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ABSTRACT

The low threshold current and high power selectively inner-channeled laser (SIC LD) was
fabricated and estimated by the selective growth using the low-pressure MOCVD (metal organic
chemical vapor deposition) method. The minimumn threshold currents in the CW (continuos waves)
modes of 8.1mA (cavity=250xm) and 129mA (cavity=750 £m) were achieved with a stabilized
fundamental mode We could obtain the maximum output powers with the uncoated facets of
100mW at pulsed width and 50mW at continuos waves condition 1in 250 #m cavity length. SIC LD
is index-guided laser which has new fabrication techniques different from ridge waveguide

structure lasers.

1. )\‘1 =2

BEHd2 o FEFTHE (effective refractive index) #oll €]3
(current blocking layer)& zte WA glol A tiolen w2 <
THARFY SA4E 47 98 28 d39 diddel Hx Aok [1]. HTo
H2a AAE FFa T3 2L FHE Ay Ropd A s L& £ 540 275
Ak [21.

WA v A o)A o]l FFI= VSIS (v-channeled substrate inner stripe) & [3],
SAS (self-aligned structure) [4], BR (buned nidge) 7% [5], HBB (hetero barrier blocking) 7%
[6] ] slod, B A7t Ay gl i’}”fi MOCVD, MBE (molecular beam epitaxy) % ¢
o] 1 1 34t HY A 2o N2 7] BolstA stded, 1 A A2E Fefe] M-V,
I-VIS 9= &2 Alze] 7H5aiAl Hdch

[

aneh tio] WyAR 2
B v REdAel 53
204 Holq ZAE

_E

].

pAVIN Y

o2l
koo o of

=X,

e J388S OFIC (opto-electronic integrated circuits) &2he} ol & 719 el -4
el qH l2g TE7] 8 o)gd AT 7] A" ABEEe J19 Ao 349 FAdA vz
9%, 52 Y T BT AL At HoFd 2de A FE FAdsts S "I Ae
olth. wtetA w©d i2}§’4°l Al LD #opellE 1 A g9 ZhgAel AyH 1 o dwbyeoz
FAA vEAA2E Si0; £ SuNaF 2 AbRa s, Aol a7y wEA LD Az A4 ol @
FAAZ FEQ HEA Fo v FFE Higstdop A} oY BEEL A Zo FAXM

e

(disordering) 222 H & (averaging) 42 ¥ov)d S10, AT Fi= SuNg 2499 58 o] &

g A S E=E 09 Fibd o8 wAEg [8] =3 AAHF AdedMd @ (trap) T, H27)

(carrien)® 39 & £ 183 ol s P4 522 LD FHo] <A (9] wetA LD Az
o

o A% B Eaz e Hd 4Fe o F%E Hagse T2 % A4 P wEA o
ok
D sl gosag e

2) LG o] :=d¥(F)

-61-



Joumal of the Research Inshitute of Industnal Technology, Vol 19, 2002

BomgelMis Az o3 4 1% @ wobel ¥ul 4 Y EE B DAY T 5 A

Bz o3 g o) &5t MRS F2e SIC LD Az @ristaza got

2. 43 Uy
7\1‘3’ MOCVD el 93 GaAse] A& AL 710 1000 4+
A2 650CANA As/Ga mole B7F 50~-809 25 713

o
[e]
S 9 S QT MOCVD #el of@ Wi 4R AW F& e dpye 24

wobz Pzl WEA LDE A% A9 3¢ 44T F F401Y T NCAILE o1& A4l
oz xj FQ BL WAV 2ou B eRoldi olejd W 4 9 & NY gHow ¥
BARem, 3BAY o3 43 ARE AR LDE Adedn fRTAAFY 4E 7

p—cladding 58 o3 3sto] TA(ndge)s PP T Ay dHox YR dAF 4D F d 3tz
RWSAS (ridge waveguide self-ahgned structure) [10] LD 3% % &3 2 29 cladding $& 1
2 Aoz fAEE vrE) SIC LD 13 p-cladding 23 23 p-cladding &) # A2 GaAs %3}
& (quantum wel)Z S Alele] Fxm HEsliz 540l 9t Hg MOCVD Wl s 750T o4
Si-doped GaAs 7]%& At83ted n-GaAs butter %, Si-doped AlosGaosAs cladding %
compositionally graded n-AlxGaxAs %(x=06—02), undoped GaAs ©Y %A} °% g4 ZE
compositionally graded p-AlyGal-yAs Z(y=02-—06), Zn-doped AlosGaocsAs cladding %, GaAs %7t
2 anti~oxide 2, AlysGaosAs A8 913 & GaAs anti-diffusion & ©AH o2 FAAAAY 1A
Aol Byt 7132 PECVD(plasma enhanced chemical vapor deposition) o2 Aol wpAizm
o1 SpN4Z  300CelAM 200A 23 ¥ BOE(buffered oxide etchant) &£%9Z Supm%9
SisNy/GaAs/AlosGagsAs stnipeE [011] WEoe 2 FAsgdd 23 UF AF AdS9 4L 650C
AA 40A/min 0149 & AF HE Se-doped GaAs WH AF ¢ & A A9

’

2% 1. SIC LD9 @ SEM Ahz

SuNvGaAs/AlosGaosAs stripes AAT F FRUelA &A02 50A GaAs ¥A$E anti-oxide %
el sl 73@%% AAsE WE AH AT Fo A9 AN "ﬁ”gz-" F AT SN 9L
HArgstgot 33 AAE 700C A4 Zn-doped AlosGaosAs 27 cladding %, 7n doped GaAs capping
5 AFstdd °J1}'?-%%‘ﬂ} #4% 2 anti~oxide %9 F7AE TEMl(transmission electron

microscope) &2 FATFF o, 18 144 SIC GRIN (graded~mdex waveguide  separate

confinement hetro- structure) - SCH LD v St 29] SEM A S & = gt A3 ps n-F
ohmic &< 918 2472 AuZn/AuE s onl 250 im, 500 m, 750 m A7) (cavity) £2o2 4
gt (cleaving)® A4 Si-submount ol p-up HEo i =¥ (package)dtol Z AT

,62,



AU WA HEs) BolH toles

3. %54 97 2 =

£ =59 LD¥ 9 4& $E9 GRIN-SCHE 713 %}"o% FzE z2rx 9irh ¥A GRIN-SCH
943 29 42 2Ae7) Astel ©Y P $ES) 7 Astel B GRIN-SCH stripe LDE
AZsTr 2 A9 429 A7 T0A2 W FA7] Fo) 1000mel A 190 Alerel 7HE #E &
HAFYE(Jn) @S 4
500.0
GRIN-SCH Stripe LD
swo.o b (Stripe=50um)
[
g Active layer Thickness
¢ 70 A
2300.0 - . 2100 A
]
2 !
]
200.0 | $
100.0 - t "
250 500 750 1060 E

CAVITY LENGTH,L(um)
2% 2 GRIN-SCH stripe LD9] @ 3zt $2%7 @) g J, 54

a9 2= 70A, 10049 9 Fx 2 FYF FZE 2t GRIN-SCH stripe LD #217] %
e me Jy AL HAEth wetA of A#E o] gstel SIC GRIN-SCH LD 4% FAE
70A22 RAAAD. SIC GRIN-SCH LD¢] &4 A2 d4wzd 8 AF (n) & T o] 2
em ¢ W 8ImA9 #E dNUeH, T& (slope eff1c1ency)% 045mW/mAcidtt 23 30lA4
SIC-GRIN-SCH LDg| Fd7] & W3 f& |y £X& & & Itk S5pem E932 Z& e 3
Z 750 m¢l LDoA 129mAS] A AL d&453A -“%Ei AHE @21‘1} olgA w$ 2 Iy ge
£ 3F YR AF A Zo] N Aoy FASHJLEE RAFE Aot TV FHo] 250
mé 750xm LD9 && W37l A9 e AL g2 439 # 5437} BAE Ao HAgdd

£

(29 4). £F &4 A7 e AE Fol FASE SHAME A EA%A ¥5E duignt
209

SIC GRIN-SCH LD
16.0 | cw 'I'pruhold ourrent

o

-
<
=
2
=
B
&
& : 8
& £
-
“ oot
a §
= a
2
<]
g:: 50 - Aclive Layer Thickness:70A
=
=

0.0 — i W S

0 250 800 750 1000

CAVITY LENGTH.L(uwm)
2% 3. SIC GRIN-SCIT LD} 237 % Wgd) o2 [, #3

_63,



Jounal of the Research Institute of Industnal Technology, Vol 19, 2002

SIC GRIN-SCH LD9 %3 =
Aok (29 5). =3 F 29 W
o 29 6¢ 1 S4E vEhy
AEHc). lr =t 10 v e

- - 5
-t S[CGR.}N-SBLD‘ YA

- Laaviey=250un . Lt T Le

. < o . VAN

— =1

il COND LY § e »

o L8, 0 net - P 8.5 o Am 0.080 R
" e 4 8.0 mh Mo .08 e
w 3.8V Vo RS v o 8.0 on
DO 6,63 e

2" 4 337 & 250m3 750um SIC GRIN-SCH LD & &

G AAEaAN Somw 7] 94Q gaw
. 10mWol A S0mW7HRI Sl 3 & Wgtel t@ sy wWshe

SIC GRIN-SCH 1D . Lasing Spectrua
Leaviey=500un .
Power=30u¥(uncosted ) o
B
: . B .
842.9 852.9n0e 857.9

2% 5. SIC GRIN-SCH LDe| %% A~#®EdY

SIC GRIN-SCH LD
Leavisy=500ua Power=50n¥(unconted)
40u¥(uncoated) !

0w¥{uncoated) | l

" 20a¥{ urcoated )
- :
AF‘ i

! lhi(unco_a_t‘?)-‘ .
H g s

2% 6. SIC GRIN-SCH LD® % 23] uwg ¢

-64

E}\
5



MA4Y REAY BEA HolA chelox

qm

ol B3 Wzl £4g FI/ANLFE AL d&wA FEHAFY Fopsi2E LD Wi Y 2xv)
‘4538ted FRE (longitudinal mode)7t & ©f %) B3] Rz o5 d Adetx AT

1e ~ e Liwit &t
(P\llud)“l(Xh' .‘.SIC GRXNS(}{LD

Lccvlty—250.u, .
(mcm‘uﬁ R

¥ 7. SIC GRIN-SCH LDe| % &9 E4

SIC GRIN-SCH LD9 %44 (temparature sensitivity parameter) Tot 10T ~70C ¥l
145T9 548 Jeldz glen o= FF9 LD ©& o FL2 At & 5 Qo 27 72
SIC GRIN-SCH LD # %% S4& Jeyz gld.

Licid

SIC GRIN-SGH LD .. x’ W(mtd)

(a)

LoaviaysS00sta J .
&1 3 10 . oL
RS Wall(uncosted)
. o10si{uncoated)
’ T
A Y
~48 - - —p b ag

Far Field Pattern

(b) =
SIC GRIN-STH LD ... m‘(mud)
Lctvl\y=wul ,’ \/
0.z 55 NN
-

Far Fleld Pattern

213 8. SIC GRIN-SCH LD FFP &4
(@) AE ol H3yg wako] FWHM(A )
(b) g Wl F=2F Bl FWIIM(IL)

—65-



Joumal of the Research Institute of Industnal Technology, Vol 19, 2002

2psec/step pulsed 2R o2 FA7] E 250umolA 100mW, A2 A&5wa 2A4A 5

I EYHE AL & AUh olwf WAMA (mirror)S HHBEA ¥Uch Hasgt AL AL 3 e
gl qs AdHJTn BZEo aEz 92 FHAFS w2 vESAEL  (differential
quantum efficiency)el ©-& F238A 2799 33 50mW7HA] kink-free ¥%0] 7%

ol SIC GRIN-SCH LDelME ##&E (optical nois)e] 71, W urdke] o]y gjy wWx
(modulation) E4 9] 3l9 22 B33 ILEL ¢li= ez A uala v 38 zo
9} stripe Z¢} F7F 22ln I FHe| W3l 9§ COD (catastrophic optical damage)ol 3Aato =
H=Ho oA o FL Ast 7ld@} [3] Far Field Pattern (FFP)S) FWHM (full width at
the half maximum, 6)2 7 Wl HAF FFoz 100, FF Wl 423 $Fo2 55 & AU},
% 50mW 3 29 A= A FFPE ¥4& 5 A (29 8). ol& %8 SIC GRIN-SCH LD+
TEH UM E gAY 9G¥ JRE (transverse mode) EA L 71AL ¢ & Utk F 28 30mW
4 9] Near Field Pattern (NFP)2 ¢t4® 9 =2 3§ wel Hag Waoe S5um, 8 ol
FAF HgoR 4ume FWHM EA S 104-’.?—911, astigmatism® 71um IEFT (29 9).

29 9. SIC GRIN-SCH LD NFP 54

W2t FFPst NFP @34 SIC GRIN-SCH LD7t 328 fa2d 3 =92 7294¢ ¢ + d
ot SIC GRIN-SCH LDe 4% EA<9 Al (aging test)= #4171 €% 70C, ¥ 23 20mW
(uncoated facets)Z#d o2 3¢t}

UC GNN-SCH LD
we . AGING

OPERATING CURRENT {mA}

° 100 200 300 00 500
AGING TIME thours)

29 10. SIC GRIN-SCII LD9] aging test &4

—~ 66 —



NEAY R BEA ol Tholos

a9 10914 2 AFE 2AEo 5000 7tA T AFY FU e A skt gk ez LD
9} heat smk 2w ALRct A9 (~50T), oj# g 2eA e Ax= SIC GRIN-SCH LD7F A
A Adol MY AR Fox 433 HAL JMAR Join FdaEch

v.3g

e AR o8 HAHE iR AR/ Ad F& ke SIC GRIN-SCH LDE A& H7hstdrh
7] & 250 pm (uncoated facets)?] SIC GRIN-SCH LDelA 8.1mA9Y A A2 Asdn By A
< 50mW—4 AL 3 FHS JdYo) £ Ao wte Ao o 93-S LD AR TAA JHAEE
o dAE dYrE FF L Aol Hold 5L AU o] Ao} o wAE Y Fo WU
O

o
o

2

A

EAS $AANUYE nEA] B FYAF, 128 SIC GRIN-SCH LD A o] 715389,
g FALA A T3 FFL F ¢+ Jegg sl

F 2 Ed
[1] H. Kressel, J. K. Butler, Semicondutor Lasers and Heterojunction LED'S (Academic Press,
London, 1977)

[2] R. Hiroyama, Y. Nomura, K. Furusawa, S. Okamoto, N. Hayashi, M. Shono and M. Sawada,
Electron. Lett. 37, 30 (2001).

[3] H. C. Ko, M. W. Cho, J. H. Chang and M. Yang, Appl. Phys. A68, 467 (1999).

[4] S. Nakatsuka, Y. Ono, T. Kajimura and M.Nakamura, Proc. 15th Conf Solid State Devices
and Materials Tokyo (1983).

[5] H. Fujii, K. Kobayashi, S. Kawata, A. Gomyo, 1. Hino, H. Hotta and T. Suzuki, Electron. Lett.
23, 938 (1987). _

[6] K. Itaya, M. Ishikawa, Y. Watanabe, K. Nitta, G. Hatakoshi And Y. Uematsu, Jpn. J. Appl.
Phys 27, 12414 (1988).

[71 C. Wilmsen, H. Temkin and L. A. Coldren, Vertical-Cavity Surface-Emitting Lasers
(Cambridge University Press, Cambridge, 1999).

{81 D. G Deppe, L. J. Guido, N. Holonyak. Jr,. K. C. Hsieh, R. D. Burnham, R. L. Thornton And
T. L. Paoli, Appl. Phys. Lett. 49, 510 (1986)

[9] L. J. Guido, ]J. S. Major. Jr., J. E. Baker, N. Holonyak. Jr. And R. D Burnham, Appl. Phys.
Lett. 54, 1265 (1989).

[10] S. Yamashita, A. Ohishi, T. Kajimura, M. Inoue And Y Fukui, leee J. Quantum Electron.,
QE-25, 1483 (1989).

~67-



