[WF5EEr]

VU ay s =R URFBOBZEVE~ DI TR DR

IBRSERAER: - P TR AT A tEn
R - RBPRIIERT T ik

1. ZL®IZ

YU ay e AR UREIE, BTN ADTF ¥ FOMERC, Si-MOSFET O F % /L AEIk I G /)
%mmﬁétwwxhv/#tbf@ﬂ%ﬂﬁméné#gmfaéo_wﬁﬂwﬁﬁﬁkbf\%
B ZfEd & B-SIC MO A2 > TRAHORFFALDSBD T 5 L0 ) Z ERRESNTWD,
ERT NA ADOERGEFR B WO CE, SIS LCE@R L7 Eo 7 e A 2BV CREHI IR TIC
5 END, B-SICHONHIZ, BEARIZL DN FEEEFTDR LT D217 TRl BEREEICE
FABELER L R 5720, BFEEOPBILICORN S, BV ICBIT 53 ) av - h—R U EEED
FERIZ DWW TIX, EANERE) ) L7025 L WO H 5 (H.J. Osten fll, Semicond. Sci. Technol. 11,
1678), AW TIE, EA Sii«Co/Si HERZHHL L, IS EEMT L LickoTyVay - —
N ARG DB L EVEN AT 200 E D i~ Tz,

2. MRS
LR AR EIEI idﬁﬁ%ﬁﬁU@ﬁ@%nm@&m&%%p@&ﬂ@%ﬁiﬂ%ﬁbh
n‘%lﬁlﬁ/ﬁﬂnﬁk SIMS ?E'Jﬁz“@?rf&%z‘»% IRZBIRFDITIEETHRAEICH Y . Si1«Cx B & Si FEK
DT EEBPRT-ZILTND T E MR ST, IRIZ, uit*JrO)i‘«%ﬁ KT A= /7’“/&& £->T 1.5um
DIEZE L ST-EETZR LTz, ZHUZ XV SiixCe BIZHIIN E N TW IS NI sEfR S b, =
DOFBHIHKT LT 900°C + Ne FRPHE T C 60 4y RELER & Jiti L | %ﬁﬁ%ﬁ%iﬁﬁﬁtf‘fﬁ% L7,

3. WFTEAR
K 112, Wb 21T 70 - 7okt OFE i E B % 29, 2 OEHX 900°C - Ne PR
TT30% Fﬁiﬂmif!i%:ﬁot%@TXbé Wrms - Fme s bic, fkoar NI X MRBEETH D,
EIHFEREOSHT 5, BEICIER-SIC AR AT LTV D Z & DSHERR S 7=, $iR0045 ook i K el 38122
STV, ZiuE, BALOIRRIZ &> TEAZEMT DD % < O FERA~T ol & 1Tk &<
BB THD, —I7. R I CBVLEL & i L 7B O B BeE 4 2 X 2 1T, SROBEIT
AEIEAE TP E VT To 72, OSSR, B-SiC HOHTHITMER I e o7, X1 Ok}
(R 2 X+~ v B ZHIE Ot B, Sit«Cx B & Si FEAR DRI A 1T BLERL HIRT- 5 28,
BAAIEREEEMET L2 Sk  BARPMETFT LTS Z : R
EWSIoT, TOZEND, B-SiC O HIIEART KL F —
DOfERLE Vi EHEBI LB THD E VWA D, LNLRRG,
o Ahﬁ&cmﬁ&@%ﬁﬁ@—wk&ofwéwkow%
R B 7= DIIE, AL L7t B A BEO B L & X 7 & o
b ww| k—;ﬁf‘l‘ﬂﬂ CHARDVERD D,

o i 42 Wi
X 1 A2 TR o 23 B 0% ﬁ%ﬁﬁﬁ@(%m:30)

X 2 AIHE L 7= sk DT % (900°C + 60 4)

4. £ & ®»
PORARIZ K0 IS T) A B KRN S 472 SiiCx B Tl B EMED T RN D D Z L 3
Gyinole, BZEMITE T A A~DISH EREFEEZBETHY | SRFMERH~TOTE
Th s,

—185—




BT A HIBIZ K D VL RG89 -5 R O K Fat i O fig

WHIERFEE 4
IR - BRI R TR - RAES

7"3/\1:5%%
ALK « SR BHIFIEAT « KoK —BF, KEFHR

1.iuwa

AR KIGEM MM & U TR TR & & O3 (20.0%) 255 0 AV aA T4 MEELE & D
II-VL AL EYEERNER SNTWD, LM LARRL, ZoMEZ AWz KEEEmOREIFRIZ, 22
BAEM, IZEAEEHINT, FORERFAHO—D L LTiL, WINEI Tf?“éﬁtﬁfé@@ﬂm%%%ﬁ
Ma DREE DIEANEL TWRNWZ ENEZ B D, Lf#of ZNH O, BHHEOM EITKX
<HBNT S EE 2D,

AIFGETIL, Iz A T4 MULEW RO LGRSV 7 ZHWT, AL HEBESR)IC LY
B RMOREEITH) L2 HMET 5, W XBEAVWELEINL 7+ ML v AEICL D8
PR DT — 2 LBl - IR L. X0 EEEOBOWEAKMBEORIEETT O Z LT, KR R
WCIFET D R Z FET DBEOF T —% 4it4 5,

2. WFZERE
FEERITA Yy L AEICE Y, 700°CT 1 BRI, 25MPa DIEAF T, B L7Z, ZHvE TIZ VI G
a5l U2 IR0 CulnS, 23V 7 (5 FlifH) & AgInS, 3
Jv 7 (5 FifE) I K ORI AN CulnS, 23/v 7 (10 FR%H) —
L AgInS, /XL 7 (10 fE¥H). Mn IRINEZEE & LT
AglnSe, /3L 7 (3 fiiH)., AgGaSe, /3L 7 (3 FEEE)DFF 36
FEEOY 7 NNZHON T, BB L 10K 128V T ESR
WE 27> CT&E T2,

ESR Intensity (a.u.)

L L L
2600 2800 3000 3200 3400
Magnetic Field (G)

3. WFFERR

Mn i+ ZEM L72 AgInS, 230 7 B CIX=IRIZB W
CHIHEZ2 ESR 15 B4V B AL, Z O Mn FIIHE O F
e EHhlckEL ooz, ZD L X, gflHIL 198 TH
S, TNHDOH TN FEp M ThHoTmZ &b, D Mn-doped AglnS, bluk
R E LT In B A MICE#E L7 Mn 51T & % K Yine 0-d at
Mn,)DR[BEMERE Z BN D, £/, MnJFJiT&2 ML 7= R S S S
AgInS, 7NV 7 @ 10 KIZEIT 5 ESRIEENHIX, K11 0 1000 2000 3000 4000 5000
RTEBY 2RKOEEDBHISNTZHOD, NAIR—7 Magnetic Field (G)
7 A ME I S N o7, Mn JRFZ2E X1 Mo #0 AgInS: #dh D 10K 23815 5 ESR{E
MU7= CulnS, N7 D 10K IZEIT 5 ESRIEENDH G, =
K 22T B0 10 RKOEZVPEHISNIZLDD, A ——— T T
R=T 7 A AT BT B S Ao 7o, ELEE l
D Mn JR 12N L7T2 ZnO FE&E=° ZnS R Enb b,
AgInS, /3L 7 X2 CulnS, 7NV 7 & [FIRE7: ESR 155035 5
NTNDEZENS, Mn OFINBENET -2 LN E
HO—D2ELLTEXLLND,

ESR Intensity (a.u.)

4. F & ®

By T UVAEIZR Y AT o7z -V Bl v =
A T A NEALEW BRIV 7 fE G O ESRE 21T - Mn-doped Calns, bulk
720 Mn i+ ZEAN L7= AgInS, /3L 7 33 X O CulnS, 73 /b e
6, Mn IZER L7=KMa s E 2 55 ESR {5503 10K
MEhiz, 5%, BRI AglnS, /N/L 7 8 LY CulnS, /3 T
wy%ay)j?g m;fx?%%z)ﬂb\tﬁﬂfﬁ\*ﬁ%7; R 2800 3000 3200. 3:400 3600 3800
LR Ry RIEIC L AR E DT — 2 L g Magnetic Field (G)

ML, £ EBIEO B EAKROREED 5, oo I QSO 10K =BT B8R

ESR Intensity (a.u.)
-
-
h

| EPEPEE U B

—186—




MBE Ge
LSI
LSI Si-MOSFET
Si Si
Ge Ge
Si Ge (4.2%) Si SiGe SiGe
Ge Ge
Ge Ge
300 400
MBE
MBE
MBE Ge
MBE SiGe
Ge
Ge
SiGe
MBE
Ge X
XRD RSM
0.74
SiGe peak
°§ 0.72 Ge 80 %
XRD RSM o 99 %
Ge
x 0.70{— Ge peak
SiGe - 0.9%
Ge 0.50 0.52 0.54
Qx(L/A)
Ge SiGe
Pseudomorphic Ge XRD RSM

Ge

—187—



0.9%

Ge
450
2 Ge
12000 cm?/Vs
1000 cm?/V/s
MBE
MBE
Ge
CMOS
MBE
Ge
Ge

10" ¢

Hole Hall mobility (cm2/Vs)

Ge

6 8 2 4

10 100
Temperature (K)

Ge

MBE

0.9 %

Carrier density (cm-2)

MBE

—188—




[wr7EEs]

o g8 Bk O A4
GefE T Fv b ERUNHRGR Z@ME LT2FCT A XD

e ERE4
FOLER TR - e ZEPT - H

WHgE o A4,
FORHR TR - B FFERT « Bk P —RR
FORHR TR« R TEMFER R SR TP RE - TRk B W]
FORHR IR R TR R R TR - iU e

1. LT

Si-based light-emitting devices are the core components for the next-generation optoelectronic
integration on Si platform. In order to develop Si or Si-based materials as efficient light-emitting
media, different kind of quantum structures have been introduced into Si-based materials to create
active light-emitting centers. In our research, Ge self-assembled quantum dots are used as the
light-emitting centers. However, the efficiency and spectrum purity of light emission from Ge dots is
low, and far from the level of practical devices. The proposal is embedding Ge quantum dots into
optical microcavities to utilize the optical resonance.

2. Mookt

Multiple layers of Ge self-assembled quantum dots were grown on silicon-on-insulator wafers by the
gas-source molecular beam epitaxy in IMR. Then, electron-beam lithography (EBL) and reactive dry
etching were used to form different optical microcavities on the wafer. The fabricated devices were
characterized by room-temperature (RT) photoluminescence using a micro-photoluminescence system.
For current-injected Si-based light emitting devices, p-i-n junctions were fabricated in the devices by
multiple steps of EBL, ion-implantation, metal lift-off, and plasma-enhanced chemical vapor
deposition (PECVD). Current-injected devices were characterized by RT electroluminescence
measurements.

3. WFFERCR

Very sharp resonant peaks were observed in the

spectra recorded from microring resonators at RT. e : et s
For a microring resonator with a 2-um diameter, a I WGMs
recording quality factor of ~4000 was achieved. / S00K
Current-injected light-emitting devices based
photonic crystal nano-cavities and microdisk
resonators were fabricated and tested. The figure
on right side shows the RT electroluminescence
spectrum of a 1.8-pm-big microdisk resonator with
Ge dots. Clear resonant peaks were observed in
the wavelength range of 1.1 to 1.4 pm. These
peaks correspond to the whispering gallery modes
(WGMs), which is confirmed by FDTD simulations. .
The inset shows the calculated mode profile of the T™O
WGM located around 1.2 pm. B ' _1‘” . .
4. 1 ¥ 10 11 12 13 14 15
We have embedded Ge dots into different optical

microcavities. RT photoluminescence spectra from Wavele ngth (j.lm)

microring resonators shown sharp resonant peaks

with quality factor up to 4000. Clear resonant electroluminescence from current-injected microdisk
with Ge dots was observed at RT for the first time.
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