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Laser Diode Electro-optics Characteristics Improvement by Graded Index
Refractive Index Profile Broadened Waveguide

Seyed Peyman Abbasi, Hamed Varzkari, Mohammad Hossein Mahdieh

Physics Faculty Iranian University Science and Technology, Narmak, Tehran, Iran

Abstract- Thickness and refractive index of waveguide layer determine the electro-optic characteristics in semiconductor lasers.
In this research the stepped refractive index profile was replaced by suitable broadened graded refractive index in waveguide
layer. The results show such design can significantly improve the vertical divergence and threshold current for laser operating
in constant efficiency. In order to preventing of slop efficiency decreasing in broadened waveguide, we proposed the optimum
dopant in n-section of waveguide without extra effective free carrier loss.

Keywords: Diode Laser, Graded refractive Index, Stepped refractive Index, Waveguide.
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Cap layer: p-GaAs 100nm
p-cladding layer: p-AlosGaosAs  1000nm
p-waveguide: p-Alo.4Gao.sAs 500nm
Active layer QW: Alo.o7Gao.gsAs  10nm
n-waveguide: n-Alo.sGao.sAs 500nm
n-cladding layer: n-AlosGaosAs  1000nm
Substrate: GaAs
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STEP GRINSCH

structure Structure
Parameter Strucl Struc2 Struc3 Struc4 Struch Struc6 Struc?
WG Thickness 1 1 2 2.3 2.5 2.7 3
WG Al-Content 0.4 0.3-0.5 (linear)
Threshold Current (mA) 569 390 439 486 499 508 523
Confinement Factor (%) 1.6 2.38 2.04 181 1.77 1.74 1.69
Operation Current (mA
fog 2000mW (mA) 2385 2015 2205 2305 2365 2430 2525
Divergence (FWHM) Deg. 41.5° 48.9 42.4 39.7 38.6 37.6 36.3
Efficiency (%) in 2000mwW 49 60 53 51 49 48 46
Series Resistance(mW) 23.8 23.4 23.9 23.6 234 23.3 23.0
Slope Efficiency(W/A) 1.09 1.23 1.04 1.02 0.95 0.91 0.86

AY

2ib g yiws BBWWW.OPSLIE colu jo a8 cul jLael slls b,90 50 alie oyl


http://www.opsi.ir/
http://www.opsi.ir/
http://opsi.ir/article-1-1583-en.html

[ Downloaded from opsi.ir on 2025-12-17 ]

\WAS e VoY

el a8l ol 15 005l pores el a3l g8 LB
2 s 46l5) yeo lawe uls &l s sasms las YU
Al Gl ooy Dl b ksle g0 0 (05 jme

sl 0 o0ls Llis 35 003l )b >

3000 -
1 05 .
§ 2500 E
= 04 é
E 2000 g
Z 03 E
£ 15004 z
— o)
g_ 1000 <3
1 5
5004 0.1 E
-9

0 0.0

f T T T T
500 1000 1500 2000 2500 3000

Operation Current (mA)

b rezge JUSlo b (g5ke a5 (Sly 58Ul wlatein :F JSo
(5, 308 s Lskas)

S Az —F

Venm o, L Aloo7Gag.93As wlﬁf ol?:- Bl Qg.l 49

Ot e b Blo s 55 5l eglb A A o5 S sl
sligs L GRINSCH 5L a5 s ools i 5 o ding

i sl 16417 b jio ) it coligo 5 s See VIO
slaly Ll 4 Cos 0 Slos (5 e G g
Aliw] Cudgame s az g5 b lev oo 55 opl 5o el Jslate

3,9l Cawds 1, YEO . MW 55 AlGaAS sole o 56

&l

[1]R. Deihl, High Power Diode Lasers, Fundamentals, Technology,
Applications, 1th ed, Springer-Verlag Press, 2001.

[2] A. Malag, E. Dabrowska, M. Teodorczyk, G. Sobczak, A.
Kozlowska and J. Kalbarczyk, “Asymmetric Heterostructure with
Reduced Distance from Active Region to Heatsink for 810-nm
Range High-Power Laser Diodes”, IEEE Journal of Quantum
Electronics, VVol. 48, No.4, pp. 465-471, 2012.

[3] B. Mroziewicz, M. Bugajski and W. Nakwaski, Physics of
Semiconductor Lasers, North Holland Publication 1991.

[4] A. Pietrzak, P. Crump, “Combination of Low-Index Quantum
Barrier and Super Large Optical Cavity Designs for Ultranarrow
Vertical Far-Fields from High-Power Broad-Area Laser”, IEEE
Journal of Selected Topics in Quantum Electronics, Vol. 17, NO. 6,
2011.

[5] S. R. Chinn, P. S. Zory, A. R. Reissnger, “A Model for GRIN-
SCH-SQW Diode Lasers”, IEEE Journal of Quantum Electronics.
Vol. 21 NO. 2, 1988.

[6] S. Adachi, Handbook on Physical Properties of Semiconductors,
Kluwer Academic Publishers, Vol. 2, 2004.

[7] Synopsys, Inc., Optical Solutions Group, [RSoft LaserMOD
v2013.12 User Guide], optics.synopsys.com, 2013.

[8] Z. wang, T. Li, G. Yang, Y. Song, “High Power High efficiency
continuous-wave 808nm laser diode arrays”, optics and laser
technology Vol.97 pp.297-301, 2017.

Olnl Sig398 (5,9l 9 (owaige il IS aedd 9 Sigied 9 Sul il 48T (e loz 9 S

qQw
20+ p - Cladd p-WG n-WG n - Cladd
15
£
2
=
810
o
=
=3
o
-
54
0 T T T T 1
0 1 2 3 4 5

Distance (um)
0920 y5d laas¥ jo Sibgs (e bbby (oo )BT Dl ¥ SO
(Gl 003 pdy Cilygo 30,8 Lo g o Cilyge gi L)

-y

rzee G, by il jlSle il Al mls
g Sibgd o SESle LY Jgax po (A oled LSl
el o Ayl slaly xS Lo
3 2dbgs ghls (o, pzge b lsle 4 bgy e bl Y oo
slaly jrge JLlo g Ciligs o (N e b LSl Lk

STEP GRINSCH
Parameter Strucl | Struc5 | Struc8
WG Dopant Type Donor
WG Dopant 0-le+17
WG Thickness 1 2.5 2.5
WG Al-Content 0.4 0.3-0.5 (Linear)

Threshold Current (mA) 569 499 507
Confinement Factor (%) 1.6 1.77 1.77

Operation Current (mA)

for 2000mW 2385 2365 2325
Divergence (FWHM) 41.5° 38.6° 38.6°
Efficiency (2W) 49% 49% 51%
Series Resistance(mg) 23.8 234 20.9
Slope Efficiency(W/A) 1.09 0.95 1.04
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