ERA IHE-TiES

RRiE

-

B
-]
-

AL g R

Research Insthiune for
Elecironkc Schemee
Huskkailar University

1999 Vol.T]



0000000 Vol.7,1999

bbbt dgon

gooooobooboobod

goooooobooomooobobooooooomooooooobbbooooobooooo
oooooooooooboboooboboobobooboooboboobbooobbooooooobobobooooo
gooboooooooooooooooobbooobobobbbobbbobbobo0oooobobooboooo
oooooooooobbboooooboooooooboobooooogooboobooooboboooo
goboooooooooooooooboobooooooboooooobobooobobbbobobooo
goopooooooobooooboobooboobboobobboooobobbbbobboboooooogoo
ooooobooooooooboooooooooooooooobooobooooon

1 Oogd

gboooboooooooboooooboonoo
ubdooobooooooooobooooon
gopooooobboboooooboobboboon
goboooboboobobboobooooon
gbobooboboobooobooboboooooo
gbogobboobobbobobobobboo™oo
gogooooboobooobobboogoboboon
gboboboooobobobooooooooo
gbooobooooooooobooobobooon
goooboobooboboooboobooboon
goboopoooboboobobboobboobon
goboboooobooboooobooboobbobo
gboogoboooobobooooobbooooooobo
gboooboobooobooboboooooon
gooboobooooooboboooobobbobon
gobobooooooooooooooogooo
gooboobooooooooobboboooooboo
ggodoooobooooooooooooooo
ggoooooboooobbboooooobbooo
gobobooboooboooobooboboboooboo
gooboooooobboooooboboooooobon
goooooooooobooooooobobbooon
goobooobooooooobo1oo0

gooboooooooooooooobooon
gooobooooooooboooooooobon
goboobobo Xobobooboooooboobo
goooogooboobbbobooooooboboo

oT + ok
EFHEST)

STHEE, ETHE.
PE, 5T ORFUSE

/X

FAFT IV | | St Gt

IHRIVF—BE HigporEEsE
ETEH IEBRAEDR
o b BH HEE LA
YT R RO

01 oooobobboooobboooooboobooboobo

oobooooooboboobooooobooobogoo
oooboobooooooboobooooobgoo
ooooboobooboooooboboooobooo
oooooboobooooooooooobooo
goodoooooobooboboooooooobon
gooogobbooooooooooooooboon
gooogobbooooobobobobbooobon
oo iwBooooooooooooooDn
gooooooo

2 DUudbooooood

21, 0DO00OO0obOobOOoOobooboooooobooboo
gooogo

googbooboboobooAobOogoDbOoOon
gobboooooboboooobboobobboboobo



~106 V/em

02 0O000000ODOOOOOO0OO0O0O0O0O0O000ADODOOODOOOOOO,ODO(CH)NO A),0PMMAOODOO

goooobobooooobooooo

n=23 (0.5MVem™,

T T T T T

0.1mol%

0.5mol%

2 o N & o ® L o = N w
T T T T T

Alp (x10%)

n
S5mol% |

10mol%

2 1 L 1

.
350 400 450 500 550
Wavelength /nm

n=20

oz

(0.5 MVem™)

T T

00

02

04

06

Ie

1
o
ok 2mol% 4 os
2

Smol% - os

10mol%

L 1

L
400 450 500
Wavelength /nm

550

03 ODbOCH)NO A)OnO 300O0MMm200000000000000O0DODOOOOODOOOOOO0O 0.5MV/iemO

PMMAOOOOOOOOOOOOO

gbboobooooooboobobooob1lo 3
gooobbobobboooooooAb00ooooo
goooooboobobbooooboboobbbbon
googooooooob 20000000000
goooobboooobob b0 AODO0ODO nO
3200000000000 PVMMALOOOOO
goooboobobooboooooooooooooo
goodog 3toogooooooooooooon
gboboobooobooboooboobooobog
gooogooooboboooobbbooobon

450nrmO 0000000000000 OODODODOO
oooooboooooobobbooooooobbo
O00000bo0o0oobooooexcooooooo
gobodggooooooooboobooooobon
gobboooooooobboooooboboobn
goooogooooobboboooooboboon
gooooooooooboobbboooobon
goooooobooooooooooooooo
goooboooboooooooooooobobboon
DOAODOOODODOOOODODOOOODDOOOO



gboboooobooooobbobbobobboo
goooboooooooo40smboooboEXCO
goooooboobobooobooobobooo
gboobooooboobobooobbooooooobon
goexcobooooooooobooooobo
gobooooboopooboooboooboooon
OOOEXCOOODOOD ADODODDODOODOOOO
gboooobbogobooboobooboobo
gboogooooobobooooobboboooooo
gbooooobooooboobboboooooon
uboboooboooooboobbooobooooon
oooooob0ooboobooboooooexceco
boooooboobboooobooobbooooo
gobobdboboboobobobobobo

1 ' '
[ '
' B '
1 '
'
P

VIO+AAM

AA

gbooooobobboboooboobooooon
oooogoooooboooooooooo 3oon
goooooooooobboboboobobobobDEeXC
gboobooooobbobboobbooobn
ggboooboobooboooooooooon
gboobogbobobooboobbooooobn
gbhbobodobboobooboobobbooon
gbboooopoobooooobboooooooon
gobooooogg

22, 0O00OO0bOO0OO0bOOoOobOooooobooboon
googo

0200000000000 00000O00DO
gbhoooobooooboooooooboooobn

occ VIO AA

H =000

R

04 ODO0OOOOCOOOOOOOWBOOOODOO

0CC (0.5 mol% )
T

6.0F T T

m WK

pun
....... KBS

4.0

Al (x10*)
[
o

1 1 1
17 18 1.9 2.0
Wavenumber ( x10™ cm™)

OCC (0.5 mol% ) + VIO (10 mol% )
T T T T =

m I H
ot

0.5 1 i L 1
17 1.8 1.9 2.0

Wavenumber (x10™ cm™)

05 vioOooOoooooooooooooooooooooobooooooooilomMvem@OOOODOOO0OO0O0OO00OO

gobooooboooobooooboo



Al x10%)
I

I

Al( x10°)

17 18 ﬁ94 Q
Wavenumber (x10™ cm™)

06 UbOO0OOoOOOOOOOOOOOOObOObOOOD
ooOoooOomMviemdOOOOOOOODOOMmM

goboooooooooooooboooboobooo
ooooooooobooobooooooooon
ooooboooboooobobO0oooooooo
ooooooooooooooooooooooo
ooooooboooowLBOOODOOOOOOO
ooooooo4000000DDOO0OO0ODOO
ooboboo0o0ooooooooooooooooo
ooooooooooooooooooooooo
goobdbed 40 4000000000ODO
gogboooobogobooboboocaaugn
gooooooooooovioooooooooo
LBOOOOO0O0OO0OOO0OO0O0O0O0O0OO0000O0
gobooboobboooooboobobobbog occ
goviooboooooboobooooooooo
goooogoccovioooboooooooo
gooooooooboooboooboooooo
googoobooooboobobobooboboboooon
goooogooooobobbboooooooon
gooboooobobobgooosbgoon
govioogoooooooogooooobobooo
ggooooooooobooooooooooo
gooooooboobobbbboooobobbboon
goooooooooobbobobobobboboioioon
googboboooooooooobbobooobbon

goviooooggoccuoogonooovionoOo
gbooobdobooboboboobooboooon
goboobgooboboooboooboonoon
gbooobgooboboobbooobobobo
gobooooooooobbooobbooon
goboobooboooooboobobbooDb 40
gbhbobogbobobobooboooboooboon
goboobooboboobbobobbooobn
oot ebbUbobobObOOoOoOoobbboboDbb
gbobobooboobooobobobooboobo
gobooooooooobbooobbooon
goboboooobobooboobooooon
gbhoboooboboobboboooooon

23, D00O0Oooooooooon

gobooboooobobbobooboobbo
gbobobogboboobbobboobbooon
gogboooooobobogso 1ivtog 7g0o
goooobooooobobooooooooocy
goboodb BOboobooooobobooobn
goooogboooooboooocuonooon
goboobobbooooooboboooboogbo
gbooooooobooooogo ochouon 20

Cigtigz  Cugllar

7+ %437 =2(0C) z % ‘ i

07 ODOoooooboboooooooooooooobooo
goboogochbobo BOoOoOoOoOO

OC 10 moi% OC 20 mol%

OC 30 mol% OC J-aggregate
25 100

A

A.nfij BIHWUR
ARG

CAAIOY
5t 5 g8 ¢

Abs. (x10°)

:/ E I =
2z gagd 8 88 t2Eze
T T —

L t

2oF ] RURARG L
D—RMH

T RIRRORL

TR 4 28
4
Wavenumber (x10 cm )

08 OoooooocUubLwBOOOOOOOOOOOO
gooooooooooobooo



100um

OO03mol00000000000D0D00O0O0O0
gboooobooooooboobbooobboooo
sloooobbooo3molDOOOOOnO oC
gopooboobooobboooobbooooooobo
gopoobooobooboobboobbooooon
gbobbobooooooogbo smooooo® o
gopod” ggobooboooooboobon
godobooobobooobbooobbooon
gboooooboooooooboobboooooo
boboboobobooJdboobooooooo
gbooobooobbbooooobogoo

24, D0O0O0OO0OOOOOOODOOOOO

gbboooobooobbobobobboooboo
PMMALOUOOOOOODOOOOODDODOODODO
glooboobooboobobooboobobon
4/onmUO00000ooboboboboobon
gopooooboobbooobobbooboooon
gob 4s5nmO00000D0000000000

g9 ochbLBOOOOOOoooo

1.0 mol%
0.5 MV/em

2.0 mol%
0.4 MV/cm

e 5.0 mol%
0.4MV/cm

] 1 L

| 1
350 400 450 500 550 600

Wavelength (nm)

010 pMMAOOOOOOOODOOOOODOOOOOO
gooobooooobooboboboboobobooooboo



Emission Intensity

m BRIEAANRY BV
—WIEANRYT NI

T T
350 400 450 500 550 600

Wavelength (nm)

011 pPMMAOOOOOOOOOCOOOOOOO0OOOO
oooooobooooooooo

gbgbooobobooboboooobboobooo
gbooooooooobbooobboooooobon
gooboooobobboobobooooisn
00000bbO00boobbooboobboo
goboooobooobobbobooboboooo
gopooboobooboobboooboooon
gbobooobooobooooooobbooboon
gbooooboooooooobooooboobo
dd2000000000bD0O0DbObODOObObOOO
gboooboobooboooobooobooon
goboogbb40000000D00OD0O0ODODO
gboooobboobooobbooobobooon
booboooobooobooobooobooooon
gbooooooooobobooboobboooon
gopoooobooobboobobooooboooo
goooooooooobboobb nnmoooog
gbooooooooooobobooooobooon
goobbooooooooooooooooboboo

gobobooobobboooooboobboobn
gobobooooooobboboooboooon
gbooopoooboobooooobooboon
gobooboboobbobooboooooon
gbbooboobooboboobobooobobb
gooon

3 nugun

goboooooobooooooobobooboo
goobooboboooobbooobbooon
gobooooboboboobbobooboboooobn
gobobogboboobooboooooooobn
gobbooooooboooooobboooooon
gobbodooboooobobobooooogbo
gdboboobooboobbooooobooon
goboooobooooooboobboobogobo
gbbooobooobboooooooboobooon
gbooboooooboobbooobboogbo
ggobooobooboobbbobooooon
gboobooooooooobooobooooobn
gboobboooooobboooboooboon
gobooooboooooobbobbooboooon
goboooboooobboooobbooonoon
gbooooooooobboooooobogobn
gobboooboooooooobbooboboooon
gooboooobooooooooooooobooon
goboooogboooobooboooboooon
goooogooooobbbboooooooo
goooooooooobbooobobbboobon
gooogooooo

010 N. Ohta, M. Koizumi, Y. Nishimura, |. Yamazaki, Y.

gouoggo

Tanimoto, Y. Hatano, M. Yamamotnd H. Kono,J.
Phys. Chem 100, 19295 (1996).

020 N. Ohta, T. Kanada, |I. Yamazaki and M. lt@hem.

030

040

050 N. Ohta, S. Umeuchi, Y. Nishimura and I.

Phys. Lett 292, 535 (1998).
Ohta,Chem. Phys. Lett307, 8 (1999).

YamazakiJ. Phys. Chem100, 16466 (1996).

Y. Nishimura, |. Yamazaki, M. Yamamoto and N.

N. Ohta, M. Koizumi, S. Umeuchi, Y. Nishimura and I.

YamazakiJ. Phys. Chem102 B, 3784 (1998).

060 N. Ohta, S. Matsunami, S. Okazaki and |. Yamazaki,
Langmuir, 10, 3909 (1994).

070 N. Ohta, S. Okazaki, S. Yoshinari and |. Yamazaki,
Thin Solid Films258, 305 (1995).

080 N. Ohta, T. Nomura, S. Okazaki and |. Yamazaki,
Chem. Phys. Left241, 195 (1995).

090 N. Ohta, T. Nomura and |. Yamaza8i,Photochem.

Photobiol, 106, 37 (1997).

0100 T. Ito, I. Yamazaki and N. Oht&hem. Phys. Left



277,125 (1997). Lett, 229, 394 (1994).

(0110 N. Ohta, T. Ito, S. Okazaki and |. Yamazadki, 0160 N. Ohta, T. Ogata, S. Okazaki and |. Yamazaki,
Phys. Chem101 B, 10213 (1997). Chem. Phys. Letft244, 355 (1995).

0120 N. Ohta, T. Ito and I. YamazakMol. Crys. Liqg. 0170 N. Ohta, M. Nakamura, |. Yamazaki, M. Shimomura
Crys, 314, 119 (1998). and K. ljiro,Langmuir, 14, 6226 (1998).

0130 N. Ohta, T. Ito and |. Yamazakz,. Phys. Chemin 0180 N. Ohta, T. Ito, S. Okazaki and I. Yamazaki,
press. Phys. Chem 101 B, 10213 (1997).

0140 S. Umeuchi, Y. Nishimura, |. Yamazaki, H. [190 N. Ohta, S. Umeuchi, T. Kanada, Y. Nishimura and
Murakami, M. Yamashita and N. Ohtahin Solid I. YamazakiChem. Phys. Let 277, 215 (1997).
Films, 311 (1-2), 239 (1997). 0200 N. Ohta, H. Kawabata, S. Umeuchi and |. Yamazaki,

0150 N. Ohta, S. Okazaki and I. Yamaza&hem. Phys. Chem. Phys. Le{t310, 397 (1999).



0000000 Vol.7,1999

oo bobootdd

gooooobooboobod

oobooooooooooooobbooobbobooboooobooobooooobooooboboooo
gooooooooooobooooooooooooooobooboooooobobbboboobbooooo
gooooooooboooobbobooobbooooboboooooooooobbobobbbooooo
oooooooooobOoobboOoooooobDoobbboOoooD sINOOObObOoOoOoDDoDOoo
ooooooooogobobobobooooooooboooboboboboooooooooooboog
oooobobobooooobbobboooboooooooooooooo

1 Oogd

gobooooboooboboobooobboboo
gbobooooboooboobobbooobogbo
gbobooobbooooboooooboooooon
gbogobogooooobooobooboobo
gbobooooooooobooboobooooon
gobobooboboobooboboooooooon
goboobooooboooooooboooooon
gobgbooooobboooboooooooon
gooboooobooobbooobboon
goooboobooobooboooooooobon
gogooooooboobbooobbooon
gol19280 00000000000 000O0ODOO
gbogbooobboobbooobooobobooon
gopooobboobboobooboboobon
ggogoooooboooobooooobboo
gogoooooooooooooooooooon
goboboboboooooooobbbbobbbioon
gooobbooooooooooooooooon
Uidlqwbbb00dddgqbbilwbhO0O
gboooooboboobobooooboobooon
UobodbibD@qwdiiD 1000000000
goo

I(g,w) = Im G(q,w) 010

googogooooogooooooboooboo
gooooolimobbqguoobbobibooon
goobobooooooobbbobbooooooon

Uboobood0omoboobooobobooobon
ggboooooboobobbbbobobbobob ida,
ododbooooowgoooooobooog
gboooooboboooooboobbobbooon
gobooooboooboooboooboboooobo
gobooooboboooooobooobobooon
gboobobooobobooooobbobooon
gboooogood

2 Joudbouooooobog

goooooooooooobooooooooo
oooooooooobooooooooooooo
ooooooooobbooobobbbooooooo
ooobooooooobooobooooooooo
ooooooooobooooooooooooo
gboobooboooboobobobooooon
gooooooooooobooooooboooboon
goooooboooboboooobooobbbboobon
gobboooooooooooooooooon
gooogoooooobooooooooooon
goooboooobobbboooooooooon
goooooooooooooooooooboo
goooogoooooooboooooooooono
gooooooooooobooobooooon
googooooooooooboboooooooon
gdodogobboooooooooooooonoo
gooooobboooooooooooooooobo
gboomoobooooobbooooobbooon



U000 000000000 DO0O0O0O0O0DOD0
T.O0000000o0boooobooobooboon
goobooobobooobbooobooon
goboooboobobooooboboooon
gobooboobobodbobiilws000
goToh TOO

w?2=(T-T,) 020

goboobooooboboboobog T.000
gobooooboobooobbobooboboboooo
gbooboboobooogobooooboooobboo
gogooooobo re.oogbooooobooon
gboooooboboboboobobobobo
gboboooboobooobooooooooon
gbooooboboobooooboobobooooon
gooobooboboboboboobobobo
gooboobooboooooooooooon
bgoboooobooboooboooboboooon
udobooooobooooboooboboon
boooobobobddbgwbooboooon
0o0o0b0obbD0ob0b0bDbwsOD00O0O0ODO
goboooooboobooooon
gbooobboooobooobooboboo
gooboooboobooooooobooooooo
oooboooooobob20000oooooon
oobooobo ot D00booooooonDO
gobooobooooooboooobooboooon
gbogoooooooooooooboooooon
gobooooboooooooooobooobogon
gbobooooooobboooobobooboon
gopooooooobooboooobbooboon
gboobooobooobobooboobooon
U00DgoDODOD0O0O000000000000OO0
goobooobooboboobooboobooboon
gooooooooooobbbobbooooo

3 Uuouooooono

goboobobbooooooobooooo 3
gobobor7oboOoo00oooobooobobbon
goooobobobooooooooooooooon
goooooooooooogoooooooobon
goooboogboooobobiooogonoooo
gooboobooboboboobooboobooon

— 2 —

0200000000 20000000000000

00000000000000000000MmM 10
00000020000000000000000
0D0000000000000000000000
00000000006 000000000000
00000000000000000000000
00000000000000000000000
0000000000006 0000000000
00000000000000000000000
00000000000000000000000
Bqid 0000008 qt00

F(a.t) = Ad(t)[3(a-q,) +3(a+q,)] 030

00000000000000000000000
01000000 tMN 8 g0 grg0 000
00 Dirac00000000&tMNO00000000
00000000000000000000000
000008 gql0&8grq0 000000000
00000000000000000000000
0000000000000000000000
FOoiOOOOOOt0 00000000000
O+ q00000000000000
0000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000000000000
00000000000000020000000
0000000 100000000000000
00
0100000000000P00000000
0D0000000000000000000000
00000 1e000000000000000
0D0000001000000000000000
000000000000 00000000000
0D0000000000100000000000
00000000000000000000000
00000000000000000000000
000000 10000000020000000
00000000000000020000000
00000000000000002000000
00000000LO000000000000

L.bogboooobooobooboboonog



T PUMND e TEfETENCE

— probe = = = = diffraction : :

Oi100o0oooooPOOO0OO0OO0OO0OOOOoOOOO
JgooooooMbOOooooLOLO00000RDOfRO0000
O0ooooooooosoooobooOoooPOOOOO
OODOAONDOOOOOOpumpd OO OO0 probed 00
OO0 dOreferencél 00 O Odiffraction0 00000000
om

goooosooobooooboooboooooo
UFOgiOOOooooooboooooboooon
gbogbboobboooboboboooobooooo
gopoboooboooobobooobboooboobn
bogooooooboboobboooboobon
googoo
gboboooobogobooboooobbooooog
ooboobooo0obooO0o0oooooooo 2000
gbooobgooooobooboobbooobn
gobooooooobooooooooooooon
gbooogoooooobobbooboboooooo
gbooooooooooobooobboobobo
gbooooooooobooobbobooboon
gobbooboooobbooooooobooooo
gooooooooooog gt

1(0t) = Ig + 15 +2/Igl, cosp 030

gobooogo3smoobodikeobboooon
goooboooobbboodbebOOOOO
gobooboooboooobobooboobbooboo
Ooooooooooo sINOOOO0o0oooo
goooooi1ibooobobobbbbooooboboo
gobobooOdNDOOOObDOoOADOOOODO
gogoboogooooooboooooooobobon
gobbooooboobooboboooogoooobog
gboboooobbgbbboobooobbbood

00000000000000000000000
4 OOooOoOoono

41 0000 KbPOOOOOOODOO

KDPOKH.POO OOOOOOOOOOOOOO
odoooooooooooooo sHecoooo
oodoooooooooooooooono poO
dodooooo300oooooooooooon
J0doooooooooooooooooooo
0dod0oo0bo0ooooooooooogon
0o0d0odoooooDoooooHODODOoo 2
Joo00o0oooooooobooooooon
OoooooooTOOoO ook OoOoooooono
0do0doooooooogooooooooo
0o0dooodoooooooooooooooo
0d0oo00do0ooo0ooooooooooo
ooo

KDPOOOODOOODDODOOODOODOOODO 1968
0 Kaminowd Damend 0D OO0OO0O0O0O B.OOO
O0o0oo0ooooooooooooooooam
00000000000o00ooooooooo
00000o0oo0oooooooooooon
00000o0o0o00o0ooooooOoooooo
00000000o0oooOooon 19750 Peercy
0B.00000000000000000000O0
0000000oo0ooooooooooooo
0000000o000ooooooooooon
0000000000o0o0oooooOogooooon
KDPOOOODOODOODODOODOOOOOODODOODOO
Os50000000dooooooooooooa
0000000o0o00oooooooooooo
000000ooooooood Tominagad OO
POOODOOOD4000000000O00O00O0O0
00o0oo0ooooooooooooooooo
00oo0oooooooooooooooooo
0000000 oooooooooem@™ogod
Armald000000000000000000
000000O0ooO0oooboOoooooOooo
000O0o0ooO0ooooboooooooooon
00000ooooooooooooooooooo
0000000o00ooOoooooooooooono
000o000bOoOooooooooroooooo
000000o0ooooooooorymooooo

— 3—



KbPOOOOODOODOOoOOoOoLOOooOooooo
goboogoooooboooon

gobobooboobbooobooooboog
goboboooopoooobobooobbooon
Ue.000b00bobobooboobonbooon
gooosmobobooooooooooooooo
goooobboooboooobooboooboon
goobogoKbpPOODODOO B OOODODOOODO
goboooboobooboobooboooon
gospoo 200000 123KOO 1.0KkOOO
gobobooooboob 00000000000
go

intensity (arb. units)

-

time (10" sec)

020TcO 10KkOOOO KDPO B.OOOOOOOODOO
ooo0O0O0O0O00000oooOO0OOO00boODDOinsetD
oo0oooooooOooooooooooo

goooooobooooboooobno 1.0 10Kk 0
goboobooboboooooobb 2000000
ggooooobbooobobbooooooboo
gooooobbobobooooooooooooobon
goooogoooooobobobooooooooo
googooooobooooooooooboobon
B.ODODOUOUOOODoOOOTOODOODOOOOOO
gobooomg 3d

intensity (arib. units)

T TR T T T

time (1077 sec)

g3okKbpPOOOOODOOOOOOODOOOODOO B.ODO
oooo0oo0o00MadTeD 20.9KM bO TcO 7.3K cO
T.0 22K dO T. O 1.0K.

gopoogkKpbpPOOOoooooOo B OOOOO
T OOoooooooooooooboboooooo
gooooooboobobooobobboboon
goooooooooooo3goooooooo
gooooooobooobobooobboooo
ggboopoooobbbboobobobooobooon
gbooboboobobboobboooobooon
U0t 0oobooobooooooobboooodBe
gobboooboobooooobooobooooon
Tt 000booobobooboo40000o0n B0
gboogbobobobobobokKbPO OO
U0t 0D0boboobooogooboon KbpPOO
gooobooeob0oooboboboOonD DKbPOO
gooooooooobrgoboobobbooon
gooboogboobooboooboooboobooon
goobooobooobooboobooobobobooon
gbooooobooobobooobbooooon
goboooooooon



sec )

12
)

T (10

60

AT=T-T_(K)

040000000000000M o OKDPMI e [1DKDPO
goooooooooboboooboobooboooooooboooo

gbobooobooooooooboobobooog
gboooboooobobooobooobboooon
gboboooooooobobbooobobooon
bogoobooooobbobooboooobooon
gooboboboboboboobobobobo
gbogoopoobobboobboooboobon
gooooboooboooboboboooobobooon
gboooooooooobooboooboooon
gopooboogboooooboooboboooon
googgooboooooooooooooooo
goooooboobbobooooooboboo
goboooooogoooog

42 0000 LINbG:OOOODOOODOODOOO
od

0000 LINbC:OOOOOODOODOOOODOO
goooooooooooooobobobbobbon
gooooooobobbooobbooboog A
gobbobbboboooooooooooboboo
gooooobooboboooooooooooon
goooooooboobooooooooobobobbbon
gooogoboboboobooooooooooboo

goboooobboobobobobboobbgobn
gooboooobogoooooobooboooon
gobbooobbobbooonoobooboooon
gooooooboobooboooooboooon
gbbooboboobboobbooobboobo
gboboooboogbobooboooboooboon
gobooobooboobboooboooboon
goboobooooboooobbooobboann
gooooodrgbooboooboobooon
gobbooooooopooooooooboooon
goooobrbobooboooboooboon
goboodbboooooboooooooooboon
goboboobbooooboobboobobbooobo
gbobooobboobooooobboobogbo
gbooopoooboobooobooooboboo

ggobooobogboooooboooooo
gobobooboboooobooobboooogbo
gbooooooooooooooobooboobo
godboobobbobbooboooboooobn
gobbodobboobooobboooonoon
gbbooboobooobooooooboboooobo
goooooboboooooooooobooon
gboogoooboobobooboobooobooon
oooob0oooobooooooooon 1992
0 BakkerO O OO OOLINDO:O DO DODOODO
goooooboooooboobooobbiiom

gooogstTHzOODOOoooooooooo
gbooobooboobooobooooooon
gobbooobobobbobooobobooobo
gbbooboobooobooooooboobooon
o0 L ODO0O0OoooDoDooOoOoOogoooo
gdboooooooobboobooboobooon
ooooooooOoooOoouwoooooogog
goooooooooooobbooooooboboobon
goboboooooooooooooboobooboobDbn
gooogoooobobbooooooooono
gooooooooobobobobobobobboobbon
goooooooooboboooooooboon
OOLINbOC:OOOOOOOODOOOOOOOOO0
gobolnmoobgoob sbogobogon
gboobobooboobobooooobooboon
ud



(THz)

ency

4000

3000
Wave Vector (cm )

1000 2000

05 LiNbC:OO.00000000000O0000010
goboboooooooooobooooooooboooo
ooooooooooobooboobooooooboooooo
ooooooooTHOOO0O0O

ooooobsgooooooooboobooooo
gbgobobobooboobooooooboogobo
goboobooboooboboobboboobooon
gboooboooobbooooobbobooon
gloooooobooobooooooooooo
gbobooooboobboobbobooobbon
goboooobooooooooooooooon
gooooobobboobobooobooboboobon
oooooooooennoooobobObObDDbODOOO
ooooog2000000oobooboooooon
gboboooboooooobobooobooooon
gooobooobooblumbo eooobobbOoOon

0.20

Iv)

1.95

3

Intensity(Arb. Units)

L ! L 1

01 2 4 5 6
Frequency (THz)

4 6
Delay Time (ps)

06 LINbOC.OO 1000000O00O00OO0CODOOOO
O00OCDOinsetD0D00O0O0O0OO0OOOCDOOCDOOOGDO
oooooooooooooooboooboooo

gebb000O000oooooobbobobobooboo
goooooooobboooooo20bboobn
goooboooogz200000obobooooon
goboboobbooboooooobbooboon
gobooboooobobobboobboogbo
gobobooobboobboobbooobo
000001000 00000000 LINDO:ODO DO
gbooooboobooooobbobooboon
goboooboobobobooooooooon
gobbodobobooboooboooooboon
gooo

43 0O00OD0ODOOOOOODOOD

goboboobobogobobooobbooon
goboooobooobooboooooooooon
goboooboooobobooboooobooobn
gbooooooooooboobbobbooobn
gdboooooboogbbobooobobogbo
gobbooobooooooboobbobooon
gobooobgobboooobboooobooooon
gboobogooooobboobobboobo
00000000 0OHOCH:! CHOHLCH.OHO O 6
gboobooboobooboboooboooon
googno3roKkOooooooooooooooo
goooooooooboboboobbooboon
O0000o00O00b0oDoO0o0o0oOoon 266K OO
gobboooboobooboooboboooon
ggbooobooooboooboobbooooon
gboobooboooboobooooboooon
gobboooboooobooobbooooooboon
goboooobooobboooboobobbooon
goboobooooooboboooboooboooobo
gooogoooboboooooobobobbbbon
goooooooooobooooooooboo
goboooooooobobobbboobobbbla
gobooooooooooooooooooono
gobobobooooooogg

gooooooooooooobooboooogo
gooooobooooobobboooooooobon
goboboooobobobobboboooobboon
gooooooboobooooboobobobobDbon
googooboooooooboooooooon
goooooooooobobbboooooobobo
ggobogboooooooobobobD 380K O



gogooooooobbbbbobbooooao
gbooboobbooooobobooboobbo
gbogoooobobboobbooboboooon
goboooooooobobbooobboogoon
gobbooobooboooboboboooooon
gobooobboooboooboobbobooon

Y
100 \:831
0 .

_ 300f 318K
@2
] — . ,
3 sop 300K
g T~
®© 0 ! , :
= 50} 293K
s 0l . ,
= 5 'x 266K
0 Z
20f 261K
10} x
0r— — .
0 5 10 15

Time (psec)

gbbooobooboobooooooboobn
goboooobogoobooboobboonoon
oo00D0db0D1200 7vDaddbOOOOODO 2
gbobooboboobooobooobobboobn
gobobooboobooobobooog

200 |- 383K

100 - \

300} - 295K

200 |-

100 _(\
0

300 F

! 289K
200 |
0 1 L 1 L
60 |- ' 280K
a0}
20 _(\
0

03 266K

5 -—J\

0 L 1 L L 1

0 200 400 600 800
Time (usec)

I (g, t) (arb. units)

070 DOOOOOOOOOOOOOOOOO qUeOO000O00O0NOOOO0OmMalq:0 1.3x10°cm* b0 g0 9.4x10%cm
gooobooooboooobooobooboobbbooobobbooooobobo

ooooob sgoooooooooooooon
goboboooooooooobooobobobbbo
goooobrmobooooooooooooo
goboobbbobooooooooooooooo
gobooboobooooboboobboooobog
goboooobobooooooooooobobobo
gooooobooooobboooooobbon
ggoooboboooooooooooooooon
googgoooboooooobbbooobobon
goooooboobobooboooboobgoobooon
gd

' 0.9 1.0
Tg/T

gspgoobooobgieOOoOOOOoOooOoooooon
joooooooooobooToOOOoOODODO TgOOO
gooo



> Ugoon

goboobooobooboooboboobbboo
gboboooooboooboooobooonoon
gobooooboooooboooos3sooooon
gobooboooooboobbooobbooon

gobooooboogobooobboobboooon
gbbooooboobooooooobooobo
goboooobbooobooobbooobo
goboobgobboobbooobooboobo
gboooboobobobooobbooonoon
gbobobobboboobbobobbobooobn

gbooooboobooobobooboooobon
gbooooboobobooobooobooboooon
goooboboobobobooooooboobo

gobbobobbooobbooooobogbo
gboobgoboogo

ggbodg

o odoobooooodoooooooooooo
O0oooooooOo 200500000 080 S.Yoshioka, Y.Tsujimi and T.Yagi, J.Phys.Soc.Jpn.,
1 1978[11 67, 377(1998).

020 L.Dhar, J.A.Rogers and K.A.Nelson, Chem.Phys. 090 S.Yoshioka,Y.Tsujimi and T.Yagi, Solid State

(1990).

94,157(1994). Commun.,106,577 (1998).
030 A.A.Maznev, K.A.Nelson and J.A.Rogers, Opt.Lett. [ 100H.J.Bakker, S.Hunsche and H.Kurz, Phys.R&%0,
23,1319(1998). 914 (1994).

040 I.P.Kaminow and T.C.Damen, Phys.Rev.Lett. [ 110T.Watanuki, S.Yoshioka, M.Kasahara, K.A.Nelson,
20,1103(1968). T. F.Crimmins and T.Yagi, J.Korean Phys.Sdc.

050 P.S.Peercy, Phys.Re®12, 2725(1975). S1400 (1999).

060 Y.Tominaga and M.Tokunagae, Ferroelectrics 0[O 120M.Kobayashi, Y.Tsujimi and T.Yagi, J.Korean
Lett.44,265(1983). Phys.So@&4 S1331 (1999).

070 T.Yagi, M.Arima and A.Sakai,J.Phys.Soc.J#1430



0000000 Vol.7,1999

gbogbbboobbb gogboggb bt

gopoobobooboboobobooboboobood

1 Oogd

Joodooooodoodoooooooooog
00d0o00opooooOoooooooooooo
00000000000000 inter-connectl OO
Jdoo0oo0doooooooooooooo
Joddooddooooooooooooooo
Jod0ooodoodoOoooooooooooo
Jooddoooodoooooooooooon
Jooddooodoooooooooooooo
Joo00doOob0o0oooooooooogoo
0oo0doo0ooooooooooooooo
ooooooooood

0o0d0ooodoooboogoooooooooa
0000000o0o00oooOoooooooooon
00000do0oo0oooooooooooo
000000oodooooooooooooon
000000 00000o0o0oonoooooooo
000000o0o0oo00oooooooooooon
ooooooooooo

0000oooD000oooboooooOoooog
J00d0o0o0ooooooooooooooo
O0Mmooooooooooooooooooao
000000000oogoooooooooooon
0o00doooooooooooooooooon
0o0o0doooooooboooooooooooon
0000o0o0ooooobooooooooooo
0o000o0ooooooooooooboooon
000oodoooooooooooboooooooo
0o0ooooobooooooooooooooon
0000oOobDbOOooooobooOooooooono
0000000ooOobOoooooooooooon
0000ooooooooooooOoooooa

000d0oooooooboooooooooa
00000oOoooooooooooooooon
00000oDo0o0ooooooooooooo
0000000o0o0obOoooooooOooon

gobobooboooobboboooboon
gobboogbooboboooboobooobn
goooobbooobobooooboooobn
Ubdnb0ooboobooooobooooogon
ggboobooobobooooboobooooon
goboobobbooooooooooooogobo
goobogoboboobboboobooobbooooon
00000000000 2000000000Ni

OdmitO0 000000000 TTRO0O000000OO0

goobggooooobooo

2 0000000000 NUdmitd
HRN

ONDdmitGO 00 00ooooooooooog
goobooobobooboobbbooooon
000000000000 0000000D0 O Ni

OdmitbO0 0000000000000000000

000000000000ooooooooooog
000000000000000Ooooooooon
00000gooooooooooooooooon
0000d0dddoooooooooooooooo
000dooooooooooOooooooooon
Jddddddoooooooooooooooon
000o0o0o00ooooogoooooooon
0000d0goooooooo0ooooooooon
00o0ooooooooooooooonoooo
0000000oooo0ooooOoooonooon
00o00oo0o00ooooooooooooon
000do0oooooooooooooooooon
0oo000o00000000o0o000oOoooo
oo0oodoooooooono 12-crown40d 15-
crown518-crown6 D0 OO0 OO0OOOOOONO
ooooooooooooooooooooon
doooooooooooooooooooooo
oodoooooooooooooooooooon
ooo



01 000000000 0000@MNddmitdmooon

2.1 12-crown-4 (]

12-crown4 00000000000 0OOOOOO
Jo00o0o0oobDoooooooooooDoooog
Li © £J 12-crown-4] Nil dmit2d] acetoensel 0 O O
00000 200000000NDdmitBO0 000
0dddogoooooooooooooooooon

0 0O Li k) 12-crown43 0 dimeric pentacoordinated

cavity 0 OO0 0OO00ODODOOOODODOOOOINI
OdmitGO 0 400000000000000000
000000ogoogdddowO 30S/emD O
OgO0s8kbar 000 000O0DODODOOOO0ODOODO
oooboboooooobiz-crown4 0000000
gbboooooooboooboobboobbooon
gbooobooobboooobooobooboobooon
gboboooboobboooooobooboooon
ddl2-crown4 00 000000ODOODOOOOOO
gboboooooooboobobooobooooon
gooooooboboboooobooboobooon
gobooooboobboobobbooooboobo
goboboobobobooobobooobobooon
gogoooooooooon

gO Acetone’
Q@%W 12-crown-4 E’
:_. L

Lr

M 12-crown-4 F

Ve

L
R Y
L}

o3 2
»  12-crown-4F
0.

g Acetone

02 000000 Li"d12-crown43000

2.2 15-crown-50

Li“0 15-crownb 00000000 DO OLiYos
0 15-crownb I Nl dmitiRO HO0 OO0 00000
goooooooooooo 3oboooooooo
goboogbooboobbooboooooon
oooooooooourcooooobobobooo
gboooobooboobooboobboooon
gO300oooooogoburoboonoogoo
gobogbooobooobbooboboboon
gobbooooboooboobboooobobn
goboooboooboboobbooboon
Oo000DOODODO@MNDdmitCOODODOOOOOO
Oladder0 000000000 OODODODOOODODO
ggoooooooooooooooooboboon
O00000DO0000O00 w0 240S/cmd OO0
googoo

~ S
S ® o N |
¢ Beodp X

\&:\@ b0 ﬁj&@\%v\i?;

N

0 30 Li " oé 15-crownbs0 NI dmiti H.OO 0 0 00 O

2.3 18-crown-6

18-crown6 U0 DOOODOOOOOODOODODO9
goobooobobobobobooboobooon
gboooooooooooooobooobooon
Ud3000wpel DO0DOO0O0OODOODOOOOO
goo



Table.1 Ni(dmit). Salts with18-Crown-6 Supramolecular Cations

Composition Solvent o r/Scmt Crystal type
Li “(18-crown-6)[Ni(dmit)]s(H.O)(CHCN)os CH:CN 0.04 I
Li " «(18-crown-6) [Ni(dmit)-]. CH:CN-acetone 11.2 1l
Na" (18-crown-6)[Ni(dmit)2]s(H20)es(CH:CN) CH:CN 0.06 I
Na"” 07(18-crown-6) [Ni(dmit)-]. CH:CN-acetone 12.0 1l
K ©(18-crown-6) [Ni(dmit):] CH:CN 0.08 I
Rb"(18-crown-6) [Ni(dmit):]s CH:CN 0.2 I
Cs" 0s(18-crown-6) [Ni(dmit)-]. CH:CN 17.0 1l
NH." (18-crown-6) [Ni(dmit):]s CH:CN 0.40 I
NH.:" o7 (18-crown-6) [Ni(dmit)]- CH:CN-H.O 30.0 1l
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Control of GaN structural dimensions

Abstract

Satoru Tanaka Laboratory of Optoelectronics

GaN quantum structures with various fractional dimensions were fabricated on AlxGa.xN

surfaces. The AlxGa.xN surface was treated with a

Si antisurfactant prior to the GaN deposition.

This treatment was found to be effective in modifying structural dimensions of the thin GaN layer.

Without Si a GaN quantum well structure having a dimensionality of 2 was achieved in step flow

growth mode. As the deposited amount of Si was increased, a morphological transition from 2D

to OD occurred. At some Si doses the resulting structures possessed fractional dimensions. We

observed that GaN quantum structures with various fractional dimensions could be controllably
fabricated solely by varying the total amount of the deposited Si antisurfactant.

Introduction

During recent years the progress in developing
GaN-related optical devices, for example InGaN
guantum well (QW) laser diodes, has been significant.
However, the lasing or luminescence mechanisms are
still controversial in this material system mainly
because of the presence of strong piezoelectric fields
and compositional fluctuations, which affect the
optical transition energies. Exciton localization at the
potential minima created by a phase separation in
InGaN QWs is believed to have a significant impact in
improving the performance of optical devices made
from these materials. Quantum dot (QD) and other
low-dimensional structures, in which the excitons are
confined in a space of reduced dimensionality, are
considered to strongly modify the optical properties
[1, 2]. It is known that an integer-dimensional
modeling does not perfectly describe the experimental
reality in such systems. Instead models utilizing
fractional dimensions (FDs) have been found to be
more suitable §, 4]. The present work is a
continuation of previous studies of GaN QDs grown
on AlGaN surfaces using an antisurfactaby §].
Here we describe the formation mechanisms of GaN
QDs and propose new quantum structures with various

1

—1—

FDs. These structures may constitute suitable systems
to study in order to improve the understanding of the
relation between the luminescence energy and the
degree of excuton localization as previously
investigated theoretically].

2 Experimental

The GaN structures were grown onxGlaxN
(X=0.15) surfaces which were deposited on AIN/Si-
face on-axisH-SiC (0001) substrates by horizontal-
type metal-organic chemical vapor deposition
(MOCVD) system. After depositing @ 1.5-nm-
thick AIN buffer layer [], the approximatel.6-p
m-thick AlxGaxN layer was grown. The atomically
smooth surfaces of the AbaxN layers were
confirmed by atomic force microscopy (AFM). To
achieve FD structures or QDs, thex®@hxN surface
was treated by tetraethylsilane (Sikz).: TESI),
followed by the deposition dfl 1-2-nm-thick GaN.

3 Results

AFM graphs of the samples at various Si do&és:
nmol, 47 nmol, and149 nmol are shown in Fidl (a)-
(c). With no TESI treatment a clear step and terrace



feature was observed (not shown). This indicates that
the GaN growth mode on AbaxN surfaces under the
experimental conditions used here is step-flow. Thus,
GaN/AlkGaxN quantum well structures having an
abrupt interface can be achieved. As the deposited
amount of Si increased, a morphological transition
from 2D to OD occurred. A clear step flow feature
(2D) was transformed into @D structure in Figl (c)

via several FD structures. The Fids(a) and (b)
demonstrate the FD structures. The dimensionality of

-

-
H

each structure is difficult to determine, however, it is
clear that each structure possesses a FD betiveen
2D. For example, Figl (b) shows a quantum
structure having a dimension close2tbecause of the
fluctuated step feature and the high density of nano-
holes. From this result we conclude that GaN
quantum structures with various FDs can be
controllably achieved by varying the amount of Si
deposited on the AGaxN surface before growth of
the final GaN layer.

L

Figurel. Effects of the Si dose on the GaN morphology. Note that the GaN structural dimension is changed fr2bn(gqlés0D (c).

4  Summary

GaN quantum structures with various fractional

The use of an
antisurfactant on AlGaxN surfaces was shown to be
effective in modifying structural dimensions.

dimensions were demonstrated.
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Temporal correlation function 17

Normalized contributions
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