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Control of carrier transport properties of _one-dimensionally aligned-hybrid
nanodots and their application to light emitting devices

Makihara, Katsunori
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We demonstrated PL properties for Si-QDs with undoped and P-doped Ge cores on
thermally grown Si02/n-Si(100) and characterized their temperature dependence. The observed PL signal in
the region of 0.6~0.8eV was caused by radiative recombination through the 1st and higher quantized states
in the Ge core and radiative recombination between the quantized states in the conduction band of Si clad
and the valence band of the Ge core. We also found that P-doping to the Ge core can open a new pathway
for radiative recombination between the quantized states in the valence band of the Ge core and P donor
levels. In addition, we also demonstrated formation of Fe-Pt NDs by exposing a metal bi-layer stack to
remote-H2-plasma. For doubly-stacked FePt-NDs with different coercivities between lower and upper NDs, we
confirmed a clear change in the current level through the doubly-stacked NDs depending on the relative
direction of magnetizations between the upper and lower dots.

Si




% X Cc—19. F—109,
1. SRR YWD &

IV 80K (Ge-Sisk) &1 Ky M &EME
BIZHWT, EE(EEE (IVEE) ThXE)
T&E HMEDEZNE - @i EL 734 AH)RHE
BT, REMNRESEZZTTNE T
= ULSI Hffiza~_— 2|2 Si Z&®F Ky b
T ovoAZRLTa—T 4 T AT TN
A A& FBEDE T, fFRODVEE - DI
A% o T2 RHAE 73 5 BE 1 AL BE A~ & 5%
&9 2 AR E Y,

2. WEOHBY

ARFFETIL, A B L OMME T2 K5
U7z IV 8K 28 (Fy b)) 282
L BN — R TR AaE RS9 5 Z & T, —IK
T hrrAEEY Y ay /S =T AR
TRy MR L., 846 Ny M REROET
WyrE<e Z N AHRET 2 T R RE &2 K BRI
HOEMNCTAZ EaHE 0.
S5, HEELPMEER LI-&E T/
Ky b REEZHWNT, &7/ Ry b s
BF /7 Ny MO REREZ T LT —RoT
MRV BEAELEANAAL T Y v R Ry F&2#H
SICAIR L, ZONA 7V KRy MBI
BXXYVTEAFT IV ARREEST A LT,
IRy UTHEALEXFY U THLADE
N TEh@EBEE-L 7 ha LI xyky
Z (EL) OEHREHET,

3. WD L

Ge =27 Si &7 K b, FiePIETERK
L 72, n-Si (100) FEH7 (2 1000°C THEE~4nm
D SiO, fEZ JERL L AR HF 4LE4% | pure SiHy4
AL LY 5%He AR GeHy T A% HW
LPCVDIZL VY . GeaT7 SiE+ Ny & HD
FRRALTZRR L=, £ Dk, He AR 1%0, DV
E— T T AL V~20m OF VIR
iz Ky SREICEETERLZ, 72,
GeHs CVD HIZ He AR 1% PH; % 7L R33N
$THZLT. PETNALZR—T1L7 Ge 27
EEATDH S T Ry MEER L, W,
AFM EH RGN | P ERINOA 2K 59
Ge 27 Si &1 K FNEEE~10"em ()
Ky FE & :~8.0nm) Tﬁxﬁﬁéﬂ”b“(b\é ek
iR L C\W5, PL JIIEIEL, MHEZRIZ PbS
T NEA A — R, BRI #%%V *
—@@E:979nm) & IV 12K TiTo 72, M, L
— P —H 1% 0.5~15W/em? TEAL SH 7=,
T2, &JF T/ Ry ME, FePt 1238 L,
FeaHEdE U7e, TERCTFIEIL, p-Si(100)FaHR
% 1000°C, 2%0, 1 CTlefb L TR L 7= #40%
(LI (EIE~2.0nm) £ 12, BEJE~1.4nm @ Fe &
ﬁﬂ%iAmem%%%EBm% X vif
feHERE L . 60MHz /& & FE ) OFFERE 512
LV « ARk L7z @B EKRFE T 7 A~ % H
WC Pt/Fe FlfENEEmIZINHIEMETY £ —
k7T X< WLFL(H,-RP) % fitid~ Z & T,
~5.1nm OFHRAULES: FePt -/ K N & HE
B 4510 em?2 TR LT,

Z—19 (Hm

AL 42,

)

4. BFSERE
(1) Ge =7 Si &+ Ny M PL ¢4

VERS L= AFM FHERIE S, P
WINOF K ST Ge 27 Si T Ky bA
[ % FE~101em? ((F¥ R > @ & :~8.0nm)
TR EINTWD Z L xR LTz, Bk LT
BEBIOPHRMGe 27 Si{ Ky D=
B PL A7 hUE, WG 0.6~0.8eV DO
0— K27 L THY, BMERY b
DPL AT R VL, 4853 (Comp. 1 :~0.695¢V,
Comp. 2 :~0.726eV, Comp. 3 :~0.751eV, Comp.
4 :~0.656eV) TH BT 5 LR TE 7 (Fig
l@) . /. PFEMGe a7 Si&+ Ry T
ﬁ\EﬁF/h®4ﬁﬂ_m2 AN %
(Comp. 5 ~0.684eV) N O L 5 (Fig.
1b)) o« ZHDHDARY FFESIE, KR
(~77K)PL,Xf\7 k/v BWNTH, [Tt%axz
RIVRR S CHRIE BT 2 2 &8 T&, PL
OIRERAFMEN S . Comp. 1~3 1%, {EE DK
T&EBIT, WIS FERICR S TRE 23 HE K
THIEMDL, INHORTIE, Ge 27 D&
TN TOET — EILFEAS CHIATE
b, Fl2. PIRINGe =27 Si & Ry NTH
ToIZRD DT FICRT IR, B YL
TORKELVENME= X LM TH DL Z
EMB P R —HEN —Ge liTE 71 TOFRN

WAVELENGTH (nm)
1900 1800 1700 1600

r (a) Comp.1 (0.695eV)

Comp.2 (0.726eV)

PLINTENSITY (a.u.)

065 070 075 0
PHOTON ENERGY (eV)
WAVELENGTH (nm)

1900 1800 1700 1600

b)
Comp.5 A Comp.1 (0.695eV)
T (0B8seV) \
Comp.2 (D.725eV)

PL INTENSITY (a.u.)

%65 070 075
PHOTON ENERGY (eV)
PL and deconvoluted spectra from
undoped (a) and P-doped (b) Ge core Si-QDs at
room temperature and 77K.

Fig. 1



G ThD LMRTE 5, £72, Comp. 4
DR TORIIFEIL, P I LV KRIFIC
I LTV D Z D, Si-Ge Riiicisi; 5 P
RF—YENL K DRV TG LTS L
EZoND, £2. 2KIZBWT, FRESIC
BT DR E Db ek AR A2 £ &
WDI-FER, wfhwﬁﬂ%%tﬁﬁfwﬁk
é:ﬁﬂ/\ %ﬁgﬁr—@%ﬁﬁﬁm&)Eﬂ%ﬁ?ﬁ)

a7 OEFEMBEORLHFEESIC il#é
Comp. 1-3 DFEEREE X, bt Y78 £ ~6W/cm?
PLETRmMT 5 Z 08 hoT-, Tk, &
hEx ¥ V7 BEOHRICI VA —V = F
AN LT 2R E LT TX 5,

(2) FePt 7/ Fy FOREE—FEREB LV
BB RE

SiO, % - Pt/Fe FE/E T Ho-RP ALEE % i
L72#% D AFM REERkE» 6T/ Ky D
TER TR Hiv, RERG S HH Uiz
EEX, 2.0x10em2 CThH o 7=, PtIBETHE -2
ZE A VT Pt SEOIRERLHIE Uizhk
% ~570°C if{mr—@l‘;ﬂ‘ﬁ)wuy) L= &
25, H2-RP I X B EEIRE(LIL, Pt iR
T TR IRKFEOBERKOICER LZR
FTNEINZ X » TeBRF-OREILR - LD
U, 7/ Fy bREMRLIZE LTHIRTX
% . Ho-RP WLPR{% O Pt/Fe ffE 54 XRD #EAfl
L 72 5, FePt(001)35 & UN002) 7 — 7 H3EAIE
ICFRO L2 LD, Ll ORI
ENb, FePt 547F / Ry hoOEANB L OH
BT NS AN RIS 2 FIUIN U, B HRE 2 34l
L7 5. Llo-FePt fHIZ ALK 7~ 5 T8 B 5
FIENEIE TR DAL, ALl HEH L
o AN R K OV E D ORI S &
~0.9kOe, ~4.8kOe TH 7=, Fi=. HIHIEE
FHETHZET, 7/ Ry oA XB &
ZHICHRET R R TE B L
Do T=loh, DO ERIC, PRI
ﬁ@ﬁ&é%m%/F/kzﬁﬁE%%%%
% U, AMERREES EIN AN T T R R E 9
5B % 3TN L 7= (Figs.2 and 3), 14, E{Ed) M-H
H—TRENSE, Bk LTz Bl LT
FePt 7/ R N ORER G R ORI, =
NFIN~2.5k0e BLT~05k0e THDHZ Lix
BIBHER LTV 5D, 1ERR L72iEO 1-V Rtk
&, BUBHE NS R R & 0.5~4.5k0e DI
AHEBLET HZ & TEMEITo 2%, BErl
5. REIZB W THIE Lz, 4.5k0e FHkatk.
Al BWRICANA T AZEINL CHlE L 7=
FePt 7~/ K b _HEHEEMEEOER-5T R
MEIT. FIINEE O KRICAEWVEIR L~ DK
MR/ KA /RS, £ 0%, FIHIEINRES &
1] & OREH 0.5k0e 2 HIUIN L 723556 ENCE
TEL~ULDMEIR L7272 Th - 72728, 0.6kOe
EI-UJDT ij(rljﬂﬂ 72 @{)IL VA/V@1£ET73 i y) 5
iz, & 5IZ, FINBEERIE % 1.5k0e (ZHE K
SHTH, BEERZLITRO RN, W
ﬁﬁw%4ﬂ©e%mmbt BT HOW)
WD 4.5k0e BEREEZITBIT DEIL~ILIZ

RDHZEDGMhoT, S BHIZ, 4.5k0e Btk .
ﬁﬁﬁ[?ﬁﬁ_ﬁ@@LﬂaﬂeWMLtﬁ
BD,0.6VICBITLERL~NVE T LD
. AR L (BCPTEE < 1 M7 3R

O, T HORERIX. -V RN E T o
K MBI oM A m CEATER X
Uﬁ¥ﬁ) IR RESERL, BREETI D/
X7 Ky hoOALIREZHIET 2 2 & TH
PUEOHIEIRARETH D Z & 2R LTV 5D,

Electrode Area: 1.9 X 103¢m?

’/FePt NDs
(Hc.:~2.5k0e)

Si0¢(~2.0nm) £ oot NDs
Si0,(~2.0nm) (Hc,:~0.5k0e)

Si(100)
or Magnet

Fig. 2 Schematic illustration of a diode with
a doubly-stacked FePt-NDs structure.
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Fig. 3 Room temperature I-V
characteristics of the doubly-stacked
FePt-NDs structure shown in Fig. 1 just
after magnetization with magnetic field
application (0.5~4.5 kOe) opposite to the
initial magnetization (4.5 kOe) direction.
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