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Thickness Layer Doping
100 nm GaudngsAs P'>1.5<10%cm®
600 nm InP p=2Xx g(r)?gidl(iggygcm*
10 nm InGaAsP (1.am-Q) p=1x 10" cn®
400 nm InP p=X 10" cm®
10 nm INnGaAsP (1.am-Q) p=1x 10" cm®
50 nm InGaAsP (1.m-Q) undoped
10 nm InGaAsP (1.1um-Q) undoped
10 nm InGaAsP (1.am-Q) undoped
10 nm InGaAsP (1.um-Q) undoped
10 nm INnGaAsP (1.am-Q) undoped
10 nm InGaAsP (1.1m-Q) undoped
10 nm INnGaAsP (1.am-Q) undoped
10 nm InGaAsP (1.1m-Q) undoped
50 nm InGaAsP (1.8m-Q) undoped
1000 nm InP n=% 10" cni’®
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Thickness Layer Doping
200 nm Ga0.47In0.53As P+>1.5X1019 cm-3
1200 nm InP p=5x %?fidl‘ifi’&gcm_s
20 nm InP p=X 10" cni®
700 nm | InGaAsP (1.4m-Q) p=1x 10" cm®

10 nm InP p=X10®cni?
20 nm InGaAsP (1.26m-Q) undoped
3nm INgeGay AAS undoped
20 nm InGaAsP (1.26m-Q) undoped
3nm Ing. 6Gay. As undoped
20 nm InGaAsP (1.26m-Q) undoped
3nm Ing Gay AS undoped
20 nm InGaAsP (1.26m-Q) undoped
3nm Ing.§Gay As undoped
20 nm InGaAsP (1.26m-Q) undoped
700 nm InGaAsP (1.am-Q) undoped
1000 nm InP n=%10" cni®
Substrate InPh

(b)

2% 1. Linewidth enhancement factarfactoryl o2 Q/Q (a)
b T/IQ (b) ¥ F +=x. oAlFFolA Lipm-, 1.25
um-, 1.3um-Q 52 7}7} InGaAsP] oluixzlol ai%
3l o] 1.1pum, 1.25um, 1.3umydS ojw|gic),

offseb] FT=(E deep well), $E%2] F771 42 a-
factor} Zoldths dadll 245 Fagivh4S)

ez glo]A the]9 =& p-ohmic & oA, SO, @At
47 4 p-metal 522 A% SIO, oA, p-metal 53, -
713 lapping 2 24, n-metal 52, 23 RTAA 2|3
dxe] £og ] HolA teles FE ot A%t
st} Sio, d99e PECVD Heog AAsi, T«
°F 200 nm W&ttt p-metalt n-metal zHzb TilPYAugt

AUGE/NI/AUE ©|&3ISiTt. b2 glo|#] tlo]e=2] aperture
719} Aole zkzb 100pmet 1 mmE SISt

Il. a-factor &M

a-

rr

glo]# tho] 99| spectral linewidthl %3S F
factofs v o] AojHu).

a= Re(XE):_ﬂTEQn/dND (1)
Im(x;) A Cog/oNT
o7]eA] x,v= MQWS] complex susceptibility, # N& Z}
ZF MQWe] =dE3 MQWe 9J€ AllolE efnlsiH, g
© MQWE] &rol5-8 Yepdth 4] (1) Zhad! Tl <
st thad o] 3

=27 GA1/dI-dA,/di
TUAAL dg/dl

F FFZoAM e mharel WEE veldtl AA(=A%2nL) =
Fabry-Perot®. = 7Holtt. wehA] 4 (2)0] A4k ZEF
A - Zo] AFo] wWatel] thek 2R wg F99] d HIE
Z43ro2A Fele] FTh

a9 2= TIQ TER A ridge § oA Tholoxe
TEAF A-FoA o] Wl g e 99 v
AHslE Rl oo}, whduge 1558.044 it 79591

Lo

th 2RolA Bizo] wlvbgS SR V2717 Bl A
< AL vk B Hollxf o] sbge] Wl YL
= 8he TR 7k e SEES] Wsk, MQWe)
2% 27}, 282 golA F31719] thermal expansiors2
2 oREnh elel o] o7 B a4n= 7 9l

blue B+= red shiftll G35 & Zol A= 259 Fol &
Asbg o] wge] blue B red shifE 7b4E Zlolth.
Iy 2|9} o] wug Ao FUAF F7k w
2 g F7HE + 717y dAY] AETE FEARY F
7tel| w2} red shifelal S ARgt). A BYAFE A
A ARl digt 3 3= carrier clampl €5k
MQWe] =7 5 2% ok FaFo] AleHA 2 Ao]
ot 2E 204 £EHF flelM el wAE 3] red shifie
o|¢} e 2rrITL Al BFE 7] wEelth

i #lo)A] the]lQ=9] o]5 ge Hakki-Paokl 2jste] |
okd olgfe] & (3 7o) xplE 2HEZHA Fabry-Perot
FH¢] Wxzzlo](modulation deptiytE A4}

g:lml—bh.lml 3)

oA7]olA Lk RE 2zt #lolA] thole= FX17] dole} ¥kt
£ WAL, y& 3A7]0) tigk A SHE-A 3
o]z FA|7](peak valleydt 1< Al 3417 (valley intensity)
o] HlEA AfFet wpgoll whzt wistA ok whebs 2] (2)9]



(A=) s golA tole=e] Fepuleolds) afactor— #FL7] « 3

15582 TRQR==

1558.08 - A)./AT, =0.00262 nm/mA
(Blue Shift + Red Shift)

oul
/

1558.00 L : : : :
80 84 88 92 96
Current (mA)
a¥ 2. TIQ +Z& AZHE ridge & #o|A] tloloze] FEIARF
A - Foll AFe] wale] hek 2z19H(1558.044 nm)
FH9] o sl @71 A} ol sgst 7187171 o

o 2~
5 ¢ T Uk

ANVJAL = 0.0058 nm/mA
(only Red Shift)

Wavelength (nm)

100 104 108

il

12

TQ == 1558 nm

Ag/AL=0.29
1557.1 nm e

Ag/AI=029

10} 1555 om \_
Ag/AL=0.29 %/1
=@

= /g/ .
/155 .8 nm %
d Ag/AL =032 A= 15453 nm
6} / 1549nm  AgAL=0.4
AgAL =036

86 88 9

Current (mA)

I8 3. TIQ 722 A #lolA to]o =9 FEHF olefjolA
o] Aol Wsle)] thal s=4 0|52 W3}, Foj7 AFo|
A 0]5-2 Hakki-Paoli}ol] ¢]ale] itz A5 e
vlo|z9} AFe] FA|7] B gl 2sle] Fate] Hl,

net
®

T
h

|

gain__ (cm’)

\

b

PR 4 (OLVE HEAR o, dfel vl o)
3 ol5e] wsls SAskowy e,

¥ 32 T/Q 7&= AZHE ridge B #olAe EEARF
oefol ) AuE el Folzl shgeld el W
sl That 0|59 WEHE ki Hlolth. A s} o157kl A
o AFH WA U L 5 A, W dgidls 7Y 3
o 71471258 ARHIL o] 2L afactor Z47] 9]
@ 2 () Brae] Hrt.

a8 4= 2% 29F 29 3] AHE Faste] Ao o
o] WZ o-factoz T/Q 7= QIQ *+ZAA 73 AL
al

i

Q/Q 1#°] A% oF 42 F8EE & 7 Utk ol v
o-factor 2+ ZHA 3t7) fete] MQW WellA A Zze] =o
£ o-factorl] 9L Fol= Zaho 52 IF-HSF, MQWellx
$EZ3 AHE Alole] bandgap offsel 4%, =

FA7E Fe4E a-factor} ZolAtkE= Stohs 59 bl
71EE T 3%k T/Q, QIQ +&7F dEdE =SS
Avgitt, Ao R InPE 7|HECE Sk= 1.55um to o)A

r

el Zolrk, el T/Q 3] A a-factort oF 20]
]

—_ =

[e)

o & ofy
o,

=

321

o
I
o
o

m TQ X
o QQ=x O

o=factor

3L o lasing

|

2+ - EE
n

1540 1545 1550 155 1560 1565
Wavelength (nm)
I3 4. QIQTZS} T/IQ 1-22] ol thel linewidth enhancemen

factor@-factor)] W3l Q/Q +x9 T/IQ +x¢ a-facta
= FEAFNA 22 a~49) a~22 S EH U

o ZolA toler TERE QIQ XA oF 49 a-factor
ez v, GaAE 71te g sk 9 thed 1 pm ©)
ate] golAl thole= xE oF 2¢] o-factor wH ZH=t).
T/IQ +%2] o-factor 7] 2= AMIL InPE 7RI R dh=
1.55 pm tiollMe GaAs 7|ute] +2AH ¥ a-factor

WE 7 g omEt)

IV. a-factor &} far-filed

23 59 (apt (b 24 QIQ 7=8 T/IQ =& =
A ZolA] to] Q=29] far-fields FUH 72| Halo) uwkz}
A Aol 2@oA pump parametét r (= Wy, |1 F
JAF, Iy FEAF)S FE AR/ g FHAF] vE
vehd Zeolth 28 62 23 i vehd far-fielde] FWHM
o] Z715k= A& pump parametél re] WH3lol) thate] A
gk Zlolt}, Hde FEEAA a~R] Hgol a~4&1 FH5-RT}
far-field®] FWHME °F 64% 8= HA #AFAW, T 2
B o] F7kshaA farfield] =7 HolAl= Aol 354
° 2 Jehdt}. Farfield] FHWM ZHe7) WojAle 2 F
galEo)do] F7ketr] wiiEelvh. G. Agrawal ZF2] thH 4
glo]A the]l @ =olx o] Al efatd Wl Helld o] 7} a-
factor Alelell L3 Ao Je-g At vk Uwt
oz qa-factor} 491 #olA thole oM aperture=7]7}
10pm o}’de] =9 Wlo] Heplgoldo] dojdth, e} G.
Agrawal 7152 THd a-factort 0.4 ©|3}7F =W aperture=
717} 250pumel A-ol= HgE W EAL fAaL Akl
At webs FU3 aperture(10gm)s 71 £ F2e]
ez glojx] tlelex=9] farfiledlr] FWHMe] 2jo]7t 1}
© A& a-factor Fto] TFE7] wiitol] Fepuldo]do] ot
= A%t v27) gEes AWE 4 ok
depilgo]do] dohvbs A& Aoz W e
Marciante 5ol ¢|3ted Ryg v 9kl Marciante 52
pump parametét re] Z7toll gk filament spacing 3}
E o~} a~421 730 wwdh} Qo (F =R e 29




322 g=EEEA] A 139 Al 45, 20027 8Y

10
(a) r=20 (P~1.4 W, 1~10.0 A)
F=96(P~0.7W, I ~48 A)
-o~40 r=24(P~01W,I~12A)

- Temperature ~ 20 ‘C
- Pulse operation
=171,

r=12(P~0.01 W,1~0.6 A)
r=1(P~00W,I~05A)

Intensity (a.u.)
73

0
-40 -20 0 20 40
Angle (Degrees)

(b) r=10(P~ 14 W, I~ 10 A)
r=6(P~09W,1~6A)
r=48(P~07 W, 1~48A)
r=15(0P~0.1W,I~15A)
r=12(P~0.04 W, 1~ L5 A)
r=10(P~0.0W,i~L0A)

Far field of BAL (KIST93041)
-a~2.0

- Temperature ~20°C
- Pulse operation
-r=1/1,

A

-40 20 0 20 40
Angle (Degrees)
2% 5. Pump parameter r(sHl @ FUHF, n TYHHAF)
st td o Folq thel el farfield W3}
@ QQT=, (b) TQTx. F Tx EF ro] Z71%
o uje} dehdelold} farfielde] FWHMe| Z71s8k,
QIQ TE(a~4pIM F7H5e] B ARE & 5 Sl

g
n
T

Intensity (a.u.)

1). &§710llA] filament spacing ™4 #lo]A] thole=e] &
7 (near-fieldy] Uelt o]zl AlS Y (modulated near-
field)ell Al Fol=Z (A=)t Fol=(HAS) Abele] AZE on g
ok Faew 7l e 2" 19 A#7t GaAst InGaAs |
o[#] thole oA Holxl Az} siHete - A Fag
ABE olopr|Elal Qlul. AA|, pump parametel ro] F7+gH
of wz} filament spacingl Zebxliths Zlolt}. o] 7<)
a7 59 6l o] STl whet deplidolde] st
v 4 2T o, ] SR ot 233748e] filament
spacing] #fobA|ar, ufehA] g e)de] Frhsita. A&
£ e F ok e =22 gehulgelde] Fvte u far-
field®] FWHMe] F7tsle 212 94| filament spacing-=
FEE ook 3t} F, o] F71gol wel filament spacing)
A4 AebA AL, ek A FWHMel F7ketr] wizel,
filament spacing- ™2 apertureqtel] EA3le 22 sub-
apertur@& YEsllok sthk= AEo] Yot} Filament spacing
o] re] F7tol| wel FolX W (S sub-apertud =717} Fot
2 AHEE1E o] 2] ot 3 Zhwee A HoAAl
3w far-fielde] FWHMS HolxAl €, olef 22 4
2 Ui gojA tele=rt Y[ FUtl wek oy

25
Broad area laser
2 length: 1 mm
| width: 100 um
QQstructure (0.~4) o
//
=
st j/

:I/‘
ol i // ./- T/Q structure (¢ ~2)
-

t
n
/
|
/

FWHM of far field ( Degrees)

Nl

0 I3 L L
0 10 15 20

wn

Pump parameter r =11

I8 6. Pump parameter Hslol )3k tidz golA tholex=
9| far-field2] FWHM %3},

Ne] sub-aperturd YHAA Huls ouiE Foh A4,
filament spacing- o~ 7% ®Ht} a~481 729 © Fo}
A= Aot} o]+ o-factor} #2E Hehlgo)do] &
Al doldth= Ag Ao R SHshe & shie] Azt
H3 28 6l Vveld a-factor] Foll gk FWHMe] EA4

2 A

2 g},

A

vd B

Linewidth enhancement factorfactor) 3tel ©& F &7
o] o FxE 1.55um MQW th#z oA tho]|er=s A
2+t ATt Hakki-Paoli Mol ¢Js) 578% o-factor %k
INGaAsP/INGaAsE. 4% MQW +2(Q/Q +&)e] A% 4
%3, InGaAs/InGaAsE. TAE MQW TX(TIQ +%)9
7Aool 22 SAEATE. A o)A tho]e=9] far-field
£4 A3, a-factor ol AdHgle]l AFe] Srtel whet det
dlgo] A3} far-field?] FWHMe] S718k= d4do] 1oy a-
factor zo] 491 FxHET}F X1 Fx|A, Feldigo| o] A
WERFY. FWHMe] A7) == RS #Eeiqith.

HAle| =

& e Aeled SRR ATANRL) AR R4
€(DUT) Aol ofste] A A=Az

mp
AT

k]

[1] W. P. Latham, W. T. Cooley, G. J. Vansuch, and T. C. Salvi,

“High-Power Semiconductor Lasers: Applications and
Progress,” inAdvanced High-Power LaserSPIE, Osaka,
Japan , 1999, pp. 34-44.

[2] J. R. Marciante and G. P. Agrawal, “Nonlinear mecha-

nisms of filamentation in broad-area semiconductor lasers,”

IEEE J. Quantum Electronvol. 32, no. 4, pp. 590-596,
1996.



(A7=E) ez golA tholexe] Belmuo|A a-factor— 7] - 5 FF 9| 323

[3] Z. Dai, R. Michalzik, P. Unger, and K. J. Ebeling, “Numerical “Epitaxial structure dependence of the linewidth enhance-
simulation of broad-area high-power semiconductor laser ment factor in GaAs and inGaAs quantum well lasers,”
amplifiers,” IEEE J. Quantum. Electronvol. 33, no. 12, Proc. SPIE vol. 2994, pp. 542-551, 1997.
pp. 2240-2254, 1997. [6] B. W. Hakki and T. L. Paoli, “Gain spectra in GaAs double

[4] B. Zhao, T. R. Chen, S. Wu, Y. H. Zhuang, Y. Yamada, and heterostructure injection lasers,”Appl. Phys vol. 46, no.
A. Yariv, “Direct measurement of linewidth enhancement 3, pp. 1296-1306, 1975.
factors in quantum well lasers of different quantum well [7] J. R. Marciante and G. P. Agrawal, "Spatio-temporal char-
barrier heights,Appl. Phys. Lettvol. 62, no. 14, pp. 1591- acteristics of filamentation in broad-area semiconductor
1593, 1993. lasers: experimental result$EEE Photon. Technol. Lett.

[5] J. Stohs, DJ. Gallant, D. J. Bossert, and S. R. J. Brueck, vol. 10, no. 1, pp. 54-56, 1998.

Filamentation and a-factor of broad area laser diodes
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1.55pum multi-quantum well (MQW) broad area laser diodes with different linewidth enhancement fadamto() of 2 and 4
were fabricated. The far-fields of the laser diodes were measured. It was observed that the full width at half maximum (FWHM)
of the far-fields and the filamentations were reduced in the laser diodes for which the valueaofatter was small. As
injection current increased, the FWHM of the far-field also increased regardlessuefattter. This phenomenon was explained
by reduction of filament spacing as injection current increased.
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