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24 4-2. Probed) oYA ol G &Y HIFT A7) A i, 30
1% 4-3. Probe 39 oz £ FATE 59 Wsle] w2

ZB] AT R} oottt ettt et sttt e e 32
3 44 FASFE FA 42 Y AT F7] i, 33
29 4-5. onfoff AEHIQ] 23 AT A7) A e 34
I 4-6. BA LB 30 TE On/off ] oo eeeseseeeeeeeeeeeeeen e 36
aY 4-7. %A £ o B2 modulation depth e 37
Y 4-8, AF 2929 AASE WAL oo 40
2% 4-9. DBRE °] 8% AR 294X9 &8 NI A7} s 41
39 4-10. Pump-probe A A7Ho] WE carmier FE -oreererrverrermremnennnrenionns 44
3¢ 4-11. Pump-probe A A 7+o] BE F4 A4 W o 45



2% 4-12. Pump-probe A9 A|7te] wE
1% 4-13. Pump A3 A7)o] @& 29|

L)

_iv_



% A 4

¥ 3-1. Momentum matrix elements



28 a9

FH YALY GaAs/AlGaAs U5 4A
$2 A% 2939 A

2 =89ME GaAs/AlGaAs ©F A +ES o) &N Y WAy A3
29129 AN AxHAT. =T 71E AF 29 2 U3 AEE ¥
AN 29 £5F F7H7] A AHEE FZE AAMEGT HYHATG

A3 2929 T2 54& M) A dA 29 F FF AT 9
3 EAE A7 A3 29X 28 A3 2771 Hdi7t HEE T2
71 9 F A7t AR A3SE probe A9 YA E9E FUo
FA FE FF AT AL AAE o8N 71T 2AdA FA $E
Fol wE A9A9 23 37§ AL FA FE FE 4 407044
on/off €3 a7t Hdizk HA2Y on/off ¥l & 312 ¥E B E ZHEd. 7
&9 AF 2AANME on/off vl7t ¥t $ES F7t F7gd o Frtde
& Yeldey FA $E9 71 F7HE wE 29A iR Edo] 7
e BAZE 2R

29 Wy &48 H42389AN on/off vl Adi7 IEE &7 fH& S
o] AF 29A9 Ao ¥& FHES = DBRE A7k DBRS A%
29X UAYHE= probe V39 YFEE WAAAAM, mirrordl M AR = A
o AAFEAG. wetA off el 282 0o 77k @& 7HAh on AdH
He A $-82 FAE WU3E out-of-phase AEi2 A FAL W@
T pump NEE AT FA $E29 EFF Alx ¥£32 AsX probe AT =

-vi -



FrEA g3 £949d.

SHEY ¥ FF A AL 23U Edz A2y DBRE o&%
G 29304 29 AT 377 A 299 Z2 JlAE =L 2
EF 29129 on/off B]7} 71&4] AF 29X vl XA $A4ELS ¥
AsA

A% 29319 pump-probe A H Aztoll WE 29Y A|ZF AAb A, FRS
E W9 carrierd] FE7F AU W A AR FE £ UG By oy
2, DBRE ol 83lA AE 29429 293 NNE o 271% @5 F AN
o ol 2 FY 29X dF HAHL goz xu& FAL AT AP 2
A2 7 712 R85 @ Aelth

JYH= T WY 294, bF A 2, 43, F+ A5, 288, DBR

pump-probe.
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A1F A E

B 293 &3E BFY A29E HRAN F NEE o) EdE Ay Ho}
oA w=Al 87HE A Lxjolg. F 29y 239 ArSE BL A
27t glod, 2 oA, B=ME FHH Soldtn B ujdY Ao 2
7) gl 294 2224 ZF Lot FFA J)&9) FAL ¥ mE 2
HAY A€ 873 Aok BB ofvel, F AETE ol P FA A2
g Q77 B3 o] FeiA 1 Uk AB(AL-Optical) 242 L o] &
A NG Aojstes WA} 2A2H, A7) 2943 249 &% FAE F85
.71 A% @& Yoz 2 RFL AFH #}.(11[2](314](5])

7189 % 293 £AL p-i-n P+ BEMN AR electric fieldE 7} A
228 F5 AFE ARNNAY SHEL BRAA 29AE onfoff AFlE
FHE A HART6IT]. T 29X 293 S5 29Ad JEAE A
7] Az H9dd 2dd AAE FE FEYo] 27 MEN 29y &%
7t F7tdol w2t 22 Well A capacitance® @AAIZIt} o] 2@ capacitance:
293 S5 F7/MIIed A Bl 242 g0 2as 2932 9
@ BHeo2e @AE 71AA €.

ol EAFE IEFHY Ad @ Wyoz P NIUE ojfF 29 2
of di@ A77F IYAUG. W W3R 435 Fgo] g7 WE) 2ndo
MNE 2930 71 AH€ 73 U 2@ H2de 228 2938 9
 BNEM Az diF AFs gwaA AYHn AU (8](91[10] o1 AF
TE AL ARAL G AR @ A7 FAEL olFEH pico 2

°|39] lifetimed 3t WA Ao I 4¥ 2R YerlE (11]

e
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¥ =294 E GaAs/AlGaAs b5 YA$-EE o4 AP 24xg 7H3
I AR 2929 TF 54 ¥ ¥ & Ad: UL ANEY 2@ A&
8 24X FF & AN AG A2E Tz AF 24NE A
tn MG E@ AL F2Y 29X 29F ABE FAANY Y&
LR{1=3

2 FoME BEY DAY AR 2929 712 T3 4 AFA AgE A
7 2949 FRLYA dRA AU 3 FolME AG 2929 7 §
& X371 A3l GaAs/AlGaAs FA$E9) B33 548 By 4
FolAs 71E9 Y 2929 23 54& AL 29X FFL AN
7] A% =230 LdolEyth EF £ =84 A¢P DBRE oj&% FP =
A VZ =¥ B difN HAdn s1Ee AF 29429} vwsgd
sARe s, 5PN AAE AEstn FF AF 8L I J&A



A 2. AY AF 29A 9
3 449

A 2-1 4. 33 vdIPAy

Ag 29X 49 F3 ud¥A41213]18 ol 83oq TR F8H
B84 R intensityd] Wt EFo) JtAE Jdo] uiH: WL 90
@t 9 electric fields W=A A WM A (2-1)3} e YPH9

polarization® X%
P=2PE+ P+ y“E.. (2-1)

H e A AA oM E polarization electric fieldds A8 A FAlolY F
A ojFo] oMt electric field7t 23 ol¥e A+E 7Xm=z FL
electric field®] ¥W3lo] dHM T polarization®  ¥WHE 71AA € &, ¥
9 electric fielde W=A A& W9 dipole?d 33 ZEHA AHE I
Vo w2AM At AREHo Az HJdo] WdA Bt o)HF Ve I
-VE Bt=M9 22 A &(electric susceptibility) xP# BIAHH B A7
7} ol folA

33 Ag 7%t B39 2HE ¢ FFAFS B Yed 99 A%
e 4 (2-2)% 2] EFY SHEL vt



n = ng + nal (2-2)

ne 2EEL Yuidiy] n= HY 2HE AT, ot HIHY SHEL ZAFE
AS4E Juigc. = B4 g 99 HERE H(2-3)F go) B9
5 A€ guigd.

a = ap + B (2-3)

at ¥ FF AF, aoc AY FF AT, B2 vAY 5 A+E FAsE
Aaolth, ol2|@t WY {4 A5t 2HEL Kramers-Kronig #2032 4
B Unrt.[6]

BF8A AP L nonresonant YA YA} resonant M| HYPo2 EF
+ 3lth. nonresonant B AL BYY A 9471 B Y5 A
THRCG 2E o TG g A7t FtAAdelA Aed2 FAdAyen
o71se 4L A9 dojyx] &Ed. 28U two-photon absorption ¥ 7}l
@ Yo F47t o] FoJ At nonresonant ¥lH Y4 resonant ¥ AP A n
HA ofs ME T AR MR U B 20E5 29F AAE FEE
o 2 3L ZEoh B9, nonresonant Ml AP AHL 293 LA o] &
¥ Af ud¥HE 2277 A B2 ouixst Wesdts] dEed AdA &
&0l A B8 EAF] U

resonant Bl 4L L U] F97 BdxA A5 A &9 B
o mety 293 23 JAME BhL A2 deA fA F5EH 294X
o §5 2¥MEYE A ARANUY. B2 ol vl HPAHL Ay 1 &



o] ¥& 284 AxAE FAsEd o]84F 5 Ao WA BRAY lifetimeo]
P47 g 293 £xd FA7 g Sl A W HS 2
20 E A% pico = 059 lifetimed = B=A AHgd @ A7 &2
3 APFoln old i B2 AYEo) o] FoRA[8I9]



A 2-2 3 X8 $AY AF 294K

BEX ArEe BAd¥Yol 23 [AHEHI 8ol EAFL A7) wWEe] A
B 2902 E Azsed AR Aot 53 4 F ¥A $E F=E ol8¥
3% buk 7= HHA O] Z ¥HAPLE =8 7 U B =R ¥
A AR 28X dF FATELS o8¢ FY WA AF 29Fod
Mirrorg o8¢ E¥ Ay 2943 9¥E FAE7F mirrorel]l R4S o] 1
7471 dEZd FA $E8L FHIE dolrt F wizl HE FHol Aok mEA
29 Zgo] woh EF 29X F2A A5 E BE HIA¥ + A= FA
< 7HA3 o

a9 2-12 #3 UMY AR 29%9 71E2FHY Fx2E JYEdI Yo &
Ax9 Fx+= FAAAY HE EHE Fol7] HE AR coating ¥, 43 v
AP E o8N 2933t dF ¢ $8 F, Y418 AEE AN
A% mirror24 F459 A4

B ALY AP A9 pump A3 E A 293 Fd gAAA 29
A R gF Fa 8o carrier& FA1A AFU 59 on/off FEE Ao
s A9 290tk 29 2-2(a)dll Mgt o] 24X Wi dF %A ¢
B2 ¢ 2 5 A8 7HAZ Yo pump AE7 A9A4 1¥EHA ¢L
el A probe NE7F YAFE A probe A5 AYAE dF FAFEY Y
A ARG w7 W) 242 WA F57F dojdn. Probe A& E OF
FAT+ES THNEA EFFHI, FFHA @& VEE mirrord] WHALE A,
9% 44 $ES A FHFUAH A F5Ed. g2M 29X 2¥ JIe
0ol 7t7t-& gto] Hw 29X off Aei7t A,
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9o} probe AEHTH 2 AAle] pump ANEZ AAAd UFHY A S,
pump A& E oF FA $EE E3AFA vt g2 pump AE 9 4k
A AL 7t JASE = probe A3 E ©F 29X YoM F4HA ¥
mirrors} WHAbslo} £ Eh add 29X &3 VI E e YHolr] HE
o off Fejoll A &A% 0o] @ & Ut off HEAMY £ ANF Vg 2
2419171 A8M e &5 AT e & FVHIIAUL A5 FF7 dojue ¥R
S8 & F7AAK @k 28y old H e 2937t on EHY 9
£ A3 ANE #FAE) A& 29X9 Wy 4o AANE A 24
ok B, 2932 e 4 $2 FE F2ANE WF &48 iy
on/off ¥i7} ZA3te AV wART welM 29X9 H&E A 9
AN 294 W2 £48 ALHUA 29029 on/off W7t Adig S =
Z Fof gt}

AG 29X 293 ARL F2 BeA AR AT 179 S 9
X dAHE APl Ad F, EF T e AR lifetimed] 2HA A
AP, 19 2-3(a)% 2o AAV AEYE QrHE AL WS #27) o
Foll turn on AI3E 299 &5 ATEHA ot 2-3(b)A AR Tt
HAGE HoAAE AIgE 27 HE4d tun off £%7t =Ed. FAY
lifetimee Y¥iAc2 F~F4 Yk X XTI HAAZ} A7 HE Ao vl
¢ 21 Azteldt. wetd A7 Axde] e AN stHAge] e &
HZeo] ME AL st2d: ZHER AE}EE 290 S5 & AWHA €
t}.



Output

fast

(a) Tur on

slow

(b) Turmnoff ——

vl

Y 2-3 A% 299 A9x £
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A 2-3 4. DBRZ o] &% xW WAy AF 29 %

Off efol Ao 28 U3 E T4 AA 29X9 on/off BIE FAA77] 9
& PPer 2939 dF FA $E F AFd FAe wMAEE A=
Distributed Bragg Reflector(DBR)E F7}3%tt}. ©] 7%, off Aejoll A probe 41
7t 293 YAIEH probe A3 o AREL 293 AE 9 DBRAAM wHA}
32 YA probe AZTE 2929 OF 42 $E& THFM F4Ho 7
< probe AZ7} mirrordl A HHAlE o] ZE € ojwl, mirrorol M WAL E
probe 2359 DBRolAX ®HAlSEE probe 4A1&e] 2718 22 DBRY
reflectivity & AT F 239 4E out-of-phase’} HE2 4 24 2
o FAE 2 FA F A3 A2 A= 29939 &9 04 FgA
2o 129 2-4(a)e o9t e 4 E JEd Ao}

28129 pump A&7t YHHH FASEL II}HEZ mirrord] A ALY
probe U39 2% A F71¥t wetA DBROIA wAlE AZet FAAH
Z&t= DBRolA wbatgl 37 27 Wiio) 2 4¥g& FX =3
g FAFE FH As W3z AF AE W3 F OAER9
out-of-phase 2 E W31 wetA DBRE <4 AF 29 A+ off A
Bel 23S 0o 71Al FA&AIFIHAM on AE A5 Zvlde ddE F3
2 FA ¥ REHA 2932 T F U9 = o)HF 29 WYL FF
A+ A3t 2HE ARE FAA o837 WEo] 24 AL F2AH
At

52

rr

g oy

HE

>

-ll_



Out-Of-Phase

<7— AR Coating

.
DBR
T
MQW
Phase Adjust
Layer

<“<— Au Mirror

In-Phase

(b)

1% 2-4 DBRE | 8% HW WAy H3P
929 T3



Al 33 A FES F%H 54

3-1 8. 31 $8 72

2 =8ME GaAs/AlGaAs OF FAFES o & A AlS Gael TAY
= 92 Ao 7|8 ARG gl o] HEE FHA KA FEUY oY
z2A8#HA gate duA dgadA At FAEE @& 5+ Y. 2
=82 ME GaAs/AlxnGassAs FATEES FASHAD. ¥A 89 FAe
75A2 Ao Barriere 100AZ AAAT dF FALEBAAN ol
Barrierd] $A= F¥9 %a $8 Fxo] ¥WHE 9L 7AA ez o
d Pz 9o Tzol dEA APt
AlLGaiAs9 W= AL A7 A 2¥4L2 53 2oh(14]

Eg(I') = 1.424 + 1.247x (eV) (300 K, x< 0.4) (3-1)

Eg(I') = 1519 + 1447 — 0.15%° (eV) ( 0 K, x< 04) (3-2)

A9AE ALdA Fhecks WAGAM 4 G-1DE oM AlGaAse] W
= g AWRAY. £F AlGaAse] FEIFE T Tol AL ¥ 4 Yok

me /mo = 0.067 + 0.083x (3-3)
mun /mo = 050 + 0.029x (3-4)
mn /mp = 0.087 + 0.063x (3-5)
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m.', mw', & 22 WA, heavy hole, light hole] #& %L v g}

AE Qg e AYx] EHA AE: = 0.67AE,, 7132 digdeiMg odx &
= AE, = 033AE; 2 AAAG[5] 29 3-1& ¥ =FdA fNg ¢ &
B9 FZojg. FALE HAAY uA dige A7 Al 4 (3-6)
9] Schriodinger equationg AAtsfol o}

- 2L 24 vinlgn = Ex2) (3-6)

Viz)ye 42 $89 B9 oy Eexols me ALL vehdg
4 3-58 AN} FA$EY AAAYY ARG YA FHE T F
AT 247ty ouix FAE 23 3-29% 2o
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75A

: ]
| AE,=0.309¢V
y
E, = 1.885eV E, = 1.424eV
\ 4
/3
| AE,=0.152eV
4 ;=

Aly3,Gag6;As GaAs Al ;,Gag g;As

349 3-1 GaAs/AlGaAs ¥A $89 =
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A

E,=00449eV ¢

E, =0.1769 eV

\

E, = 1.424€V

Ak

T4 E,., =00083¢V

Ejpi=0.0313 €V |

. 2

E,,., =0.033 leV

Ep,;=0.1182¢V ¢ -

Al ;,Ga, g;As

------------

GaAs  Aly;;Ga,gAs

29 3-2 GaAs/AlGaAs ¥At $E9 AUz 4

_16_



3-2 4. ¥+ A+

3-2-1 Qausi-Fermi =9

GA+E Hol FHE Aol A Qausi-Fermi level th&e 4L ol&

A 7& F Ao

N= 3N, = 3 [dEe PAB) f B)

(3-7

Nit i¥A subband =X A& 5§ Juidtt 9714 Ex dgd

Z2.

A

E=FE,+ o

(3-8)

f'e A=dol M9 quasi-Fermi U & ovjstn &z o) et

fci = Eo+ R IE/2me— F )k T
e( - H m, o hp +1
h 2k
E! = *
2m,

_17_
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pe n-h ZL (3"11)
9 Nl Tee) AL T8 £
__ mAkT (Fe— EiksT _
N= = 25 in(+e ) (3-12)
hole o T&M, F.= B89 A8 ogsAq ANEY.
P= TP, = 3 dEo(EME) (3-13)

T — Flks
Z kkB ln(1+ (Ea=FlkaT)

3-2-2 Band-to-Band &4 A%

ste ] WolMe F F4 #AL band-to-band FF, exciton &%, lattice
absorption &%, #+& F%, background §5 I 5 o8 77 deovd
o] FollA 714 F=ex FF WFL band-to-band F+ #F exciton F5
% £ =894 € o] FUHA F4 @ADL e FF A+ E AU
Band-to-band &4 =HMEHL 19 A& o] &N AL,
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ahw) = Colz;lﬂlzfo dE? |& - pol®

XF(E;+ Ey+Eu+E— ho) [ fi(E)-FA(E)]  (3-14)
Fx)e AR Holg By A% #4224 Lorentzian #4224 Uehan,

F(x) = xT{;L((I%_’/r)ZV (3-15)

olw, I': linewidthE 9uj@tt. Coe Y3 T Aot

2

Co = — X6 (3-16)
n,CeEgMmyw

ot 22 299 reduced density of stateo]t.

(3-17
o 7haAds AEdld 24 A 249 EFH g5 FRgez o
23 24,

= [ dwide (3-18)

£ £ A5ds AAARANS quasi-fermi 2HE Uehie BB 2ol
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EdE 5 A4

Lo i _
FAE) = I B+ Bt (mIm)E—Flikey 19
. _ l _
fE) = TrepEn—(m /mpE—FllksT) (3-20)

|& - poI°E momentum matrix element® YEI™ m& reduced effective

mass2M4 2 (3-21)7 4.

m (3-21)

Momentum matrix element |& - p,l2~ |& - M’ bulk®] A $

" 2 2 My
'e ° pcvl = Mb = Ep

o},

Momentum matrix elemente %4&A$+8¢ 739, TE polarization® TM

Ztor ¥ 3-13 2t} 23-22914 optical
matrix parameter E,;= GaAs9 7%, E, = 25.7eVo|t}.

polarizatione} w2ty & &



TE Polarization

Cle-M_® = %(1+ cos 20) Mz

Cle-M,_z>> = 71(5—3cos'°’0)Mi

TM Polarization

Cle M _u> = 3 sin2oM

oo

‘Mo = L1 +3cos oM

< 2

m

# 3-1 Momentum matrix elements
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3-2-3 Exciton 85 A+
Exciton ¥4 AFes 4 (3-23)34 £o] AZE + U4

_ 1600 12 14, 2 yix _
dhe) = — 5 zaozxm X & (3-23)

olwl, exciton transition Ex = Ep® + Eex ©lth. Eox 1s, 2s, 3s,.. &
continuum binding YA o2 FAFHC Q. oG duA FHAE IA
+E oM carrier F=o @b Adsted 2 =FodAs nedA ¥
t}. [16] Exciton &+ AFt 1s M9 FFHASF olfde HEL FAE
4+ 9& AE2 277 ). Exction binding N4 Eex = £aRyol™ Rydberg
energy Ry, © 423 #Zd.

m, e

R, = 2t 2(4ne,)’

(3-24)

Ext 2D EdojME 40T},

39 3-3& A 89 FdE Carrierd] $=o g {5 AlFe W}E
Yetdth F4 AFat (3-25)9 2] exciton F4 AT band-to-band ¥
F A9 o2 AL

2 (w)= aex{®) + @vand{ W) (3-25)



(1)No carrier
(2) n_=2x10"

30000 } (3) n, = 4x10"
i (4) n, = 6x10"

£ 25000 | -
o _ (5) n_ = 8x10
[*]
{£ 20000 | (6) n, = 10x10"”
2 |
O 15000 }
c
° L
g_ 10000 |-
2 - (6)
8 5000}
< >

0 P N N — o .y
138 140 142 144 146 148 150 1.52 1.54 156
Photon Energy (eV)

a9 3-3 carrier & ©& F4 Aso W3}



2Y3-304 R%o] FYUH carrier’t U WAE FF AF A ZAA F A
9] peak 7} YEide & 4 i

A WA peak: exciton F5 A4 FolA heavy holed] 21§ Hol& YeElH
I % WA peaki light holed] & Hol& Yeldd. FF A5 peaks
carrier?] ¥XE7} Z7h3el wel @ASA FA2EE & F Ao )AL exciton
%47} band-to-band &% Asre 2 ¥ BFo)th. ©2kA carriers]
¥ Wge] @ exciton F5 AT HHE U] HAMT camier T
of @Z linewidthe] ®&E xmalsfol ok [171118]1[19][20] Carrierd] = 7t
ol @& linewidth broadening2 X¥ A< #AE 7HAG2 718t AR
t}. exciton FF A9 carrier? FTol @& ¥W3E 4 (3-26)2 o &3

_ _a(fw) -

N.& Z3 4Hod o]2Z% carrierd] $£& Wi

AdurHel Ag 2939 293 & AL FF Ase A HdA 9
dog AHAE FHo) /1Y A&Holth 28 3-42 carrierg FYHA AL
W9} carrier& FYRL WY FF AF AolE vEhd ol EFAs B
£ GaAs/AlGaAsol &% ¥A¥A 4Y ZAs vay dAEg & 5 Y
th.0121013)(21) &4 A5 ¥} 1463Vl M 74 A JeEbsd.



g

A

ot Q)]
-5000 |
100 (1) n,=2x10"
-10000 (2) n_ = 4x10"
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Abstract

Analysis of Surface Reflection Type
GaAs/AlGaAs Multiple Quantum Well
All-Optical Switches

Yong Ho Choi
Dept. of Electronic Eng.
The Graduate School

Yonsei University

In this thesis, the surface reflection type GaAs/AlGaAs Multiple Quantum
well all-optical switches are investigated, and the new structure that
improves the switching efficiency and switching speed is suggested. The
absorption spectra and the refractive index changes in the quantum wells
are calculated to simulate the switch operation. we found the energy level
where the switch had maximum output power difference. we also calculated

the output power according to the number of quantum wells using the



absorption spectra.

The on/off power difference was maximum when the number of quantum
wells is 40, but on/off ratio was low with 3:1. As the number of quantum
wells increases, on/off ratio grows high, but the switch internal loss
increases. To optimize the switch operation, Distributed Bragg Reflector
(DBR) is added to the switches. DBR reflects the probe beams. The
reflected beams from the mirror and DBR can be cancelled by destructive
interference. So, the output power can be reached zero. As the pump beams
are injected, the destructive interference condition is destroyed. And the
probe beam transmission increases. We found the condition at which the
switch performance was maximum. Also We could improve the on/off ratio
of the switches.

We calculated the pump-probe delay time when the carrier density has
maximum values. We could reduced the switching time by 27% using DBR.
The analysis of the all-optical switches will be the contribution to the

construction of ultrafast all-optical communication system.

Keywords : all-optical switch, quantum well optimization, absorption, DBR,

pump-probe



