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Abstract

Study on the Thermal Characteristic of
High Power Diode Laser Arrays

Wang Ye (condensed matter physics)

Directed by Prof. Wang Lijun

Abstract

With the advancement of science and technology, optoelectronic technology has
been closely linked with the people’s production and livings. Semiconductor laser
technology, which is an integral part of optoelectronic technology, also plays an
important role. Nowadays, semiconductor laser technology has become the
comprehensive, high and new technology with the more rapid development, the more
results, and the wider discipline permeability in the twentieth century. It has been
widely used in optical fiber communication, industrial materials processing, laser
medicine, military and many other fields. In this paper, the structure design, the
manufacture, the thermal characteristics and the packaging-induced strain of 800nm
high power diode laser arrays were studied, taking account for the thermal
characteristics, and some innovative achievements are listed as below:

The first one:the paper showed systematically the basic principles and the
fundamental aspects of diode laser operation, including optical gain, quantum well
structures, lateral confinement, optical waveguides and resonators.

The second one: we designed an 800nm semiconductor laser array structure. In
order to reduce the threshold current, the thermal resistance and the series resistance,
we used strained GaAsggePoia single quantum well, AlgisGagesAs material and
Alg 7Gag 3 As material as the active region, the waveguide layer and the cladding layers,
respectively. By manufacturing large optical cavity, the energy being transported in

the cladding layers was very small, which leaded to small thermal and series
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resistances. The cladding layers could be highly doped to reduce the thermal and
series resistances. To improve the output power of the diode laser arrays, the fill factor
was 50% and the cavity length was Imm. In order to suppress the appearance of
so-called spurious modes, we etched deep grooves and deposited Si0; in the grooves.
These could have a sufficiently high absorption.

The third one: 800nm diode laser arrays were provided after optimizing on the
etching technique and metallization The peak power can reach to 100.9W at 106.5A at
the duty cycle of 20%.

The fourth one: the theoretical principle was that the threshold current and slope
efficiency could be expressed as an approximately empirical and linear function of
temperature. However, the temperature variation of the slope efficiency was an
empirical expression indeed. After the optimization of the threshold current method, a
method for the temperature of the active region, which was called power-threshold
current, was provided, and the deviation was decreased to 4K.

The fifth one: Double-side cooling was induced in the CS packaging diode laser
arrays. The optimized CS packaging diode laser arrays dissipated the waste heat more
efficiently. The thermal resistance of the optimized diode laser arrays was 0.1588K/W
and reduced 0.03K/W compared to the traditional CS packaging diode lasers.

The last one: The strain caused by device packaging was studied in high power
semiconductor laser arrays. In the theory and experiment, we demonstrated that the
electroluminescence microscopy could show the qualitative information for the
packaging-induced strain and defects on the solder layers. After soldering, Due to the
different thermal expansion coefficients of laser bar and Cu heat sink, the
packaging-induced strain was induced to the active region inevitably. Furthermore, in
experiments, we showed that the maximum strain level could be reduced by

increasing the solder interface thickness.

Key words: diode laser arrays; threshold current; chip temperature;

electroluminescence microscopy; the packaging-induced strain
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(1+n,,)" cos™ (nk,d)+ (’,i‘?—ﬁw +n)’ sin’® (nk,d)
n

RBH, ko2, new EFER T AEIEEDCRE A RIS . RGN T, =2
EEREE RN d=ho/(2n). BRI B RGN ITETE 7558

1-n )

E%ﬂz( Qﬁl 2.47
(]'+nej_’f)
PP

nﬁn:% 248
(neﬁ'+n)

Runax 72 07625 A B AR VR IE A IR ST 3R, Ronn AERT RS IOITAREE N Ro/(4n)
Bl T S 2. — By, SRR BT AT R E T R AR A R S R R

(n=Jny VB, MARMATURKBRIBEE. AR 246, 247, 248 LEATVE

B IEAS M B IR SR B S R R BIE A R S, FER IR
FIREHAT I IE B A fefE PSP
EiEREERFRESNHG %, BEEEET LREahg s, s, (K
it 2 R, R RN ho/(4n), RO R AR B A it 2 Z MO0, PR b
TR RN M, RO RS . — R, P EOR AR R K Kl i
% R EIE 2 ALOs Fl Si, ALOs FIFTHT 2 n=1.65, Si Fh4 #H n=3.5 4.
X TELE R (W<700nm) {a. [, M7 RS EEE R TiO(n=2.45)H1 Si0y(n=1.45).
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HEEFEERRENRE. TRASFERETFFESET, HMTFRRE RS
WEN, BFHTAEecEBEATHEN SikREP AL EMET AR
FAWM AR R AR, BtSER THE. A TRERSEFHAE, BEE
B, WoPEAATE, FEMRR. LF. SR THRHTIEES. BT
ElE FilgeE, EFWETERCETRERAE Helag, BateEn
mEREHE N, FETECEEES| AEFHP. R, 8T HEFE R ERE.
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SARE, RIS S OB T EMA, A& S RO P By —
ST EH AT T AW

3. 1800nm KINE LM IE[IE R it

GaAs 25 AEOG AT E M 1060nm £ 630nm X [6) . PAWAE InGaAs
BT HHE A X BB 8 FIBE B R AT 850nm L ERILTAME BE. 7 InGaAs
BT P TEUILTILEY) InGaAsP & THEE N IER /] DUFEUR K
JAEY B R 730nm. GaAsP & T AlGa(In)As & TR AT IE K AT DLEEUT
BAIENE] 715nm. GalnP 8 7 IJHE 25 U5 X AU B AL T 630nm-690nm 1)
gL r WG . AT, NS NEFH T UHBREHEE. A, o
FHEGT KOS 800nm—810nm M3 EAE, NS INE TH BRE T HEX NS
FHPTRIEIEBETEE, E AlGaAs BF M. GaAsP EFH . GalnAsP &+ H il
AllnGaAs 2 FHFA AT LR TSI /EEE K0 800nm—810nm BIELES. MARKR
BT RN, (FETMARREE N, HSEE R, HEs T RRE
A A TR PR FIRE, BT LLNAS B FBHEOL 2% B B Wi B B e AR 2
F B RO R B HER 25 A . 800nm B RS ESEBEOE 2 RS E 1
WETH, WETHHERXMSFERES P& T, FIER MRS A
B THECERE S, (NS THS (A E X S5 hn, M 05 B e PR AN,
FFHBEEBEREELR. h TR RERR, BACHE, E800Rr it mAah g
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IR A RX A GaAsP 7Kk AR B B [ 4544 .
3.1.1 FHEX KL B
X RAR B MO B8 SR i, 21 BB 0 R B B B O # B
TR e BE A . 2B 5] AR R AR {3 3 SRR o B A BE iR
DERRENT. X8, BRINRFEIHKNEZRER. W, 3 0ER K-
fal FEOT IBE ZR R 1K) 6 X6 NV7E Hamiltonian 73 HRXE 1 A0 AE BEPT-S—4F K] 3X3 [
A¥ Hamiltonian %54, 7] LAE 1]
HH IL.H S0
H-8 0 0 |HH
0 H+S 28 |LH 3.1
0 25 H+A|SO

Hr, H=a(g +e,+¢&,)

S= b[%(‘c“l +&,)—&]

A 2N SO 5 HH 4 fll LH 77 HE) Ee—HUEREE . REE H I S 5B
Foafilb, UIENAFRE e, v g3 HXR. H ELT VAT B S5 AL,
PR AR ARS8 . 8 BT PAT F 5 T 5% 77 P i (9 P A R 22 2 (B A
XRRYE, FMOABITI &,

4 AR TR R RS B e TR O AR SR DT T, AR W] L S )

&= native Sub 32

Fort, angtive 7 AR FHRL R SR T0 AR RS 3 g 2 JEE R B At 5 2
HRN AR BEIR A

& =g, ==& 3.3
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&, = g 34

¥ 3.3. 3.4 (8 HFIS fsE N, ATLLEE

H=e@ﬁiii€ 3.5
Cll
S:oﬁ)cuzqug 36

11

BEH HAM S EMERKAL, A JIHHENESERSTREELRE, I
FEEXT AL, BT HH w0 B, SRR A a) DU AL A KA 2.2 TREFE R A
Efg. ek, ARG ar DR,

AE_ =H-S 3.7
AE . =H+5-0 3.3
AE =H+A+0 3.9

26*
o= 3.10
A

w337, 3.8 3.9, 3.10 BUFERA AL R AT T8 1 PR 0 AR B B
Ego HIAIRME, FlB, GaAsP FRIMAR & TR RLETER 55 70 B 5 B i B 58 B2 A -

g, =FEg +AL 3.11

540 GaAsP Ik AR E T W RIS G, KiE— g2 7 REES HEMEE
R TSRS HE . Gads,Pry BB As & B 55 5 380 S i K 2=
B ATE P AT AR FE AR S HL R 3-1.GaAs, Py, (2500 4t (8 =18 512,
AN

L s 6y =B o ¥ L— ) B, =t bx 3.12

T AR ot a2 5, B (RERANME —ooib W EIZ 5. Fit, GaAsyP
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FImig 2. A a. by BERE Cu. Coy B RE Eg SWAHUGAE
mc*, BE TR H M E m* ) 5 e
g a,, =xa,, +(1-x)a,,=54512+0.2021x
TS Gy p = Xag,, + (- X)ag, =—-9.76+1.08x
WA b, =xb,, +(1-x)b,, =-1.5-02x
115Gads P 11Gads 1GaP

HHEER: C =xC . +(1=x)Cp . =14.12-2.24x

BPERR: Cop = %C, 00 +1-%)Cpyp,, =6.253-0.873%

12 GaAds 2Gar

BWRE: E, s =2 s + 1= X)E, o, = 2.74-1.316x
SWHBAE: Mg, » = 5,5 +(1= XM, 5, =0.17-0.103x

*

HRRE: M o = XM, 5y + (A=) 5, = 0.14—0.066

7% 3-1GaAs. GaP FFhR 25

Pl
Hi
e
el

g B B | a b Cn Cin A me* | m*
/A feV | /eV | /10Mdyn  [/10Mdyn | /eV | /me | /mo
Fom'> *om
GaAs |5.6533 |-8.68|-1.7 | 11.88 5.38 0.34 | 0.067 | 0.074
GaP [ 54512 |-9.76 |-1.5 | 14.12 6.253 0.10 | 0.17 |0.14
F Gk E TR N — s B T M,
K dzq)(x)
2m; o +V (x)p(x) = E ¢p(x) 3.13
Ko, z(x)={° =2 NBTHEE, Vo WEBAE, {5
Vi x20,xzd

BT AT, TR 7 SR 0 2w Bk AE AT B ER AR
R BRRE BT REEAT SRR MR A o) E B FHH S B2 K TR LB IA T 4
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o
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1 2ml* (d)
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ME 3-1 1, TLLEH, GaAsP B FHHEOLSEFESHEKSE I ER
AsHIEEHx. YBTHERE —&N, As B, MK ALLBa; X4
As HEB—ESN, ETHREESN, B KEmaessh. ZEIBEHRTE
RET, BHBEEEAEREENASREDR, b TEIOLEE LIEPRET
B0 808nm, A& T EEDLES HiE FESE KA 800nm, HE 3-1
e B E P, BATEE As &8 x086, ETHREE d=140m.

3.1.2 HESEENMEENEAS> FERE

(LT ER R R £

T EAE DA IR B T A A TIRBIER T, BRI
WRELIA THESENEN SR, RS RS RE LN THERZET
M RIAE T R . O T RRBDEEIE, SRS R LUK T8 28T 3. [T,
TEWH T EMEER, ILBEHEEAMNE R ALK, SME T A3 SR A
OAEH, EREESENCE SRR AR E, AE GOt EE
o AU, BT RS, S80S ENEEH s E B, s A,
FRUAVERTHE S EME RN, MEE R g b E ., SR 4.
HTHIEXE FHHESE GaAsP A KL, S BN EERSE IV EH R, 5 GaAs
o JES 5 R A VT B2 FR 2 5 R AT R0 GaAs. AlAs. AlyGajxAs. Ing4eGagsiP .
Ing49GayAlys; <P+ InGaAsP 1 InAlGaAsP. —fIEH T, Ao msmBE, HEE

Fsviete i, A KIEREERESW, o, REEE T a9 SR
=i B SRR

WIHTTH P IE, -2 E A6 2 B 2 2 R )2 e PR il F A =, 1XA]
DL T BB P A i 2R A F . 18] 3-2 F181 3-3 733l B T 5 GaAs # JEAHILACH)
FFEARE EE A AT R TR S RS R LK T HEX 8 7B
FIASH SR, GaAsosePo1s B FHF BT RN 1.542eV, [k, HE 3-2 fink)
ik, HEEALUIERE AlGaAs AR Inga9Gag 1P #1KL,  EEAH M) A] DUESEE
AlGaAs *jf JH%H AlyGag 51.xIng 40P *jf *—Lo Ifﬁ)k[‘ls]l:[:liﬁljﬂﬂg}'ﬁ%{}ﬁﬁ p-InGaP\ n-
InGaP I p-AlGaAs. n-AlGaAs fI{ESZEH#TNE, FEERWE 3-4. E 3-5. M
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(b)3E T3 KT R pe/ s T 48

(o) LN Rt/ e b S E B BEAR B, FAPEAN BB R R B

()i 2 1 Rl gy RO~ sl B 77 ) B A A A

(o) FRAC AL #5156

(OFAL B B T TR 6

(g)H MBIk B 0 /) BB Bk PP

(h)$ hn 2522 v B DAYS SO s IR 1, BT $R = P A R R e 1

(DFREA R 2 2 W) 0 3522 LUBU NS HE s

ANF Al S B AlGaAs MBI 2R NE 3-8, HEIFA DEL, Ttk
p-AlGaAs 042 n-AlGaAs, Al #H5K, TBRE/|. 8 3-7 & AlGaAs M L[]
#PHES Al ZERXRRE, HEPTUEH,. AlAm7E[0.4,06]0, FHAHEK.

RS I T ALGanAs BB 58RI 2R .

b 1.424+1.24x eV’ x<0.45 s
£ 11.940.125x+0.143x% eV x>0.45
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(13)N THI 28 & 2 <5

(14) ¥ 110 &3 HAF B2 B BOGER U BNE TR I
(15) ¥ = &

(16) ff 38 Bt a3 91 [

(A7) 5 R /I

(18) FhIm e #H IR )5

(19) &2 kIR,

(20) 71| [ 5t 255

(21) B AR

3.2.1 MOVPE 4§

PRI SHEOLEE, U1V RS A+, JLHZ GaAs 2Z9F
FEERN. BAMECPEAERKMNESRESERKRENINESR, FH HERE R
EEANBEAE FAERSMEE, Filt, HAHSMER GaAs SPEA RSP EH TIRE
BFE) . BREE AN RS S . RS Ry, &BAVMESA
TIARMOVPE)Y&E E M H TAMEA K, PRI P A EL A REGE B 47 f 42t 240 o F 35T
REEE, LN A TS 00t EHIE.

MOPVE {1 BB Manasevit™"17e F 40 60 4042 H SR EY . 3-16 & —
A#A MOPVE RRVE. AMEA KR, #HERM@LEBERIbL. £K5, B
FURMEN R R RNE, REAE, FRENROHE R, RMEEE
600°C—800°C 2 [E] . APEZA K IFIR EE A5 FIFER R F G R T
PRI, XS HFEIN T T RIIEFCC S RES 8. MOPVE i £ LR
RIERIR. MOPVE RNERWIZEEME DR, BEEFOFEHHESFIER
ERE, HELAZNER, HERE (AR 1,000 em™) FIFME FEK
WEEH TR, RNYRE A E BE S . Ei o, MOPVE AT AEKH EE
FiEBRMFOGEER, BRK, WAEGFNAMEE, FETUESEK.
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MOVPE Mt SR BRI EREE. EMATHRKSE: BALE
EILEKEMNEE, R LS ELBKENER: FiEE iR LiondE
GABREY: FRUMIEERRES: ALUESFRFATETMIINE.
B2 MOVPE h A Hih &, thinE = AMEATSEH, mMeSEEFER. BE
anph, WA Tk R e (B i ATir Rz W B R A1 1F. WE MOVEPE B4R
IV RERESIEEEAFEEEMNTA. Hal, ZE+. =%+, OXE
T IR EATE B, AR ST BT AT RN T 2R TR ERE AR .
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Loadlock
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Rotating
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BE 3-16 NOVPE £ £ EH =
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3.2.2 ¥

B 3-17T BERRAIM I ZHEE. EaENTERARIE R #AT EHEATHE]
B, SRR, B RIRBIE A SRR AMAIRNNGEE. REESMNER DiRE
—EEREEH A D4 F IR P A BE A LB, SeBE A AT E AL
FREEeRET L. BENERTUES, AR E TR EEENELIR
AL, SEE AR AT B e B A L. AR B ATEFIFTLLE 11,
148 15, HAFEERTEANK, MEEE LA -EFEHNEREE,
MREBEEMEMRFELFRENICEER R4 R, EiffE - BRI a8l
FEGH £ 8 3-18 Fiim, MG #ATIOAR, AR SENERS A P
LA B, JeRlR A T B IA ALE A R S RTIOIRE A, JOEE e
Z5 B B AT AR sy SR AT B LB O £, B MA R ET L, FEB A
HIA A, (it RS W E RS R S N I R AT R R bR,
WE 3-19. EEESIEEAMAEREELR L, B8 TRAAE R FED
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(La#fEm. B-REEX, RENEERERS:
(2) SIS RTR AR R0 8], SLRRIREE;

(3) mAERTIEF R R

(d) P S AT e sF . BRI E RS

(B)BREETE b, FLORAIAE A IR E R b
(6) LA EREAIeBRAEENT 0.5ppm;
(7) B FEASRE IR AL S 2 AT iR L S 20k

(8) Al FRew T2 R RS AMmA, wEs-21.

SN IERR T A s PR, Rl 0 SRR A AT E PR R St
WA ESME R E T RE SRS RN, FER GRS TR =4 38 #r =
HIRR G, (E2 METERE, MMEEEERIFER L BE IR
M=E@ETERET, Bk, ARSI KEEREBES AR CBR
iR EMEAMAIEREEEPRITEREEREALESRIER, BTHTETE
AR, REICEIES A =EET ERED, Bk, EEmAE
FEERENERE SR EEEAE. it EFFERABMARTE TR
BRI E AR FRFRITERT, EFRAEAMANE ST FRECHE
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B, #4FaM, mEER ) MEFREHAMANESHN TN, &
S FEEAD, EEEEN. EXAEED, BITEEERDA AZ1518.

YYFYYVYT YV VY Homogeraous illumination
4 Opaque areas substrate

[ | 4~ Photaresist

.
Epitaxial layver
¥

Substrate

E 3-18 Je BB A B h)

B 3-19 ez ERTERE I Je B HmA) L

—

B 3-20 Z(hE S 4224

E 3-21 2RI A

TE 2 7% B B R R TE & oot A e e, Rl g ER AR F 00
SwortE. AR T, RITEALAR T, BEARAEARAAT e
HiRZALY, Flin, oTLUHAT R &M FHATAEG R TE, LI B i T EE,
SWES, THRERTRIEER, G3LEYs, TESZRERSIPL

TR ICTIEE BN BT A R R I SAMERB L. R
BRI, Hte Bl RS ERE. ETHERS. X HEBE. ETRELS.
Hezler, BITEREAR. REEMNRIETIEELIENMRL.
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3.2.3 Zluh

Z) o B AN A 52 2t sl T2 2 2 sl TR B 20 e B SRE S 2
o — MR AS  FAT R R RRBES [ A 22 B I T SMIE Sy B - AME S A 1Y)
ZIhIT i B ROV L IR 5 T2 B R 5. oh, AME R ETE Ea
PIE R ¥ A 5 22 e B RS 3 ThT T PR T TR
3-8 IERE il

bR R PR (C)
GaAs/AlGaAs | INH,OH:1H>0,:15H,0 2540.2
AlGaAs 1Br2:17HBr:280H-,0 254+0.2
AlGaAs/GaAsP | 1THCI: 1H3;PO4: 1HO 25+0.2
S10; 3HF:25NH4F:40H,O 25+0.2

iy, RANEFR R EN 2T ZIn B R mE 3-20) . FTHBE
MORALEE B3R 3-3. GaAs &I EMIRIEHE NHOH:H,0,:H,0=1:1:15, G2
SRS ik #% Bra:HBr:H,0=1:17:280, HH BT Br,:HBr:H,O0 /& i
ZAE 19nm/s £ A . 23 B Bra:HBr:H,O J& it 1 AlGaAs R AHEEIE,
FE IR B MY AR, FTLAZ I Bro:HBriH,O Bl By f5, BT S
PR HCl: H3PO4: H.O MR EIFATIZE . B 3-22 F1E 3-23 45048 HH
Br,:HBr:H,0 J& 7t A1 A Bry:HBr:H,O A1 HCL:HyPO, H,O % Fh 18 b 3 (v 1649
fiHER R . ATES, A HCLH:;POLH,O B#HATE R 2, REAN T
#, FHEAXFEAR T TR Si0., DU Py 622 807 (T & 0 T Wi F sz
G, (BRI AR T, TEdH—Piuk.
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BN RS (MOS 28) e R A AF FBSEE A o
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SO, FF R AN E 2 FREOLREEHNAE. EARITFHRE. b

57



o F BT R TR M b £ 1 R THEE = (A A 2R FIRR I ahier th AR
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(B iy |
| RETEES Gay0s,
IR ESEE. % . y
VD | TER T 10%—10 0.5—% 42 | 1.46
Cabs FTEE 10 oan? » 6!
; 16 14_
W | BEE 110 2 40 i
nEER | TER —5 44

LEMESERTRSR S0 ARENFEAEFETEE FMiLESHE
. ESiERAAER. SR PRITE AN ERTERE S50 AR,
RS R ASEHNEPEEAN TOEERER T) SHEMAR, #IEERER
FinH, EAHIEN L. EENERSHMNSIER. EREFHEZTRLE
HELERMERSSEER *.

FERST Si0p e miB 2 /T, EAEFHLGH, FREKERETRIKA=ZA
ZAR(OS F) . MF{bpe(MO0S ) . N (MOS £8) . Z8 (MOS ), H
FREA SRS T. ZEIL DLW T SmAEE, ST #smAgEE
EYER L S10g, SIOEIREE N 200nm, BT MEHEE Si02fTH LB, 247
EBRFRITE domimin. BR, FETENRA#EEEN &S 510, P @ Gads
FHeFIMAMH, FLEE RS DITFEER T LIE R Lft-off £{E2u#.

FEMEH EEE 510 5, #TRZAZME 50 AREATD, WE

o
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325 SRR

®p M n & BB EMREHE T OIS, it BES
BREGZE¢REERBTHRARNAESRE. B 3-20 BEtEeBEEMNA#A
EEA. e RETERL TEMRHE:

(1) A FEMER I—V thi, #AREHEFRET LS FFEE:

(S EEiieEBEAT R TAHET B,

(3) BELEBEFEIEE b

(4) HEBF IR OF P B 25 P A i T 0 E

(5) A FRE VM EA.

CHAp N nHMeRERSHERNSEXrFHMAENE S ENBREE
. BN 800nm FRTTRF IHREIEERL Gads HHER, Th e TEE
HEBREN Gads, BREEN 2x10%m?, B, TAEEEESTESS
RIS FTHAER T EM. AT o BEEE, BT n-Gai: HENBRRESE
10%m”, EbATHAEREHE, T B&EERTEEL, 44FNE
EEEEEEK, FATATERHEMMEETR, EHik, BIEeEESE7
ErEERERS. #52id8P, B NT| Gats P, Bk—1TEBRE.

LR, eEERAEFEER TIPinn BE&BEBER Aw/CeMi Anl,
p @ T FEREB I su EFTHEMIE, HRITEE. HATHEEN » @ THE
EHFAY o MEE AEREHN 2000m. EEI o @ Av EFETAEELE
TEEESLRIE, NE su BHEE N 3000m.

= (old plafing

- Metallization

_— Insulator

hMesa

Facet

B 3-2b it BRI HERER
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3.2.6 SR

FUERROESE R HERIEE EEMN RRE S HRBOLSSETL 22 —. Kl
MMEBEEEFARAHREAR, FRBECEHERE ML RERT EHR S LT
10MW/em® $ B2, AP BIEECtEmBGRE. [k, 5 7 REEOLSIETDN
PABE(E, A UB T A A i

(1) iz i BliAL

(2) s T 4% v R A A L«

TR A B0 T T

(1) R E,

(2) s T gtk

(3) B e T R

&l 3-26 2 IARE SRR, F7RSEEanrEE™, aTE
[ Ab 3 SR R R AL, (EE R B B EZ RN R b= EiRE&F
D, BT LU 23 7 HE TR AL T PO R IROL o 238008 S RO 7= 2E ) B 28 /R AR S THT
RAAERS B S, REARRH E S/ AR EFEmEE A S, ERLH AR
DX ()25 B 15 BE 2 8y, 28 36 P v I B T B T A SR RO, R R T — A

WHEAEEL é%ﬁ&%ﬁ#Mﬁ R N 2. Wl e B R EAR,
LR gt E EAREE B S, BEASHIR, BB R AR S T AR
(COMD). H T # Gt s B iifn kA, AMIRE TREM k. B, @
e s TR Ak 50 2 9 S ket s TRT £ 1A 5 R O, i ot 7 L S B R S AR B ER
5N B T, R A ST AR R AL RS, mlont s T AT B AL A 2R, moR
FI o458 T B A VR I Ol s 1 b 3 & 0 o5 ol il i 22 o 0 T JE W
T 1 e 388 4 s 7 A PR SR 14 i

AT BB R, FUH R = Fh 7 7 R4 B s 28 i T A B3 4% 1
8. F—, A THE/ERCERIBIEM, FE2M Sio, A mEE, fEERE
s i R N SRR A R IRl X, anl®l 3-27, {ERmMIEE Sio, 1)
TR, HHEFEAN, PR AR R BN, IR T HE AL § =
7O B ARER ST B A, L B S T A R BB . BRI
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BES dum. BZ, RITFATAREE LN, Ed80EIERR, £31E
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| Light absomtion at the facet [¢

e
| Electron - hole pair generation |—— Bond breaking

Facet oxidation

| Monradiative recombination |

| Band gap energy reduction !

= Oxidation loop
Catastrophic optical damage (CODY) — COD loop

3-26 WA A R TR AN REE

facet facet

L carriers of 5102 non-absorption area
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gl 8R I o B AL EEA s P, S HUBGREE, KR AR P
MEtEZE. HFERMENABISHREEEG®EL. T2 ERNEE, At
B S, WFERER, FiBEJLEAERE T, Eib, #E5| &RmA1IE5E
S FIRECHEHTEAREES. HERG., #uEpEs. AR
HHAHRERGE AR S, TERE LRI, BTIA M, X RRE
FFEEBERAKRTZ]. B, JI&EEHRNEFSLBERES, E5Ne2
HESROSHRFEARRNSLZERE R, — & NTHLEENECLES, &4
BE0WREHL.

(2) SRl

O R ERERERGTEES, TSR MERITREKREAR, ThE
B ANFENAE, B TBUNRENA, FEAEREPEN —MEE S FRNE
ELE P R LE 3-5. HPREHNERRAEN M Mes R, SR TSR
kL, REERERE, BEEER, N 156°C, BREEASES, B 3-28 24
PURRERIBOGERE. &R E TSR, ASBERRR SR, TEH
Rk R BV B B 3 BT, 12 EREE A 232°C, EEA THOSSRESE T LIEM
JRHEAREL B 3-29 R M@ HIRELRERMECERE. I THERKNEREERS
B, Fik, EaRE R, RATIERE R S SR AL

F 3-5 I RIEE AR P R

o8 Syl AMW/mK) | BN HERE (%) | LR N/ mm,) | #AHEECC)
InB122 85 14.5 93-108
PbSn40B120 120-150 25-35 95-156
PbB140Sn20 50-100 25-35 95-117
InAg2 20-25 4-6 114-148
InSn48 16-34 43 117
InPb15Ag2 142-149
SnPb29In7.57n0.5 25.2 149
In 71-87 4] 04-2.4 156
Sn70Pb18Inl2 164
PbSn36Ag2 59 25-30 30 178
PbIn50 22 14-18 40-45 178-210
SnPb40 67-70 27 42-51 183
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PhiEndl 30 30 153-235
srEnfIng i 153
Ausndl i 7 T
A gE s 5778 20-30 25-35 221
anCul 5-15 28-32 a7
sl 63 a5 10-1% 231
Bi q Tl
Ausnil 46 1 75 250
PhinsAgd s 44 20-30 25-35 250
snEhE 50-55 40-45 280
PhlnsA g2.5 41 25-34 35-40 307
Fh 3741 17 21-36 3%
SrAus 519

- pecontact sheet
In- or InSn-solder depot

:—//— Laser bar

- ————

A In-solder depot

Heat sink (p-contact)

F 3-28 IR EpTiE et E

n-contact sheet

N Lower melting point solder
:—/— / Laser bar
_————————— L AuSn-solder depot

Sub mount
Lower melting point solder

Heat sink (p-contact)

B 3-20 £33 1R iR E

3.3 /5

AEH R 800nm FFEWE T HITE MR AT BN EIEFE
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l4nm; X T BCMERIEET BB R, HSEREEDBIERE AlgssGagesAs
1 Alg,GagszAs #kl; WREEEN 0.5um, BEEEN lum, RHFEERS
git; MIRE R K HDERHR AR R N RENF, (iR IRERITER 0.05, B
HIERHEN 097, BEHRN lmm: FEFERFFH 50%. HK, 2R
B EHA T KA EE T EREH IR TER S FEH — P iu e ib e
AT Blamdt— B o & SO AR T IR R AR AR REE
FEENIRST SI0, 8% F G T B9 -
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MRV ARG T AN S, BUFECKRIAVE T REMZAL, FIRHE AT DUERO AR
EE R A 2R T T AR SoaaR B0 Hvir PR ol sk e bR . IRTTar i ot ez

fite, Rt NESRS LR, REi bR R AL AT RO A
P MR AT IR AR 7 47, X CS BB AT L, XA rFI5I S CS
B, MR 7RO E R, &5 THCOGHRNAL IR, B THG
AR

4.1 8BEMNRER

%] 4-1 (a) 72 800nm GaAs,sePo.14/Alg3sGag esAs WO LI R 26°CHY, =7
b 20% B B - R - T gk . MRk P IR A 106.5A B, WE(E Th 3k H
100.9W. B{EHEAN 12.3A, FHEEN 1.08W/A. B 4-1 () 2E AR H S|
B CS BHEE, SMEMBOCSEE R . B 4-2 RANKER-EGE R R k. B
4-3 BRANRIFEK LR, HERN 106.5A B, ERERICRIAEIR KEN
57.38%. [ LAEHFAE T 90A Hf, Eﬁﬁ%ﬁxﬁiﬁn/\jﬁ? 57%: M%Eﬁ%j@ﬁ
FRER R L AT R S (B 3-15) . IXA] 882 R A TR IE A - HET,
BT P ESIRAE oy HMEER In 5IEEEEK L HXE, ﬁﬁk%ﬁmﬁﬁ%fﬁ%%ﬁw
R BTG N . B0 S B IR B T LU AL

L, :J—exp(
771 ﬂ() 0

Forfr, Jo AR BE ISR, 0 ANEFRE, B MR AR, T AR
BT, WRBDEREAR, LoVERERK. T LEERRS N SmET xR, #

WL 41
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BER LT, FEATEATESER. ETHANSER PREMESSES
L EFmMamtdfiecrRET L, B, S4.5HMS DAEES SR FRER
eRETL, ZEREFTARFETRR, B, ZREL, AERREREEL
PIES, MEZE. ZRERTHAXATEESMEHEFESE.

El&f, BATREIET —M 123 U8R . HiESTIEERS S0.0A N, &R
HIHE 3h 120W. MRS 124, #BEAEH 31604, WE 4-4(2), B 4-5)
REVERT 123 B1ekFEE K.
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Oip ut power(W)

il ] &0 100
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4.2 LWRHRYEEFES

4.2.1 BAKEEXEERSERNE T 5
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YRM A EERTERAAHE

CCD +H¥4EW B Stokes 5B FE #1 anti-Stokes 28/F . | E 01 E E 17 F Stokes 255 .
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(4) IE fig {03

HHE SRR SR IEMEE Vi 5SAEXRERE T BXR:
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dar e NN, e(l'+ ) e
Hr, Nav Npv Neo Ny Allh8 AR5 AR 2R E . WA, iAW
REFE, MWARRETE, o B E2MEREAREER. SEDEREAR
ST, EFEESEERIER.

T GaN Ef2E FHBOLERE O T, B4 E W B RS FIEXIE
ERARLe A, AR EE, K, @il £ 1E [ B & B2 v] AR 30 &
AR FERE . X T GaAs ZMECGHREACE ZINE, EMELEER
YR DR L AR /N, B IE ] R B R E RIS A, A ERER R,

(5) pEEH

HOLR SRR L RABEBORNEARE, WA EX TS EHEER AL
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AL _di_ A dFg

i - 3 49
AT dT he dT
EF
/_\T=A—;b 4.10
_A dFg
he dT

HEHF ALRBEREER, AT RMHNNGEXEAE.
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