Jes T
2R
R AU K MO R B 5
B4 BFEES
it
ol BT S A T
Fe SHUT: Yoot BRaE

2002. 11. 1



LR LW RFETZEE L ENRX

i =

S K RO SR E . AR BT TYE. AW T AR,

BReiE . SeB. GITE. BRENEROCEEEEESMBESEREERRN

RIS . ﬁﬂﬁﬁﬁﬁlﬁ%ﬂfﬂfﬂﬁ%ﬂﬁﬂﬂﬁﬁf\ﬁy‘ﬁ%&ﬁﬁXﬁﬂ%f@%ﬂ’]ﬁiﬂ&
KMEs, B2 —KAMNEE KR SRR, ARA LR TIH DVD &
G KOk S8 8 L AEFE AR A B . B R, FENMEIRIR B F A,

2 3T MR8 FIAKY bR UE T 5 B A 4 B U O A AR HLER B IE A AT RT AT

P ORI EIZ T 950—990nm K1 650 —780nm BIANB KEOREH . FEXMAARTHM
R AT

L.
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1T 950—990nm XK ¥ FAECE. [BEMTHFEBSEKT A A 951 M
988nm, M ZEIF 37nm. EFHFKFEMEEFREBASHA 10 B 36 F, &4
MABRFRERE 173, BEX LRAERERXRBAHHRMSE: ABFEN 5.6/cn, 5
B YEK 980nm Wk Y. RESME A BT AIEH 2. 4 BOLThE,

BEFARANANTEE, RitNHEI&TEAFERUmNFEKELSEH. BdT
T, B4R TAEZE 950nm. 990nm F1 950+990nm = MRE. =1
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BREMBOLBER MEINAHITE.
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BERIEME SR ITEHRR—B 1. 650—780nm I K [F i 85T 2814 10 5
EBRHN 112mA, WMHIhEETX 100mW, B E K4S R A 699nm 1 794nm, 48
£ 96nm. FITIRGEREMASE, EHIHAEAN 4 E.

HE T —E2AIERINMARSE, 240 3B AER . ZBERSKHEM
FHHE . MAREN LRABOCBRNEEMBREESRKREHRT T U E

—




B B P 18 2 B K ¥ R BUOLSS HIBT 5T

e M —EXFHEOEEUELENERENERY, FHITTHIZHNTE
k5.

KEE: WEK. LSEEOEE. NAEBTH. AlGalnP/GaInP. 980nm. 780nm.
650nm. BB AL, BFIE B |

I



JbR Tk RZF TEE EF ML X

M

ABSTRACT

Dual-Wavelength and multi-wavelength laser diodes have wide and special applications in the

area of spectroscopy, nonlinear optics, physics of atom and molecule, imaging of biology molecule,
medical research, optical communication, optical compute, high precision measurement and data
reading and writing. The novel dual-wavelength laser diodes have two different active layers,
which can be different composition compound or different materials. The two active layers are
cascaded by tunnel junction during the epitaxy growth. So compared with the pick up head lasers
in modern DVD system, the novel dual-wavelength laser diodes are cheap and easy to fabricate.

In this paper, Novel 950nm, 990nm and 650nm, 780nm dual-wavelength laser diodes are

proposed and fabricated, the results show the feasibility and validity of the novel dual-wavelength
laser diodes. The main work and achievement are as following:

1.

In order to confirm the mechanism of the novel dual-wavelength laser diodes,
which cascade by tunnel junction, the structure of 950,990nm dual wavelength
laser diode is proposed after theoretical calculation. The devices can emit at
wavelength 951nm and 988nm, The parallel and vertical far field angles are 10 and
36 degree. The internal efficiency is as high as 1.73, which is double that of single
wavelength. The parameter of internal loss is 5.6/cm, almost the same as the single
wavelength laser diode. The output power of dual wavelength laser is high as 2.4W
at 2A.

Due to the different applications, mono-chip integrated four terminal laser diodes are
proposed and fabricated which permits the operation of the lasers electrically
independent as 950nm laser, 990nm laser and 950+990nm lasers. The optical
characteristics of the above integrated lasers almost the same as normal lasers. There are
potential applications for the one-step epitaxy integrated dual-wavelength laser diodes.

The P-I curve of integrated dual-wavelength and single wavelength laser diodes are
measured at different temperature. The results show, with the temperature increase, the
threshold density of dual-wavelength devices increase more quickly than that of single
wavelength lasers. The characteristic temperatures are 97K and 117K for a dual-
wavelength and single wavelength operation of integrated devices. By the way of
measuring the emitting wavelength at different inject current duty ratio which from
0.2% to CW, The two laser’s relative temperature increment are 14.5°C and 24.5°C,

- respectively. The higher temperature is due to that laser far from the heat sink.

The quantum well and threshold current density are theoretically calculated for AlGaAs
780nm laser diode. And devices are fabricated which emits at wavelength of 789nm.
Lots of efforts are paid for the research of AlGalnP material and device structure.
AlGalnP quantum well lasers are fabricated and emit at wavelength of about 680nm.
The output power is as high as 100mW. The characteristic temperature 1s between 111-
270K for different cavity length devices.

Firstly AlGaAs and AlGalnP laser diode are cascaded by tunnel junction during epitaxy
growth. Novel dual-wavelength 650-780nm laser diodes are fabricated for the
application as DVD pickup head. SEM shows the device structure is the same as
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designed. For a dual-wavelength operation, The threshold current is 112mA, output
power (s 100mW, and the wavelength is 699nm and 794nm. The parallel and vertical
Far field angle is 7.8 “and 32.4° respectively.

6. Hall effect measurement system was set up. The system can measure resistivity carrier
concentration, mobility and hall parameter for high and low resistance materials at
different temperature and current. A new reliability system for semiconductor laser
diode is proposed.

Key words: Dual-Wavelength, Semiconductor Lasers, strained gquantum well,
AlGalnP/GalnP

650nm, 780nm, 980nm, monochip integrated, Cascaded Lasers by Tunnel Junction.
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LR T HAAFERRENBY - TIRFNHEER, CROTHARKR
M. RES. eSS, BANEAMSSEEREA. HikRABEEREE
NS EEHNASE, RAERSEORRTREATTEOHERE Y. WHRLH
AFH S RN B, AFIXEEE B BAER A W ERERE. F2
EEOEB BT ARUN. WAL BENESERES BEE. LBETHBET RN
EWAAA, RAHEALSEESERBNEREARNEEERHNS, HF 980m HKM
X EAWLBEES. BR. BOLET. oL TR MM NAEFEZ: 780m
1 650nm WK RFIMMET L SEBEBNEENATREFMHE, £HHEA
. WORENF. BEIFETF.,

11 REHABRNERS A

IMWE -1 v 5 1 0) 472 3]

EFE 20 40 60 SE40H0, MARERBE T RAF PEMEHE DB R RN
M, 1962 4, GE A7 Hall JWF T EMME TH Gads p-n SRS HAHTF RS,
MIETFE T B AR E— AN EBIE: RREHEANDRLSE. HRBOLERN
— M EHNBARTRENMERREEHRR, BHEH 5x10-1x10°A/cr’, EMLHAE
FERBRABAHRET L. XFHEeRELRNAEHERAEE,

4T BB EROLR MR, E 1968-1970 EHINM], 3 JURSERZ IR
#1T AlGaAs/GaAs B R REHOLEY . FE TR RRELMKE 8. 6x10°%A/cn’s X
WEFLSAREEREATENRRINE.: BRFASFNBEHE. BRREECE
227 DR A B RS IR At a0 3 240 i AN F IR 4EIZE GaAs p-n & P B2, MM
ERREE ], LRREEEREET - ERE,

£ 1970 4F, EEK Panish il Hayashi A ST T XA B 45 MO8 00 R BUH
MI{E R T, 7E 300K FHES T 2. 3x10%A/cm®™ . X FEHE IR AR T
HER. LEEABCLBHEATENE=TEENE: WRAGENNBOLRE. WAMK
G Y BRI AR W R (Y p-GaAs ERTE R BRI n-Al Ga,_ As B p-Al Ga,_As B2 A,
MRESGHENHLEFNNBRFREACEER A, FHTFTRBCSEMHES,
Rl B R R AT R ER AR ST LU KA BEAEERR A, AR
T BREEHRAETF I, '

R 5 4 S A MOE 2800 IR 20 1 S ABOLSEE MK AT T T BTRIERM. B
EMBSMNEEKEANEGE, BHEEHRRORL, RASELEHEERREREARE

16, ZR. EEMBTHERGEN, FaREs, TERKEHRYIAT 850nm [7
MER, HATA 417nm 2 1600nm K EE KBRS E SR EREERS, HHM
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AlGads BEHIEES InGaAs. InGaAsP. AlGaInP. GalnP. InGaN . ZnSe &% Fiifkl
K F. ,

CEBFRFNE” B “HERET SHAYERSHEESRIFURS FRINE
(MBE) . & B HLAI1L2 S A 52 IR (MOCVD) AL R IEAR (CBE) SR M EM B L K
BARKHILAR RN BTSSR0 M E T L BB M ARER. £ 70 £/
MEARRNAMART R HEE & EEEFHEOLE RS, BEER 1977 F
Dupuis 1 Dapkus A F|F MOCVD J5 B T HEAE BT B FBHEOL S, HBER
MEE K 3x10°A/en’s W/E, W T. Tsang™ X BFBHECCHET T REMBIFTIIE.
Bt 52 L A 3o 007 7 A e 4 BR U BT AR H S BB ik 5 (GRIN-SCH) 544, {F 28 TR
FEER A FBIREEREIR D dem!, WEFRFER 95% 1125um MM J, BT
160A/cm?, MTTIERR T B FHFEOGBRIIMEH . SiREFELSHBEEEAT EN4
REME.: BETHEOGSBHE. ATFEFRTHN, BTHEOLREB PR FRE
FIEEEHEFaNZE EREE TN S, REEESHUEHR TR, B/
FIEN R AL IR TH . HitSEMEBoLEMEt, BETHEOLERFT
RABIEBR. ERAMOUSNBETHE, EERLEEE. EFNREHFENE
R B R

ERFELFEHEBNE FHBOLBHH RN, AMMREIRGREHT
BERRR), DL b i it D R B GE A AR AL A . BEEBOLBRNANT R, A
TMBEEEBAEARMBEREENLE. HEXSEERN (01 980nm), MREERF
B RE E, AEN Inla As EAFRRME, HRABEEE S 2 LR MR
H. HFA Inla,_As/Gats RALEH, REEH®IX 3%. hsIHTHER—E5H
WRREL N R TR, U7E&& RN R R EME = R w, X
7 [ B N A — DG AERE b BSMER RN T I 5 BB 4 7 A3
WA, SHMNEEEEATIRREEME A RRAET. ARIKNTETFHHES
InGaAs/GaAs ([ERZEE), InGaAs/InP (ENAEEFKNEE) LK InGaAs/InGaAsP ([k
NAEXRKNE) NERTFH. N SFEHRLE. NHERHFREFEOENL.
1986 4=, Adams F1 Yablonowitch HAMERS L4rii TSR FHECBAFENITE
e WEERRFERE. XERES. BESHERE. HoMRARE. EHHEY
mE. Bit ERHE. BHEMHEKEANRENCSHFNANTEFENERE TR
RIS A LM RBHAA, RBEERRY. HiTH L 4BLeRs RANE
BB,

EEREERTEN (—HBTE, TERT ) BEBNTIFREIERERK.
1994 £ERFRIE T e Sl B T B 4 S A — e A Al — B B 7 1) B PR BR O 38
WHEERT R RGN EERTIERB LS SN ETHELBSEHEEH. &2
T, BYREMTPHRTERETESHMELETLT. B 1-1 AETH. B
TENETARNETEEES BN EE S @ IKRAN AR, TINETFEHN
BT A MONSREERKETHAND .. EHT a8 2IREEE B RO,
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Fig.1-1 Energy distribution of state density and differential gain of quantum well,
quantum line and quantum dot
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Fig.1-2 The lasing wavelength vs. Materials of semiconductor laser diode.
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Fig.1-3 Schematic diagram of wavelength, power, spectrum linewidth of semiconductor
{aser diodes in the main application area.

EREWARN FTENASERAEERE . AFERREATLMEREF.
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EEARABOHENEFTEAR. TRABESERDERE. S omg
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1.2 1nGaAs/AlGaAs M EFHEABNAEARENA=

InGaAs/AlGaAs NTEBFHEABEEFEXER LEEEM, A/ MM
AMBEMEEEEAEN—MEELSERBOLER. B TRAETNRSH, Bokds
BB TH SN EMNES, NREERREELTEEMRK. HRARFES.
EERBEYED. REEETENRENKSFMNEOLSE. MARTHAFNEKT
E7E 0.9-1. lum, A TUCHH GaAs/AlGaAs F1 InGaAsP/InP MBI RSB KE
X, #EZE, @R, EFEFEOAARKE CHEERNNA.

1.2.1 InGaAs N TR FHMARHNEZRSHESH

NTEREK, EREEFHEMMNEMERRETNERTH (SL—QV) SHM.
FRBRNERNEFEMMEBRREFEEAHE, REREEARRK, ERMT
HMUEENERER, WEFPITTRAEMNGR ELEFE MR —RFERET
. AMITUANBFAZN BN DRGERTSEH, REEANTERTE
FHEMHEGSHNFREBR, BEEFFOLOLEREFHZENFIBRBRETN
PR, XEEHFHONESERAR, RKE SR 6 KR ECK KE D
M B R BB R ERE. ERFEEOLSERRE - EEHE.

InGaAs/GaAs REBEMNEHE, THEENMENTRN, EERMTE
wRZ b, C-HH BT A T EMRY, AHELEULESBLENETHOSERFES
BAENFIER, ¥ TE HIEH MK EKITE R TEE b e 1/3 ®in3 1/2.
i FENEHESE G ES IR E P TETAFNEETEIIERRE,
FHAE LR g ERELEMNRFHEMESS LI THAS: BEX
AT R PR N AR AL EE, KBRTRRFORENS T 2R
it EXTTF InGaAs MR FBBOLRRY, AENSBHRER. ABTHES
(B:F 100%), RIEBERMEEAN 458/cn® B A . FHIENTRFISMTR
BT, KRR, FINSEmsgst, BmEsss, AHaEsEdsE,

1983 % M. D. Camras'"E AXFANEM InGaAs-Gads N ERHKIKBT =
LSS0, BRREH TR YOS KA. 1984 4, Laidig I'®
AR HRET MBE 41 7 InGaAs B FHHE R, HMERMEEMKIE
465A/cm?. 1986 &£ A. R. Adams FAMNE R LN T N R FHBOLRE L L0
REME, 2HUEARETHANTR THEOLRAME 912, 7 MBE. MOCVD,
MOMBE J% CBE HFFEMHMH A KR A LW EHI FHE RN InGads/Gads NE &
TGRS, BB MERREEME 45A4/cn® K BEABOLZE, WHIE
AliE WU L, REAHNESHEANEREERHABLSEA TGRS, &4
W Dh BT 350mW, T BFAERIZE 0.8-0.95W/A, HFEBEHE N 50%-90%,
A[ 3K 120~-150mW FIHAHE. RAAEEBTREFH T, (4% 150°C) [ InGaAs
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1.2.2 980nm InGaAs T EFHM BN AT =

980nm InGaAs N B FHEOLRNBETENHREABHICA B KRS (EDFA:
Erbium Doped Fiber Amplifier) BIZiH¥R. EDFA &I JLEE RN 815 B —
MEEMRE, CEHEIHBHEAAEAREEERX. EXAFEFTBERERLTE
Er, ST HAR Er B FW KA 980nm 8Y 1480nm 16 FREHEF, €M T &
MEE 1, KT8 ek 1,8 ‘1,, HLETERES ‘[,, WATRITEEI TR
WMER T, W, EEHEBEEAE 1.52-1.5Tum KT, ZBKEIFMTHELELT
MCIRFER I, W& 1-3 Fiac. H 980nm MIEBELE 1480nm MIEBHFEAF
FEMBARME, W 980nm MBI EBHATRERBRE, BESBENE D
FHAMET 980nm RiF 5 1550nm {5 S KB K ERME B KSR H #ik 3dB
BTHRBEMEAEE. B 980nn }(FHBERBRABEAAMAKRNEEREER
IR, B 1993 FLIkLE 1480nm EHEB R TE ZRNA. 1480nm BT LR
FHEK 1. 55um, RTFRENXARERTETD, OISESHEAGTHHE £,
AN HFERTRERIESMCTWNRBXERNNA

BHACHAMRARSBRTRAREREEBK. KEHE., 2T U RBERES. KR
INE—RIIR A, FEHAY BRI R, EHERN. MATHE®E. CATV, LAN
EABRMANI FEmE e EENNA. ErEREPHIERBRHIGE S RIE
A EBRKSRERBENBHREES, AEREGSHRN. EF-E5E8H AN,
FHETRAeEPRYE P HERFHRE. BESBRAFERFEHIEK. EDFA {F
BENEERATEE, EEETRKEHE. BXEE. §EIIRSITLEENRETE
EHEEMEM. 1986 FLUK, REABRBAERI#HIT EDFA SIS AR, EFEXK
FFUEAHESERR TN . M 1994 Eie, ESNE TR EDFA UK 2E2eit. A
PEE(E B RE A BAISER, HXT 980nm FFHEHNFTREE RN, HEFHARTTEBE.

= LE 980nm InGaAs ¥ FHBNSEM A T EFTEEMNAREZAHREANE
EECHMRANTAAEBE. XM _HREECRBEAEE 6 (DPSL) RFHNE.
NEE . REAMFERKERS, SIRTEEABLRN—HEdaG, SRVEFE
HEREBHES. FIHABE-HRE (D) BHEHEEBRRE (~60%), FHE
AR EITREBRNE 1~5%RET 205 F, FESBEEBOERAERKK
/e 7—J7H DPSL RI#UbH H RA L BABOEENMR, Flw: FER,
EE AT 0.0001-0. 01nm, FTFHELF: DPSL 2398 Q FI AL 7= 4 i) Bk b 148 {8 TH 22 (MW)
tb LD I 6 MERELU L, REBEAIETE/D, TUERBEIMTHEBEREERE. DPSL
ERALMNEENHEEMENLT, £REE. VERNITHE, EEFLPNH
FEAEHEECME. BOLHEIE .. BOCTFEMEOLEBRE A E. 980nm Z£4 /) InGaAs
/ GaAs MZE B THBOCEATUAEN T ZHE B ABCEMEIBGCIE, M Er.
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YAG. Br/Yb: B&E, Er: YLF, Er: Y,5i0,, Er: BaY2F8 %%, W[LIRHAF 1.56~
1. 6um LR 2. 60~2. 90um B MK TG E FROE. 1. 55um BARZEXEER. 2~
sum A KARED, BERTATEOCEIR, E5RBRHEKEREN 5 41K
st %0k B A m P B R, RO RS EOLET BT ZANA.
DPSL RFE4 i BARHEITE, WIRBEREKESRORE, K TER. REM
RERREN, BEREBOVESMMASIMAREZNHE.

& AR 980nm ¥ BABOLBABKEFPAHRERNNA, HZHE
B RBoeRRARRD, %ﬁfh FRBMSEFEENS. BEELIUEH, 980nm
WRMEESEAKS TR, HEAFERED, BREET, HAFARABG D,
BT AR ERE bR, EHitkKThE 980nm 3 FAEPOLBEA TET LI
WHERT], FUECKEKNFANENER. BNES-LEETAFEEEA
Eo ARG, BAESMHIIERE 50W, AR TR MES T NL
e, THRTE, POLUXRSEAERY, ATEXETFA,

1.3 BB EHARNERBN RN

TR B R S A ROR R M KRN 850nn MMM . REHKE
i 750nm JEHE B AR T AT EA RN NAA, 8% TR0 EESARL
s (LR AL FE TR K A 630-790nm TSR ROFTE R4, HETH FHIE L ERABHME
FHE Y. AlGaAs M AlGalInP.

1.3.1 780nm AlGaAs F S{EMABRUA BRI H

HTFNERFIMBET RABOERETEE, N 70 FRAFBANKBHREER
A RAEERNL AR, BTYMHNMBEIAR He-Ne BUY6EE (632.8nm) [
WEE A, MRE 10KV MfdREE, EEE TEMNBETE 1000—2000V K#HE
HFFLBLH TR, EREX, BKY 1-2n0;F6E, —RREILTIE, E
HAMSHARLEBA L AXLSARBOEE~EE R N. 710 ERARBANEXHF
GaAlAs/GaAs # BT HIHBHEIH 780nm )24 B ABOEIE 2, i FHAR .
BEER., FOKADERERAERBEAFIRREZRT He-Ne BOLBRHIENAR
FLEI LR

HTREAGENEREER, SHEREEENEFARBARICENRE
AN, MHTFREFHARERIEL TRESNENEK, BAOBOLSEHEIS KK
BMARBHAREFETENTEDZE. B E Al Ga, As MEKEBEKE&RTEN
620nm-870nm, {HILRR LEEFE Al S8 x KM, MEl -7 EHERRNE &
SRV EL Ry, AR FRERFDNEERERRLEA. RERES x £ 0.37 £
LR, BERNEHEWRES () S/ EEHRESY (X) %2!:3%%2 2 =

Tﬂ




R —EEEESEEREMERT, B AL 84 x N, X&ARFEHEM,
FET S+ E Cahs MEAREEN, HERRTAEFREHRGATS, H&ER
R, WO R EN. 1L Al A4 K18, AlGads R GaAs )
WK REEMNE A, FRAMAMM, FR AL SRERT AlGads £ BN,

JUHER T80nm BOCRTEEEENIENRREOHAFE, NHEEE
FERERY, hE~BE 0¥ T LHFERFHHJNBHENE. Kunihko
ISSHIKI S AMBETHA KT BEABINEHEELT HELE (2un)
GaAs/AlGaAs B8, HEERAH THHDESE 134n¥, BEHRRMTN
17.5mA", T RSB NE 780nm OB AN HIM P, TEHTHEM
HEEANF DVD B . 1999 FFAME T —FFHE M MBC (melt-back-grown) -
NAM(non-absorbing mirror) FEI £ #) 780nm Bt 2%, H M EI &8 4 : £ 4F GaAs
HEITKpBIEEN n HARHMEYE, BERR VM. AREKRAEH,
BEEER SIN R, X214k EBRETEMATRKERNAEK: BREMAL
ERABFEE. EERERMERERERXKES THOLREN COD KF, 5
EEE AL, REHEEWBOLRNBR RN hREARBLRE =/, ‘

EHal, 780 WEMBAERNARE ZHEHTH. 5nW BT 780nm Bt
EBBRH XM BESH B4, SNAT C(D-ROM. CD-player. CD-game Z£Fdh M.
St FThEEAE 10mW ™ IW P& ThEE SR 51, 30mW 8 780nm WL BB FAEERF
B RS, tmCD-R, BRI/ # (Rewritable MiniDisc); &iF HIA AT DVD
AU 28 e sk Hip — /NI R 780nm BOESR. W L LB ThEEOLE, *
ERTEX2®RT. MDA ZARENT AEEL.

1.3.2 650nm GalnP/AlGalnP H£BEMNBHERIINE

1983 EH BBk THER AlGalnP 4 &7 MR F L RO B, 1984
EHE TR FEETVER ALGaInP BLS R, 1985 4E 0 A< NECBY, SONYDR A0
Toshibal 10 T AR LB T BIRELE TR AT WOR 8L . AlGalnP B BN
BERREST AlGaAs #Ov%%, BER AlGalnP HENBRAFEMNFRE, B85
RIAEESEERTFWMENEKR, AlGalnP HMNBBHERFREMSBER T H
WRAEN. A AlGalnP RHIENNRHEBNABRHEERNEREE S 2—
4kA/em® | BEEFHIIEFER 860 kA/em®, MM T —MEKBEKHGBECTE. BHHE
TR EEEP T infay 42 5 b i) BRI B 7 R0 48 % R I % 22 LU R (R A T IR B Lo

HERENEE RN RESE TN AlGalnP KiFHMH. HTEMEKX
THEEE, JFRABMA AlGalnP RAEIZSHANBEHELH AlGalnP/AlGaAs FRHI
B, BT AlGaAs MM BERIE, MTREE T BB AHMMAEDS, AlGalnP BEEE
MA-EESHABFTERE(T). BENSTEEER®ELBANBRTER, R
AARAEUBERENRAFRIRL, MARBNSTEEERERDKIE
BHES. WRAL AlGalnP Wit KRR BB HE A 80— 140K 2 @, &
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SR B R R GRS 202K, £, FREEY ACalnP BUERNRE
TEEIFE—E, 5 InGasP LML THEHMFTEEY., #¥E 20
—80°C M BE—MSERE, EREEN AR HEREY. AT RRELERE,
AMIBIAEZ B FHL 4 MB), REMBFHTHRE, BRERERR, BRT
G L U BE h 8404/ cn® B Ty 9 167K B g 88 1),

AlGalnP B FBFMERMHME—SRET HELREE, HERKHREE
FHME. BENEBHNRESEUNLETFHAZETHRENERE. B
14 EHNNABRI ENEZXAEERY. $HANREEN n HERMEE
9 ALGaInP/GalnP ML B FHE LR, XRFEMNUNERHIE, RE
M RAFAT 650nm BMALBKFTREGE THETARE. 1999 EFAXRZELTHM
Naohiro Shimada™" AR TN TEFHAMEEBESRHRENXERE (L
B 1-5, 1-6). WEBIHRAIUBWY, EEASEZANTERTERE, EARH
%A dnm MO EFHOBGEWAB/AREENR. BNCAEHEITE 100°C Wil
IR AL 40m¥ 9 655nm WOEAS, HEBOLBEZR T HETE T0ok.

el v

— pr3ahs
- — O-GEg g4y, 4gF
..... Al 7Gas alo 51 Ma.asP
—— N-GEanks
* "x: — Saturable Absorking Layear

— " SMIOW Aciive Layer
= n-{Ao 7585 a)o 51 INp.467

T r-Gafs Substrate

—— Cathode

______ e =0T

- [ L i K.
S k=045
femEme :‘:D

(A, Gy ) 51 00 caP

————— Satable Absorbing Layer
e S MCAY (Awalls)
. __Gulding Layer

e — Spachng Layear

B 1—4 AlGalnP/GalnP NEE B THEH.
Fig.1-4 I structure of AlGalnP/GalnP Strained quantum well

650 BB AREFEREIFHAMEL, 5o DL TAMEI RO
TERTEARTFE. FBEHEN. BEHFE. AREHERERAK L, W
DVD-ROM &, DVD-Video RIRZFH: 30mW AWM FIHEH BB TTEENERE
#, 40 DVD-R 8k DVD-RW; WIDIER 100mW L_EAIMOLSEN A THOLITE/EE., &
REBENESBIT L.
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e ' 00 ——emid 0.00
zZ 3 4 5§ O 0123456783
Wail Numbsr n Well wiith {nm)
A 15 HEERERRERERKENE B 1-6 BrESMERNTE. REl
S (COD) /KFHXR. HF R NESRARR
Fig.1-5 Well number dependence for threshold Fig.1-6 Well width dependence for threshold current
current density Jth, and COD power density Jth, strain A a=a and optical confinement

factor I at the same lasing wavelength(650nm).

1.4 SGEKRFNG ISt AR A

MTARFEKHEOCEYMREEINRMAEERARN, 2HEKECENETE, £
W EOERE - MHERINEOOLE, TTREEAREKKEDE RELEE. FE
M., ETo0THHE., £Y0FRE. EFWMER. XER. XitE. sRENLEE
N EERAEBE TNAFEZER,

5 1973 EE RSEI Nd: YAG AN KBOLRELUCE, ZHKBULRCHE T2,
RS, EEMEE. LRESSMHER, HY, BHFENAZHEKEFEROLS

AR B P FHREERHIAER AMERABANAHITRNLZERBOHELZ—.

F} DFB SO MEHE R RS BOLRH SN B RKEARETIRGHRIE. i
EHERERBEUVENCEBRANLINAEFS KEGAETHMNERNAE S, FEZEEK
BOLRERES+ 45 ANEE. BEEREASFBEOCHENRB IR EGNREBME XMTXE
BLEESRTENZSHEKBOERIMER LS K BRI EHPFR .

WFE KR EEEZ FRENH. mEZH Nd:YAG BE{EEEFARIE, BidiEH
REM{F—SHEOLERMBRMNEERME (1064nm, 532nm) , BAETLURERERL
MER, XEAARRBEEKMENEEFZHITET. ANEZE L, —EKRECE Xt
VI AR, HETRBEWHEAR: 1079nm /1341nm S KIELEEC2%, KR
AT T ROk LS. B, REHMAARBRHECFREE —EORE
AR R EAIEREE, —MEANFERT], EHNEKAELEEHH BB AERITN
g EER,
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ST K 4 I B S T DA T ST EN A BN 5 . 1992 FAEARIE T
t1 0. 8um, 0. 85um T 0. 92um B 3858 i b 4T AE K i 7 iR ARE — N £ 1993
SRS T AlGaAs N AlGalnP Mot asEMZE— N8 A L#I& T 830nm F 680nm HIXX
?ﬁ&ﬁ%%%[mo

Lucent LRI EE RN & & =N P SMEKBEOLK B R KBRS, SREH
FEARIBEEE N 2% (trace gases detector); FF 9638 R 0 & 3 K B0k 231
e W AT .

SE KRN S —REENH R LRIES R4, B 6 7 DVD-VCD & & HLA CD-R,
CD-RW Ff FH B 00 3k 40 0 B i K BO6 B8 ot Sk A XU K i e B8 0t 3k . UK K BOL A8
¥ 3k BE it B AN M R Ok S H (Bl—> 780nm BOLSEAH TR E A KR
(CD—R), — 650nm ¥OELSEM A F DVD HIFEAER) EXHARLZZEE—T
FEL, BREHEHFEAOCBSHMENEHAARTE, BEHEREFRE.
BN ARBAMR, AREELRR, BRARGSHESH, REHERE:
TEEB LR EAREERBRE, #HAEMET, HEBRARBESE, HEFEEEIM
PRI .

H T 2000 4E7F InterOpto 2000 LBR T 2 MEKKIEFABUCER T —
PRI FE fh . BN 784nm (9 SARBOE, ATRAXTRY 12 &3 CD-R IR
B AFNEEL; A< A 654nm 892 SRR S AT XA DVD B ZHE EEEL . SONY 2 &) 48T 2001
EHEW T AR D K Bk 2R Y,

1.5 BREREAIGHE <L 35 1RER AR 1

S K H RN BOER LB AR R A R, BEFEFIMEIENRE. WRE
AL BERE—NEH LH& B KRB R#0O6E, AOURRCD o iR 3
B. RELORT. REXSHABNRE, B0 KKEREENBIRE.

1999 FERMEIL M HIT A RRERBRM BT, MEIRELTE N+ RHH
NENFERKEZERNBA, RNBUHHENEKMBERBOCFEN R L L
EHARYE, BIF BRI 4510 R A R [ A4 6 RO B0 28 M0 KOG E & WA A bR iE
SGIESMEAERKTREPERER, HRFTHAMNKORESRE.

EERFN T RE: WAFXH 950nm. 990nm YLK 1 B 28 # 4T FF ¥Rt I
B MARHR, ARBELELABAURE L THRREMESEHWERBIZR, A
LB FHEIHE - MERERBERNEKEREEEE. EFS PR AlGalnP
ME R & 650nm BT AlGaAs #BHEI& 780nm BUOLSEKIGS T, M
FRRABRAEETEZ, BREBRLHEHEKAN 650nn. 780nm ] XK K & i 4
BX B L 2R

2001 &£ 12 HEEHETE—/ 650nm. 780nm B F E W E KEOLIE, Hl&
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KM ERMBNERNPEMES 8, LEATAENKEEERR, HE
MR RN ARR. RIEREKEOLRE AR EEK 780nn AlGads =
FHHE LR, RIEE T Si0, RESIE N E¥ 011 HRE b 300un FIRBIFE
(v, M EAN A K 650nm AlGalnP/CalnP B FHHEGRE. £KFER, K
# S0, ERELEMH. RESNHBZFMERHLTLICEE. BEHIIH
[ HE 51 7] 43 51 TAE B X KOG 48

5 ERg ML, RITBHAORBERBRRB KBS XN E R EEK
ks %, BABOEREARESIR, RERMEMEAARERT LRERIE
251 H&M%ﬁmﬂ&%ﬁﬁﬁmﬂﬁﬁﬂﬁﬁ% {E 6 77 [6) % BRI B
B, BHOLBMZEE A5 REKBOEHRIEN, RMBARTULA—ERFR
4. M LT HIRE L E HRIOE EOEKBOER NS SEHRANBE XTI
MRS .

1.6 KieXHYFEETIE

BB A EREHNF RS EREXBEF RS EMRAILZ a8 1L
REZEMNRBRER, AR XRET —MHFHHEAERRENEKEFFEHOCEH
EA, e mmPphNES EXERHIT THESV, FARIIMEIE T KA 950,
990nm I B KBERBELSIARLE. BREERANIRE LIE T FRiE I
B BOEIER BT

EE=ZFEPRY T H &8 8RR KA 5 A T 1E 528 BBt 85 28
B, ST TLEERE, FE&HT 950nm, 990nm B F 950 —990nm XN

J&Hﬁlfﬁﬁ’]ﬁﬁﬁﬁﬁ'ﬁ%&# EENEDFAARANINT T HEBEERZERN K
FRABOLSE L. THEHEREASHT.
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18 48 B 980nm B BB MR LYK, BATE &% B RUE InGaAs BT In #
B4y BT R B B A 990nm F1 950nm BYEOEEE . X —EEBE/AN TN EA K
W, FATUBBMERBENSM4. FAWT LU T B 7 8E I 7] 5 Ak A
EEXZAMNESUR ETEASETEEAFRUTRERMFE. &R
£ T G e BRI R BRI DU K A AABUOEER

2. 1 BRIE RN BKBOERM TAERE

ZEKR, EFOERTFRE SRV EERE B ORRIER B BB &K
ﬁiﬁ'ﬁﬁ&%ﬁ{ﬁ X ¥, ENFZERERSERABBERES IO ERKY
& 2-1 HHTRERMEERNSIERBOCSEETE, () AR PHREWE. (b)
jﬂl’ﬂfﬁﬁhﬁt‘% . PREBRBCRNERRENBBREARNBRTERS M RERA
HITENESREETE EANTHNETELRABESEFE W, BXKERT
RFHRE, RFENET-FERA#THERBNES KU T. KEEERLE
T, HE o AMEHERKETR ERELEELR, BEABOCSBEANS T/
FEFGERE n MFHERP=E 0 AT, NTTETFHREHER n fF. BLERSFH
MREET, EFVNBELSRMHHEE RN TERR THEOLEEX n

I a

(2)
B 2-1 FHLEMOLREETE () R PH, b) TERE

()

Fig. 2-1 Schematic diagram of energy band of double active region laser diode with tunnel

junction

EXHBERAEEBRDFEROERNE R EE LB SN ERECN,
RTHESBERRBEZANAHREENARIES. DRBEBLERSEZRERX
BB ETFHEXNEER D (ABIL/LEFK), FTEREXAAGHERSE
T —PNRENKES . Ma Kk EE TSN RS LA RIS RORH
K, XHER A REBARETEX B RT GEEA 10°A B BARITEL.
RKEERE Rl BME 6t A A E P, Bl & EZEr vt ol DUEBOE <% i
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REROCSR RO R AR . BOEASE, T HRREOGIR0 BT E S
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WEALLRR A
S =_J.[lex;{ai’“+a"’) (2—2)
m r'a,

Heb J, BB EE, PAEART, 1, ARNBTRE, o, NEHRE oA
%E%ﬁ

f*%%ﬁfﬁ%ﬁﬂﬂm%ﬁ%ﬁﬁ% EXAEGEREBERE (FWHMD. EREKRIIES
SRR —MNEEMME IR, AL R AR U FE R R TS
Eﬁ&ﬂ%ﬂ%ﬁm,Eiﬁ%ﬁ%&%%ﬁﬂﬁﬁﬁ&¢mm%ﬁﬁkﬁﬁ = A=
R EMTEERRS, LEEAEBRBETEFHEKAR EWEEMRD, WRELH
K fE RF A SR K, -ﬁﬁ%ﬁﬁﬁk%%ﬁzﬁ XFEFR T, ¢%%R¢
KRTSHERAS+HAHE, FRRARTE. Elt, BEEBRATENAELAREERETS

A B LR EBAER K TFIT TSRO EEA.

REE S AEOLEENE R, BOURKZ G B LLEIXES M Fourier 22
B (Eh 18 5.

1(0) = cusz(q Eﬂ E (x) exp(fkn,xsin(ﬁ))d){ (2—3)
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Y REBABHNERRRT, THEZEETEN TR ORI D, 8T
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% 950nm. 990nm P& 4% B XN K E Ot 2% B

M

RIEE 2— 1 ITHEBRTHEHNESEN, BRIMAMIETRERER

4y a M 0.3 E] 0. 45 FRZ M E RS S BRI .
B KECRFERARKKSE AlGads MRIR THE BRI
Migimat, HERAMMENKESGH. A

X

Spor i, AEEAGHFTNERIEE

B A, S TRESHEHSNETFBR T, AEEH

900nm, IXEBRHE P KBILBRFHEK

SRENGEIGHEER. MESEHEST M 0.35 BEF 0.45 &, MHNAEEE
A Loum . £ 2—2 BRUANKSHEEHWMARSBHEST FTHHESRIR RGP

2 2-2 45 H T 950nm
E B 3 BY 3 3 N G

D E IS TE RBIEEE Y
XPIEEZEASE KT 1. 8um B ARIEAS
eF

P

F. BERKFEENEECHERMA. ARPATLUES, BEERATEIEM,
RERREERE, RHUETFHEX, BEpREAHLER. FESRESER
mATHNERHEREZRE.
R2—1 PRAERBCERUE RSN
Table 2-1 Waveguide structure of single active layer laser diode
P Al,Ga, As [.5pm
i Al Ga, As x: a-0.05 0.1um
1 (GaAs 17nm
i In Ga,  As 7nm
i GaAs 17am
i Al Ga, ,As x:0.05-a 0.1um
N Al Ga,_As " 1.5um
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Table 2-2 Parameters of lasers at different Al composition in cladding layer.
BREZ AL H 9 x | BRITFE | BHIEF (% M EBAEE (Am® | EFHAHA
0.3 3. 381 1. 94 131.5 30
0. 35 3. 363 2. 15 120. 7 34
0.4 3. 348 2. 32 114. 1 36
0.42 3. 341 2. 42 110. 5 38
0. 45 3. 335 2. 46 109. 3 4()
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Fig.2-2 Waveguide calculation of 950nm laser diode with different cladding
Materials. Figure on left is near field. and figure on right is far field
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Table 2-3 Device structure of 950nm, 990nm dual-wavelength laser diode

CFE R W (pm) SRR |
e GaAs - 0.5 1E20em? |
S GaAs iE SE19¢m
F Al Ga,As x005-045 0l IEISem”®
E Al Gay gAs 1.1 1E18cm”
. AlGa, As  x045-005 0.1

CaAs | 7nm

In, , Geg 4 AS S
. - CaAs 1 7rm = )
i AlGa.As  x005045 0.1
N Aly 50t 3, AS 13 1E1Sem”

i Al Ga, A3 x:0.45-0.05 0.1
i Ouas | Trirn
i [Ny G2, S tnm
e GaAs 17am
0 TAlLGa, As  xi0.05045 €1
N Al,.1G0g 1513 1.4 1518cr |
N AlGe,.As  x045C05 0O IE182m” |
W GaAs 0.2 1E18em”
l A GaAs subs:rate( 100) 2degree o7
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Fig.4-4 Threshold Current vs. temperature of dual-wavelength (LD1+LD2} and single
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(a) Cavity length is 730 um (b) cavity length is 1015 um
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