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Self-Limiting GaAs V-Groove
—

(311}A

(100)

%v,,,’ B11)A (100)

{2~



SIONISU SYBD|Y + SYED BuliWli-}ieS

X
S0 0 €0 20 1°0 0
T T T ! 0
® @ ® ... - ‘ ‘
d o ® o 1° 9
® oo . .wo« !
e
9,00.=1 1oy 5
viiie} o 3
(001) o 1082
~ " PP
004 089 % .r._.o oMm 0 o
. ® ® o1 m |
® 4 0¢ Q
. -
. Yoo 2
(sveo) 0=x | .5
viLLE} o E)
(oo1) e |10¢3
- 09

—— - - r———— o W W W - - - ww WY ¥V USWYTYEPYVYW WE¥VY

F TTETTYNNTTUN WYY 'UENTTIVENIIEV VWY TEVVTYRERIVON YWY I¥Y



WU 00S X 00S

i




(k)
syt lenfy

ainonnse

- wmrewr w ~ W Wi W W W W - wTy - TwwTrTY
FwwYEWY WYY TEEEFTTIYNOVYIWE ¥YY TE¥NRNTYWERYITEY ¥¥1 TERYTYHRERET N



002-091 ® sonel BWVA*

99S/WU G0 - 82°0 = Saled YIMoun*
G/'0-€1'0 = uopoel} ajow |y*

9. §9/ - 009 = ainjesadwa) Yymoan«

ajelisqns
panoolb syer

1S SveDlv/aved)

m<mo.cﬂ0 mv.@-‘

lequ g
= ainssaid {10}08ed |BJUOZIIOH*

(Buiysie jea1ueyd

1om pue AydesBoylijojoyd jeoudo
Aq) wd ¢ = v yoyd 9A004H-A«




M3IA do}

UO1}298 $9049

ajesisqns

Jallieq
syen|vy

MOA

paAnooib-A

”

........................................

o ™ wrgE W - s r T Y NNW YRS WYY

YYETTIVEETION OVEH

TTY YT T IS ETUY ¥ YT

ITIYTTHEERTINT T



(wiu) esuelsIq

o0 OE 0C O} 0 Ol 02 0t ot
T T

i 1
- 41 t'o
1 I
4
[ i
i £ I
- N i |
B 1
i f
- ; §10
£ '
|
|
1
|
_
|
89joy Wb1|:
- sejoy »;-0:% :_“_r_-“:_ z'o

ajyo.d |epuesiod

UolIoB.} SO  WNURUNY

Polarized PL Excitation

(A®) ABioug

8l’tL 9/l'l 1 78} l'l L'l 89’1
T T T T )
Ll0=X 4
We=1 MOA
LYyi-1@
ia T t ‘ .
vopeztod jf—— (, 16} w2

SMD 9A0045)-A Ul JUsWdUPUO) .

_ esjoads I1d/d

22UR2SAUILINIOIOU

_(&'



(wu) p
oZL 001 08 09 OF 0¢ 0

Lo

wu g

wu |

uonedijddy

(wu) m!'i!au aAnel)

wu § wu Q

ulw gt —— g 9t

POUIOM |

\
SMOA Jo buibew | N4V |EUOI}09S-SS04)

- o v - wwwT ¥ WWW TYIYY WYV T YW W T T YW TIPYW ¥¥YY YYYSTIYYEFYIUY -1..‘ qiﬂl‘i.:qla .—.=



_____..__.:o:oow-x MOA :Ado9oso0.diN 82104 d1w0ly

(wu) p
0S 0 06-
T T T 1°0-

(wu) yv




allp\ wnjueny 9A00

e e e e e o — e e w e W W W W WW TEWETTVYT WWHNYYIYPYF YFYY TYYN Y TYENWHTYIYY FYF -qidgﬂ-q.‘a ﬂ-‘:j‘-



VSIS S\ ) e g\t

AMNO sver)

({0 winjuen()
[EONIIA




uojinjosaa ybiyY P18l yieg

..3_3_-

dADWO ainssaid-mo Aq umoiH SHMD SVeD|V/SVeD

_ C —— e ——a . T W —— W W W TWWWT T TSNPy FPYT YW N TYWENNIFY ¥E¥ TYEWT Y %:.- ‘! 4:3%“



W31 uonnjosai ybiy
1JU99s9a1) wnjuenp



A1 Z2°0X 20

B 5)e.11SqNS-SyeD

wrlgoXxy

N r— - et m e e ——= T e — e gy T Y ww W T w W Ew Y EewY TWWWYTWEWESEY Wwy VWEWTY PR AYYY - gy



el O

FENTE RN

youd-wi 52°0
SHMO 9A00ID-A\ SYED|VY/SVED



ainjdes Jaluied Jusidyje , wugg > A1eA0del siyjosd syen Buliwi-}ies.
(A2WQ1) UIpIMaUl| MOoJieU , 92| HMD WUQ|-GNs WLoHuN ,

(n®) ABisu3l
p'h 8€L 9€'L vEL ZEL 1 5 ¥

HMO 3
| SMD llemapls 2 L
® 30pu 2 <
2
m
n
O
m
=z
o !
m -~
ooib-A — o _
MO SnooBA " MD Svenu|
-jal seueyd T ’ ——y
A LIV RS B S ; oo B

Bunesn youd-wrig:g uo SHMD Paulelis syeo/svedtl

_— e — - ———— e ——— e ot W ErE—— W MR W WWW ¥ WWw W T W wrErny w
¥ TTYT NS EYYY PYY TEFEWTYTENUIYYY FEYT T W



aoelINg dA0049)-\ € JO BuLapiO-}19S

-5 -



—_—— 4 AL L L

- e —

emds  ARL -

amibh Abhiasdeonm o s d oo a

Aam

§
A MRS B L

amd Ak

g Afkzome s:ham:

maaLthEns

From Multiple QWRs to QWR SLs
V4.5nm; tb=9.39

t,=4.5nm; t,=60nm

-.lq‘-.



2:069="°1 ‘wug =% ‘wug ="

(wu) ssauxoiy) 1S 18103
0ZL 00L 08 09 Ov 0Z O

syeoHlv >
Supiui|-jjes

1S -
Bupiwij-yes

1S-HMD 3A0049-A B JO buliapaQ }I18S



§0 '0 €0 Z0 10 0
SVEDIV} 4 SVED, T _ _ ' 0
SVeDIv,  SVEDIVy X
wu w L T”l d oz _
-
wug'c —e— 5 L
wuzz 3 o
nl_.§<~ J oe !
X jugjeainba s o 1 °
Aojje. e 4
0s

Buliap.O 9A0045)-A TS pue Aojly Jo uosuedwo)

[ e e W w——— W rww T T wEYT RGP FTYY TEWEWTTYWWHEFIEY FYY T WE WYY WWRTIPY O FEY ﬁ....‘ﬂlqi..:‘



2 um pitch

i1 {111}A

quasi

w

'ace After Growth

- Monolayer steps on the (100) surface

:
@
<
e
£
1
=
]
3l ]

S R g Y e

Wi (3o 00




{11}
1BUISIA

, i :
R . " - kY -3
L] L] ¥
{O01)  frreenneffnensennn L TP v W RN, PO -
JBuul | I
t 3 .
vitie} " . .
uul - : 5
I 1
R * =

HMD-9%euNnS o>ooh;0..> e Jo Aydeisbodo]

e i e e T - ———w g WWW TWW WY Y WEW WYY PWET TETEYITTWWEEXIYPY §WEY qggzﬂ.‘ﬂ ﬂ-‘-ijmdﬂ!:“ug



InGaAs/AlGaAs V-groove Surface

5.0 nm

3.0 nu

0.25

J11]



-35 ~

nip/Wu 000°
AIp/WU oom.wwm m

\
9A00.15)-
19-A SYED|V/SYeDul Jo 30eung

— - - ———— —— == - - - dbst I & J yww
- m——— -y L4 L) L 1) L 4
Ty T
. - Al & J S
rTrwwwY
W WY ¥ TYYWYy ¥
FWEWwWT
’
TETTYSYYy ¥
¥ ¥



(




3%~

SpIuIRIA] [BIPIYeI)d ], PIIIIAL

e e — ———— . — e T WY Y TYWWTYWWYTIGY FVY 4:‘.1%:‘.“‘ ﬂ‘%%:..a q:ﬂ"



C5 | woo0s

270 197053 1€ HO1199S 55010 A



oee 098

[wiu] BusiOABA

ore

il OF

Vi Ok

ywiLo-

['ne] Ansuapy

4 o008

Lol

19se] 9A00.9)-

- v W e W WW W W WW TEWW WY T W EIPE PYY

o8 008 08¢ 09. ._n_n_m-m_s__o Emnom 4
._n_&m-O.E_ oyen M

A HWMO-a1diniy

TR EFTY TS EIYY FEY IR RNITITEERESYY FEY

-29 -

TN TYVER1YY



SaNISUIP Y31y Je SuojXd (I =

SYAO Ul SUOIIIXI PIZI[eI0] W

saonjepradns YA O Ul $3)€)S PAZI[ed0[3p pue PAzIEes0] M
SHAO 3iqnop ur Surppuumn) pue 3utfjdno) =

SHMO Ul SUIXIW pugq dUIEA

SALO 2913134 Ul JUAUWIULUOD wnjuen() =

_ :9UI[INO ,

sajeaysqng Jeuejduo) U0 UMO.ID)
$9.INIINNSOUBN [BUOISUIUII(] A0 JO So11d0ad d1U019 ]

"LfO"



- - ——— e m e — — v T W w—wr W W Www FTwWw WY T SWTWEIREYF POV 1"‘.1‘3‘:‘? ﬂ.\:ﬂl‘aﬂ-*“\Qﬁ d.q:



Alp /Wa Qf

(uon 0
onqry d
. sy AJ1sua(q ANfiqeq
. u Iige
AMQO 2A00IN)-A € Ul ﬁﬁmﬁﬁsm.ﬂ |
A UoJI3d9
14

—42.-



uone.ec

——— s —— -———m e m————y T T . T = e . w—w TEw T W wmw W YR w wew 1"441%:*;? d‘i%:“u



Buixjw . 0=(0‘0)a .Aw. ol L
atoy by -ejoy Aredy 0=(0‘0)2 ‘("s “M)o=0
JUaWIBUUOD [eidle|
AM.MM“.Q&E um.o *— 0 _“
. il 2 H 0 9
210U Wn ™3¢ o T .o
Ade ¢ o Mg




AIp / WU Q]

ATp /WU O

iyl -—-MI-—.

Mg =_==.

S )
/,“,,.._..,_.__—_.—_——_—_J__——___ﬁ ..
T
,___“_ i
:——??

N )
W

W

i

% 01 S % 06

-yuauodwiod y3I| auauodwos AAeay

(1 = Yyu MO 2A003D-A WU G'T)

SYYMO Ul sUIXTJA] pued 9oU9d[eA

e e g P www T ww we T wworw YRy Pww TWEWTTEWRTEIPY YWY TEUEETVYTVENEIIYY FWY q%%*“\‘: ﬂaj:



(wu) SSINIOML (A9) ADH3INT NOLOHd
¢k 0O 8 9 14 ré 0 t'é

e S

9 vi

L€0
vE0
€e0
00 ]

120 A SHIND 402
SE0 B SMD ;
uopisodwod |y

A . @ww

6€0 ]
o |
=

L A
X
e

-

A8
Wiug'e - HMO

1 gz

SHMD PUE SMD J0 WIp{Mau|

_ SUIPIMUTT MO SA UMD

SN0 8AO0ID-A € JO E—i s

SO 9A0010- J0 €1193ds Td einjes



ones yy-ayi-e ut Adosjosiue uonezuejod Z5
peAlasqo suojjisuel) pajejal Yy pue yy 2%

95’}

o

LUMINESCENCS INTENMTY (ard. units)

.l
|
|
'
1
|

————g T T ey T e e wwgw Twe TwwwTw

rewyr FEw TEEWITTEEEAUYPY FET TERYIUITERTYPY ¥



Ea.som__co uof;
B :owa._uamm _o:anaza

(a®) ABireu3
gL SI't UL WL 91 SSi

--1“14

1d

SHMD A001D-A Ul uojjesedas pusqqns (;

(‘n "e) reubis 314

~i -



Adonosiue uoneryeiad.

< (OFF(D*T >+ < (OEI(D%L >

= sajouawy)) IJOH LASIH

gy R
Xapu] puQms (A®) ADHIANI o
moe 6 8 L 9 8§ v ¢ % 1 & W wi e w 0w st B
¥ 1 1 11 T v kil il i T W T T T
- m 2
' | 7
- : Q
H . bt 3 T
v - m
19 . \
................ 1..&.._“-:-..:.. Q >
v .-
{09 3
v M 1 N
- a -~
v ® £0
3 ( B
(v J— o m

0= mw SHIVIS

fo HALOVEVED QEEDB.G

s21M Q1 Ut BUXIi |

e - - ——— g W W T e Wy W wESOEw WW W ww¥

TEwWWTTESWSSPFETIYPY FVY ITEWTVYTOSRETREY ¥T¥EY TEYYTY %ili iR 13



SyL9 0en)tt Oy

\
SaJIM W
njueny) anooin-A pajd
noo

-50-



e s L —e cm— e W —TgYy Fvr TWwwrTEWWYERSYY FYY TEWESNTYWENNIPY FPUV INENWIYFETYIYRY POV T UNETY NEER



1 9OUSDSIUh!

(n "e) AJsuagu

-52-



(A) A813ug uoloyd
09'L sst Wi

~53-

(s31un “qre) Aypsuauy 11d

e e r e E T T v mm e w w——r o W Www v ww T W




for QWR-SLs

SL miniband
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confinement
energy

thermalized carriers
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FWHM: 8.1 meV e
Stokes shift: 8 meV waox
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