyroelectric coefficient)Z 7%

— e H AT E RN FFE 2 (R 2 (Pyroelectric coefficient) Y772 AR AT ER IR
TR o — RyRRRE &N Z(Static method)EAEHRE A (Dynamic method) » FHFREEHNE Ry
BN R A SR MY R R SR B L A AR R E
fif(pyroelectric charges)FTEL LA SHEE TR 2 240 KIRee D & B o5
(Curie brothers) » HALEEAI T & 1-11  HEAORHA R IEERS B AR T 8 @i
P22 FFEE T (electrometer) » JF2 Y VIS 88 B {4k H /5 U5 A B (piezoelectric) éi BG4S
SMERES B A R B EE B A AN (S - AR SRS AR BE IR (% - 15
ISV T A/ - HIZE T A g DOREE(LAT - MREVRERKS ~ESJo -

#EH8 N (Equ:1-10) » SKEFEREHREL -
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o__9 _AR
a ==
SAT AT

MAEBIREENNE b - B EZE S (Chynoweth) fHEEHIRTFE(Q28) - TR L EIRE EHY
R ITE - BT AR O B BIHRE HI A (pulse heating) Y EAFE B8 S BG AR 1
b AT 1-12 o A SRR E R - AR NGRS R o PRURE O Y
BRI IR A /N S U] o B ASDEIR R RS o HiRRE
BB G IYMERREE T - [RItL - AP EAYIEEL S ANE D B iR B BT 258
4 o fEiEfE TR L PV SR B RS T HYBERR (on/off) - BB E & £
HFEH B HEFRE T - AVEE R G AR R T - A
BRI EMHEAR S 1) - KRR A =AY IDE (heating rate) B2 AR - AHE A
— PR EE PR RIENIEEE © NIE - SR —TU AR 5 b (temperature
variation) » #BRE L MHEIRHY AR EEUBUE

R AR R R R T (waveform)  BRR s A TSI S o] AR M &
R TE BAEYHF ] B (thermal time constant) » FtaStikmn A EE (thermal capacitance)
R EHD ME—OESANY SRR I 128 - Mg B2 A
Y EEKEE - (EENE B REIRyroelectric coefficient) il fy FTAE © FEH:
RS VUEEENE - & A e SR -

» (Equ:1-10)
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piezoelectric crystal

3 .

thermostat
1
1-11" FFRERERR R & AN E
Averaging ~ [|'onton | lahtoft <8 laser on | laser off
scope 15 £
(]
E
R INS
modulated , « 10k
3 current to voltage € i i
light source ~ converter |~ © 110 220
+ 4 \ = Time, msec
sample O 5
thermally J_ | =Io-exp( -/7)
insulated table = " R . .
i 010 0.5 0.0
\ Faraday cage Time, msec

1-12 EhREEEEGEENE
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BFUE REEZEBTEHHERKEAM

2.1.1 BHEE K H(Classical) B sm

B A BB R EREIRRR T BVEE GREUE R A EVUEE (Jy)

BURERERIEER] - RoR By re =~

Q ’
(dT /dx)
ez (J,) HEArsEE NEVER (Q/A)

WS ARG E) AR AR S o E S M R R o BEAE —(E =4
mefe i P BVEN T (BFEEEET) A nE - 1EIE x I3 FEERRL8

i

=

il
N H

n > S—FE X HEEE) > BT AR X JTRAVEE R

s

ncr ; ,\ dT C dT
ANV EL R B
Yo 3 <V >dx 3<V> dx

oot (v, ) ARFRAETE x 5 IS F 2R
R C ARG HVEE » (e B E R T4 AT Ryt SR ERE R T Ay
75 — ek gk CAT EE R - SRS B 2 » SRSl T Z AR -

WA ARhIE A 2 ISP I BAT R il Ry BRI E] (relaxation time ) » FERIHEHY

. s dr, dT . s C,
Rl > WIS REZE By AT © B AT =&|x = 7 ML P HYRE & & K =?| o

Jo REARERVIEEE © N Ry IE RIRSEDEVAL T RIS (AR BT, 40 o] DUS B RV AE

ar
dx

= \ _ dT _
& ° ALl Jq ——n<vX>C<vX>r&_—nCT <v2>

AR B X T [T 7 st e Sy % (v, %(v) AT
_E<V2>d_-r — —9<V>| d_T

J = =
dx 3 dx

9 3 » (Equ:2-2)

HfiC=nc » I=(v)r - FfkE#1 (Bqu2-)HFELE: > 7715
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K = %I + (Equ:2-3)

€ (Bqu:2-DFUA] ARIE » A0RAT 5 2L TS BRI » IR E MRV
YOS 2 AP H AR RIEMEGRERA -

2.1.] BETEEE Y & T HnEQ29)

PVEERG 2 EE > FEEEER T (3 BET (RIEBIRE) - —fkd
FRAS A B 5% i] DUHEZE HH B 2B (thermoconductivity)

Ktotal

1 1
=K, +Ky = gCUUele 3 CPlugly, » (Equ:2-4)
Hr ke, RETAEER » ko, BETEEER C, ~ v~ | SRETBET
RACEEL ~ SR KV B AR » ¥ — R4S B - BT BRI

TRMEER - TiSEGTTS OTA @ T AR ER TREER T -

BN B EE > ER I - RV E R HEEESE S - RIEE
(Y 52 4 2 FH A 13500 Fh 2 A [ 2t > EL ARG 28 A2 B 1T 2 DRI v 1
MK - BN EE S 2R THURBIT B8 - ST H R SR TR 58
B OIRMHE ATHYERE R4 SR » iEHLE e Umklapp process ° S5 AT {5 [l
ASHYEVEE AN S IR BIHIEER - (RE%%293 Umklapp process > FIlEE & A4
(ARSI AR EE PRIFE(E » 2t — 2R BV B R B S R EE A -

1) {E=rE NHYBMEE B RO = AR S AG A Debyedfi LI > RIEAGHIEEEL
& — i {E.(Dolung-Petit value) » BT HIRIHEARARSE £ EEE T HER %
5o fEEil > BTHVREE @ —EH «O, - MafdHRE B EUREIEIEER
REE TRV E EEURE T BIEEE - NGRS A Er th R R IELE
W — AR B EHES AR & BRI DRI EG IS Y S B B A By S I D O (B
IEEE -

2) fEFEDRERYEVEE © EORE(RI Debyedm ST - BVEE AR T TS

19
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IERFEEBME C AR s2 B S X » 12 (#1352 7] HHUmklapp process ARk
Umklapp process# 2 a8 4E » FRIERE A O iR & e A i+ H o [HE 15

T /a > QOILEEFHIRE EMEMEE BT DebyefE &2 O, » RIILEEFHYEL H g 7] UGS
w=Hlexp(—0, /bT) fRIELL Z B - H O, BDebyelfifE » b B E A9 H
FHES T a% [EAVEIE - AT LA (ORIF BV B AR BRI BrrEIr = - SRR
AR R BDR Y =27 BEED - (HBEHEAEER b2 A NVE R B RS
SRR F 42 -

3) (MBS TAYEVEZL © dH Umklapp processHy 3228 » EERT-HH H DTS
SRR - R T B RS R G RN R FlRig nl ek A 1Y
Y o F—E4EHERTFH ST - EREIRIE » B AV AT AR (% 8 A1 s
HIZRTHE » PRI A E PSR R IV RE « FalR ARSI R EITE RO HEL
HEGER G ZRIRTHIE - S(ERET size effect -

EimAe BN B AT EPFERAE - A TR T - R
EEREOR N RN RAEE & B Taa A2ty - HEVEEGE Z 81b
BRI =7 RRIEEL - NS G ASNAERR 8 20 - RIERRE SR - HdhapE
B GIRE RS 2 PR LIS -

2.2 THBE Sb2Se3 F i BZ Kk 4R4E g

PEEEFORG BIRS —(EE AT EENEE - R AE T ERAE—4E
T3l [ EHEEA AR - M BRI - ARSI TERIA RS - fifi
{E85(SbaSes) » kA B BA ST (switching effects) ~ FTH 1AL E B BE (photovoltic)
TUELL S BvEE B (thermoelectric power) * Bz 4T » Junwei Wang % AFRIZKEVAR &
5 Sb:Sesz% K48 > Xuchu MaZE A HIIFFIPEG-4005 &1 s#iR 45 - H551Sh:Sesf
AR &R » Yunxia ZhangS: A RIHIFHZKEGERF SOCLAISefy R & plepk i 22z
BK » DebaoWang & A A 7K EE & B IR DGR ShaSes oK 45 » FE TR U E R
PHAEEEM ~ FEEfsREL DL R B FIENE I EUR TR A R SEHIRCR -
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&R > ShoSesFlIBILS:[F] A F/E [E i (isostructural) » [F] [ &k 45 (layer-structure)
L&Y > B1E &M (attice) EATRAHHNE « SboSesHdnt& i i Z @R T ks
Wi FLAE S BE A SRR el )R A PR 73 F-FT4HER o FTRA SRR 5:ShaSes i iE - A 1]
RE Ry BRI (puckeredsheet) BEE & 1 » sBHAPATHclfi(c-axis) il & » i H#%
HTHAL0 1 017711(30) © FEAR » SbaSesh B R 2 FEISRASHIIE 1B E A AISh:Ses A G
TR NECHYSRESTE I ST » TiSb-Sefa#@4s(E A 11 XIRERYHE - HELELH RF iR
PRAN L il 5 R T T RSB R A ShaSes » WIEI2- 157w © NBL - (835 R MEERH
SbaSes » ERFGLEO 1 0 AR » A H » BHIRGE 7 R EESAE0 0 1T RE
738 W2 Ry T TESbaSesHE SR & Ry R SR FIZOR LAY « TTlE2-2 » BRI
85 NHISh:Seszm R AR -

(a) (b}

{% Hl Debao Wang. Dabin Yu. Maosong Mo, Xianming Liu. Yitai Qian,
Journal of Crystal Growth 253 (2003) 445,

[&[2-1 SbSesHi{A TR 2% [E] (2)E(0 1 O)EAI()TEQ 0 DA
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2-2 ShSes AR EER

2.3 SERAPRISERT T

TEfkm ERVEUS » ZR RS R ShuSe TR ERAVIAST - BRmAVEL(E » B R AZ
KRE IR FE R FT RREBI B i = RIS A R A B F R (I - T HORHE
stk IR ERSORAMR > R REHREE N AR -

FAF19684F > ZingaroZ: NI FHELE b BEFC (7 AHYRE S 1R U B (P.Ses)
FIRHES FE - 155 BRI EC L E: - W BRI @R sE &Y - [FH > B2&
TRAEELTT % BB S (Sb(C:H:O0)s) fe it $35 (NH4[Se:P(OR),)], R=Pr, iPr,
EOfEZ0R T IE » 151850y ke 5 g HIRE RIS 53D » BT ¢

Sb(C:Hs02)5+ 3NHi[Se:P(OR)2] —Sb[Se:P(OR):]5+ 3NH«(C2H:02)

22



HLAEHE B = [l —ABEEEC(O,0° -dialkyldiselenophosphato,dsep) Z& & —{E 0,84
JFF > BRI ASASHE > WIEI2-3 - eSS B i o=
BATTERN - BT AR A DATHEA LR L &4 ] PSR B —#E46Y) (single-source
precursor) > FHESHHEGEE GBI EY) - #EF2ZH800 mg Sb[Se:P(OC:H):]:
BNE1SmL SRR = B2 A - A LOmLEES - ZEHRIE100°C T
BE12/INEE » S TESER IR U EEY) » I8N DA Bk 2 LAT0°C IRz Al 5 R Ry
SboSesf3 A o A0E2-4 L EFAIISh:SeZ2 ok &j bk} o PRIEESb[Se:P(OC:H )1 E I
e R B AMShaSesRoRERIY BE—#E461Y) » FHEART LIS FIShaSe: VAR 4R - H ikl
RV G EE TR R TR Z AN - FE100°C T FriEe i kY SbaSes
FOR&R » B ECHIE F530~50nm » RAEHEEYF2~3Y m » £150C MHYSh:Se: %K
4 HUE{SHIE G Ky 70~90nm » A EE HaE& R 3~50 m > ZfE2-5 -
FEMELE > SbaSesfa V. VIZFIHTEEREE » HRETT 72 (band gap)#i[E4Y 52.2¢V -

TrEnlE Ry 1.4~1.5eV - BRIRIICERE T Ghe it T RAFHYENE EE (thermo -electric
properties)(32-37) » & E REVEMEL . 5T ARG EZIVIATE - g Ephi
(M —(EE LS
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CH,0  OCH,

f

\/
/\.
\/

Se.-—-"Sb“-Se

,//Se/ \e\

CiH,0 e P——0C;H;

C4H;0 0C4H,

[iE2-3 Sb[Se:P(OR):)s F&EHEE [

Nt
P
/X
/\/ , thermolysis &
—Sh N Ca >
L N
S8 N et 8¢ Sc
C’ll.’o_—_P” \\P“'()C,lh 4 5
/ HRLY SbSe; fragment
CsH,0 OC;H,
Sel~-ose Set~~vge
szs': e % Sb/'/ AR
D _‘s,;sn. \ \“&7&
s St hydrothermal < e 5
R Besii = Sb,Se; nanowires
Lo X srs«:'\‘:\ N
SEOUNL S0 . Se—Sb

intermolecular Se---Se interaction

2-4 BHFEERLZ SbiSes
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2-5 SbaSes Z= K AH#Y FE-SEM
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BEE HEREZHIIRGTHEAN-& A TR

BEEERLA - FRAFTRA 48 B AR =1 b —$h5oR 4 2 =Yt =
BB B ARRE o T Z il Ryt BLEEAY 8 NIES 73 (Optic-Electric) ~ FABEERY & MIET 7
(Thermal-Electric) = KHU H ve 2285 (Seebeck coefficient) s iz & HYZELE
(Thermo-conductivity) &I > o7 BITEEEAHERE -

PRILL  HNERT R =T - TR ShiSes Y- BRI FAFRE
A FRE(T) * SheSes BAEERUE 2 55 H T 2B 5 FH(Z) © ShaSes BVEAR &
o MIBARE EE - B M H A E R ER W DU & IR & [ ey

Trég -

3.1 ERE(—) ShiSes Y- BB LR IR E EHIARR

FEHR S 2 SORRE R SO fla MIRFERORGEM DB - Bl RZK
Atk eria o — (& 2B B2 By LSRR - BTN L BREIm T B BT (Dynamic
Scanning Photocurrent Microscopy - SPCM) » (i T — IO CEVIB 0 L T 2= ]
EETEER B P E R DU ERFEIRYE R - 2R ikt ERY
HHY - SMNER_L > B BCBE 2 - EHe Rl - b FTRoRk b 2 EEE A - HORE L
TERIZEL2H - HEIRRE 40T ¢+ (8 3-1)

(1) BEHBUE © Sl AUTOCAD #iGaest /il F 45 B2 LI 2O - 4K
PECVD EBEHEHHINLEE R IR R4 - iR E(LWHHSINO BB EEE - 5
—ROLESRAHIEEY - BBEE  fEU R EROR A E N PR T IR
s o BEESRAEHIAR & ShaSes ZOKEGHENR DI A F/K R R /KSR » TR
Fi b ERRER IR ERESR o R o SHDEEREREH - $REE
L - AEERTE - BUE TR BERORGR 2 WY <2 A -

(2) BRI M 2 HAh | O b IFTREE E =N S BB 24 - B
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488nm > SOmW =~ FERETE AT ASHE » BIBYISHEE ER RS R B P
HEHE > MEFTRE (micro-scale) BEREHEIE A S - TECER TS » Yot 4 isre
AT o MR DL BRSSOk TS

(Keithely 6430 sub-femto source-measure electrometer) * EHUNE -

Objective !

e

B -1 BAR SR (SPOM) T2

3.2 FRE(Z) SbeSes EAEERE > i H 72 a8 (Seebeck coefficient) & HIZEE%

3.2.1 $ERE A BR (Lock-in-Amplifier)dy JR ¥ & HPUBL £ HI 2 EIH

SAH UK g (s AR E R R & NN R 2 Bl nV - HEEES
SR L T AREUT (BRSNS - A DUBOERERY ST - Lock-in-Amplifier HYF 2
BERy RNV o RERFERRS R E YRR B ALY - MR R SR T ) e R
5EH5E - Lock-in-Amplifier KA PSD(phase sensitive detector) » BEHE BRI 45 EHE
R~ M EEME - A AR R D R (S5 -

Lock-in FYEMFFZE—4HSEHE > WE3-2 » 2FHFE TN » X e, :

FE—im A5 e =V, sin(ot+6,,)
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@—%%gﬂ%ﬁ e, =V|_ Sin(a)Lt +6, ref )
WA SRR 2 2 R 2 g (mixer VR IRIR 5 B — 45 KA 17 -

e; =€ xe, =V V sin(ot+0;)sin(ot+6,)

1 1
2V5|gV COS([(O —o ]t +6 sig eref ) - EvsigVL COS([a)r + o ]t + esig +6 ref )

PSD #r A (EERSEIE Ky AC > B Y R (B EHSR A (R 25 - AC 3RSk
EEHER o 15 o, FH o, B > difference frequency component R5EEEE DC 21

%’Eﬁﬁﬁrmnﬁaﬁ%zﬁ%qm@ﬂm’%em#ﬁﬁmﬁ%’%~
(L SRS R R B L B -

121 3-3 » Byl FE VUBESEARBOR IR B 2 « SEAE R SR TR AR B T MO
% YRR  HHRA 2 Oscillaton 3 e —B(EAEE f, » 41 44Hz - iEEEERE
FH B BxiZ 25 (internal oscillato) Y4 fy 25 #H45 PSD  Lock-in RFRF EMHES ~
HERT8S (0 o T B — 77 R (root mean square) ZBE BE AV (rms-voltage) « FHFAE
ISR IR R EA Y A - MCRATRIL R I S BB L
R=AV/ = (AV/ E )R, » EfE, 5 Lock-in i 2581 A~ rms K - R, fye

Hy ] 2 AT ERIH > Ry HY{EAEE bR IHE R =(E X7 HEL B B (EEHE
ESEEIAT | L H Ry ACHZER -
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Reference

Lock-in Reference

3-2 SRR R

Lock—in amplifier

reference output

Osci

BNC
cables

lloscope

[

Signal monitor

3-3 VURBLSHAH BOK o 2B R AV E 770

3.2.2 BIEEH SboSes Tk 4R % H o BIHIZEEL
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FERCRRIE T - FRoRGREGORERYEVEEE (Seebeck coefficient) & MIEA =, -
AR > PRI R B B 1 RS A B SR R HN(38-40)  FefMIt
#1#E fH (thermoelectric power-TEP)HIE V5% » 241 N EAAIRES: - XlE 3-4 -
T A T LR SRR Ti(Snm)EE<E: Au4Snm)BJBIE lum &4 E bW L8fE
& o[BG SR EERAYEE T - G LB Goule heat) - FEZEELAIEL
SBARATERSE - FEAERE EAYEE (tlemperature gradient) - WEREEREEZRAR < OB
FERM | AEEE R RPHEOR R NI - AW RTT > FRPURE RN S ar i R 1L
MR 5T (thermometer) » #& FHHEERHFEIR S B LAV ME - [(EFRMIREISAIRERS SOK
SRR M FE(AT ) o Bef® > FRORER RN i RN 42 2 21EE R FH BB BRG T(volt-meter)

B - BRI Zz’%&fﬁﬂﬁﬁﬁﬁ%&ﬁS:Z—To

TEIRFHAEIS H ¥ 2 R B SO . Sl STas (B AIMRlR 2 Uk 1
BeieE LAUAE) - FRERTAR G REEAR RS (nsulator) ERYESHIFERE G/ -
Waclaweka ~ Zablowska ~ Pai ~ Honig Sz Keem ¢ A/ /2D 88 = HAHRA = S fH IR
M EMAINE@41-44) = Andreev ef al(@S)AEARHHA (thin film) = HAE RS H e EMIF2
HEHESEIEE - FBEANE 3-5  3eat— BRI R amplify) » (F3& M= FEE
BRdmE 4 2 VR R DURSSE OIS S « AR R — R T B &
> ERPHYE S 10 Q DL B > A E RS (volt-meter) 2 i A S (input
impedance) P15 HIVIPHE CAREBEN - R BRI (EE G RRAATREE -

FE/INER R AR RS Y. SbaSes HYZROR RGBT UIS KA 10" QL) -
B [EIREAR R &R EAVIRIEE - BT iR e iR i i - s ay
W - AU 3-6 BT 0 78 i8Ry ShiSe: k4R S FEMIGE Y SEME > %
JBLRE Agilent33220A WP EE A dstE ks 5o 230 AC BB FERELE 2.3kHz
SR A R HEN o [EIRE I 4 88— Il H BRAS FUAE UK B3 (SR830) B L £
(TR AREY 200 (& 4H) Z ZLFE R (thermoelectric voltage)sR57(46) « MIAEE T -
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SRS570 {4 E R A B A 25(Current Preamplifier)7F 58 H R #7817 i &I s

ERE A EVEE A RASE - ORI ENE £ 2 i H o BV R » BER4ihf HHIERVELER
i 0 1753 SRST0 Ry BB EAVBORES - B 1 SIS AV - SRST0 R NEL
ARSI - W DAER R R = E i O] 45 SRB30 SHAHIURES » $HE RS 20 2
ENEERRGHSR -

Joule heating metal line

Gate electrode

& 3-4 EMIF B 5 TEP T nElE
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X CO-AXIAL CABLE

|
(

1k
Note : Copacitors C = 0.l uf

R, 'RZ-RS ,Rq chosen for appropriate gain

[l 3-5 RIRBUORs T = B BR - B [

Agilient33220A waveform generator

Ref. 2.3kHz | " >r?

SR570 Current preamplifier

{grrent in

~ Volt. out

A Ref.in

& 3-6 ENEHITZ Ao EE
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33 EE(Z) * ShiSes FAER BN 7 RRZERUTHERTF-ERME

RV ENEAR N R - ARSI L2 2 ARy R b e AR S
FREIE » GRS ENVEE RRERE RV ~ SRR IR0 (Drabble and Goldsmid,
1961) = AP Z AR n Al [E] R A — EAIBVER 2 AR 2 [ > BRp A A
HRETOT B _EWHE(S 8K » Mirmira and Fletcher (1998) & B &% H S fl & IR lT > £
T EHUNRE N HH (thin flm)HYEERR > By T EADRE ERIREE - SRR A
i R AE L AR H 2 Joule heating) B EE B (Laser) R £ (Hm & EAVEETL © HAEA
[Ffir B b A2 e ] i E Y BRRH O R (resistance thermometer) » &P |
A BRI HIERE L B 2R -

S HIEHA » A2 2 HERIZRRE (nanotube) ~ SRR &R (nanowire) Y ALY 73
Mg ghas > BN MEGENTEREY - ENVENEAERAR/NUET

FORGEIAIIITZE - R > TR E/INEIHE - BFTeHE - B s BB ey R 2 2 (WS
Ty > HAgY 1D SR RHMECE BB ER3 Ty - 2081 -

3.3.1 BetERUTi 2 BRsE

BN WOTIEsGET4sE B TPTRF2S A KRBT EIR (AT, 48) - THd
st B E 7 ST AR S T B SR(SEM) AR » 206 3-7 For o BEoTHsReA mifE
REY MG TR E P 802 - 86 286y 24um x 40um AHEIE
FI(ow stress silicon nitride) E (LAY HHR(SIN) - JEFE 400nm - [ fE0FHY T S 38
R Ry 300um » HA% - FALRHHE ERFZEA $5(Cr)Snm 2 R 45nm <E:(Au)Z & FH
A FME T (resistance thermometer — RT) » MHURy I E £ HHY

TERAZEUE b — M FZRBCUR T RIS R R e g 22T - AfE
3-8(47,48) > DEL ) - HEFLERINZHNE T —BEN S/t - Bz AR
Je 2 AR RERZ] (wet etch) AT G AR o [FIARHY - P15 BRI B
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AERE o S EANE 3-9 - Horf b) ARSI @) 2R Sum JEZ Si0: - FEEET-EAM
BT o AIEEHR by AT R (crack) AR ISR E RIS o HERIHF R
EALNY HRE B S AL A SR T - FEIHIRTEE A& - R HAR 7Bl S
ACRF F DL DIVATAE AR B A T A BRI AL -

4l 3-8 > D > —BALEIURS P AL EFMEERBERSRAH IR £ 4 (Low Pressure
Chemical Vapor Deposition, LPCVD)f% % 400nm J& Fy 24k 2 FALAYHE » 0L
BT AR MEA T (E-beam Lithography System (ELS - 7500EX)as H#/ NRFLF K
500nm HYANIENERE (heater coils)EIY » 400E 3-10 Fw o [@ 3-8 » PR 1o - FH
AR ZEAFHL .0 Mask Alignment and Exposure System- ABM > Model 60 St £ 4
RS - #&H AUTOCAD s%at 2 JEEEEIE » AlE 3-11 R » A anZ it pE A
(Photoresist - AZ6112)4Y 1um & - ¥f4E(align)'t B2 07 KF HERS 8 52 (exposure &
development)#% - YEFHETEIAEIEE - PReERIER-T AR Wiy < @&k - 2 1%
(S RE M 1% GERZ AR ) (Dry-etching) AR « FEM 3-8~ AB% 1-)# » TTIREEEAR
REOR L= 2 RS 1Bl & HDP-RIE) ) #E17IFESE [ 14 (anisotrope) §Z il
A - 3 3-1 Byl 7 2 M S FE Ris i EU LA YRR Z R B LAY EERER » 28 ERE
Fc 8 AR & 30scem 7SR AERT(SFa)EL 10scem ESR(O:)R AR B > SEIHAES2EL
SFHVEALR B ERHE < el S REE R M » S B B ZIARET Ry 22nm/min - 3
#% HDP-RIE » Tz A EEE R 400nm EALW & - Z %= B (acetone)
PRI - SRR B Rl R P M 1% 55 (A MR 8 %] (isotrope wet-etching) Z #E
E(mask) o [ [ PEREEZR P M EE F S AC BT ¥ BE AL b 6 21 2 iR
HNA(Hydrofluoric acid + Nitric acid + Acetic acid) * L6 : 20 : 7) » BRZIZRL) By
3~5um/min © F{&AERE 3-8 » EE 1-o)ff - &iBHZeEZI1% - RN &R EhZ] 2
BE HNA - G [ b 2088 B a1 —feEE R R ST REL 100~200um 7€ © £é%

it EtclE 3-8 > DER 1-)F] 1-o)5e R EAZE WO T IFE M G HIRUE -
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Long SiNx beam

}

SiNx membrance i

i

Electrode

N}

3-7 BYERZE I SEM T A

N

\

N
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1)

Contact Pad

&
=

Phatol‘esxst

3-8 BUELREMN 2zt ERE
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SEI 15.0kY  X1,200 104m WD 12.8mm

SEI 15.0kV  X1,000 10Lm WD 11.7mm

3-9 AEBEGETT AT 2Bz AR

37



3-11 AUTOCAD #1272 &

% 3-1 B E R A B R b YRR LR
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ICP / Bias 100/ 120 100/ 120 100/ 120 100/ 120 90/ 100 100/ 120
Gas CF4 - CHF3 - CHF3+Ar CHF3+Ar CHF3+Ar SF6+02
30sccm 30sccm 10sccm 30sccm 10sccm

Etch Deep : 187,7/88 W, 127.7/35.4 110.6/59.2 145.7/75 122.8/10.9 671.7/527.4
AZ6112/SiNx

Selectivity 1:4.08 1:36 1:1.8 1:19.4 12119 1:1.2
332 KRB ZNE

PER— ORI BB E > FF 2 EBR &R A SN - ek
B R E R R R OR RIEYYE B H Y - BT EEbi 5 2 5 A e ok
(49) > M EEIK(GOEHE AFMGED AR EN B — o RERFFHI BE B — 7ok ER » A
FOCEIR A BT IR G AE T Lift-off BUREARSERCE (st - INEEHA FHEIIAY
W MBI E S ST B ARG R LIS B 2K B R Ehaokey - B2
1R ShoSes KRB B EHYALE °

BB ERBAE REN R S IR B RS - & E R
RIRTESRBEEAE T EE W FRIFEET > SHERAU N AHERAE~ 1M m R/ - T H
AT LT St ISR ST E I E > BVl ZERR R ST AV BIEL 513 > {£ Optical
microscope HYBCRZ T » BIATHARAE SIS BREAMB ALY wafer AT SbiSes 7oK
G (ERIPRS ARSI B St NI IR R U ELTEHIRE (7 - ZRoRERBIER AR
PTOE b - SEEIMTE OM JE N - RS tEE e gz oot 05 alE 3-12 - 3 5 A
FIERSHRAIE » 220 NIRRT - BIAREROR SRS ROh T E A RS £ -
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Glass tip (

l

3-12 OM T kSR 4RIE]
333 BEHISF B 2285

TElE 3-13 - R B E SRS REsnv/NEl o HEEURE(4-port) BHER(EOR BB 1
AP E - FEAEBIREs 2 S HENIE (Keithley 6430 ~ Keithley 6517B
Agilent B1500A ~ SR570 & Agilient33220A waveform generator 55 7 &1 & 22550 (F
HZEMAIRE T FE S NS - SR EEME EAVEM] o MR MR TR R E B
a2 B E K 30mm LA E b By T2 R B AR B
FLZE RS/ N 1107 oy 2 ELZE T o SR PEPERI o F R AR E(Liquid N2)
HiE A B & EIIENES (heaten) FVEC & > (6 A A RAYELEILITE 80k 2 450k ZfH] -

3-14 > Boooff EEROREN LA RERE - FE PSR E 2 FE EE KA

HiE 2 AR EE Foule heating) 124 &7 JF (Keithlet 6430) 5 S5—3=R1IFH
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SRAHBORVURS SR - B R AORGEERE Y R E SR 2O - Hdr
SEARBOATRBE 1 IR > PER 913Hz Z 2B IR - JLiEi# 10MQ &BIH » #2157
PERL > FIHEH 2 SREECIEEN > SEREE(E lock-in ZEIEE - B2 3 B 4 HEH RS2
EERMREE— DI AERIHAVE (L - BRI V5 AR -

SYMERE 3-14 - EHRYRE(E SIS (8 2/ (EERERL - PTG 8L
R R Y B A P ZE (Ceramic) Bl F > BB EAGRST O ~ 1R4R > A
SMTRRAVELRERS o (8 3-15 > Rl —IT4R - AR E nEE -

Temperature Lock-in SR830

controller

Micro-device
Probe station

Keithley / Agilent
DC power su pply..etc,.

Vaccum pump

[l 3-13 BRI & B M
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10M

SR830 Lock-in sensing

Keithley 6430

current source heating

314 EERR SR 2 i E

B 3-15 P2 (Ceramic)ZEfRFT4% »

42
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PR &SRR
TSP MR SOk > T LUE S BRI (L —$5(Sb:Se) BEbF H B 1M
At 4 A EEH(SbaSes) » A B IFHHRARUE (switching effects)(52) ~ FIHIEAYEEL
B B (photovoltic) % M LA K 24 &5 (thermoelectric power)(53) » 1EMEFH_E AT A FH 2 %Y
TERIGREERM ~ JEERMIENERERIELS TTIAR(S4) - IRl - FERCEERIE - ST EEROR
ol SR =R S AoR R & FREFTER 1L < HAREGE E— U EER&E i 142

AT LT

4.1 FE(—)BERZR G EL BRI R HIE 3 (Optic-Electric)

4.1.1 BERRFRER 7 Y B B S 2R FE FE (Spectrum responsitivity)

OB A (photocurrent) & — B AL & AR BE F (radiant power) T~ » BERECERY
—FEER 52 » WDt G (photodiode) g e — 6 E i(photosensitive) LA IR B 55
ZIEM LRSI T - i— e S EEEEAEEE RN T OtER R EIELL
A AIEZ 8 -

TEHBRRRZOR G RN L - [EAT 3.1 EiE/ 48RS L 2Rt g« i
aE TR S B Z 9 JOBIN YVON - LamRAM HR)ACEZEAMY) 5 -
Je ZE R _E A RSB 2 S 2 (Stepper ¢ 100nm) > JI_ERELE R4
488nm(50mW)~532nm(50mW) 5z 633nm(17mW) 2 25 5 » 25 B 4B (Laser spot size)
ATPEREAS lum~40um HYFEE - (ERE /3 Ml (micro-scale) s E5 HY R in > SRR IS5
=R MR T AR » DGR -

B b A8 4-1 SAE 488nm B BN NEEER- SR E - Himik(sweep) BB
[E1£-0.5~0.5V o FEMEZREE FBAR = hfi b S AoR 4R 8122/ (Blank) RyfE oh R G2y
B BURIRE I HARA I TREIRRE - B OARBIAT 87y Bl R RS2t Bz
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488nm FEHTHHE N EER-EEAIE - FAA NROKE AT LA - S A TR
z 0 FHEY~1072(A) LY ~107°(A) 2285 - TARAe s L FAE » Al
2 B 2B B B 4R MR 4R C 2 (Linear curve fitting) - #EFH (resistance)
REA ERTAVE KL 3.726 x 10" Q 8% 1 2.336 x10°Q2 » . A S 488nm 4T
RE BB Ry 320mW / em? IRIL T
TELL R - AT R B S A8 - R AESEIE BE R B P AT 2
AR © FE5T 2 BRSO E(H M ES (semiconductive detectos) b » FHHILE BT 7R 2
N AFH(Equid-1) -

|, =(2)GP » (Equi4-1)
hv

Hrp» G BB S % (photoconductive gain) * $5 ¥ A+ (photon) (34 5% 2%
/7 B (electrons) #EH] 5 P As ABSYEEE BT 22 55 &% & (light power) °
[EEFRA 2 E A b 2 R R G 2 B FE (curtent responsitivty - R, )&y

R, =|ID—’1 » (Equ:4-2)

TEBARTORGH RO BT T il 22 b 40 4-3 Fom - a)/ B By E R
RERAEIRIEE By 0.3 (R TI » ASHf 488 BE 51 BERH (switch on-of )& N 2 BN S e -
ARG F 3 %) > AEBTIBHBBARIER RAVEITE - RETEHA R H & R 88 =~ BABHRE
ZRHE < b) R o)/ INE By ABERRRA T - SR IR N e S HEHF i (raise time) B2RHES
IR ZEJkIF ] (decay time) 5 73 AU Fy 1.5 PN 5ERIUTEA-EL 0.5 PP SE TN - 1
TEBH B AEALFR(Zn0) LR ESUBR LI | - FUBEE & E a2 eH il
TR EIFHEL » SbaSes FORERELZHEAAE S BRIV S E -

TERTI AT - Feff i — PR RIRACRRAD RO EIE - 128 4-4
# o Ry OM SCERRR S & I A ST B BLER A B AT AE SbeSes KR - ELBI N HURE
sRAAE > ZORGEEIN N R 4um > HAE 60nm Z 4847 5 B4 ASET B8R T
YEBE(spot size)$TEE 40um = HER—F - AL 488 BHEDLMRBCHEMN R

P, =320mW /cm? (light intensity) » {HE TEE AT 4 A2 e K2 FERY IE ST TH
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T8 Bkt 2 #E R (Cross-section area) » HA RIS EITE H{HE A

S =0.24um* - {EAF(Equid-2) » HIRE SR LIREL 03 (KT » EADECER

B2

I, =1.3x10° A » i SbaSes K 4R T OCERZEFERE R, (Spectrum Responsivity) &

R, =4 ~16.9mA/W
P,S

A

s (fREE B 0.3V » 488nm ZE BT HEET T)
FEAN » BeffI MR M B T353R (external quantum efficiency - EQE) » #1°F
ANR(EBqu4-3)Fiw

l./e hcR
EQE=—FP""-"2  (Equ4-3
OF=p o~ er  (Eautd

Heph BBl W8 > ¢ Bt ~ R, REEFDCEEIENT - FRAABRENE

| 5 (Photocurrent) R AFHERRFEEN » 15EEQE Fy

hcR
EQE = A
Q el

~ 42.9%

TERTEIHEE » FRAIEAE IR RS 438nm 85 S T 27 YL a8 i 1S B4 M & 5%
o B RRET 210 & 1 BRI SUEA R
#2(55, 56)(e.g., ~ 0.12 A/W and 50% for ZnS nanobelts, and ~ 0.12 A/ and 37.2% for

R B R, ~16.9mA/W [ EQE ~ 42.9%

ZnSe nanobelts) » Sb:Ses TR RBERGEHA = A 38 ZOCHE: K BRBERER IR L -
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[~=—Blank
® - Nanowire Under 488nm Laser
|—4— Nanowire Without 488nm Laser
2.00E-010 o >
1.50E-010
1.00E-010
5.00E-011 o
<
= 0.00E+000 -
e Enlarge
S -5.00E-011 4
o
-1.00E-010 4
EE% = Blank
-1.50E-010 4 ® - Nanowire Under 488nm Laser
100N o —4— Nanowire Without 488nm Laser]
-2.00E-010
r - . - . 1.00E-011 .
-0.6 -04 -0.2 0.0 0.2 0. .
Voltage (V) 5.00E-012 |
— .
s
= ooo&oooo-w
€ .
g
3
© 5006012 ’
.
-1.00E-011 -
.
-1.50E-011 i 5 T
03 0.0 03
Voltage (V)
B B B A
. 4_1 488nm A A- EEMIINI=]
- Wire on-3.txt
Linear Fit of Current_1 (1)
2.50E-012 -]
R=3.726 E11 ohmn
2.00E-012 -
| 1.50E-012 4
H I
£ o neas  owrs
© 4 00E-012 - oty v
-
5.00E-013 -
T T T T T T T T T
03 02 -01 00 01 02 03 04 05 06
Voltage_1 (1
ge_1 (1) = Wire on_D3 laser on-1.txt
Linear Fit of Current_1 (1)
1.50E-010
F.
1.00E-010 -,
-
= 5008011
1
R=2.336 E9 ohmn 5
::) 0.00E+000 -
(320mW/cm? 488 laser ) _
P
-5.00E-011 o e
a1 () Sepa | azmmero asuser:
-1.00E-010 . . . r .
0.2 -0.1 0.0 0.1 0.2 03

& 4-2 Rs2eEl

Voltage_1 (1)

7R B AR M AR 0 88 (Linear curve fitting)[&l
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(@) |-~m— Nanowire under switch Laser]

1.40E-010
1.20E-010 ! I ,H “
- L T
1.00E-010 - \ ‘
|
— 8.00E-011 -
<
T 6.00E-011 -
g ’ .
=
S 4.00E-011 . (
-
2.00E-011 \ ‘
| |
0.00E+000 - pve— _ g
-2.00E-011 T T T T T T T T 1
5 0 5 10 15 20 25 30 35 40
Time (sec.)

(b) . ©

= Rasing part under switch Laser = falling part under switch Laser

1.40€-010 - . . . NO—
(L T UL g "Emm L - -
-w L LI U LS L L P Ty
1.20€-010 - e R "y e,
-
1.00€-010 - / 1,00€-010 -
~ B.00E-011 . ‘sooe011]
< <
T 6.00E-011 4 £ 600E:011+
: ‘ :
O 4.00E-011 d ©  4.00E-011 4
2.00E-011 2006011
000E+000 FEEEEEEEEE 0.00E+000 [T
-2.006-011
-2.00E-011 T T T T T T T ,
2000 80 85 90 o5 100 105 s 120 125 130 135 140 145 150 155 160
Time (sec.) Time (sec.)

Raise ~¥1.5 s | Decay ~0.5s

(B 4-30 Sk G T

40 um in diameter of 488nm laser

4-4 JEERRAERE T R B I AT RO R E

4.1.2 BRRFORERENE R 2 B35 (Pyroelectric effect)
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AUNEI > R AEERT S EADCE USRS - FristiavA IR S BRI
{8 2 BEAR = Al b B2 R FH 52 (Pyroelectric effec) B34 © [F] E/INGf - BidfE]
4-4 [El—BEfk b - RSB CERIEH o GRTHATE 4-5 BifE 4-6
AR AR B B R U (switching effect)B » SCEFEE T B EIEING - FEE H 4
FYBARA(On-Off) » & {EUHIZ BT A8 (transient) Y B8 T I8 {E (current spike) ©

B A GBI on) - 1S E]— (R (EAYETRE BRI (transient current) 5 52 B8 1R
1 (off) » 18I —(EE T MHVEREER © B 4-5 B ARGRE T - BRERIVEIE |
AL 4-6 1 » FORERANEE T —(H & E (REE(bias)0.3V - S HlR 1 —HEFaR T8
REFERAVHIER - [ERF IR A RER T HIFRE < e B (photocurrent) -5 °

R REREE BT 2 G o TEiE SRR R & S IE R SRR IR R
MERA > HERE—RRE HEEMRE » A G, Chynoweth TSI DEERE &
BEHERE BRI T - Chynoweth ¥5H1 T HEA4 # FEY)'E (Ferroelectric) sk B& #H(Barium
Titanate) (I N RUREE LAY EE B S P b P o - ISR ERVETREEEIR
MERZEE - B3 EMRER P, IEHE - S AR AR E AL - B 4-7 &

HERZ#pE -

RE FEMVEEERMIA o W H > Chynoweth e AT » EESTZE AR E
B BBV R BRI 2 PRI RR (2 B e PSR Y BV B (R 3

(Pyroelectric Coefficient) o H/ AT AL T (Bqu:4-1)

i{dpsj:[(dPS)(d—T)]” \ (Bquid-1)

dt dT " dt
o | . I dr,, . . i o s
ﬁﬂlj(a) R R MO CERAIEOR FE S 2 2 5 ( d;)ﬂ%gkzﬁkﬁ?@{%ﬁi v

S TR SRS
ENRERR RN o
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Current (A)

Current (A)

—— Under bias 0V

| —— Under bias 0.3V |

Laseron

1.00E-011 — Off

5.00E-012 -

0.00E+000 -

-5.00E-012

-1.00E-011

T T T T v T v T ¥ T y 1
5 10 15 20 25 30
Time (sec.)
4-5 AR EE T EARE S A A [
8.00E-012
Laseron ; :
1 off Transient Pyroelectric curent
6.00E-012 —lp
-—> /
4.00E-012 ~ Steady Photocurrent
2.00E-012 ] ' /
0.00E+000
| {
-2.00E-012
-4.00E-012
-6.00E-012
T T T T T T v T v T \J T ! T i
2 4 6 8 10 12 14

Time (sec.)

4-6 fREE 0.3V T Z BV B BRI
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0.8

0.6

0.4

0.2 \

|

o

N
~

-0.4

PHOTO ~INDUCED CURRENT IN AMPERES X 1079
o

-0.8} '

0 20 40 60 80 100 120 140 160 180
TIME IN SECONDS

F1G. 1. The time variation of the pyroelectric current
during a light-dark cycle.

4-7 3Lk Chynoweth ¥ ZAFREE B 22 [
4.1.3 BEIRFDK 4R EE T 2B (Pyroelectric coefficient) Z #EfE (58)

FELCHBEET—/NETATEREE > H4% 1955 4 Chynoweth F2HHEIEECEL FARAM:
(Periodic pulse technique) & RIFETT1% - FFWRFSFILTTIE - 1B SO CEEAM S
Z0 0 (lE EBHIEAR SbiSes ZRoR &R 2 B (A B (Pyroelectric coefficient) * &

S22 S0ER 1. Lubomirsky B O. Stafsudd(58)#E $f R HA 1 &2 (Periodic pulse

technique) EHIFITAYOIEE - 2¢fE Chynoweth J774 © SeH AR BRREER
# o W=7 (Equ4-2)
oP oT oT

1) =2-AP T _p,
ot oT ot ot

A RN 22 A © o RE VR RE

» (Equ:4-2)

50



EE R B E H ¢ thermal capacitance » EEIBEEEIRIAE —BEWEG -
thermal conductance * IFAEE AL NEE—2URF R F, © thermal flux ©
IR E] Ry t = OFFBHAGIES T (switch on) BT » IEFFEE LA RORE S & Ry
Tt)=T, -A—exp[-t/z,]) > Equ:4-3)

HTO) =T O =Tl * To =R /G 5 ZAAYEFfETH Bi(thermal time constant)

7, =H/G

F Bt T (Baud-3) st L0 “)

=F,/G-exp[-t/z,] > (Equ:4-4)

AT FEHARR R Ry t > o, RS > LR RSB E E 5 - s TR L8R
(switch off) » AR FEERA T (Equ:4-5) A= BT (decay) ©

T(t) =T, -exp[-t/z,] * (Equ:4-5)

aT (t)

EEERFEqud-H) 2 oy —= =T, L7, -exp[-t/z,] > (Equ:4-6)

RIBE » AR dn D E A RA TS S (On-Off) > sk 3{(Bqu:4-4) B (Bqu:4-6) £/ £ S 8y
TR AEq4-2)M - FFEIEEREE RS AT
() =a-AT,/z, -exp[-t/(H/G)]=a- A-F, LHexp[-t/(H /G)] » (Equ:4-7)

ief% > fR9 Chynoweth » HFEqud-NAERA=EYHEEFR - G ~ H -
HEREREH P RIEEECGEE & H ER) > HEE M ENEEMR SbSes 7ok
R R A BRI [ Y R RE A 50 5 el BB 8 (exponential curve fitting) > BAZ T
(Equ:4-7)f#EEEL - BRAESEIIEK Z « @ BV (A H(Pyroelectric coefficient) °

4-8 Fo PR MTHIERMR SbSes FOKERBHE S HOE MY AV SR IR e Bk Bic
5F 1(t) =4.6614x10™ -exp(t/0.06479) ; T Ed(Equ:4-T)ELER T » FefFHL

A=0.24um® By 4.1.1 /NEFEEI 2 ARG 0 F, =320mW /cm® 5 H FefiE =

SCRKER 0.26(3 /1 °C)  Bsokisr S (58 o = 60.09uc/ m*k -
BAHEK G~ EVEE (5% o = 60.09uc/ m*k B2 1-1 fELEREEE  FHA SbiSes

oRGBBINIEFREY)E (Non-Ferroelectric) » (HANE RHHE S HVEEE G - T
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HREEFIHERTESL -

— Fitting curve of exponential
Switch on pyroelectric current

4.00E-012
Lt gy
BU I s
Equaton y = ATep(al) + Y0 —
3.00E-012 R -
z " o 32 s < |
< . 4 e oot iy A
S 2.00E-012 ]
| =
=
o
1.00E-012
i st )
0.00E+000

T T T T L4 v T v
0.0 05 1.0 15 20 25 30
Time (sec.)

4-8 BT ER i Bk B A (fitting [

4.1.4 ERREVEE 2 THER

T 4.1.2 /NERE 4.1.3 V08 P EEIE T B R E A R
BGOSR AR R (A8 o (BTN RIS RIE R ERS 3 MR E R —
LB R SRR 5 (i — SR A B A -

ERFEREE SR R LR - FeffI¥ SbiSes FORGBER M B &R - BB

» IS ERANE 4-9 FREYE SR @ BELR IEff(Increasing sweep) . I-V & » 4L
R Ry B R ] - HLER IR AT B Ry R B B BRI [V BV
Hystersis) S FEHVRFIAZIR - A2 SUBRQ9, 60)#EFE R BN SR » IR Rytihlies
(defect)VEELE > FiH1& (trap) Eia HAYEL T ZERAIRE2Z R BB (space charge) Y&
A o TAE NE 4-10 » FRMIELEBoA 2R IR G B (a)/NE » WiET R 488nm
BH NERTEZEIOCGTEER R, ~2.0mA/W » BUEER R R 520

Al 2 BRI R UL B By R, ~16.9mA/W By (b)/INEl  BRIFER

4]
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PRI » A @R R T » W EAEERE -

et TR R 22 R o 2 2VFR I 22 A5 - £ R. E. Collins(6D)
S 1979 4ER LS PR P LA B A7 stored charges) BRERITRTH 4317 RS 4978
S5 3 electrostatic polarization) » {ESASYRVET T 617 BBE 1 H9IZRE » 40 F =T

N
V= [Lxpx) + pCo)ldy » (Equid-9
&€,

Hrp p(xX) FoffERYER R - p(X) Al b
[EF - A %R SRR 62, 63) 7 FAfHRsmEL - BBV EE T a0 -

" = Increasing sweep
= | Decreasing sweep|
1.50E-011

®
1.00E-011 + /

5.00E-012

0.00E+000

Current

-5.00E-012

-1.00E-011

-1.50E-011 +

-2.00E-011

10 8 6 -4 -2 0 2 4 6 8 10
Voltage (V)

4-9 1-V 5 (Hystersis) & H &
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(a) —— Pryoelectric and Photocurrent under bias 0.3V (b) = Nanowire under switch Laser
8.00E-012 -
1.6E-12 (A) photocurrent 1408010
6.00E-012 1.206-010 - ~ " ” ~
- -
4.00E-012 f 1.00E-010 i
< 2006012+ g Mg
z £ 600011 -
S 0.00E+000 g
3 O 4.00E-011
o
AN 2006011+
-4.00E-012 0.00E+000 o— o— — -
-6.00E-012 -2.00€-011 T T T T T T T T 1
5 0 5 10 15 20 25 30 35 40
T T T T T T T T
0 2 4 6 8 10 12 14 Time (sec.)
Time (sec.)
I I,
_ b < R, ==~ ~16.9mA/W
R, = ~2.0mA/W TP
) A
PS :

4-10 B BRI 2 B CEE E E EL

4.2 FRE(C)BRF KRG EEEE R 2 HER {77 (Thermal-Electric)

4.2.1 KEUE H e 807745575

FERLEERRLG » BAPTRE A A MRHEROR SRR /NI > AI50RER ~ 20K
EEHERR S > B HIENEERE H v B (Secbeck coefficient) » 7 FHEY & IR AR 6
FI5 777 o FAHIEE FHA S MR BRI » R BRI 4G T Y
7S AT FURIE I 2V, > BRAE R ERAAIR H E (sl - (B35 HBlki S 7oK
FHE H a2 F0REE » a0 el A2l /NG RS T $2e i B S RIEROR A _EASGv NOR
FEsE(t > kel F SR BN RREEARIRE RIS SR B A A EE Rt R
TSR

B RHEE S =R 55 3.2.2 /N TR R TS s U FTAnlE 4-11
FI7 > (a) s OM YEERER S T~ 2B EE A (thermoelectric power-TEP) 2 TTF- 444G
o (D) RN EMEEHEG I BREFT4 LR AR E (thermometer) Z ARSUE -
ERNCAYT a8 SYNEBE U R R EIEVR L EEN - B 4-12 F > BE
R ShoSes Zk &R R h F B EE #1HkH TEP JeiF R T2 R S (thermo-meter) =
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MSEAT IR AR ENIm R T > FeMIRE B P i 5 T (Inner-thermometer) 5 K2
Z > BARF AR S Nim R ST (Outter-thermometer) 027 48 25 B BB /(85 (FIB)
SR (POBBAEZORER WL » (HA RAFAYE MRS - HER ShSes K& T
HillFof 7.2 um > EIE 250nm Z 4747

ARG b M E A EN = SIS 2 EiRE - ABSLARCHE (fitting)
1% Z Hh 4R AESIE 152080 RN IERERY SEARUR H 5u /48 (Seebeck coefficient) « HA%

HERGZ ERREIE T h F G )I%'%T% Fo Tt 25 W 5R P4 N < s 4 i FEE 5 12 L B

V 4 Y Ay d =N [={=}
BB (W) % AR S A IIEVEE R - ERIEAR ShSes OREREL 2

B - 15 » 1 = ST (i) 2 B AT (—x"lx%—l ’
HIBEE i HH BEAR oK 4l > 20EE T e R B(Secbeck coefficient) e
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(a)

(b)

4-11 OM 2 TEP Jt{4-[=]
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Joule heating

Inner

Qutter
thermometer

thermometer

1

[ HV | mag | det| WD | cur | Bt |dwell|
| 5.00 kV | 5007 x ETD| 4.8 mm | 88 p *’ 10ps |

4-12 AR ShaSesZoR&A TEP JEfF~ SEM

4.2.2 BRI FL B Seebeck coefficienty (5 +-) B3

, o ¥ Q
FEREED T - B 4E R HEOR LRI - (E

) L) BT - R G
SERES Hthermometer) » —BEE TSI SR M DIV R RSN T pE
tb > R=Rj[a(T -T))+1] » (Equ:4-9)

Ry UL B ST, S-S - o RN -

R R ARt - DR S IBE B > & B - P B P S
FE LAORIZS - 15 (o) B015 » SUBEAIE IS BIAES hermometen LY
Wil » FRIECAERIR T+ AR EEtH TR Hot Plae -+ 53R4T R RIHGEE » 3
LS % (B e A BB - P PR BT ROA 2 SR30) R 231z SR AAG
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HE > S 10MQ &EFH - 36 HAE4E 0.706V AYlm AR » £t [(HEL 1)RiESE
& 2 B ATA] DU EFEFIE 70.6nA » FT LB RBAR 2 BReT V(HImed V(- RITA]
AEF— AV BEME ; 5 F A DL ARAER A& RAVE(E - ARHFETEI 208

5> [ A DA fitting I - Foo ] 4-13 0 ()8 (b) 73 Al s UL EHIZRR SR M i -
Pt (Inner) 124/ Mii(Outter) 2 2% - S5 PH BEHE R _HAY &M 5 /%00 T > &3°C Ry—
EEZ N > FTES » FRERAURFAE 20 708 o Ml 4-14 42 - FRFTEE 4-13 - FRDA—
FRHTAAERIE FBIAR, + & HBIRS L EDREIR: - ARTUOR15C 2k

T eEEET AL 0.1% I E - AIEEIRE M R T A SEHBCR
R A AE R LA TSE EHIRA s 22 -

oYaN . W N2 > —— R . \ =
FEE 4-15 > SRR () iy - ERHEVRIEB RS o EEE

Bk

HE > SO Z5 3 A i (Inner) 824 MNim(Outter)fif L AV FEBRE ke _EAYAE -
R EURTY S B ERHAG /37.3kQ » B 0.A1mA By —EX 2 B AR sl A
F5 0.5MAEE - (L IE - BN 8 ATt aE AR AT S EEN AT (Inner) 8124 Mi(Outter)

o FEE 57 FEE A AU P (s M L B
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(a) —— Inner thermometer
131.5u - —— Smoothed data

Lock-in Voltage
3
£
|

127.5u — T T ' T ' T ' T ' 1
0 20 40 60 80 100

Time (mins)

T T
120 140

(b)

—— Qutter thermometer
—— Smoothed data

75.0

74.5p

74.0p

73.5u

Lock-in Voltage

73.0p 4

72.5u T — T — T — T —T
0 20 40 60 80 100

Time (mins)

T T
120 140

4-13 Pt (Inner) 245 Mg (Outter) SEAHER S &
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1.020 4

1.015 4

1.010 4

RIR,

1.005 -+

1.000 -

— Inner
—— Outter

0.995 L————————

& 4-14 P
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(a)

131.0p -
130.5y
130.0p

129.50

Lock-in Voltage

129.0p

128.5

128.0y

| il

Inner thermometer
—— Smoothed data

i
l4| Il“!‘ it

(b)

73.0p ]
72.8u ]
72.6p i
72.4p —
72.2p —
72.0p ]

71.8p 4

Lock-in Voltage

71.6u
71.4p +
71.2u <

71.0p

I ’ I

0 20 40

Time (mins)

60

—— Qutter thermometer
Smoothed data

T L) T % T

0 20 40

Time (mins)

& 4-15 & EHET Am(Inner) B34 Mig(Outter) sR T ¥R [

4.2.3 EHI=RERE H v 48 (Seebeck coefficient) (%) Ry

61



TN C) B - —HE 302 NG TR SbiSes AR H A MR
St > FMIRIE R HY = R (B ¥ 8 HI 2 EE BA (thermo-voltage) B B FIAH &
RN « CI R R PR B0 58 SRR - 76 I SCR R B B0 25
DA IATAE - PRI R AR - —UEIRE % SORHE R Jeae
FOREREA, 69 PRI R SRS TR R 2 A -

—ltF + SO 4-16 A EHRAR SoiSe oK GV R AIE - SRR
S R=337x10°0 § Bk o =437x10*(S/m) » BB R 28I
(A8 - TERH () 1 - R LR U HAEES - BRI 2
BT+ SRR —AbPE SR A S TR micro-vol i -
Fi— R ERHS RO - 15 52 S MEES S SRR
o S P BN IR SR A R B 0= 23Kz
HH AR 5 0 ~ 5V, Y SCRPRS - B4e1» (@ B A 3.2.0 /NP - 1538
SRST0 EHATERALS » HOR SbSe iR amIRE AR S4B A HCAR A
SRS SRA30 BUTIROA AT 20 BRI B 15— EL B IV, MBS RO
1T+ BEEIAAERA 2 SRE30 BEAFREAT SAAEAC - (o)A o FL R
S RSB HEARS -

B 4-18 4 S RIVBEETE () MM » (MRS Aok A
AR » MRS S - o)/ NBLATE A2 AT LT 14
R RO 22 AL | BT K2 T+ ORI o]
RFFIA  RERIRERR I AR5 R0 - TIEC)INEL BRI g
RAEAV,, THREERIE - Br 2 SMIE RIS - SRR

IEHYENE R E -
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Current (A)

6.00E-012

4.00E-012

2.00E-012

0.00E+000

-2.00E-012

-4.00E-012

Single SbZSe3 |-V curve

Linear Fitting

T T T T
-1.0 -0.5 0.0 0.5 1.0

Voltage (V)
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l

Lock-in ThermoVolt. Signal

(a)

1.2u
1.0p 1
800.0n
600.0n

400.0n

lock-in ThermoVolt.

200.0n

0.0

L

20
Time (mins)

40

(b)

1.2x10° -
1.0x10° -
8.0x107

6.0x107

Lock-in

AV

4.0x107

2.0x107

0.0

60

[ —m— Thermovoltage under joule heating

T
0.0

Power

ZR,

TN

4-17 ()SRS570 BFRATERURES [ ShaSes oK 4R A
aaar\ae A A PLE I E
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1.0x10* 2.0x10* 3.0x10* 4.0x10™* 5.0x10™

I ¥ I 4
6.0x10* 7.0x10™
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(a) '—— On air & Vaccum ThermoVolt.|

800.0n Bn air
~ On Vaccum

600.0n

400.0n

200.0n wa\/
0.0

-200.0n

Lock-in ThermoVolt.

-400.0n

T T T T
0 20 40

Time (mins)

(b)

—— heating on postive AC bias signal
heating on negative AC bias signal

12.0p —

10.0p

8.0u + heating on negative AC bias

| heating on postive AC bias

6.0p

Lock-in ThermoVolt.

4.0p

2.0u +

T
20

o -

Time (mins)
[ 4-18 () KR 2L REVE B GRBUE E 22 P HYEEES () NESOREIEAY,, T

FYENERBR L JE

4.2.4 SRR BRSORGE H ARG R RE T ZFik
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FELCHE AT S M a S N SSEROR SRV R BT AR MR AR - BE T
A B B By — (BB O BRIV BUER B - (e B b MR AL

%%E(i) EEG > SR SRST0 BTSSR
I A PR S BB SVEBEY, > TEAERRE SRST0 2 HOA 2R sensitivity)
B AR VT TELL ShiSe: 2O GIR A - A B R A

B P PSP AU L P2 (B Secbeck coefficient) * (Lx o x0) =«

&l 4-19 » B~ Ry % bc B (fitting) 1% 2K 15 BEAR IR H 5T {4 85(Seebeck coefficient) »
H#YF661.1(uV 1K) » Ky IEY (positive) s H 5edm B - Bt H AR L - B E]
BEATRHAR B BEAR AR LR H s By EHIEUE  EAESEM L(60) - EREHEHEM
HAE R 1320(wV 1K) » BRI TTEMN ZAEETH RIS 2 % - HEH] - fEAORESIET -
HATA e S RN S A 4 AR sE R A IS BB LA ~ PR 2 B P A

& EEE Ao RBUrERAEE

it o TRIE 4-20 # o B EERPIR NS B R BTN REE T - (EER L
[BEE AL - [E 4-20 > (a)/ NEFE R IRFIERORGRAE (RBE (gate bias){E 0 F 7(VYIRT
A e R - B B« ] DATEHAE LB ME N HFHY SbaSes 5oK4ER I » NGB ST =i RERS
(band gap) > {EE T HYEKAERS (Fermi leve) B MR & LGB BRI » TIAE(D)/)N
[l ERREE T (W) H 0y FEAEIRIEE T - i AR H A A O GRER e
BA(E B AT (F TR - PR RER T - SESRPNER BR AN SR 9 IR B WIS I IR R
BE > o 5 vl 2 BAEERRENSR - HAEREAN | (RIREE T - (Y& 20% /245 2 34
ERERIEE » S —{EAE S RHICE -

BT IRIBE T e H SR BUATEHL(6S) - % LA Mott Formula(@D)ILAf#RE -
W=(Equ:4-10)
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><dIn(o*)|
3 e dE =%
_ 7k £, 1dG dVg|
3e ° de dE =%

» (Equ:4-10)

Hrf > G RS (conductance) ~ V, FyfmEEEEEE -

e TE R R T H v A+ 6 e (B 28 BRI K5 BR R (conductance) B 828 HLg 1
S (carrier density)ZEF| - WAHEFF & F BRI HIIVIT B » FrAz{(Equi4-10) - 3

33 T LR DU E RS A (Drude model) » “FARSHE 1T A2 E 2 A - HEAE
Fo FLERRR StoSes FORER By — 4@ & APk - B 4-20 » (a)/ NEIC B H S B RE(R
BAT R AL - (AL NE P HE H e ZAEE BRERER A Ry S RE - RIIE - 28
PRSP B SAREITEE - SRV B 5EPE fmER 1A 8] Mott Formula © [l
FERT 2 SURME - B AT ARG T B (RS T RO BRI o] DU - R

i QIS FE R T FUASE (phonon drageffiect) » AR - 1 #(semi-classicaD AR -

B -fif B BT E0EE (thermopower) B 25 /R I SLBR(6S). ©

CR
e = oy Baud-1D)

Hrp C R+ Eb#(phonon specific heat) » n/R#ETRE » R=17,/7, ; R BEEAVE

F-EZH R ) BE - 525 (electron-phonon relaxation time) Y EE (ratio)
Fir L RTERAFIEE - R TS 20 ge B RN FHEREE - TRt A
B IERE B BT EVEE (thermopower) EHISEI -
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AV,

] AVm-AT relation

- Linear fitting
0.0005 4
n
0.0004 —
0.0003 4
0.0002 ot
Value Standard Error
& G Intercept 4.49367E-6 1.85658E-5
] G Slope 6.61161E-4 4.94953E-5
0.0001 -
n
7 n
0.000 +—4V4———+—+¥pr——+——7—+r—FT—"+—"T""—"—""FT"""—"T"—"T7
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7
AT
4-19 Bl (fitting) 1% K152 BEAR I H Fa{4 51 (Seebeck coefficient)
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(a)

6.00E-012

4.00E-012

Current (A)

2.00E-012

0.00E+000

-0.6 ' ofo I 0.6
Voltage (V)

(b) ——0G
. —1G
e —2G
— 3G
— 4G
—5G
—6G

Lock-in Voltage (V)

-500 l 0 ' 5!.!)0 ' 10I00 l 15I00 I 20I00 l 25I00 ' 30I00 I 35'00 '

Time (sec)
4-20 () B EEFEREE ML (b)fF e VEBRSERE A K EE
4.3 FE (=) BERFR G EER 2 HIER {7 (Thermo-conductivity)

4.3.1 FORGREBRBERIHAMTHREAGD
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B RS =5 3.3 /NET P RGBT R s BT - 4B
BHIFTERE FHEIHY )T ALY A - Tt 25T AHRS R ERR - 3Ry
BB - —BidA - J0ME 4-21 TRODHVEREE - B A — it S AR R T
FoRIE > A R 22 YRS (suspended membrance) (& # AT Ko AIERA T Hi
(heating membrane) B2 EGCHI I HIEA (sensing membrane) » —{EFZEHY de BBt iE
Hopy—(EGa sl - HgA—EEEAESQ, =1°R, » R, RIEvHEEE LEH
R AL E T (resistance thermometer - RT) ~ BERH{E - H&5HifE F&A HE B (bW
(SINOE » H FAZESE 2 S @85(Cr)Snm [ K 45nm E(Au) » HEHRYMNEEERE A
i > H AR IUEEB R E M EEE 2 - Bl A ERE R EEEE
(Lead) A< BAREE 2 BUR & » HAEFEU 2Q. =21°R, « FAPHERE A Hif
R & IR — 9 SRR Ty 2 i R B B B (B AR K T, - Bt
A —E AR Q, (N SHERE Ui &L FE R IS (25 25 22 JRNOH P YW
EEORE EA 2T, - P REDT e EE 22 B (vaccum) 4 » EAR 5HRE - AYEL
RNEFEBZE R » R EVRQ, ez e 2 B G E (beam) EA BRI H - {2
TER(EEAEARTE - Q +Q, =2Q +Q, W] LA AR E T EENITT Ry -

P T R 2 B s T — % - IR T {22 B 4R 21 H (thermal resistance) A i BE
FTE G, =R =5k A/L » k FZLE thermal conductivity) » A B ERFIfE » L ik
BRI © (e8] 4-21 > B o] UFRBPHERE A T (Bquid-12) -

=G, (T,-T,) =G, (T, -T,) > (Equ:4-12)

G, Rz R 2 BH - i E HE & B SRR 5 H A E B4 H (intrinsic resistance) »
AR R 7ok 4 BEHHR R 1 /2 A 2 P 4 PH (contact thermal resistance) » BI%IF
F(Equ:4-13)

G, - Ri (G +G ) s (Equid-13)

S

G, =5k, A, /L Ry AREZH ~ G, RePEEZAH - d1it AT, EF Z{EEA S FrlAG, »
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G, TR B -
M5 > G, LG, AT REFRBAT, » AT(=T,-T,) ~ Q, + Q MIFRifil - B

G =2+ oy

" AT, +AT,
AT,
G, =G, ——— ’ (Equ:4-15)
AT, + AT,

Q, ~ QU FIDUER M 4L RT BURE [ 2 (Au/Cr) @RV EE R fE A E -

AT, B AT, B TE f2 W8 FH R 22 il | < J@ v EB [ H B RS A& % (temperature
coefficient of resistance -~ TCR) ; TCR=(dR/dT)/RZKHEE - Fe{{# A SR830 $EH
R gs » PUREE AR 22 - RT /Y M: » HEEfR~T0nA » 913Hz 2 TE5% (sinusoidal
current) 3 i B8 o HURE AT, #Y_EFH A E I # R (heating membrane) b EJR de
IR/ > AT H N AZRFTR:

AR,(1)
dR]
dT

TENNEH R (heating membrang) [ RT AYEERE R, H SR 7147 B WtE /574 - BlE 4-21
FQ@FID) £ - FEFE—FE () Tk IR HEFE A B B EAE duA~12uAH

HiE > T BONECEE E 4R Smins  RT ERVEFHEIER, =dV /dl > §i& AT, H

AT,(1) =

'AR (1) =R, (1)=R.(0) - (Equ:4-16)

TNARATR:
a1, ()= "Rl AR (1) =R, () -R,0)  Bqut-17)
3—h
dT

TE5E R (b) A > BAEE—FHAY AR EERS IIEVT s I8 A\ EOR Bl - B E
I A NERBRAYAS 7 B (sinusoidal current) © i, » H: SR830 $HAHMUA 25 F 7> &1
HOEN R R R S B B EE R, = v, [y, © FIROREEHER AT, JRE > 3 0]

REREHEAOT -
AT (1) = A%él); f <<1/(2p7) > (Equ:4-18a)
3
dT
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AR, (1) .
dR,
dT

Hrp o BZRAIRE 5 %2 (thermal time constant)
AT Equid-18 #2 Fr A A TS 4G [RIRFA B i A iiaR g A —F
FHELFIERIE (first harmonic modulated)AYE4: » Bl A, IR, o {HEE R ERSRER

ZEMNFGA = EEEAE - SRS R -

AT (1) = f >>1/(2p7) > (Equ:4-18b)

e

Hea membrane
(a) ot
i G’
0:=
Beam, G5
0; Environment
N T 2
Heating membrane Sensing membrane
(b)
r! S le
amp. :
A v o
O:=IR ™ —B
Beam, G& —P

nvironment lQ_)_
Ty

IT¥ig

4-21 ez ENER I E (64)
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4.3.2 BARFORGRG R B = R R EEER

#Eim b Rz T R B B AR OR R EHRR TR - TR S BEAR SbaSes
FORGENEREAEGE - RS > DURAS R 1% BB (thermal
conductivity) o B Tt EHI BERBERE Z 51 » B EEER = E K5 ¢ Sample-1 »
Sample-2 &1 Sample-3 » HMEE EAELER © FE[E 4-22 # 73 BIERA TR AR R ST
FRAREREC—HH T (boundle) 7oK 4R » WEHE R #zz BT T2 SEM [
4-22>(a) By Sample-1 BAHAYEEAR ShaSes> £ 10.96  um > EAE 507.6nme (b) £y Sample-2
BOHZRAR > £ 8.86 um > E1E 997.9nm ¢ (¢) £ Sample-3 —HZDKER » LB
13.6um o

IR ShaSes FORGRENEES - 75 M B(PHRF LR T Sample-2 EHIRVEIR R
B - [ 4-23 # 0 Ko SRE30 SEARBOR 25 £ EGHIH Y59 (sensing membrane)
fifr e s Y BE FEL S E H (A B (température coefficient of resistance - TCR)HVEM - (2)
/N Ky SR830 fEHY > 2B BR 5 ] &0 4 20min F857-3°C > HEAEL S ORI
()Y SR830 FEH B ERER SR A B LA E - WSy ARG i Sample-2 JRIHIHE
Fi(sensing) 2 TCR {E55.7x10°° - [B] 4-24 » (a)F R [EHE Bk Sample-2 » LN

sHifiE (heating membrane) il AFE HEVERIAT - HAETE 4pA ~ 12 AHTERE T ECHTHRRE
(sensing)fECHIEN . SRB30 #HE% 5 (b) Fs ¥ () 3HEE T TCR £ 5.7>107° 3K B HIHiRg
RHDE &S b AT 0B T LR -

H b BT ] ARIE AT B HOEAN S - 52 12K 0E 4-25 0 (a) R EE0R
NE de B NEMHBDRESL - BHAIEGZ 28 TCR E SR MEUESE R
24221 () Ry ()= RFE % 58 TCR By 2.4221 K Hi EHISHRE BUHISE 8 8 1 AT, S0
N S

(e EE 4-23 B[ 4-25 > B AT ARSI S EiE i Sample-2 » &8 A BRI

73



BB % - RUHHIRR BLHIBHIRE. ORI F VS L m A SR E BN EL B fikE - BIIE]
4-26 Fir7Is o FHIE 4-26 Be(RE - BFImLAEHE L BEAR SbaSes RORERENER - Tl

HITEfE 2 R, =1299Q) ~ R =649.5Q ; [& 4-26 # - i A FL#UE 4.67x10°W &R
Bl =6uA > RILFRM A DHEEH Q, & Q. FIRFI ] DUAIHE AT, =0.52°C &1
AT, =4.95°C « S EE{E A A (Bquid-14) » BT3RS G, =1.281x10°W /K Ef4H

(BEqu:4-15) » 1 G, X ASKEFRMEEMR ShuSes FoKAREVE £y G, =1.522x10°W /K
Bk =G, L/A=0.0172W /m-K -

AT BAR ShoSes FOREREVERL » Tt H FER AT S ¥ B Sample-1
Sample-3 5 BLAYEZEE © [E] 4-28 » (b)/INEIEL[E] 4-30 > (b)/)NE] Ky i 1% 7551 Sample-1
Je Sample-3 £ HIAE BHNHE FOHDE [ b AT, SHANEA T LB - A0SR AR FAMIRE
Sample-1 | Sample-3 ECHLERE ECANRE E0 AT EHIEL T FLERI AT —-EMEL
B2 0 BRASEIAE 4-31 BEAE o FHEE R ERRORAYEORERE - algEHE AR
PERBITAINR - & Sample-2 £ TEIZZHIEL » SRAHRAY Sample-1 FHFHIEER 5 [F]HF -
%R (boundle)HYZoR 4R - RS2 G/ VY - HERA ELRIGATZEN - 2%
FAEE LA E A -
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5 | mag
| 5.00kV |5000 x| ETD [ 4.7 mm |98 p

(b)

e
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e T TN

\

curr tilt
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(a)

Lock-in voltage

0.0000300

0.0000298 -

0.0000296

0.0000294

0.0000292 —

\ - Sample2 Sensing membrane signal|

W\M\.

i“ MW L
AT
Wy
“Hy

(b)

Lock-in voltage

0.0000300

0.0000299 —

0.0000298

0.0000297

0.0000296

0.0000295 —

0.0000294

0.0000293

0.0000292

T T T T 1
0 2000 4000 6000 8000 10000

Time (sec)

m  Sensing TCR
—— Linear fitting

"Equation
Adj. R-Square

y=a+bx
0.98294
Value
2.9238E-5
5.7E-8

Standard Error
2.75318E-8
3.7466E-9

D Intercept
D Slope

4-23 Sample-2 EHIERE 2 TCR &M EAfC 75
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(a)

2.93E-005
2.93E-005 —
2.92E-005

2.92E-005 -

Lock-in voltage

2.91E-005 A
2.91E-005 -

2.90E-005 A

——sensing V

T T
0 1000

T
2000

T
3000

T 1
4000 5000

Time (sec)
(b) |—m— Smaple2 sensing AT |
2.5
.
2.0 4 /
15 g
///
/./

= /
< 1.0 4 /

0.5 - -

,'/' /
0.0 n
| I I I
0.0 5.0x10° 1.0x10”7 1.5x107 2.0x107
heater power(W)

4-24 Sample-2 EGHIHHARHD R FEZ b AT, SR FLE R &
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(a)

(b)

Heater resistance

Heater AR

m  Heater TCR

B —— Linear fitting
1275
Il | |
1270 Equation y=a+bx
Adj. R-Square 0.98294 |
T Value Standard Error
1265 "
B | ]
1260 -
i u
1255
1250 -
1245
| |
1240 4— proosyii-: — o ——— ——————————
0 2 4 6 8 10 12
AT
—m— heater AR under dc current|
30 -
i P
25 - i
- ,//.
////
20 - -
,’./
15 4
~ .,’/
/
10 ~
| /
//
5 /i
/
/
i /
y/
0 - |
! T L T v T v T
0.0 5.0x10° 1.0x107 1.5x107 2.0x107

heater power (W)

4-25 Sample-2 NEGERE ~Z TCR &2 HIELfC 2 &
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12 -

10

—a&— Sample2 Heater AT
—e— Sample2 Sensing AT

0.0

I LS I ¥ I L) I
5.0x10° 1.0x10”7 1.5x107 2.0x10”
heater power (W)

[l 4-26 JRCHIHRE BN BCHRE FOR S T RIS A S E BN EL I e
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(a)

Lock-in voltage

(b)

Lock-in voltage

9.6x10°

9.5x10°

9.4x10°

9.3x10°

1

9.2x10°

9.1x10°

|—— Sample1 Sensing membrane signal

9.45E-006 —

9.40E-006

9.35E-006

9.30E-006

9.25E-006 -

9.20E-006

9.15E-006 -

9.10E-006

T T T T

T T T T 1
1000 1500 2000 2500 3000

Time (sec)

®  Sensing TCR
—— Linear fitting

Equation y=a+b'x
Adj. R-Square 0.99701

Value Standard Error
D Intercept 9.1432E-6 4.46318E-9
D Slope 2.22E-8 6.07362E-10

AT

4-27 Sample-1 EHTERE ~ TCR & A EAHC 77
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Lock-in voltage

(a)

3.16E-005

3.16E-005

3.15E-005

(b)

AT

— sensing V|

T T
1000 2000

o -

Time (sec)

—m— Sample1 sensing AT

2.0~
18
1.6
14
12
1.0
0.8
0.6 4
0.4
0.2
0.0 4

-0.2

I T I
1.0x107 1.5x107 2.0x107

I
0.0 5.0x10°

heater power(W)

4-28 Sample-1 JEHTHERERCHI R E S8 b AT, ST FLEUsE]
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(a)

Lock-in voltage

(b)

Lock-in voltage

2.9x10° -

2.9x10°

2.8x10°

2.8x10°

2.8x10° -

2.8x10°

|—— Sample3 Sensing membrane signal|

A,

IMMW
/”M%f
'JHﬁ'\br’«WmW
J

W

MN"MV

-1000

2.9x10°
2.9x10°
2.8x10”
2.8x10°
2.8x10°
2.8x10°
2.8x10”
2.8x10° o

2.8x10°

T
0 1000 2000 3000 4000 5000 6000 7000 8000

Time (sec)

m  Sensing TCR
— Linear fitting

Equation
Adj. R-Square

y=a+bx
0.99072

Value

Standard Error

2.7954E-5
5.4E-8

D Intercept
D Slope

1.91833€-8 -
2.61052E-9

4-29 Sample-3 FHEHRA ~ TCR & HIELfC 7 &
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(a)

2.80E-005
2.79E-005
2.79E-005 —

2.78E-005 —

Lock-in voltage

2.78E-005 —

2.77E-005

— sensing V|

I
1000

T T T T T T 1
2000 3000 4000 5000

0
Time (sec)
(b) I—I— Sample3 sensing AT|
1.2
| |
P
1.0 - //
///
0.8 4 P
/.
0.6 - /
5 .
P
0.4 - '
//
v//
0.2 - o
///
//
r:
0.0 1 n
I I I L |
0.0 5.0x10*® 1.0x107 1.5x107 2.0x107

heater power(W)

4-30 Sample-3 EGHIHHARHDGR FEZ b AT, E IR FLE A&
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—&— Sample1 sensing AT
®  Sample2 sensing AT
—A— Sample3 sensing AT

22]

20}
1.8 P |
1.6 4 © P

12 ® 7
1.0 o
0.8

AT

o i - /

0z A

0.0- L

02]

L I Y I L} 1 ) I
0.0 5.0x10° 1.0x107 1.5x107 2.0x107
heater power(W)

4-31 =& Sample EHIHARRCHDRRESEE (B AT, EINEL T FLE ELRE
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BOLE R&
BEEEE T > BRI B ERSE RAL L — 4% - R REFTATII
AR -

5.1 BT AR R

5.1.1 EE()EMRFRGH B HY B HIF7 (Optic-Electric)

(1) BEMRFORGIERREEDCWRECEEEN SRR T ENHER G EE

hcR,

& R, (Spectrum Responsivity) : R, ~16.9mA/W H EQE = ) ~42.9% > Bl

BREF S B 1T > BARESUEARD 41 ZnS narobelts ~ ZnSe nanobelts EE » ShSes 255K
SRECTE S WA H E R 88 LB R BRI 2R -

() FEFEETTAFBRR A - EIRDER » JEERRSUE (FHI FET & (transient) Y BE T 14
{B (current spike) * Fe IR BEMREAEET SHEVEE B ER 52 (Pyroelectric effect)
FUEEER - 1238 1955 A= Chynoweth SZRtER HIERE A2 B 14: (Periodic pulse
technique) EHIFLTT o FTEFBAR ShaSes FoRARBATE ST IO T VAR E B TS
SORBIECE > SKHEEAR SboSes R AR EVFEER (8K o = 60.09uc/ m?k > EHJA
ShSes 75K 4 88 A J S8 FE 'S (Non-Ferroelectric) » {EiE#E AR H &= 2 EDR
REL -

(3) HIREEEIR A E A - BT -V B ( Hystersis) S fEEL &1 E A BEE
G YRR ERE Y NI - HEsmER RyGRIE (defect) EE AR » FHME (trap) (&0 1Y
#7 o AR 22 E B e (space charge)YFEAL o IAFIAE{E &RV Z=Z M & 2
BRI A I - 78 R. E. Collins(6DFY 1979 FEFhthf5 AR} &
FyEE fef (stored charges) BRI BB T 73 [N /28 A= A BRI i B4 (electrostatic

polarization) > {FHEFZVE N & H BB FHYKIE - [EHF » 5 %5 k62, 63)
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SCRFIRRH GRS > BRI R -
5.1.2 EEC)EMRTR GRS E 1Y B HIFR (7 (Thermal-Electric)

(1) B EEAR SbaSes SRR 4RZE A &M 2 BVEETTHR(TEP) b » J37A8T b FeTkE
BRI AR SRAUS . BRE - BESERE(iting) 1% 2 4R iETE - 155
e IR T IEREFO AR L 52 5Bt Seebeck coefficent) 3 (Xx-x2) = -

(2) 2R B e BERRAR R S8R P RS ECERE LRIk - FRETRGIEEE

4% A8 (insulator) FHYEFERE ARGV « AR URE0H— AR BV

ERPHYEH L0 QDL B - AR RS g 2 RIR AR - 12
FRATH AL - B8 SRST0 FSBE-ERTIEOAES - HEBH T EHITH ST HAYRERE -
BRI SR NAER SRRSO 2 M DABREREY AU = {EA 145 SR830 $HAHTT
RE SRS 20 Z BERRERGR 5 Wit Bpsd it 7775 2 v 8 FIEVE R
JE - si& i (fitting) 1% K O BARES H SE % #(Seebeck coefficient) - HAELY Ry
661.1(V /k) » FyIEA (positive) & B8 -

(3) 1EAREE N EEAR SboSes FORER L » AIEE A RIERN I - % H e 2L RER SR A
WETRAY S E » (B¢ HE B MEPERIEE A2 L - TAMMHEHR @&k
(PSS > BE(REE IR 8 FH Mott Formula » #7255 SCBE - H AT A HIA4E%
PR B (RIEE T PRI T] DUARRE - TR0 - IRIPME(E S R T SUE
(phonon drag effect) » A5 - BB ENE (thermopowen) s BRI -

Sep = » (REE T 52 B P RE 2 A 4 B B - B T RASH R 5

£ R T B B2 EE (thermopower)_E ARG -

5.1.3 EE () BRFRGEE R EHIER 5 (Thermo-conductivity)
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(1) ZEd-FERSH - PR 2 2 S NEERE T o B ECHEHE
JEHRE EOmIE BRSNS AR B BB B (5o TRMmEREHE H EEAR SbSes
FORGREVEDR o FIR AFLEURy 4.67x10°W TFER L | =6uA » RILFRATATLL

1,

HEEHLQ, B Q, ¢ [t AT LIS AT, = 0.52°C B AT, =4.95°C - SRt ki5 e

R SbaSes ZK 4R EE By G, =1.522x10°W /K 5 k,=G,L/A=0.0172W /m-K -

(2) $&AMHF Sample-1 F| Sample-3 RHIHRE MR 2L AT, SHINENT SRR AL
TE—REMEEHR o MBS HIELE AR RHIZORER » AT A RO B i
5 Sample-2 B T HIEN > EAIHRAYT Sample-1 A 4FHIEVER | [FlF > iR
(boundle)YZoR &R » RIMEEEE/ VY - BERAELRGIEDN » 2%
TACE S LB

5.2 RIREE

AKiEam CHFTHIAEL - Wi EEh(SbaSes) s T Bt 25 N B EfEiA
SFH BRI BRI (switching effects) ~ FIHH EHYYEELEE ER (photovoltic) X e DL ke ENEE EA
(thermoelectric power) = AP =(EE 73 8% » A EAFFOREE ST BT EEAR
SbaSes ZFOREREFIE - W HASE H1& A FH R RE I AETRE 5 RIHIER -

By TR EAMRIEVEIRE - fEAOR RS T OB 7 (7 BB B 7 7] By ey

FIBEFETTE 2.2(69) > 41[E 5-1° PEIT 1954 4 Telkes BB ENfHH A EE B
£E#4%(Solar thermoelectric generators;STEG)(70) » R [E[AE%51TE hot side 2 cold side
HYHIEFees - HLEEES heat source 2R H R FEAYRIGE » R W2 3.35% © 2011 4 >
Gang Chen SREEMNEIR (TGS Telkes HVEER SEH F = ERERT RIS L BVEE £
o JRRE ARSI nanostructure BYRG MR » I HEC & AR5 SR R U
DR EL 2SR i G 22 R RN » SR AT E 2 5.2% » A& 5-2 -

HIEE: - AER=ATIE S K5EEE - FEECHER SboSes 720K 4R » IhHVR
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i 7 ART AR ShoSes ZORERE IR STEG » I A5 BRI U B (solar selective
absorber;SSA)FE TR TSTT IR » QI 5-3 - S A= W RS A G R 2= BiaE & E 8.61pW
R o FHHYETELL Output Power FRENAITHA - BRI S s 0 2= fE B
NEERZERE N TENE EEFER > 22 @ R E B 2R - DURAHRE A

SEAEEHESFFRE - RARTIF R85 T B 2 558 - T
BV REREAERE RIS (S — T BRI

2.5 — x : ‘ T
E BizTealSozTo, PbTeSeTe/PbTe
x QUANTUM DOTS
g 2.0 SURERLATTICES = SUPERLATTICES

QL’
w
: ¢
g oD
21.5 4. 2n Sb_Alle
8 T T - * " .COFOJ 3c0°v’3bn
A Bi,Te, Alloy 3’ ‘," y s
u N @ f / -
z - ‘ '.‘ *. Zn sb . g
9 1.0 o;” (. / 4 " COSb,
% CsBi Te, = o ..‘. '}’ Jj'.;':"
g s Ny o PbTe Alloy
805 S . e ol P
’ i ‘.{:.. ..'- _ — Si, Ge, , Alloy
. oo " .l -
. ; 5,-: s
. - g
. -
0-0 2 A : ] ol | el | T Y A
0 200 400 600 800 1000 1200 1400

TEMPERATURE (K)
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Wavelength-selective

Glass vacuum enclosure
solar absorber

Thermoelectric
element

5-2 STEG 4MN&i

Solar selective absorb - SSA

Nanowire

5-3 BT TaaT Z K R BV T
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