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Tensile-Strained, N-Doped Ge Light Emitting Materials and Devices
F oLy fhr=g A2 — R R

1. Introduction

Ge has been considered as a promising material candidate for on-chip light sources monolithic-integrated
on Si substrates. It can be engineered into a direct band gap semiconductor by applying tensile strain and
heavy n-type doping, and thus attractive for laser devices. In last year, we have made progresses on
enhanced light emission from Ge microdisks by thermal oxidation, high Q-factor resonant
photoluminescence (PL) from germanium-on-insulator (GOI) microdisks, and large biaxial tensile strain from
GOl by using strained-enhanced microbridge structures.

2. Research Results

Dry etching induced surface recombination is an important limiting factor to achieve high injected carrier
density in optical resonators for laser devices. We found that thermal oxidation was an efficient method to
solve these problems. The oxidation temperature was systematically investigated to obtain maximum PL
intensity from Ge microdisks, as shown in Fig. 1. To protect GeO; film, a thin layer of Al,03 was also
deposited on top. We found that the Al,03-Ge interfaces would degrade light emission properties and this
effect can be avoided when oxidation temperature was higher than 500 °C.

In order to improve crystal quality of Ge grown on Si, GOl was demonstrated by wafer bonding of Ge-on-Si
and another Si substrate with thermally grown SiO,. In this way, low-temperature buffer layer could be
removed from top. Based on high quality GOI substrate, microdisks were fabricated and sharp resonant
peaks with Q-factor over 4000 were observed from PL spectra taken at low temperature of 27 K, as shown in
Fig. 2. This represent the high Q-factor achieved so far in any microcavities based on bulk Ge.

The tensile strain in Ge-on-Si or GOl is limited to about 0.25%. To reduce the laser threshold, larger tensile
strain is needed. Microbridge is an attractive structure to amplify the initial tensile strain in the Ge film. We
fabricated circular microbridge patterns on GOI to enhance the tensile strain. Raman spectra showed that a
3.22 cm* Raman shift compared with Ge wafer was obtained, corresponding to a 0.76% biaxial tensile strain
(shown in Fig. 3).

£
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[1] Xuejun Xu et al, Applied Physics Express, 9: 052101, 2016

[2] Xuejun Xu et al, Applied Physics Express, 8: 092101, 2015

3] MATFEE, RFE i, 5 63 SIS EFFINREE, 2016 £ 3 A 19~22 H
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PSR Tl E D F AN DIFIRFS LUKERDMB S41 D Z &3\ 16T, mEITHRE
ENTEHREI T A MIEFFI T LD, Zh O DOFEREFITE O L MRS HND &
DT DT LKRIREHE LD LTARITHSD. AWFETIE, Wikil= 7 VBB AT K T7T
N7 —LETHZET, £ ¥—Fy s EO7 ) —EFREFIThH D Wikipediad X 912, FIFEN
Z ORI SINT & 8GO IHRIE L AERBIDT — & ~— 2 ZWeb_LITHEEE L 7.

2. T—HR—RDHER

AT —H ~— AL Contribution, Repaircases, Members, References A == —|Z L D ik S 5.
PUFIZART —H _— 2D FH/ A% EF T 5 Contribution & Repair cases (2O Tl 5.

Contribution [ ZFIFHE N FHI 2R TE 53— (X 1) THD. ~—T Tl Repair cases DIREL
(CHECT= Y TN SN TCND. 2 2 THRIESNZFHIE, AT —F_X—2AOE D> T
WD AR, B Lo RIS T oMl DR A A8 7- Db, Repair cases D & LT
HAsns (22).

Repair cases (2139 F7H815 & xR OFHFIDER I TND . AT —F _X— A RS FL TS F4]
IFECREICARSNEEENOIEE L2 b OTHD. [EVERRE, ENSOERE, MG, HE
Ji, SHELHEH, R TR L TV D. IR T2 2, EPNERREDS 67 S5, [EN
PEREDS 33 5, WEIMERLHS 61 B, SRR 27 FH, SHRUEIAS 11 F5, 1HEns 5 F=Ho
71204 451 Th 5 . - FHIOFEEN IR AE D Lo WL 2 IZTE BT R U & Lz (K13).
3. ABOFFEEE

AR LTS5 2 6 L1, $BEIRIRNC K 55088, BERR e EOMEYE, HRFEEE BER
& DOBHRIZ ENZHONWT, T ED 5 TETHS.

World Wide Web

HName:
Subject:
Dack to Datab -----
= of Repair Case
= of Fatigue Fail
ures
Eutnd
Sample

Sample? (2014-03-20 (Thu} 05:40:08)
1. Field of application
Stes| pier at the third line of The Metrapolitan Expressway, Japan.

2. Gircumstance of repair

Fatigue cracks were found in welded joints which were at the carner of the steel
bridge pier,in 1997,

1:Cotribution ™ Web ~=2—~ 2057 —H _R— 2D

5.Description of damage

Patign crach s o a b ki o Sctiom arga{see o).

Steel bridge on roadway (bottom flange)
D01 | Backuts | Uplood | Aried | Lt 1 Ut of pogen | Saarch | Rt changes el 1

a——— Steel bridge on roadway (bottem flange)
"""" 1.Field af applicatian

Steal beiige of roadway bridge, Tk, lapan.
2. Circumstances of repair

Fatigee ciach was finsnd in the bottom Resge in 1953 sher 15 yeers of service.

3.Types of structure

4.0etails of loading '
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3:Repair cases ? Web ~2— ]
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PECENMEMStE A 2N TED, &5 £1 Detection sensors for entry and exit of vehicles
2. =7 % v b THELTWNDZ L s Al : SDter;eiﬁtlg(;rL;gam gauges for entry and exit of vehicles
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FOBEIZIN ST ERRR Y —E A, SFE Y AROEROREKRKIZED ., FETHRDKEZ L OIS NS
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AH,HEREREDX ¥ V) o I X U T 4 IZHDEDT v B THRA L EHPVEE ZIHEED TV DR T T,
WHOTZD XD IRAERER & NBRESOIAEDOHAAAZTET 5 Z L1d, FREHIZ2 Ak T 5 L CHER DR
BTHDHES2D, KX —3% ) LI BARRAZ I/ Loo, BRILAED =00 B4R >HA )72 R
ZAfRE L UCHIE 2 BB 5,

2. W SEEtE OBEE

-7 SEAR, 7 —o A 7T & L TARIES EARE S AT L0550 L= B 7R BRESI R & 3 D AF3E
T—v& LT, RO 2EEEAMIEE L TR HATND,

(1) 774 P AT == a g WEERHWZT T 0707 10— RICBT D8 USREDREE) |

R TSR T 2R O T HEEYE ORI & REPER RIS 1T 2588 0L, WPRRIG & 3 Hi5Yx
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LDOBPRIZHOWTIEH L, EFEEROIGHIZE T 2&E 95,

O EEAIEH LI 7 74 MU AT 4 == a Y OIFHFTEE LT, BHEFIEIC AL D155 E DI
BED I 59, FEM OIZRERIEREIC LS < TEYYBE ORI ERINC S B U7- BREIC L 2R 21T
Do XBBYSE T P 2 OB L, FEBIGA~OISHZEX U COKBFCI7e < B Ede B A RUE LT
BUG OGRS L, 2 OARILSCEIREI. b 35 B LA G Y HEOERDFIE G B RAFgE & L CHEE L
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HROEFERWLNMERECESEIE D FIH & o 7B DRFZEN B Sk D . AT E DA TIHEREC AKRIZE L
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HERBEEGHHROBYER D NCHFEZ AW s EO FIREMIC B S5

TRFESER ' - SREARARR 2 - ) 1IBAEE ° - ILIRIEAR®
1RG4 AT Mg v ¥ —R#e%, 2 R#dR. 3 REEMER

L AFZEERY
FAENCRBWTIE, RSN O TIGHM IR N Z < B, SHIc7 707 0 —/L RS E D
THEBYBRED 2 2 MEOFEN D, TEFETRALONLR— A=Y VT (BR) & 1IRE LR
\ZF B IVATEIRIY 72 TR s~ O# X (X O/, a X MIRERH L EENTWDHT T U7 4 —)b
RXRPRIZR L, 3 D 5 L0 IR A ENT, 774 L AT ¢ =— 3 K 0 G A T
LARPRIFIMOTHEI TH D, £ Z CEARFLTEEZXGE LT, kOB EEZEH L2774 ML AT 1
T—3 g COFEFZRIC AT TR ERETT O O TH D,

2. EBHE

BEAEWFEIZ WL V5 G B O BRIIBINAE D 7272 3, KEOTERERIFFEIZ D < IGYE DDA 72 WA E
FICER LTI AV BREE2m), AvH (Rl 1m) Z22E Lz, JRELBEILP & Lz, ESG~DIGH
ZER U TKECII e < B A HEAER L7, m— %18 (kD) 2 L, EEICEED E iHfsshkEs
RO « FFEd 5 75T, IWHEIMEIZIU T Ph YEE, 10 1%, 30523 E L (Photol), #HEFER/2 LN
(2 L RE TR D Pb ST % 526 L 72, 2015 4F 4 ARG OAEBRIC L EBREBRMA LT,

T N e A

Photo 2 7 ¥ DESEIRIL

Photo 1 AHERSH/KEAIR & $HERIRDL Photo 3 A > s DESBEIRDL
3. EBRER LB

R DOEFRIZOWTIL, FEUE, 10 %, 30 [FORE
IZBWTC, THY, A hIABHEZK - &3

Table2 #7110 » A DTIEFHD Pb ZAE (mg/ke)

LT (Photo2, 3), MBIz~ vCit, 528 LS50 ~100cm | KA 150 200cm
B 10 71 520> P Z5HFC I T, FSHHE LA WERAF L | WRE 2 | ROHE L | KR 2
HIRREL TGl B = & AR LT, — 7. ARy |- SOt 8 9 ) ’

0 D I OTTRA T LT (Table2), m— | 251X 12 12 10 12
DTHS R T v T LTONE DTN L E 2 i, [0 13 13 13 12

foo 5 UkEREREE A, B bRopER g [0 | 12 = = =
A AT L) IR R B BRI

U=, BTN Pb 43BFAIZ SV T, 7 9, Table2 A~ % O Pb Bl (me/ke)

AT L bITH EE R IR T & o7, £ 727 AT A B c
HAEOH FEIZ AT BERHHIERLLF £ 720 . Pb 0 k| T | ek [ mT | ok [
N A RO DINIE S o Tz, — . A TOHT Cont. X | <5 | 12 <5 | <5 | <5 | 11
B3 Z < OFA T, Pb WRINEIT 10mg/kg 2. B HUEX | <5 17 <5 9 <5 26
KT 26mg/kg L7~ (Table2), &9 L bIEEDE —

VRUEIRY, Pb SR 2% LV ORR Ty | O] <6 18 | <h | 18 | <5 | 1T
motes, HHRO P GAREY b e oc | SOfEK | <6 | 16 | <5 | 8 | <5 | 5

WHIAHZ <, Pb BRI 28E )2 S -
TWDHAREME S B 5,
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5N DR MERE & BEHEEFHC X 0 EHII L7z, ZTOREDIC, KRERIRE BRI %E L TR~
BT L, $ROREARRTEE & 8152 GRR. MlRoWmE) . HRER2WNIE 2 7o, 7oKL, #£E, B,
Fe FRENG CRERR S =B 2 L=,
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1) BRI L A8IERRm Table 3 JNERARRRRZITFIEIZIT 2 BB OWTEEI{E
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1TT 05D L 9 2R ERTGRD BTz (Table 1),

JRERRIPIT L7 L,

N 3E A
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ATE KRRV, ALEOLIBERmEENof, LAL, SLTVEOLIBERAHT=,
BEHHINEHD,

2) BEERRIZ DY —7 = A A7 LN R EIOIRSE

BEERRIE ISR W K —T o AL FERICRE 2
IREFIZRD SR TR A T v REIZET
DR TEIE D _EFHDGRD 7z (Table 2), fRIAD
HIDIN 2o T4y, EEERERRE (REf) BE<IERAL
72 LI X BREROAIREMED B D,

REDE SN HBH
D IS,

N H >

[FIREIZIRERRY 72T RIIER 0 S 78y 7= (Table 3),
AREFBRITHG U 72 N LE IR BESE ORI R &I
*F U CHES YER L= /IR B B, F USSR L TN

Table 2 RS54 F 4 2 7T & 2 BEHEREARE DR EE LS .
o T o R RIS v A B L
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KRB
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4

Air
¥ pressure
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