


B AR BRIV AR v e BT

‘;'

=
g
W
/w
ht
o+

Research on far infrared spectrum and phonon density of

states of GaAs and InP

B3 A ik Student : Jheng-Hong Yang
tary 3T Advisor : Dr. Chien-Ping Lee
R Dr. Shun-Tung Yen

A Thesis
Submitted to Department of Electronics Engineering and
Institute of Electronics
College of Electrical and Computer Engineering
National Chiao Tung University
in partial Fulfillment of the Requirements
for the Degree of
Master of Science
in
Electronics Engineering
September 2013
Hsinchu, Taiwan, Republic of China

PEAR -OQZ & 47



’:'- gi- S Ry >
CEN A g T L

SERY L g 2
4 . ok Erga) G AR D

g ’—}‘ | o P P ;
2 4 i T A
TP S oy

E;_f_’-vt‘ N e B :'; x ‘! 2 2
R~ B LR AR S S RS 12

A B e APATITOF AT SRR BT ARE  FREABSSF

’ 2

FOEFON L R AR Y o 2 AN AT T LN R s B

It



Research on far infrared spectrum and phonon density of

states of GaAs and InP

Student : Jheng Hong Yang Advisor : Dr. Chien Ping Lee

Dr. Shun Tung Yen

Department of Electronics Engineering & Institude of Electronics Engineering
National Chiao Tung University

ABSTRACT

We measured and analyzed the far infrared spectra of two typical 111-V
semiconductors, GaAs and InP. The measurement was performed by an FTIR at
room temperature. Observed features other than the Reststrahlen-band were assigned
critical points associated with specific two-phonon combinations, according to the
strength, position, and shape of two-phonon densities of states which were calculated
by the 11-parameter rigid-ion. model and the special-k point method. The critical
points are related to van Hove singularities of the density-of-states spectra. We
located the critical points in an irreducible wedge of the first Brillouin zone and
found that the critical points responsible for most prominent features are located not
only at high-symmetry points and lines but also on the quadrangular faces of the
irreducible wedge.
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Glzxy:47rzh: (h+q;2 : exp[_4_g(h+q)2_IE(hXJrherhZ)]

1l
y
E ycos zq-|

Y, =25 (1005, + o)

mxmy axp(7za

HE, =23 (- 1(m)3, + g(m)

it
H\
5
N

314 FEE%

A £% 7 Patel[11][20]07 2 Shinde[19]% 4 GaAs ~ InP #& * |}

B3I Sl T TR AT MR R L 4 AT e 9~ 10
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% 4 GaAs k£ F3] R

S Hc[11] > H = 2 dyne/cm

v

755 ¢ F YEit R S BcdR[21] -

A B Co D, E F C, D, = F, X
40770 | 20420 |3280 |2580 |-8000- | 8400 (3080 |9470 |-7000 |-17580 | 4330
M., =1.158x10%(g), M . =1.244x107(g)
12 T T T T T T T T T T T T T T T T T T 12
: v6 I
L 411
v5
- =+ 49
< v4 =
? v3 L o 46 %
2 3
g v2 5 ! 1 :Ol
L L 43 3,
vl i T 12
1 1 1 1 1 1 1 1 1 1 0
U W X
B 10 InP %= ¢ 4ch B> BP = 4355 ¢ 3 v § g [22] -
Z 5 InP W14+ #0344 $8c[19][20] » ¥ = % dyne/cm
A B C, D, E, F C, D, E, F, X
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M, =1.907x107%(g), M, =0.514x10%(g)

ek B4 B9~ B 10 0 34 ] en%i b Wavenumber 0 F_%

R S eI U E I S R SRR L O
o gl ¢ fe ho(Q) 1R E A 1Y G A RiES

Ja+ o AT = R g 5 0% B 2 (phonon branch) » g B iE 5 L d 4F
F ST AL 5 VyaVprea Voo BT T E R B RAE TEA EES L ha A
o & b w Y S e B A S s

3 e dle & v+l J=12,.6 Tz jRg 2148 0 d wpFy
F 4 A4 (time-reversal symmetry) B % 0 % 5 - B @) P e
i pF 0§ ~ e jple i B2 BT o(-q) > & HHE G EEEAE
(Inversion symmetry) * a(@)=aw(-q) > #7144 Jo B3 o8 & f i % R pF o

TED AR QEBETA R EF A DL TR LEBE T o
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SEEET

%

§ BB SR G BT AR B Med ATh S S
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(R TS RER- o 8§ SRR B E R e

DA S T IS BE[23] 2 L 4F AR k BE[24]

D.O.S= ud

(= ho(@)ig= o5 oo o) | (4

B.Z
fafpsdzPmg 2L -

B & d13g # = 3 & _Baldereschi[23] # & T 528k 25 f¢ % Chadi fr
Cohan #& MV 2 IBZ o Se f8 crdt L1 B~ 5 O Bhein™ 72 0 38— ik g b
% i Fga[24] > d 3¢ Chadi fv Cohan 77 2 7 & * FIHAF = 4 4
2SRRI A R OLMEHEFE IR REAA 0 A
Monkhorst £ Pack(f i M-P)4& ! 7 { B — S enddsk K BB~ 2 [25] o

TR R K B A E TR Y hE BT EEE R Y M-P s E

FElfter £b,b, b, IBZ N L3958 ¥ HHEE o
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B 11 PEEHEY - # 2% U2 27 9% 2% % Ireducible Brillouin Zone

fagint b IBZ
r=(0.00) $(TKWX ):q, >0

1 2
X—E(b1+b3)‘?(0,1,0), S(LKWU):qX+qy+ng3_”
L:E(b +b +b):2_ﬂ.(l££j 2 g

2 1 2 3 a 212)2 S(UWX):qy__ﬂ

b, b, 3, _27(1 ,
W=t T a[z’l’oj S(I'LK):q,—q, <0

S(T'LUX ). — <0

K:z—ﬂ(ﬁﬁ,o)u :K-ZZ_”(E,LE) ( ):=0, +4,

al\4d4 4 al\4 4

MRS gk 2 E T E BT R TGk A EE AT

A:1/6; £:1/4; A:1/8; L(LK):1/4;
L(LU):1/4,Z:1/4;S:1/4;
L(KW):cos™(1/+3)/27; L(UW ):cos*(-1/B)/ 27

HHLR g 2t £ 5 12
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H =S S (B ) R FAsRsH
DTGS Fin ik AR

FTIR FEHG

Sau (@) = 1(@)xRespo

S|

Ssa\mple (Cl)) ~ Ssample (C!))
Sp (@) S (@)

Rsample (60) = RAu (0)) (49)
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1-0 lllllllllIllllllllllllllllrl'rl'lIlrrmllrrrrllrrmllrrrrllrrrrllllTrrl'lllllllllllllllIllllllllllllllllllll 1.0
— T(exp)
—— R(exp) Jos
-~ < R(fit)

Transmittance
Reflectance

350 400 450 500

Wavenumber (cm'l)

B 20 GaAs z 7 B#p 2 F sHap s > 1349 A 5 3.5em™
4§20 ¥ & 269-293CM " & Restsrahlen band s i » % f i fapt
HEBFE 2R AR T
A S iR RS R R 6 2 T

# 6 GaAs ¥ #+ AT HAI®mE 2k

& o, (cm") o, (cm’) /4

0

11 268.9 292.5 1.8
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0.8} - - - R(fit) 108
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4.2 AR
s dmPek T BT

FoFenig & ¥ 4T 4o [26]
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1+ (1-2p)e>"
R:p( 1( Zei?xd ) (51)
—p

PHEMTSFTRRRF S REfEARd PRSP

~ 2
Bl Gleq B4R S g R ﬁ#gcp:(“_—lj .
n+1

AL TR & & RGN BF AT S & w x> eni g o Bl

(50)£2 3 (51) ¥ A 1w i U oA ¥ 4o ] 22

Joint Density of states

[42] N Lo
> S 5
5 B\
150 T T T T T 10
- | & % AV S [
o & o 8 83
— N <t <t <t W0
— AN (92 < Lo © I~
- =z =2 = z =3 dos
S 100 4/
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=
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o
=
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O 50 /
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o
=
o
S
a of /
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<
" / 1 1 " 1 h OO
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KR 239 7 e Rk BRI T S F TR0 2 fre
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TR o fte gt L o AR o - de T2 e Rl AP E K R

HE S ] n b 2 BT >10° ~10"end # R i o
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TR AP AT O B B R A AR BT e ol F R BT
ae A SR AT o AT AP SRl R AE PP R T eh R R gE s 1
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)R B R T AR v, 1, 7 (334 om’ Dendlk 3 B gk R
2% (0,0.7,0)A » @ 4piT ATk 4 B 8L(332em™)F 3t LG b TRk
21(0.2,0.8,0.2)ILUX ~ (333 cm™) % =+ $H4Lgbw hff 20 12 % (336 cm'™)
F O EHAES(0.5,0.9,0.0)Q RSt B gt H i 5 B 2RV 4 S1 FFjeha)
ATLE SRR G ORI

Vb At BT T G B B X e 24 g end BEby T o i
B FE A P k0 4e(332 0 o). Ve 1V, Tt Bb & 5145282 (0.25,0.25,0.25)A
(333CM™) F v, 1y, Tl B AHAIX Sy, + v, PG B B TR B AR
(0.38,0.38,0)%,(0.5,0.5,0)% ~ (334 cm™ )} v,, +v,, * Tl Bk 30 ¥ a0
(0,0.7,0)A ~ (338em™)* F v, +1y B 445 (0.2,1,0.2)S * 1 f J

Koteles {- Datars #-H #7 23 F ##(332 cm™) & 313+ Vse + Vi, (D) (7]
Cochran #-#7 3%+ (333 cm ™) i B #5332 TO + TA 2 F #3850k 8k i+ % [6] -

M Patel #-pt F Hcih e > TO + TA(X) [11] 7 5 d A en B ¢ 17 Koteles

Fr Datars &2 2\ i7* 2 Patel &35 7 £ - 2 “ért o 2 Patel 4p i eh¥AERE X
Szt o NPT IR T 2§ RN HHEEEW C HAMRA QAT
Sz ¥fe TLUX chd & it gk o

S2 4 Hc(442 e ) AT HCE A AL B R hE S F Ve +V, f(455cm™) 2
(457 cm™Y)enfk 37k 4 B 8L T BE A W] = 44 4242(0.5,0.8,0.2) Q fr it A &

(0.3,0.8,0.3)TLUX » 828§ (467 cml)erig 2 ik & B g > e 558 i (2 BB ex 4
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I3 T0, + LA M L G R T B & 6] -
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Hogef gk 3t $HEEEW 0 F b Tk F B g(524em ™) 3t S 6 che R
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q;ég

FL30y, +v (hex) [7] » Patel p]:#(531 cmy Nz LW, +W,[11] 0 @
Cochran #-H e Jeif 343 #0(523 cm ™) & 214 2702 i J Hirfef B % [6]
Patel B ¥ ¢} #4523 cm™) #2123t |0z, +TOZ, [11] ©
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o
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GaAs & oz T ol 38 5 e E

TRV BTER Y ST

IR 4o 8o
% 8 GaAs iz ABE a4 B gk el LA 45
o L1& HE  fRAE _,’F—!TJJQ')E%
e (em?) TR #
2t (cm)
S1 333 v,+v, 334  (0,0.7,0)A Vo +V1, (L)
332 (0.2,0.8,0.2)TLUX  TO+TA(X)?
332 (0.25,0.25,0.25) A TO, +TA®
333 X
333  (0.38,0.38,0)%
333(0.5,0.5,0) %
333 W
336 (0.5,0.9,0.1)Q
338 (0.2,1,0.2)S
S2 442  v;+v; 455  (0.5,0.8,0.2)Q Ve +v, (hex)!
457  (0.3,0.8,0.3) LUX
446 L LO+LA(L)?
448 U TO, + LA?
448 K
S3 525 v +v. 526 - W Vi + v (hex)!
524 (0.3,0.7,0.3)TLUX W, +W, IOz, +TO%,*
2107
210,,(L)*
W1l 161  v,—v, 155 W 2v,,(X), 21, (A)'
157 X 2TAS,*
160  (0,0.75,0)A 2TA ()
W2 174  vs-v, 174  (0,0.75,0)A Voo —Va2 (X)! Vags =V ()" vs =, (hex)!
175 (0,0.9,0)A v, —v, (hex)"
176 X TO+TA(X)?
179 L
w3 208 v;—v; 201 (0.5,0.8,0.2)Q Voo —Vio (L)'
197 L TO-TA(L)®
198 W
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W4 411 v,+v, 422 W Vetvy
412 L 2LA(LY
412 W
W5 453  vg+v, 467  (0.38,0.74,038)LU  LO+LA(X)?
458 X TO, + LA?
461 W
465 L
W6 496  vg+v, 499 L 2v,(X)!
LO+TO(L)?
TO, +LO?
2TO,,(X)*
W7 510 2w 510 W VgtV (L)
508  (0,0.75,0)A Ve +Vy(X)'
509 X 2TO(X)?
2T0%,2
2TO,
ZTOLZ(X)4

i Bt U ENT BRI R ke R0 S a0 &

AESTRABIEAE

PR R TRA R

B340 ¥R B B 1) eh GaAs B T R BOlE B A R ) B
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SRR I L

Datars #7417 efhex(LKWU ) ¥ 4% + > @

>t Patel 14 47 ehgtfLEE

Ry P LR i B

s~ 12 2 Koteles o

F R A THAERQeLKWU T A

A~xssiE RE IBZ @ MR G TLUX 0Tl B % > e 2R 3

% AT L e
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2. & Koteles v Datars 338 & 5357 it Kk p >0 * coficd| 3 0 B3 J 4%
a8 A B o 5 R IR EEE AA  oo
3.9 ¢ VI b GaAs LY o HALERW ~ L X 35 TR

Flo w P 4T BB Y 0 AR RHFRTOEST L AR E

3R s i 4T s AR 4 4 RAVER § 9
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S1 376
S2 400
S4 626
1S5 655

W6 684—

200
180 [
160 [
140 [
120 [
100 [

1.0

——S3 468

W5 497

W4 440—

Absorption coefficient
Joint density of states

Absorption coefficient (cm'l)
Joint density of states (a.u.)

| 1 L 1

100 200 300 400 500 600

Wavenumber (cm'l)

Bl 25 InP 2 sz GEHEEE FEF B E TR R

s
Qe
.
&
ETINS
e
@

5% 4 S F R B i AT R
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Joint density of states (a.u.)

Bl 26 INPz Bou|Eir ewstmeniisiR

21 GaAs FUEdT = SN a0 AN I R T B S i A R B 4

46



B s B g 0 B3 h S1,S2...S5 0 H A PR i WI,LW2...W6 -

P S1(376 cm™h) L & FREARIEG v, +v, 0 B &2k s £ 8(377
cm)shge R Bh 3 44140 (0.54,0.54,0)X ~ (0.68,0.68,0)% 4 & $HfL G
(0.28,0.68,0.28)ILUX % = 2k > ¥ *4iTF Tfh B e $HALZEW ~ LA B i
FrpkH ko

Bedel ##7 2# + (375 cm™)erddpc > 4 & PR nsS o &2 R ik
A v, +1,(L)[27] > Koteles fr Datars fiz®itif | 7 4 42(369 cm™)#h:x 4
Vs + Vi (L) ¥ 7T 545 A(382 Cm_l)f%?\liv4’5 +v,,(hex) [28] > 2 Alfrey {=
Borcherds e3 44 #c(382 cm ™) #31 5 LO+TA(X,L)[29] -

i S2(400 cm ™) I 4 i B 444k ed B E(390 cm ) ¥ (405
CM T o+ BALH & i B B T i PRE Ry, +1 A2, +v, 0
BEms .

v, +vy BE SRS B BE(390 om ) A BE O ALEE X v K 112 $HE
#(0.181,018)S * » F AT 4 B 2:(304 cm) At HALBW F gk

v, +v, A B ARk A B et (390 cm ) (405 cm) o e stALEE X
Vi B Vi, & 8l 5 8RR > v, +v,4 F (390 cm ™) £ B> ¥ ¢F(405
cm ) ehgef BER 5t $HALZEW {43 4£47(0.5,0.88,0.12)Q -

Bedel #-H #7 3 4% #c(401 cm ™) #32 v, +v,, (L, X)[27] > Koteles v

Datars :#-H #7 3 3 #c(405 cm ™) 213t vs +v,(hex)[28] - Alfrey {= Borcherds
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ezl AR (401 em )iz § $83x[29] -

e S3(468 o) i B T L Ak e B > T i d B B R

z«mr

R ROEFT Ly, tv, By, 4y S o
Ve veF R AR AR TR B B BL(479 om ) TR 2
(0.5,0.76,0.24) Q (480 cm™)F=-# 2:(0.36,0.72,0.36) I'LUX » fr— i fi 2 A&

i 4T 3 B6(483 cm ) TR B L HHALEEW ey Bl F 4 B

%E

(484 cm )i R 8L i3t $HALELL o

Bedel 42 #7 3% £ #2(465 cm )k ;15 v, + v, (K,W) [27] » Koteles -
Datars -3 #7 3 3 #c(467 cm™) 213t v, +v,(hex) ~ (472 cm’ DRz
v, +v,(~ hex) ~ (476 cm™) &3> v, + v, (~ hex) [28] - Alfrey {= Borcherds =
S A4 (463 cm ™) i 5 421 [29] -

F i SA626 cm ) d vy v, 2 L R TR 40K B 8627 cm) 2 T
7 2-(05,0.88,0.12)Q 21 W - e S4 § Ap i shie 2 fR L f2 R
0 BREDEF S, 0 bied BHRERER R B

BUtha 4ok p gt 4 B BE(626 cmY) 3 (0.54,0.54,0)F %t AR T
P gL 2 (629 cmY) %+ (0.31,0.66,0.3)ILUX 6 + ehfef B T
BTHT A B RS L e, aiiTh B E(625 cm™T) G LG b o
i 2:(0.25,0.57,0.25)TLUX ™ % 2v,, tef&47# B 8L(630 cm™)F =3 $HfL 8k

L v g -
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H AR 5 H0(659 e AR 20, (X) ~ 2vg(heX) > v £, (X) © v, +v,(hex)
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A BEF R ‘i"’f’iﬁé%f’%ﬁ&ﬁ)gk o

RS R P e o7 - B ER 4T 4
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INP 2_ v T T BOlp 2 2 5 R 2hA 47

#Foo=E A&F #Rg wAE B2k
e (emh) g (em?)
S1 376 v,+v; 377 (0.68,0.68,0) Vs +3, (L)
378 (0.54,0.54,0)x Vs + vy, (hex)’
379 (0.28,0.68,0.28) 'LUX LO+TA(X, L)*
382 L
S2 400 vs+v; 390 X Vas +V1,(X)*
390 (0.18,1,0.18)S vy + v, (hex)?
390 K
394 W
V,+V, 405 W
405 (0.5,0.88,0.12) Q
S3 468 Vy+tvy 479 (0.5,0.76,0.24)Q v, + v, (KW
480 (0.36,0.72,0.36) FLUX v, +v; (hex)?
483 w Vs +v,(~ hex)?
vs+v, 484 L
S4 626 vit+v, 626 (0.54,0.54,0)% 2v,5 (L)
627 W 2, (K,W)!
627 (0.5,0.88,0.12)Q Vg +1,(K)?
629 (0.31,0.66,0.31) 'LUX
S5 655  Vs+v, 654 r Ve +V,5 (0L, X)*
655 (0.74,0.74,0)= 2v,5(X)°
655 L 2v5(hex)®
655 (0.26,0.55,0) TKWX Vot Vas (X)°
655 (0.46,0.62,0.35)~Q v, + v, (hex)?
655 (0.34,0.71,0.34) TLUX Ve +Vs(Z)°
655 X 2v,(X)?
655 (0.48,0.48,0)
656 (0,0.72,0)A
Wil 136 2v 136 X 2v,,(X)'
139 (0.3,0.9,0.3) LU 2v,(K)'
139 (0.67,0.67,0) 2v;,(X)?
2v, (hex)®
W2 165 v.-v, 149 (0.39,0.73,0.39) ILUX 2v,(W)"
148 (0.50,0.70,0.30)Q v, —v,(hex)?
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147 L

W3 191  v,-v, 169 (0.64,0.64,0)% v, +v,(K)!
169 w v, —v,(hex)?
175 (0.36,0.72,0.36) TLUX v, —v,(hex)*

176 (0.5,0.73,0.27)Q
W4 440  vetv, 447 (0.65,0.65,0) Ve +V,(K,W)!
Vs + v, (hex)?

W5 497 Ve +V3 Ve +V3(K,W)1

v+, (hex)?

W6 684 ; 2 (LK W)
(0.23,0.56,0.23) TLUY
(0.40,0.40,0)s

L

¥ oA ¥

T 2 E2T]; 2 0R28]; ° 2SRk 29);
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%10 GaAs# BELA 4> 4 B =(cn') ~ Tof BLH fi(%”)

HRm | B3 w2 =i B wRE | B et il
130 V=V (0.50,0.85,0.15)Q 189 v, +V, W
131 vi—w (0.30,0.87,0.30)~LU 266 v+, (0.50,0.74,0.26)0Q
133 Vs—V, w 267 WtV (0.35,0.74,0.35)~ LU
144 VsV, L 268 ViV, L
86 vi—V, (0.50,0.90,0.10)Q 278 vi+v, w
90 Vi—V, W 289 Vtv, w
98 Va=V, (0.25,0.77,0.24) TLUX 293 vi+v, 0.7,0.7,0%
144 VazV, L 302 v, +v, L
144 V,2—¥ W 311 v, tv, (0.35,0.35, 0O %
152 V=V, (0.17.1.0.17) s 320 vitv, (0.3,0.4,0.3)TLUX
174 v,V (0,0.74,0) A 334 v, Vv, (0,0.7,0)A
179 V=V L 321 Vit Vs L
100 ViV, w 328 v, + Ve W
112 V=V, 0.7,0.7,0% 333 vitvs X
174 V=V, (0,0.74,0)A 334 Vi +Ve 0,0.7,00A
179 V.=V, L 321 Vi +Ve I
174 Ve =V (0,0.77,0)A 321 Vi Ve (0.3.0.3,0.2)TLK
176 Vi~V X 332 v+ (0. 26, 0.26,0.26) A
183 V=V, W 333 VitV (0.38,0.38,0) >
197 Vs=V, L 333 VitV (0.5.0.5.0) >
139 Vs =V, W 333 Vit Ve X
144 Vo=V, (0.67,0.67,0)> 338 Vit Ve (0.2,1,0.2)s
174 Vo=V, (0,0.75, 00 A 341 Vi +V, (0. 30, 0. 80, 0) TKWX
176 Vs =V, X 351 Vi +Ve (0,0.5,0)A
197 Ve =V, L 124 2v, L
176 V=V, X 157 2v, X
197 Ve =V L 160 2v, (0,0.75,0)A
198 Ve =V, w 228 2v, (0.67,0.67,0)>
201 Ve—W (0.50,0.80,0.20)Q 232 2v, w
155 v, —V, w 268 Vot Vs L
175 Vo=V, (0,0.9,0)~ X 313 v, +V, u
176 Ve —V, X 313 v, +tV, K
197 Vo=V, L 322 vV, +V, W
124 2v, L 302 v, +v, L
145 2v, w 321 v, +V, (0.33,0.37,0.32) T’LUX
157 2v, X 332 v, +V, (0. 20, 0.80,0.20) rLux
160 2v, (0,0.75,0)A 333 v, +V, w
124 ViV, L 334 v, +v, (0,0.7,00A
157 v, +V, X 336 v, +V, (0.5,0.9,0.1)Q
160 v, +V, (0,0.75,0)A 342 v, +V, (0.6,0.6,0)%
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181 v, +v, (0.70,0.70,0) >

321 v, + Vs L 508 2vy (0,0.75,0)A
323 Vo + Vg (0.38.0.38,0.38)A 509 2v, X

333 V, + Ve X 510 2vg w

334 Vo +Vs (0,0.70,0) A 518 2v, L

371 V, + Ve w 537 2v, T

321 v, + Vg L 509 Vs + Vg X

332 Vo Ve (0.25,0.25,0.25 A 518 Ve + Vg L

333 Vo +Ve X 524 Vs + Vg (0.30,0.70,0.30) rLUX
351 v, +Ve (0,0.54,0)A 526 Vst Ve W

382 V, +V, (0.65.0.65.0) > 560 Ve + Vg r

387 V, + Vs w 509 2V X

397 2v, (0.50,0.80,0.200Q 518 2V, L

399 2v, (0. 30, 0. 80, 0.30) r'LUX 535 2vq (0. 30, 0. 80, 0.30) rLUX
412 2v, w 538 2v, (0.6,0.6,0) >
412 2v, L 540 2v, (0.4,0.7,0) CKWX
422 VitV W 542 2, W

429 Vatv, (0.30,0.80,0.25)TLUX 583 2v, r

446 VsV, L

458 Vs tV, X

456 VitV (0..50,0.80,0.2000

457 Vs + Vg (0. 30, 0. 80, 0. 30) T'LUX

461 Vs Vs W

465 Vat+Vs L

465 Vs +Ve L

467 VotV (0.38,0.74,0.38) LU

478 VstV w

433 2v, w

449 2v, u

449 2v, K

481 2v, L

508 2v, (0,0.75,0)A

519 2v, (0.34,0.34,0.34) A

537 2v, r

472 v, t+ Vg W

481 V,t+Vs K

481 vV, Ve U

499 V,tVs L

508 V +Ve (0.0.75.00A

520 V, Ve (0.35,0.35,0.35)A

537 v, + Vg r

487 Vit Ve w

500 V,t+Ve L

560 Vv, + Vg r
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HRm | B3 w2 =i B wRE | B et il
75 V=V, (0.50,0.82,0.18)Q 219 Vi =V, (0.62,0.62,0)>
78 ViV, w 222 V-V, (0.50,0.88,0.11)~Q
82 V3=V, (0.28, 0. 68, 0. 28) I'LUX 222 VsV, W
102 Vi—V, L 249 Vs=V, L
127 ViV, X 251 VemV, (0,0.64,00A
100 v,—V (0.50,0.69,0.31)Q 254 Vs —Vy X
100 V=V, (0.39,0.69, 0.39) TLUX 235 Vit v, L
102 VsV L 250 VitVs w
109 ViV W 263 Vi+V, X
127 Vo =V, X 233 V, —Vy W
122 Vy=V, (0.27,1,0)Z 237 V=V (0.67,0.67,0)>
124 Vi—V, (0.15,1,0.15)s 249 Vi=¥ L
124 V,~V; w 251 Vo=V (0,0.64,0)A
127 V,—V, X 254 Va—V X
147 V,—V, L 248 Vo=V, (0.53,0.53,0)>
133 2v, L 249 Vs = Vi L
136 2v, X 249 Ve =V, (0.50,0.64,0.36)Q
139 2v, (0.67,0.67,0) > 251 Vs~V (0,0.64,0)A
139 2v, (0. 30,0.90,0.30) LU 253 Ve =Yy w
141 2v, w 204 VeV, X
127 Vs—V3 X 247 Vo=V W
144 Vv, =V, w 249 Vo=V, (0. 63,0.63,0)>
147 VeV, L 266 Ve =V, X
148 Ve =V, (0..39, 0. 70, 0. 39) r'LUX 273 Ve —Vy L
149 Vo=V, (0.50,0.70,0.30)Q 235 VoV, L
133 ViV, L 263 Vo + Vs X
136 Vi+V, X 275 Vo +Vs (0.74,0.74,0) >
169 vi+V, (0.64.0.64.0) > 275 VoV, U
172 v, +V, W 281 V, 4V, W
139 Ve —Vs3 X 266 Ve —V, X
169 Vo=V, w 273 Ve =V, L
171 Ve = Vs L 276 VeV (0. 28, 0. 68, 0. 28) TLUX
175 Ve—Va (0.36,0.72,0.36) I'LUX 278 V=V (0.55,0.55,00>
176 Ve —Vs (0.50,0.73,0.27)Q 278 V=V, (0.53,0.87, 0) TKWX
133 2v, L 218 Ve —Vy W
136 2v. X 278 Ve—Vy (0.66,0.66,0)>
198 2v, (0.64,0.64,0) > 336 2v, (0.43,0.64,0.43) LU
202 2v W 337 2v, L
202 Vi—V, w 359 2v, w
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208 V, =V, (0.65,0.65,0)> 390 2v, X

249 V=V, L

251 Vi—V, (0,0.64,0)0A

254 V=V, X

374 v, +v, w 607 2v, w

377 vitv, (0.68.0.68,0)> 613 2v, r

378 vitv, (0.54,0.54,0)> 614 2v, (0.67,0.67,0)>
379 v, +v, (0. 28, 0. 68, 0. 28) TLUX 623 2v, (0.41,0.41,0)0>
382 vtv, L 625 2v, (0.25,0.57,0.25) r’LUX
390 vitv, X 630 2v, L

382 vitvs alh 644 2v,

390 VitV X 613 V, Vs r

390 VitVs (0.18,1,0.18)S 626 Vit Ve (0.54,0.54,0>
390 VitV K 627 Vit Ve (0.50,0.88,0.12)Q
394 v, + Vs w 627 V,+Vs W

382 Vv, L 629 Vy Vs (0. 31, 0. 66, 0. 31) rLUX
390 VotV X 630 Vyte L

405 VoV, w 644 Vit Vs X

405 v, +V, (0..50,.0..88,0.12)Q 613 2v, r

406 Vo tv, (0.63,0.63,0) > 630 2v, I8

401 Vit vg X 644 2v, X

405 VitV (0,0.65,0)A 646 2vy w

406 VitVe L 652 V,+ Vg W

418 v, +vg (0.66.0.66,0)> 654 Vv,V r

419 VitV w 655 VotV (0.74,0.74,0) >
382 V, +Vs L 655 V,t+Ve L

390 Vot Vs 655 VytVe (0. 26, 0. 55, 0) TKWX
418 Vot Ve (0. 66, 0.66,0)> 655 VitV (0. 46, 0. 62,0.35)~Q
424 v, + V. W 655 v, +Ve (0.34,0.71, 0.34) rLUX
401 V,+ Ve X 655 Vot Vg X

405 VotV (0,0.65,0)A 655 VitVe (0.48,0.48,0)>
406 Vo + Ve L 656 V, Ve (0.0.72.00A
447 V, + Ve (0.65,0.65,0)> 654 Vst Vs r

450 Vv, +V, w 655 Vs +V, L

479 Vy+V, (0.50,0.76,0.24)Q 655 Vst Ve X

480 vstv, (0. 36, 0. 72, 0.36) TLUX 656 Vs + Vs (0,0.72,0)A
483 Vit w 667 Vst Ve (0.71,0.71,0 >
484 Vv, +V, L 672 Ve +V, W

517 Vs tv, X 667 2v, X

484 VatVe L 679 2v, L

503 Vi3t+Vs w 685 2v, (0.23,0.56,0.23) rLUX
517 Vit X 688 2v, (0.40,0.40,00>
508 VstV L 695 2v, r

528 Vv, +V, w 696 2vg (0.66,0.66,0) >
528 Va Vg X 697 2v, w

531 VstV (0.15,1,0.15)S

531 VstV (0.22,1,0)2
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