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Abstract

This thesis. reports the studies on the physical properties of several forms of
nano-materials by Raman spectroscopy. We aim to obtain results that are definitive
and generélly-relevant to nano-science, so only samples that sufficiently represent a
class were studied. The thesis is made up of five chapters. The first is background
‘information and a short introduction to Raman spectroscopy and its application in
* nano-materials research. The second and third describe the fingerprint Raman spectra
and studies on the physical characters of nano—crystailine diamond and SiC nano-rods,
respectively. These are carried out at Peking University in Beijing. Chapters four and
report the studies of CdSe‘quantum dots and ZnSe nano-wires, respectively, work .

completed at The Chinese University of Hong Kong.

Fingerprint Raman ::spectrum is the foundation for the study and application of
Raman spectroscopy. _B‘_ased on the theoretical analysis and experience, we argued
againét the use, in the past years, of Raman peak at 1145 cm” of as the fingerprint of
_ _,ﬁano-crystalli_ne diamond (NCD). Through the comparison of systematic experiments
on a series of samples, we support the assignment by Ferrari of Carribridge University
that this peak arises from trans-poly acetylene (TPA), a remnant of growth progress.
Besides, ‘we find this peak could be used to estimate the characteristic size of
micro-crystalline diamonds. Meanwhile, we managed to find the fingerprint Raman

spectrum of NCD diamond through simulation, based on a micro-crystal model

[Tl



(MCM) in which the calculated curve matches the measured curve very well. The
later is extracted from the Raman spectrum ¢ of punﬁed and heat treated CVD diamond
- film. MCM is found to be suitable to describe nonpolar semiconductors, such as

~ NCD.

After the successful apphcaﬁon of MCM in non-polar matenals we studled the
Raman spectrum of the structurally related polar- cublc semiconductot SiC nano-rods
'(NRs). The phonons are found not to correspond to the modes of SiC or be described
by MCM, but are related to the phonon deﬁsity of state (PDOS) of non-crystalline
‘models, suggesting that the polar SiC NR might have certain amorphous
characteristics. Through the excitation wavelength depeﬁdent studies, we confirm the
reiationship betwe.en the Raman spectrum of SiC NRs and PDOS and the key role
Frohlich interaction play in Raman scattering and amorphous property of such polar

semiconductors as SiC NRs.

We have selected quantum dots (QDs) of CdSe, which are even more polar in
nature than SiC; for further studies. The PL and Raman peak posmons of the QDs are
discovered to be different from that of bulk CdSe--they are at an intermediate place
between CdSe and ZnSe, and their wavelength dependent excitation characteristics do |
not satisfy normally observed corresponding characteristics of Raman spectrum. The
anomaly could be understood changes in the composition of the QDs, suggesting
diffusion has changed the CdSe QDs into a CdZnSe alloy. The alloy is formed from
QDs and the ZnSe buffer layer. 'f

In the Raman study of ZnSe nano-wires (NWs), little spectral characters
attributable to low—dimensioﬁality are discovered. For instance, PL and Raman peak
positions of the NWs are the same as those in bulk ZnSe, and the resonant Raman
behaviors of ZnSe NWs are similar to those of bulk too. As far as spectroscopy can
_ tell, the nanowires can not be considered as low dimensional materials. However, in
the angular dependence of polarization Raman spectrum from a single wire, a few

singularities are observed.

Keywords: Raman spectrum, Nano-crystalline diamond, SiC nano-rods,
Micro-crystal model, Phonon density of states
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HEEST).

TS B R AR R Y — R T R AR SRR

-2
4°q-\C(0,9)

H@)= - (2.4.9)
I[w - w(q)]z +(,/2)°

FEAA R AT B R, A RS KEERb, XS5,
| o 4mg’dg -10(0, c}')r ' 7(2_.4.10)

H@)= f [@-m@f +(T, /2)?

w(g) T OB, T, BRES (MM 2ENEE, %Rﬁﬁiﬁ?ﬂ%’l‘

2 o
IE

AEWE . ERRTRBONSHRFETEHAFHBROEN. BT|C0.0

g =0 MEHREY, RN EEFTEREOMENRF L. S8 o ERHH
%, CREFRYSE LI ARN, KU L MR SEHEN. MESLR
BLUAENER, o DPRERIHE S KR % 0y SRR,

L EE 224 WIS HA AT, RO TEN R EER. BRIMAE
TARAT, AR SRR B R TR SRS, FERIS B B 600°C Mk
JEHGiEE], XA RIERA BRERATHS T LR, W0 BWE
B0 R AR AR T TS (2. 4. 1D FIRMETE. b W, bk
%, BN W AR, AR RA RS 7.8 7 8.1, |
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4 ) 7 B T AR S T 0 AR B B S B LA TR EREAEYEEREESNT a6

o R |
y:y()—i_A. _x—xc—wlfz ' 1_ _x—xc¥w1/2 (2 4. 11)

l+e ™ 1+e ™

HERENE. DEMERRSA IS OSAT . SRRTE 2445,
BT HERN, THREEE 22-4 REHES, RUKIE 5 MEERH2, 3. 4 6
W7, WEHEFHB A SN RKANT . D AR R, 4 817 S, H
TR SERA GRS ABRIM S, L FEAE 2-4-9).

Intensity

N v 1 T L) v
1000 1200 1400 1600 1800
Wavenumber (cm‘1 )

B 2-4-4 HIATFRETERIE #3. 6 FlE, BERREFEAUST#2 CGEERIA). 4 ChH
%Dﬁ)ﬂ7(%§%)ﬁ%ﬁ%@,%%ﬁ%%%aﬁM%ﬂﬂﬁ%Bﬁ%

BERT, TR R A0 P S ISR S PSR B P B8 0 T AR 7
) (B B, R, TV T I Tk S 1
BB, BT R G M T

£ (24100 RF, EEREAAMEEROEER. FrEHNG. S5
EAERR S AR, KR T e AR RS A EE, RITAX
i T SRIACRE B A T AR, SR S RAL A LA T
effETR, &R TTE 2-4-5 1 2-4-6 .
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g P T 5 AR S T 9 H L 6 2 S BT T {rmAymemkE St B

1350 = = === "7 "7 "=~
1300 -

1250

1200 4
1150

1100

Wavenumber (cm'1)

1050

1000 \

i i I T T T T v T ¥ T T T y T

0.0 02 04 06 0.8 1.0 1.2 1.4 1.6

q
) 0-4-5 SRIGNAEFESIMS LIRS, SEA SR04 HRTHE, 2

ok ) TR fE R LA e
1600
.~ 15004 -
£
3 1400-
£
2
> 1300-
=
1200 )
00 02 04 06 08 10 {2f 14 1.6
. q
@}¢6E%%$?@ﬁﬁﬁ§ﬁﬁﬁ%,iﬁ%iﬁpﬁ%&%%%,ﬁﬁ
R E A

BA B RS RIR AL B AT A RIS RA 8

SR
w(q) =1331-31g+281¢> —438¢° +119¢*

w(q) =1584—82q +30g” —354¢° +168¢"
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o 75 e AR 2 5 1 OB R 38 4 K LA PR R e[ L e Y ol

SRR BEBRER S HH 3578 T 2.46A, HIHHEM A RAETNE

C R, FFRAERRIN 2om’ (BRI IIS A, WHARIEA
C SECHRBUR. FUMELH 2 om), T IREGIIEEIN T4 R 200m, BLATLL
BRGNP, WE 2-4-7 § 2-4-8 iy, ERA P o WEESH1N 8n° (& -
CORIED A S R, MR MMM B IERE T AR
gk, AFE 2490, - - o

intensity

-

- - r , T .
- - 1000 1 2I00 14'00 1600 1800

Wavenumber (cm'1)

2-4-7 ENRE AR R B

Intensity

: T T T T T T — )
1000 1200 1400 1600 1800
' Wavenumber (cm™1)

B 2-4-8 1 BEIPLR AR (H B
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4 ) T AR T ARE AR S TR SRR AT R L S R 4Dt TR EFCAHFYHER G RMRIT AR

intensity

1000 | 1200 1400 1600 1800
Wavenumber (cm'1)
A 2-4-9 LHRABI MK BERONEEHMRINE (2

AR E AR (b)

ﬁ%ﬁﬁﬁ%ﬁﬂm@ﬁﬂﬁﬁ%%Kﬁ%ﬁ%ﬂ%%i%%%%ﬁ%ﬁ&&
WA TFE 2441, '

2 2-4-1 SRV EAG B RS0 K & 2 A AL SR

W fo7 K2k 58 55 92 56 (E R ADRLE X EE
1
ERIRERS ERIR%SE  OSEA ABERT

: (em™ Cem™) (em™) (em™)
gokEi e 1328 106 1534 163
MCM 8 1E 1326 103 1536 170
R 1332 ~2 1580 ~2

Wb T L 0 T AR R R R T 1 R SR (96 B S AR 5 (b
BT R, R LR B B . SR R T B AT — MR q< 08
4 P 00 2, BRLLRATBIAE S NIR MBS 4 SRS, [
o0 45 R LRI D S ). EFAEEE, RIEERSNERHTEA
Erahse i L3S R S0 1340cm™ (q=0.8 HF) T q > 0.8 B934 I F ZE{RH
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P T 5 AR A BT S AR 28 B S B A L TR T RS MESRE SR

1000c”, R WA iy TR SR AT LR . 4 AR RLA L T e R SC K0 R,
EBHAPRATR 082, B REANRBERNIETIH 2 BN, &
SRR q > 0.8 [ TAER B B RSt AR, TR
R, A AGARE sine BT, BERAE N R H BB A RS TREAY,
RATANR AR T AT SRR R, EICRR RSN sine Rk
RS L AT, (R TAK RS EIR, sinc MASEINE &SR ERE
B AR, SRR S e (L 2-4-10).

Intensity
Intensity

L U

1000 1200 1400 1800 1800 1000 1200 1400 - 1800 1800
Wavenumber (cm™) ~ Wavenumber (cm™)
(a) (b)

& 2-4-10 A sinc ¥ (a) FIBEBEE o) EXRHIRE
BRI S I T B

I R e R A e TR, BT A ARTR B kR A  e
BRZEEIE, TR TR R R 3. BT R
B F AR MR SRTE SN, MRABNEENNRAER.

BIE LRI, AN HAE KR ENA A SN A 2-4-7
1 2-4-8 Bi, CALRBSE BRARRIE, Wl i T8 T IR A ICE S

2.5 GiREENIE IR S EREROR B KRR AR
762, 3. 1 HAIREEF TPA f# 1, 5 FIEMUERBERCR e KB, AT
I AR 5 4 R B PP iy 2 R 1) R A VR R DR IR TR
HIE_EWRSEE, BRATAS B THRSEERAE (NCD) 4R A S (NCG)
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R IR TR AR S TR e A e B 2 R A R AT

Intensity

Intene‘.itgr

intensity

R EERE L R

3, 6 PEERTRIAN (. 4. 1) WENHET, EFSET A
GEEORE TS, BAERTHE 2-51 1. | |

325 nm

W1/W2=2.6 NCD
W1/W2=1.4 NCG

1200 1400

Wavenumber (cm'1 )|

1600

458 nm

W1/MW2=3.4 NCD
W1/MW2=7.5 NCG

1000 1200 1400 1600 1800
Wavenumber (cm’1 )
515 nm
WIMW2=5.1 NCD

W1/W2=8.9 NC

s _AZ 7T~ -z
C e E2 S an=S =l D e
1 1} T
1000 1200 1400 1600
Wavenumber (cm ™)
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e U T 5 T AR e TR SR R 80 91 B S R A R R BB O N L 7ir 7 et A N

633 nm | - W1/W2=4.8 NCD
W1/W2=4.9 NCG
>
‘B
o
g
E
1000 1200 1400 1600 1800

Wavenumber (cm™)

B 0-5-1 BEfh B MR S RIAE, FIAHBEERIE#3. 6 FilE

40 0\ -

#6 G mode 0——"’\‘
—.’g 20+ '
a 1 _ _ #3NCD_
= 04 T ; "~ #2 Diamond like
5 A\-———-.____-—-.
B 204 #ac Ao, —b
S
E}—40- ) ///////,’,,,,
e ]
c g0 "
aQ : L
g ﬁiﬁyv/’
o -80-

o

——r— ——— r—————T
300 350 460 450 5('JO 550 600 650
Excitation Wavelength (nm}

CE2.50 #2. 3. 6. F1 7 BGERNBE

#2034y 6 F17 SUERAERSAE 252 T, BANHEIE 2-5-1. A
EELLES], #2 CRARIE. 3 (AKEARE) FREANERE, #4 (D
BO WRER MBI I AE, #6 (G HD. 7 CEFRD Pk AL
SY—EREMER,

ST 2 SRRV S AR TR E T R A B R SR R g, BT
B VAR EN ek s RIS A
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ﬁ:ﬂﬂE#ﬂ%-’l‘-&’l&—*—i‘-%ﬁm##ﬂﬁﬁﬂiﬁtiﬁ-&%%&ﬁfﬁ jhﬁi%%ﬂ%ﬁiﬁiéﬁiﬁi WA,

< 3?ﬁm%#m$m5%$ﬁﬁ,H%ﬁ%mﬁﬁﬂﬁ¢ Ut B
BRI 2 T LU SR Fﬂﬁﬁﬁ%u&@ﬁﬁ&ﬂ%méﬁ%'
ORI, X Sk SRR R A RAERIE R R, T2

4 TUERTIIRG DAL T I R T AL R O B I S A
P, AWIBREE N 43em eV HRATHIZI T, FUREIROGA 3.8¢V £ 1.6eV

(325nm 3 785nm), LT 226V, 4 BERIEEA 64 om’, /D TEE R,
£ 0.3-1 th 4 BIREIREHY, XHHESUANEEERFELBNYERE.

MKEEE (H6). TEHR (#7) HERIECHEEAENRR, Lelsa
PRI AR, B RIGE IR T, AR IX P MR A B AR T E

7% 2-5-1 ﬁ%ﬂ%ﬁ’]lﬂ”f‘&”&%{iﬁﬁ’]ﬁpﬁn A P 2iERIEN

_‘_—-——t‘#—_

R # #2 #3 #4 #5 #6 #7

' TPA  diamo NCD D mode TPA  Gmode  a-c

nd like

325nm 1198 1245 1329. 1408 1524 1541 1610
458nm 1159 1242 1328 1384 1495 1550 1590
515nm 1125 1240 1328 | 1377 1474 1547 1586
633nm 1114 . 1240 1328 1344 1460 1557 1604
REPNG

(e — S BTITER, BT SRR T B4 M BRI A R B b
i, SHI—FOIERIEIT Ferrori XLUBHHRIA. AR REREAKE I
HUONTRR A, EREE T CVD SRIERR KR EIE RIKEHEN
AT, ABTRY, HTEEIAE, BRI EEUROE RS
R, £ R I AIE R

38




e PO 75 e S5 T AR e T TR AN R LD 0 S 4 B I A R ST hRksmE2 R L2irie s Ak

— e g 7 des = vat
= SiC AXRENRSIE
| | HE
BT T SIC AU TR B, RILTATR LR N FEA SICHI-

%%ﬁ,mm%@@%ﬁﬁﬁﬁﬁ%,@wu%sﬁ%ﬁﬁﬁm%m%%ﬁ@ﬁ'
SR A, B SIC GUlHE AA TR I B RR IR 8,
PO — BT T RS R B R T AT AT R, AL
28 RE A (Y, 42 280 FF S T Frohlich f — 75 T8 B FIZEAR PE SIC AU HR Y hr B HU
SRR I A A TR

3. 18tk

BRI SO R A AT B LB AR TS S b OB T T
EHSEE, ERXRECIETER TR AR NS, ERBEARE . EF
e, BAUERTIS SIC AR, TS S RMERRRRN, ZHET siC
Rl RETRER TN, SR TR S,

3. 1. 1 5k sic #8

R SIC R— MBI L SIEME (BBEEAE 23 eV~33 V2D , &
HIHEE. FERAISI S, AN, SIS — MR R B T R T
S T R ?

KR B SRR R, SIC ET AR 100 SRR & LK SiC B4,
F Ramsdell 5712, & 3C, 4H, 6H, 8H, 15R, 21R %. Ramsdell #7ic—#2 nH
B nR B, n oA VR ST R SiC B TRME, HAREAT
B&, RABZMER, CREIFHERPY. ELITHEBMN SIC BFNET 4
W, fEFE SO SiC BB, EEGH S (0, 0, 0) 5 C (U4, U4, 14D .
311 hE—ABERET 4 Si EFE - PASARE—N CET. B 3-12
U5 A 1 35— FLOHIR H R
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ST SO S AR TR AR LS A

3-1-1 3C SiC S iR4EH /@ 3-1-2 O R A EHX

B 3-1-3 TR B 3C-SIC MBI A FaE ALY, EEMEPRAET=0H
R AR, BRI AR B SO A, — IR (LO) HURERTE 972
e, PB—HRELREE (TO) HREHE 796 cm'

r K X
1000 : -

300 E N\\
800 )

700 |
600 |
500 |
400 |
300
200 |
100 |

Frequency [cm™']

° 0,' 0.2 (.3:4.018, 08 1 'é;ahéie'o:a'&.z' 0 02 04
q [110] q[100] q[111]
Bl 3-1-3 37 SIC AR T B ALk

SIC SBFREERE, Si-C WETF RN R AAFIHE TR AR, KH
g sic A4/MOTEERK, B FAMMLE ST 3C-SIC AT RAMAN
HEPRIFED, W 6H-SIC, HATFABILER 3C-SIC B, ME 3-1-3
BT, 3C-SIC AR E TR A RILERTE, AN SIC N RAEH T
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ﬁmE#%%ﬂ&#%ﬁ%*#ﬂﬂmiﬁﬁ&%%&ﬁﬁ %ﬁkﬁ%ﬁ%%ﬁi%ﬁ%i A

- z@%%ﬁA%ﬁ%mXﬂ%i&c%%%??F?ﬁﬁﬁ?ﬂ% <SRBI,
RS RGBT AR A SIC AL

SIC HH 8 B BRI A 1R 079, 7.C Feng 0I5 T FAMLESARVIIEE (CVD)
AR ER SiC fHy 256 L4143, D W Feldman 0T T £ MK SiC IR S06E -
ﬂw%éﬁﬁ%mwlsmmmmm%ﬁnT%ﬁme%ﬁH%S@%imlﬁ'
FET S5 SiIC BN A, MILEETR T R SIiC KR 2 BUETRRED,

3. 1. 2 SiC 4pRREREA

1995 4EFA K% Charlies M. Lieber /MM 85 7 —FhoR] R K S R B2 24 AR
IATRALIR TR, A ATAE R A K R T B SiC. NbC.  TiC #1 TaC S5k
P XESAKTALER SO KRR, AT Z BRI R (carbide

nanorods)

TeATHT F 04K AR SIC REEL I R 2ETE S L HRIR AL, BT IR EROCHR[47]
'ﬁm,E%%%*EEWEF%&OWwﬁﬁiﬁﬁ&Dﬁmm—%wﬁam%
¥, BT 3~40nm 28], KEHL lpm. 7 TEM Bl (H 3-1-4) FallE
ﬁ%%%iﬁwz%ﬁ,ﬁ%%ﬁ%ﬁ%%ﬁ%¢@ﬁm$%,&%%ﬁﬁM%
EHFFM SIC AR R TR S EE . B 3-1-5 AR XRD 1%, KA
EERAE ICSIC, WRHOREF A -, <l11>, <2205, SIS EFH
HHT,

> % OSICNR

H0nm

B 3-1-4 SiC QUG TEM B, EET AR
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ﬁME#%*&&#%ﬁM*#ﬁ%ﬁi%ﬁ&#&&mﬂ Iksymem e AR

SICNR

{111}

Intensity {a.u.)

30 ‘ 40 50 60 70 ' 80 -
2 E,) ".-’ [+]
B 3-1-5 SiC 442K#& 1) XRD &

3. 2 SIC kK ERMF K EBRIA 5 Frohlich HEEH
3. 2. 1 SRS | |
3-2-1 2 633nm BRI SIC SOkHER 26, 7 700 B 1000 em” ZEH =

AN BRI RS, LRI AR, HIE KA 791 om” F 924 om’!, ]

75 860-coy™ Ab A — M, SREERY/D . SLEIEHT LB 3 B TR M, g 791em™
i, TRERAR R TR . BAMRATE MRS TR R B8 3 F 400 cm™ 3] 700 om”

> EBH 4. IBCCRIE 3-2-2 BTR, ATLLVESI S AREDLIELH, 7430 om,

540 oo™ 1 600 e A6 LB 31 B ASHU A0 B | |

Intensity

—Tr 7T T T 5 T T
400 500 600 790 800 900 1000 1100 1200
Wavenumber {cm™)

] 3-2-1 633 nm BOGEUR T SiC ok 23




R BTG RAR SRS BRI R TR  SARYESZRHESERY A

Intensity

T T i T T T v T ¥ T T
400 450 500 550 600 650 700
Wavenumber (cm'1 )

3-2-2 SiC @k b 81 AR B EE

RATE ARIE SRR SRR IRE M TR SR N . bR 3C-SIC I
f B B D R AR RIS RS TR, — % TO BUIRAE 79622 em™, 3L
LO HREAE 97252 or 0%, ZEH 3-2-1 1, 791 o™ AbAYHL 2% 55 3C-SiC ]
TO MR BER, BATHE TS AR SIC 12 TO L. St TN S s
B, R, A EARE T, AN TO MIA5E, LO B Ll B
R, BRI N EE TR SRE, Bh TSR
KB RS, RS - GHT, BEARPRE IR
O ELE, R WA BRI . 540 TEM R R & e KBRS
W, B TR, KPR R TO MM R AT, KL
7.C Feng S (e IEATEL D DT EHLFILE 4, |

PR 3C-SIC () LO MBI TE 972 er™, TE B 3-2-1 57, BAT R WSR2 860 om”!
924 JEEEIRH B, SEMBMERENER. EHEEEHS (700 em”
DT I R ARFTR 3C-SIC SRR, BARPST B A
6l00m™ 45, {ELFUAZE U SIC oA AT B AT B 22 P F S R VAR
5|, GiAIXFIE £, FIE AR P ETERABAIN SIC, 860 o Al 924 om”
TS TRER B “HIR” SIC.
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o R T A 2 T B B S SR 0 R S5 B R SRk SRR (S

FE BRI, 2 XA R = e (oo RTEWEAAD) , 1R8E
' D.W.Feldman % Hi i1 LR AL SiC ffody @4 L% 3-2-1) "%, [ 3-2-1

860 e AEHI 2085 21R-SIC  (BATFEE 21R) =0.86 HIHIEEE (axial optic,

% 849 e LEREER, 5 15R-SIiC (LLT &R 15R) fy=0.8 ML (860
cm’! j%é—ﬁogzz cm’’ Bﬁ%z‘zs%lh%ﬁf’a%% 21R 5 =0.29 (949 cm )Hly=0.57 (908cm™) |
PR RS . 302 UM T L AR SIC BIH B ERARRE.
600 et AbEIR RUEFTEEXT R T 21R 3 =0.86 HI 3 A3 HE(260em ™, 592em™ )17
S — 3, OB 430 om™ HISEIEERIE 21R By =0. STHFEFR (453 cm)
IR 530 em™ AbHIRLBIETTE R 2 6H-SIC (LI TFALE 6H) 5=0.67 IS
09 (504, 508 em™) Fl 15R [ 7=0.8 HkiAE 2L (577, 569 em™) BAMILR,
BT ERAT, ATRETEAEMSE A SiCH 21R, 1SR, 6H.

(B D140 B7 E R A IR 5, SRR SR TR ZE — B2BE 1, FEARRE IR, 20
7 TR AR IERA (weak mode) , HLERMERE/NTFy=0 CEIT A E K .0
ARG R (strong mode) B, TiZEH] 3-2-1 4, 860 cm™ A1 924 om™ 4
Ty =0 B TO B (791 W) FREFAIZ . SE0F LIF 7K AR SIC, B
(IR WAL % 4 KR, TEL, A7ERCMBSETY SIC M LHEKIA v me R
A AR L =0 B LO . |

% 3-2-1 JURMEE I SIC (7 FAE( x20), BALems

-_-Ml_#—

¥=0.50 %x=1.0
4H*  Axial optic 838
Planar optic ' 776
Axial acoustic 610
Planar acoustic 7 204
196
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R T 0 2 T B A T TR LR AT B T 5 B AR TR ISR SRR AW

¥=033 . y=067 - x=1.0
6H°  Axial optic _ 889
Planar optic - 788 : 777 766
769 :
Axial acoustic - . 508
| | ' . 504 |
Planar acoustic - 1149 241 262
145 236

R AARERTRTETRTRTRTTT e — /—  —  —/————————— ————————

iyt —
‘e ——— e

x=0.40 1=0.80

15R* Axial optic 938 860
932

Planar optic 785 769

Axial acoustic 337 577

331 569

Planar acoustic . 172 256

: 167 254

T e ————— —  — ——  —————— ——————eo— ——————
e e

¥=0.29 ¥=0.58 %=0.86
21R* Axial optic 949 908 849
Planar optic 7 , 781 768
Axial acoustic 242 453 592

Planar acoustic 132 219 260

PPyt —

W ETERIAHTER, AAPHEHE B LRI I R BAR TSR R Hh 8
B, BT MG MR BT, NSRS RYERE 700 o™ BAF
g, LA A 700— 1000 o HIAH BRI, 792 om™ ALEMETT LA R
B SIC # TO Bipr TR TSN FRMER. B2 T 924 om™ fIUHALLA
M LO B TRET 48 em, BT IRGIBUY AT AR AR, RATAME
WA AT R ZTIRALE M T A& mE 3-2-3 P
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o L 5 0 2T AR A S TR 8 S O 1 B S B IR T %ﬁk%%ﬁ%ﬁﬁi%&%i &

805
800~ - -

795 .
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785
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775
7704
765
760

7554 e ——— ———————
. o0 02 €4, 08 08 10 12 14 186
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1000
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960-
940
920
900

(b)

880

" Wavenumber (c;f1r1"l )]

860
840 ' -

820 71 1 1 . 1 1
00 02 04 0B 08 t0O 12 14 1.6

_ - q
B 3-2-3 SiC I LO (a) « TO (b) A FHEEMAN BRI A . ERHNSTR[36]
S, BN A TR A H |

A BB S T T
ToEf -
o(q) = 796 — 49q +359¢" —947¢° — 6124°
LOFET i

w(q) =972 —53q +51¢” +195¢° -3470¢"

RS SR T SR EI SIC 4IAHEELY TO BRI LO BI{ 4124 793 71 960
o, ETEEEREEREE, B8BTS T 12 om #I5LRAE
£ 36 o (E5E, X 02 R AL SR S H A SRR, H
EA SRR IS TE 304 . RARGERES SSRGS, HEM
BINAK BEAT RS, PANENENES LT, FHEARANER, 60
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TR A S AR AR O RS A R JORAFWESEN SR AR

o AR AT RS, SRR S KRR, R
 HEPIRANERRE. |

927em-1 | 960cm-1

Intensity

i
1
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t
|
1
i
1
¥
)
i
L
]
i

L

-

00 780 800 850 900 950 1000 1050
Wavenumber (cm™)
7 3.2-4 SIC APKEER SR () SRl (o) FERERSRIHTHE
' Ff7 LO. TO BNk,

3. 2. 2 EEERHHE
ATENIE TO 75 F KA B T L S AR 8 U 7 5Tk, T TARPE S i,
LO 75 F ISR T RS B ERRIOECHE, ERERDLE
(Frohlich) B, WIE EE, bTHaKBRERE, B hIEETE RGN
R AT 3~40 nm ZEA 8, X F-Hsh ke e 7 LS R R PRI, FEMR AR SR
ESIRKIRE CE, R R B A R T LLE BRGHRLLRBERT
ARG EEE TS, FIRERAREIL T TS EN — R SRALE
PR A R TRV A B ST 2 AT ST (L 3-2-5) , R LSRR
LW, RS ENREARNT:
aps (@=ZCP7 (Va)| (@) 1D (o) @320
| Ak ﬁﬁﬁ:’?’éﬁ%g, n(@) = expthew /AT) - 117" BEE TR olLE, CH 7
NETHORIEET, of 76 5 SRS FERE, H LR
BEATRAIUL Ln(e) Vo, BHLME TAEET. HELRIY 924 om0
W29 T4k Frohlich {EFIRIMRAY LO 75 F4585 [ HURRAE, 860 oo™ /oA IS T
A TARE. T FHAMAT, BT HERL, eI Lo B, Fi.
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- Intensity

L i 1 i 1 i
700 800 990 1000
Wavenumber (cm')

B 3-2-5 (a) SiC ks 8RR ER:
(b) HEEFN SIC HRBFTEER

RERREY, {5 SIC ARMK IR AR PR, BB R T
FASEEH L.

3. 3 SiC gk RH 8 JBREROLBHRIIZR 1
%?ﬁ~ﬁ?ﬁ&c%%%%ﬁﬁ,ﬁﬂﬁﬁ~ﬁ&%n&4%\ﬂ&7%
A 1064 nm (BT T B KSR OSCRTIEE . 45 SR BLBUITRUR S IR,
SIC AR R TR R, R 331 )« (B)s (o).
(@ 1 () HIRET :

Intensity
Intensity

- T T T T L] T Ll
T T T T 1 T 400 00 600 700 800 900 1000 1100 1200
400 500 600 TOO 800 800 1000 1100 1200 s . -1
: Raman Shift {cm ™}
Raman Shifticm™)

(a) (b)

48
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Intensity
~ Intensity

600 700 800 900 1000 1100 1200

400 500 600 700  80C 900 1000 1100 1200 400 500
Raman Shift (cm™) Raman Shift {cm™)

(¢ (d)
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S R R AL K B AR BRI R R S PR
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K T BT SET], RETE GaAs 195 BRI DLAK AN E (U
& 5-1-6 fiR), GURGMARKH KA 15 1€ Renishaw 1000 FAH B4
R B sk MR O R LA /5 0 200 nm. B 1A BB R RO,
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5_/. 2. 1 HURRERD KA
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72



o R} T e S AR T A S AR B L B M B A BRI %Ek#%ﬁ#ﬁ@iﬁﬁ%i T

Fregusacy in wove number {cm

,
.

R S I e, N RIS

gy o oF 0 e 06 0r 0z 0 010203 0F

S

Retuced wave - vactor coordinate §
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HA aros o ﬁ}‘%’]%ﬁﬂﬁ‘] TO BAE MR, o F %ﬁ%ﬂ%%%ﬁ FEL B AT
B R ER, eAliRa LST KR
‘ 5142(222)2 | |
£, Oy (5.2.2)
B, AERFTREARIEN:

S(G))I—LJ;—lEm;Z =12,...... (5.2.3)

g(w)y=¢,+

e WEEABEH, | AAFERTH. CHl ZnSe ] LO. TO HORE Y 252 H
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 HRRIES 0 = 90° RMEEAMR, FULE 525 FREM T -HRETHER.
B AT AR BIHE T LO BIMVBERE KL TO B 2 £, TR ELRARIIIELL I
- TR £ R A Ee—4fﬁ¥ﬁﬁ%ﬂﬁﬁﬁ%MH§%ﬁLo.
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D), ST TLAEE R AT AR A R LSRR b 1 5 RIS AT
P55 Ld A BTN HELRAAR, S EARMETEF L0 TO HE 0
LR, TR 5 HamSE — e i TR, X
B3 (R R B B AL B S AR L — 2, BRI T A K B
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SRS L B 531 (b) hEE| T BIA/SEHN0 LO B, IREHR AN R TH
ETIRE W, T AR T IR R R L — S E T 16 MR
D& RN R R E R, R R R R B I — TR L,
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Bl ATKL) 20 meV. EARREMIEAIE], FEHRE LIAKLNE, T
SRR AR S, BT R B T 4ok Rk
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256.6 38 T2
260.3 37 2
262.2 1.9 1
2640 1.8 1
265.9 1.9 1
2696 3.7 2
273.3 3.7 2
276.1 2.8 1
278.0 1.9 1 '
279.8 1.8 1
- 281.7 1.9 1
2845 2.8 1
286.3 1.8 1

£ (a) FHAMBRISHITIEL 189 o' SR, £ (b) HMIER
ORSE L, FEERME, £ 189 em”?, —&28cm’.

KE/NG

X BB S BATE RN AT 100 nm BUF AR, ERMT AR
200 nm LA FEIZK A4 A7 20 5718 ML B AL DA T SEARAT S0 L HIBE, ARARBLLL T 46
PR, |
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i

Spectrai resolution of Spex 1404 double grating spectrometer

The resolution was checked with two standard i ght sources:
1'._' The 5791 A line of a low pressure Hg pen lamp, and
2. The 5461 A line of a household fluorescence lamp.

The Hg lamp was placed in front but far from the entrance slit of the Spex,
without any lens, to avoid over exposing or situating the cooled PMT. The
light of the fluorescence ceiling lamp was reflected by a piece of white paper,
placed in front of the slit, onto to the slit.

All four slits were used during the resolution checks and whose settings are
shown in the spectra attached. The resuits show that the resolution is not as
good as it should be, but does not justify a full scale tuning of the
spectrometer. The instrument resolution is about 1 A per 100 p slit width.

A check of the Spex factory resolution data shows the shoulders of the peak
should have been resolved into small peaks. As it is, they are not.
Nevertheless, the broadening of the main peak is not too severe. There is
also small calibration error. The measured peak wavelengths are about 0.5
A longer than they should be. The Hg I lines should be at 5460.740 and
5790.654 A.

8000 + L
Resolution check

7000: Hg lamp at 5791A

| Slit: 10,20,20,10
5000 4
4000—-

3000

Photon counting

2000 +

1000 -

-1000 | AL BRI B T T ° T ™
5790.0 5790.5 5791.0 57915 57920 57925 5793.0

Wavelength (A)
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Note that the width shown is mostly instrument relatéd. The width measured is about 0.5
. "Aand 0.5 A using slits of widths 100 p and 50 p, respectively.

25000
o Resolution check
20000 - Hgat 5461
Slit: 100,120,120,100
> /
S 15000 i
[ |
3 |
o]
© !
c
S 10000 !
2 {
o I
!
5000 - j
0+ S
1 T T v 1 4 1 ¥ I ¥ I
5458 5459 5460 5461 5462 8463
Wavelength (A)
2000
Resoclution check
Hg at 5461
1500 Slit: 80, 60, 60, 50
FWHM=0.5A
[=>)
£
g
3 1000 -
=
£
e
=
o
: 500
|
0 N
[ T T ' 1 1 1 ! T
5459 5460 5451 5462 5483

Wavelength (A)
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Hix=
Relative spectral response of the Raman optical system

- (Nikon f1.2 camera lens + BK7 focusing lens + Spex1404 double
spectrometer, equipped with two 1200 g/mm, 500nm blazed holographic
grating + cooled Hamamatsu R2948 PMT)

The response is determined from measured spectrum of a 100W quartz tungsten halogen
light bulb. The bulb was operated at its specified full power of 12 V DC, as checked by a
digital multimeter. Light was collected, without a polarizer or scrambler, from the bulb
by the Nikon lens and sent by a BK7 glass lens, as a defocused beam, into the
spectrometer. The color temperature was previously measured with a pyrometer and
found to be 3268 K. Assuming the bulb is a blackbody source, a color temperature of
T=3200K was used to find its radiation spectrum. The number of photons emitted per
unit time, with wavelength A is given, aside from a constant factor, by :

(A ! :

z‘[exp(%)-»z]

where ¢ is speed of light in vacuum, h is the Planck’s constant and k Boltzmann’s constant.
The calculated curve is shown below. :
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4000 5000 6000 7000 - 8000 8000
Wavelength (A)
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The measured spectrum of the tungsten bulb is shown in black as the measured data in
the graph below. The response of the system is obtained from dividing the measured data
by the blackbody spectrum and is displayed in red in the same graph. Since only relative
response is of interest, we have not bothered to normalize the curves.

1 ~ 180
3000 - Response, curve . i 10
2500 -} : ] ' ' L. 120
I \‘" L 100
— 2000 - ;
‘é’ f Lo Measured data !
= E y Wy - L
> %‘x 80
2 N i
i) A
E T

—— 2
7000 8000 9000

T T Y

E
6000
“Wavelength (A)

T T
4000 5000
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