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Abstract

In this dissertation, we have made a careful study of the design, fabrication
and optimization of electroabsorption (EA) modulator integrated distributed
feedback (DFB) lasers based on identical-epitaxial-layer (IEL) integration
scheme.

In the first part of this dissertation, we have made a theoretical analysis of
the wavelength compatibility in an [EL integrated device. It has been shown
that as a result of carrier-induced bandgap shrinkage and temperature rise in the
active region, the gain profile of quantum well material will shift towards the
longer wavelength side of the excitonic absorption peak, making it possible to
achieve wavelength compatibility in an IEL structure. It has also been noted
that compressively strained quantum well materials are more preferable for the
fabrication of IEL integrated devices, as they manifest a wider gain spectrum
and a more significant bandgap shrinkage effect.

In order to fabricate IEL integrated light sources with desirable static and
high-speed performances, some of the key issues in device design and
fabrication have been studied in detail. Partially gain-coupled DFB/EA
modulator integrated light sources have been fabricated accordingly. A
transmitter module has also been fabricated for 2.5 Gb/s applications, which
shows an extinction ratio in excess of 17 dB at -3 V and a power penalty less
than 0.5 dB at the bit error rate of 107'" after transmission through 240 km of
standard single-mode fiber.

To achieve optimized performance of IEL integrated devices, we have
studied the influence of wavelength detuning on the device performance. Based
on the lasing behavior of integrated devices with different amount of detuning
and the photocurrent spectra measured under different reverse biases, the
optimal wavelength detuning is experimentally determined to be around 30 ~ 40
nm for our [EL integrated devices. We have also made a careful study of the
wavelength shift due to the reflection at modulator facet. It is found that a
combination of anti-reflection coating of the modulator facet and incorporation
of gain-coupling mechanism into the DFB laser section can greatly improve the

wavelength stability of an integrated light source.
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In the last part of the dissertation, the high-speed modulation performance of
integrated devices has been studied. At the same time, the influence of
packaging on modulation bandwidth has also been investigated. A modulation

bandwidth of 8 GHz has been obtained for integrated devices with improved

electrode structure.,

Keywords: photonic integrated circuit, electroabsorption modulator, distributed
feedback laser, gain coupling
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LT, MHhss 5 3B R Bk, 1
Q"?!QFEPFI"‘J AT L CIVEED)

uy ) (2-16)

W = \/— Zg,,,,

i=hh.th
St [ul) B0 HE TAG Bloch WAL, T g7, 50 REAEH m 1 %% i
%{! ;H;uﬂm'ﬂ:/.f\{t’:/fj

Zjdzgm,@ k) =1 (2-17)
X I B 8 A 2R Ny )
D, HY(k, %—-r—)g,,,,(zk) E; . (k)gy (z:k,) (2-18)

j=hh th
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B Al A AR 4 2 SR 1 3 K DT i

F 2-1 v SR BB A B2 8

GaAs InAs InP GaP
ag (A) 5.6333 6.0584 5.8688 5.4505

g 0.067 0.023 0.077 0.25

% 6.8 20.4 4.95 4.05

% 1.9 8.3 1.65 0.49

# 2.73 9.1 2.35 1.25

Ciy (10" dyne/fem?) 11.879 8.329 10.11 14.05
Ci3 (10" dyne/em?) 5.376 4.526 5.61 6.203
a. (eV) -7.17 -5.08 -5.04 -7.14

a, (eV) 1.16 1.00 1.27 1.70

b (eV) -1.7 -1.8 -1.7 -1.8

E, (eV) D507 222 20.7 222

E,av (eV) -6.92 -6.67 -7.04 -7.40

A (eV) 0.34 0.38 0.11 0.08

ET (eV) 1.53 0.801 1.35 2.352

E" (ev) 0.11 0.441 0.00 -0.388

i
. In;.,Ga, As, Py, RGN S an 5 4
Eo(x,y) =1.35+ 0.642x - 1, 101y + 0.758x + 0. 101,%- 0. 159x-0.28x%p+0. 109y (eV)
a(x.y) = 5.8688 - 0.4176x + 0.1896y + 0.1896y + 0.0125xy (A)
2. In, ~GayAs Py, BFREH A 280 1145 1 2 Sk
P(In,_,{Cd,.AsyPl_y) =xyP(GaAs) + x(1 - Y)P(GaP) + (1 - x)yP(InAs) + (1 - x)(1 - y)P(InP)

212 S EELMBE

AT KA T 5 55 5 AT R B R '%ﬁ*ﬁ%?@lﬁ%?”“@?& V()5
Vilz)o (EAFZES NS m T, e L B M RS 220 0 5 B 2
AE RGN IES: (LAEJAE, Y5t .

X FAE RO InGaAsP b KL, IARB AT LA 2-1 dr o 2 5tk
f&. X FRWAELLL, BT A SE B B AE 3 PR, RS AR IR 17 4 A5
Bt HEE3 ., THABEHET &5 e AN LR B . A ]
(model-solid) 2 & F1 Harrison #& #y (6610711

1) B2 [ 1 2 i

w11 =



BT 7B B G b A R B8 K T

R —T7 85, S0 SRR 5 — 1 SR I 0 12 SRR
e Evay A ALE, SAJF HULHIE LN T E, 5 S WK E 05,
CRAMEMER R, S SRR

E=E +% (2-19)
E =E)+E, (2-20)

Hor, A HBE—BUIE A 2EE, E AMBIIOH IR, SN, WHEx
RS ARt T Al O B S . TS, R AR B I e A Ak

OE, =a, (e, +¢&,+¢.) (2-21)
FINT, RARKS @EE. EXNHRESE, HEBNELES 3N

é.Efih = _]).5, —-Q(; (2-22)

6E, =—P. +Q, (2-23)
RIL, 5 ENAREWE, M4 Sawismhes X

E, = E® + max(3E,,5E, ) (2-24)

E,=E,+E,+dE, (2-25)

2) Harrison & 7Y

Harrison #R 4 J5 7 (¥) Hartree-Fock 5 e Xt —Fh T Z o 515 5 T — 41 3%
ERERBSH, It e g R 2L 5ok 1 S i A ot EM 545 T g
RE . HEBTNABMENG, S50 e 8T LlE 4

E =E" +E, (2-26)

E, =E" +max(dE,,.0E,,) (2-27)
Hdv, SEc, SEw FUSEp 535 A R4 52 (1 S5 LA R 4% . 528 7045 () e 5t 25
W, " RLIRAE R 2-21)-(2-23) it 52 8 3,

AT 2B S P MR WAL LN, R A R e
BFFF RS 2R 640 T E, 5 PR E. 1RSI, RS IRIE
AE, E'—E’ 228

<

AE, (E'-E!)+(E! -E')
RAFWAELL . KR, EX5E SN RS 20 K10 S 4 R &,

2 T



A — SN EBEIE £ M S 1 K O R

M0 EY 5 E] 5351 0 BEAORER & 60 B0 i TR e . B SEd8 1l 1 (2-25)x0fi
(2-26)=UHSE 1T Ec 5 B, QUR THi5E SRS, 1A A8 T 125 b i

il B o

M2l AR
5 Harrison B350 A B0 AR SRS | —
nGaASP HHELS WP MRz MBS ] - o S

PELE. ERRAHTHELE w]
¥ 2 A B 45 | U4 ﬁujﬁm
Harrison #5254 £ 31| ff) 45 W 5 5z 6 4% ozf

TR E. Bk, 8 F s Wiiﬁz 0‘%}; e

i1 ¥ % W Harrison B A 3¢ As Composition
InGaAsP/InGaAsP & FH[ {7447, M 2-1 InGaAsP 55 InP (1) 5 3F ik 4 L

AE JAE

213 ETMHMRIERITYE

TEWE THEER M V)5 Vi Z )R, 1R e MRk 77 #2.(2-4)
5(Q2-18)BEAT KR, T8 5] 545 A4 25 ﬁ’J“’ﬁﬁJﬁM’Juwﬁﬁ’J&Lﬁéﬂ”"
FEAT G5 390 X il A DC T 2 B R4 ) A5 P S 45 B 7 B A 3 () e A ABEI Y
T8 BRI BESE 5 10 nm, IR B K 1.25 pm E’JHHT%BE
HC InGaAsP MOEME S 3 & . G Id BB B I 6, F R B e i A4
SO T R I M BT B 3k 1.50 pum 575

0.00 T T T 0.00
Lattice-matched HH1 0.7% Compression

Energy (eV)
&
5

Energy (eV)

000 0.02 0.04 006 008

k/(2n/a,) k/(2n/a,)
(a) W% TCPRC B 1 b (b) F= VA &1

Bl 2-2 InGaAsP/InGaAsP # T b} {45 s 2% 25 #4

x R



) — b 5 R £ H 4 2 g A9 K T

E 2-2 A VL1 B 0 B R0 T B M e BE 2 G54 o B ATER B A L 5
R TE D RERE A, IFRA np 0 JEC 1 8 5 a0 PR e 4 Bt k;
HITTIA—1k., BT, EETURZ A, Wil & FHEERBE &,
)24k 5 B B A A fid 4 2 4 FINENERE, B RBERTFHNEERET
iﬁ%,%—E?ﬁi‘(—?%ﬁﬁﬁ%&@i%iﬂ%z‘:ﬂﬁxﬁo%ﬁua: URllo=L 772 (2-18)
19 2P 40 55 440 17 (19 e DRLE P P 4 — R R B — 91

WA B A 0 eh t 1 s VU385 55 400 45 P 94 B 0 48

VAz)=V'(2)+eFz (2-29)
Vi(2) =V (z)—eFz (2-30)
Kb, V5V gmbemmes .
BB REE, F o i —
B e HOTRE, TEHEHEM < on
o SRGEH SR B 3
. BN W I £ B 7 ch»

k2048, N Fo=URfo=7g ]
LR fig 15 21 PHE TR S 1 Mgk . U 0125 0.02 0.04 0.06 i.),‘OB

Bl 2-3 BToRk Jg bk iz % so kf(2n/a,)
KV/em I} i R 25 5 7 B 1 47 45 i P 2-3 Sh I B 1 1R i 2

= B by

FEH
R 2-4 hRATEE k=0 Bl 5 40 20 o B R A (4
ﬁ@*ﬂu%t{.,ﬁ?l‘#ﬂ*—‘l—H‘J-ﬁiﬁ?-@%ﬁfﬁ%%ﬂ?"ﬁ*‘ééﬁfﬁﬂH@ﬁﬂﬁéﬁ%ﬁiﬁ%ﬂu
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ose £
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o
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@
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M (RS HE DR 45 S 1 B 3 K T R

HUST BRI SN, X R BT R4 Stark 2 4051,
2.2 ETHHREEENTY

EﬁﬂTﬁ%ﬁﬂﬂ%%&mm%%ﬁ%muﬁqﬂumﬁmeﬁﬁ
FE US4 B 088 28 0 AT 42 FT T2 @A R i A 50 F 2 T Bl
LR [ﬁ?ij‘*:)\iﬁﬁiEﬁﬁﬂ!ﬁ@&f’%ﬂ%ﬂj%%ﬂﬁiﬁgﬁ%ﬂ%Eﬁﬂﬁﬁo ik 8
PEEEIE 25 50 B 0 00 X B N 2 S Y
22,1 BEIETEAS

B R 0 38 28 08 0T ol F S AT 3 o676

2 2
) mial, 2, %, 2 M k)

k,dk,

x(f (k)= fo. (R WIED,, (k;)—hﬂ?)—zﬁ—- (2-31)
He,

c - ] N

INUAE EG)-F (2-32)
1+ CXP(T)

v _ ] L

fc’.m(k.')‘_' E;:m(k’,)—ﬁ:, (2 33)
1+ exp(_‘ k‘]’w—‘*)

E{i\.)nm(kr) = E;(kr) - E;,m (k,-) (2_34)

KU, F AU R 53 5108 SR 45 (9 ME Fermi 8248, mo N B, ¢
&0 73l A L R Y e S A e B R L, NI F BFBEGE n, K B 0 7 4 22
L(E—ho) I R SRR B B, 6 Jy 335 89 ik 5 14 M,’f,;',(kg:(\}f,;;i pl‘f’:l)
HENR G,

X ¥ TE B M T™ =t LB FE W T 77 18 4 5

5wz = M )

'MW.’ [2 = i ’ + 3'(5’;:,/;}; ¢n >]2} (2_35)

M) =

2

(2-36)

Mo =[2- M) = b2 g5, )



H—F R — 5 5 B 2 4 M4 2 B i < IC g

H
2
M? =ﬂ6ﬂ=[<ﬂ’;}ﬂ (2-37)

WM B RARE T8 . |S)F ] X) 40 500 SR 4 89 Blooh 3 i %
M E, e @54 .

r
(=]

20

Lattice-Matched Rt C1-LH1(TM) 0.7% Compression

| C1-LH1(TMm)

-
@

C1-HH1(TM)
C1-HH1 (TE) |

12§ e .

3
[¥]

CIHRITE) Gty
|

o
@

o

IS
=]
Ho

e CI-LHY(TE)

Normalized |M.|* & M., J°
Normalized [M,[* & |M,,

0.02 Q.04 006 0.08

00 b -,“_'_’.'i',i"_:-. i eergens

0.00 0.02 004 0.06 008 °8 00
kl/(2n/a0) k/(2n/a)
(a) &A% DU PR & ot (b) M 3 A4F B it

Bl 2-5 2 50k 40 I T B 1 3 25 9 (g s,

& 2-5 A ) B R TG4 T A B 1 o 2 B ke A 2 . Hoofr, -k
HEFE TG 206 - M7 (k) ;a2
222 RE4%R

3 (2-23) 1, AL BB LCE - ho) 10 1 T 4090745 ol B 74225 I R 3
0T 2 RE 58 o #E S — 2R ), ffTui)\j‘qBa?&i—?%g%%ﬁ'ﬁ‘ééﬁEI‘JIL%?%H#IEJ
SRR, ke 4] 6 5% B 30 A Lorentz &4 7y [60](76]

(T'/2m) 1 hit,
(E-ho) +(T/2)' 7 (E-ho) +(jz, )
H, Tin LT P9 T 0 1) 2 % XE SR 0 B0 4 7, = 0.1 ps. ‘B
Lorentz éﬁﬂﬂ‘]*%ﬁ%ﬁfrﬁUFjﬁ%

7
r=2t (2-39)
T

h

K Lorentz £ 20 g 4 7y 1), RERCORSE I 15T th LI 80 25 %, AT ey

(2-38)

L(E-hw) =
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D 1§~ A JSCA 1 7Y 38 K I I

@ﬁﬁﬁ%%%%%%%ﬁ$%ﬁﬁi%A’#%ﬁﬁ&&ffﬁx$wﬁ
X%WW&%Tﬂﬁﬁﬁﬁﬁ%EhmEMMHMiMth&m«ﬁcmm
S5 AR 9 JR U B R 2 AT o BT, i — A e ETE T &S

TR BB R 1A, I SEM R S e, Hooh

log o /(t[ps]) =2 +1.5log,,r~0.5,/(2 + log,, 1)’ +0.36 (2-40)

R 58 B B IR 24 L(E - hoo) 7] LA i (2- 40)zU 1 Fourier 25 # 15 5] ,

M 2-6 1, AT TRH Lorents ZM Y Chinn 28 8 55009 3 19 )5
IV 2% ik R 8 2% EENKR FITHLER np = 4 x 107 em il
ULF, FIF Lorentz £ #1142 3 V048 2 3 AE A B 7 A7 2 100 em™! B4 5% R
Yo, IfE Chinn TRV 55 45 B o A X — ) [FI6f, 2R H Chinn 23 #y75
I IK) 18 35 1% 0 1 th 15 BT AR Hﬂ%&EW&E—f@?EP TE #1125 & 3=
FHAL, B R AT X B D% TE BI85 3 HEAT T3 £

3000 2000 — —
'v—/_\ ——
'c 2500 N =4x10% cm? TE TE Mode Ny, =3x10%cm?®
3 — Chinn O 1500 0.7% Compression
2000 - ; = r Lattice-matched
= -=---- Lorentzian = attice-matche:
-%’ 1500 2
& &:9 1000
@ 1000 ©
S S
g % c 5
© ‘T
o o L TEme— 0]

(=]

-5010350 ’1400 1450 1500 1550 1600 1650 1400 1;50
Wavelength (nm) Wavelength (nm)
Pl 2-6 B4 AS [ 2 749 5 8 51 78 F| M 2-7 B2 4s & F B 4 6 4% UL B
() Fis 2 B A5t < Ik A4 060 11 084 235 3 B I 8 25

B 2-7 PIRATILE T Bk Ui 8 L BERE R s R A R B 2 A
[FHAE N5 1 g 86 25 4 WTLLEM, BIANENA G, &7 A 8 25 il 0 3
B, Hﬁﬂiﬂlﬁﬂﬁuﬁw%ﬂ’ﬂhﬁo

223 HhRlk 4
KHRYT, N T % AT R 25 I ot 2

f’%ﬁ*‘“ﬂ’]ﬁmTﬂM\ FR A d‘]%(zfﬁ’x}(f OHE R E TR M T AR T
HIEF W — R B T o BB M LU B AR T AR L, AT 5 3 A
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AR — AN E B 4 S R 1 1 U A I

25 ¥ f g A 7810701 g e %E’%Mﬁ(éﬁ?{’—ﬁﬁkﬁﬁﬁT%‘E‘fil‘fﬂﬁﬁI;L'F'—S’E%?
= /?; [76][791
AE, = (' (3-41)

HHE=22~3.2%10° (meV.cm).

LRI~ AR T PR 0 542 4 48 B0 05 01 T 2 6 0 M, 7 ol 0 ) 4
mi%QWEQWﬂﬁﬁﬁwmwhMﬁ%wi%%@m.%H%z%%
S m T 8 6 BT A BT LU R

(I (k,)— E, . (k)+ Eg

=D Vi@ Uk +4,D= XV @)U~ £ (1k +q. ) (2-42)

g, .y,
R, kA g g R, i

2

e
2e,6.49.4

0=y

exp(_qf !Zl —Z D¢n(zz )¢1(21) (2'43)

Vi (@) = [dz,dz,0, ()6 (2,)

Vo @)= Y [dz,dz, g% (251 k, +4, Dgilz:5k)
i=hh th
2

eXp(~q, 12, =z, gy, (z,:1 k, +q, Vg2, (z,:k,) (2-44)

X
2508?'(].'/1

P9 R BT — oL 55 5 — %55 M A )
A (2-40) T I 35 5 IS 500 o T A0 28 71 WKL T (1 B B, Mk T
ﬂ%%ﬁ%%m%ﬁ%ﬂu@%uﬁﬂ,ﬂ&ﬁm=0ﬂ%ﬁﬂﬁﬂﬁﬁw
U 18 30 R A A (L 5y
AEL ==D V@)1 @) - YV (41~ 12 (q.) (2-45)

Rl 2-8 S AR TR Sl 000 A0 00 8 T A BB A R
TELHTAM . T LB, S TR TR LG,
BT B MR B i B B3
224 WHRMEEMT

ELL Bt g, ?Jzﬂ‘]iﬁ]ﬂﬁiﬂ%?@liﬂﬂﬂﬁﬂiﬁ{*rﬁﬁé’%E&%‘i(T = 300
mciﬁi,%@A%ﬁx%ﬁ%%@ﬁw,ﬁ%gwﬁﬁé@%ﬁﬁﬁﬁ
AR T th 4 B I M R AT G, LA R A2 T I, S 500
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o= (%) — S AT BIF 27 24 0 41 ol 28 1 A9 1< T iR

o U i) B 1) B 3
-V %1k, é‘%%ﬁiﬁﬁi%@??ﬁﬁilﬁﬁﬂﬁE’-J’}Eﬂc?ﬁBFF—E&”AEQ””

ﬁ;(r)=zg(oy-A£g(r)=£@(0)—§?%i§ (2-46)

EE,mTﬁ¢@§MQMWMM%¥%§ﬁ,%m%m%mp%%ﬂﬁw
Mbﬂﬂ%ﬁ%ﬁﬂﬁﬁﬂ,a=om6xmﬂwm,ﬁ:n4m

m@}9%%%%@W%%ﬁﬁ@ﬁ&%%ﬁﬂ@ﬁﬁ?%ﬁﬂ%%
ﬁ%%%momu%m,&%%%%W%ﬂ@ﬁ,@ﬁ%%MKﬁKﬁW&
EREFENBY,
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—

* 0.7% Compression '-'E
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L 1500 Mp=3x107em .

5 \
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O
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2.3 EF B RIAY YT R g i

CRTBERED, T2 MBI, #F 50k, ey
LS AT LLAETE, I AR RN A4 1 00 68 B T 105, 7
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PRHOIDHT S BT DT W B R o 5 2 A 5 4
BT DIREIE, SN ILB S A, TR A 7 317 R oS g
BTSRRI EI L5529 o B B I, BT U8 B 76
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BoF IEJ“—%ﬁE@TEé’HﬁJ%J&%‘##E‘JW-KEEE

R AR EH g, BT ¥ 5 35 437 4 3 1851

H=H; 4B} +¥ (2-47)
Hr, H(f%ﬂH(;'ﬁJ‘%Ui‘J’/f\‘fé“fEEE?—%TWBEVEH@Hﬂ‘ﬁa?‘—‘ﬁéﬁ%ﬂé‘%ﬁ'ﬂ
=, VAESERfE, S A ) 3 1 2t 2

) 2
g =

Flz. -5 = = - (2-48)
’ 568, |n =1 | 45,8, [(p, - ) +(z, -2, )]
Z1d Fourier-Bessel BT LU A & 250 B2k =,
2
ik -klz.5)= [dp—8 = . %
(& ~k|:z,.2,) = | e (7 1 (o 2 T Pk, = K)- p)
2
=
= exXp(—k, —k!(x|z -z 2-49
2806‘,_11(,“}'(;, Xp( I ¢ r‘ Iz:_ Z.u’) ( )
Hrep, P =P =Py LT 5558 RTRE A o g
WARCFWR n FHEMED m 1 I R Hh
e”‘aﬁa
nﬂk = ¢H(Zc) Sﬂv 2_50
| 0 I |S.7) (2-50)
e""t‘pn
mvkr = ng.:f(‘z;kr) u;ﬁ (2-51)
! > \/Z I:;LH: . >
JlIES)
Hi\n,k )= E° n.k,) (2-52)
Hy|lmk)y=E! |m.k]) (2-53)
WYY T EA AL LU e
HYY = EYg¥ (2-54)

%ﬁ?ﬁ%%@%%%ﬁ%ﬁ%ﬁ%ﬁﬂﬂﬁ@%,%m%@w%$ﬁ,m
L) 75 3/ (831085]

L :ZZG,;:I(k,),n,k,}]m,—-k» (2-55)
nam ok
HHG) (k) BT & 2 [ £ R TT 6. 4% 5 44

£ LA (2-54), #%uﬁéi(z-sz)%u(z-sa), BUAR B & =5 7] py 3 T 5
@ﬂ&»ﬁ&A&»Gﬁ@J+Z§}@mﬂ&—MDG&MD:Eﬁqin (4-56)
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Hrp,
I/:mm‘m’(l k: _k; D = <n=kr;ms*k; IV('kg —k;‘;Zc 2y, )Jn,k;;m,——k»

2
—e

vyl o8 T SR AR

X0, (200, (2) D82,k )80, (2,3k) (4-57)
i=hh th
UES ES ek IGE - P WImT Ll g g, mp
<n kf’m k ’V’n krsm k > 55)1: é‘mm <n’kl;m’_kl !VIH,k,’;!?T,—k,’) (4-58)

L UE AT LA 0 T 4k 10 U8 0, 5% 55 2y Fa189)
(E;(k)-E. (k) )Gﬁ,,(k)+Z wn (&~ kDG, (k)= E,G* (k) (4-59)

a,m

FATRHAI Loeher 15 Singh B L 4 43 B0 5 36 (4-59) 0 A7 Sk fe (851
B R e s SERBEI G (h)VE K f0F X, RIEHTTREXT &,
AT B A2 BB RS 12 o, 3 30 0 300 2 Vo (o, — K ) O T 1
XTS5 1L B0 A E A 1) St 47 sk e, JLnMﬁ%lJb@H@%@%&G;"(k)

Eﬁ%ﬁ%ﬁ%L%Lﬁ&wa)F AT LLZ LR 2 2t 3 2 5 W g FHE
U5 55 m 75 1) 10 38T 0 g e (861187

/
@l (hoy=[ "5 5 f wo__ _Tp2m (4-60)
n,g,m, cL * iy (ho-E,) Hil'w12)
2
-f;nAp;g = Z(f Pr:':vor- nm ) (4-61)

%E)Eif?)@??&ﬁ'“‘ EAL BT =M= (W B ) h SRR R TG 72 (4-57)
. BAITRHA Lorentz 2 Rt 1 Tt 7 B 2 i 2 ph 28 J b T RPN BT i 4 e
BT, BTy s res s
?M‘]X#J:FEHEE-FB%'l'$ﬁ%ﬂﬁ?ﬁ‘éf}2H*J%%Z'Fé’ﬁﬁﬁ?%iﬁ, i
2-10a Fiom. MTH., BES/HEEHNER, BOR B ERIT Cl-HH2 &
C2-HHI W I T 52 fry g g (831
%%Fﬁ*ﬁ'ﬂﬁﬁ?ﬁﬁ%ﬂ&%'ﬂ'utBuTz\itiiEﬁﬂ‘ﬁ
a’ (ho)=Y a’ (ho) (4-62)
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