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Comparison of the Numerical Methods for the Optimum
Antireflection Coatings of Laser Diode Facets
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ABSTRACT

We calculate the optimum refractive index and thickness for a single layer antireflection coating
as a function of active layer thickness of a laser diode using three different simplified numerical
methods, The difference of the results using three methods comes from that of the effective re-
fractive index of a laser used in three methods. We compare three simplified methods to an exact
method to check the validity of the simplified methods, We conclude that the simplified method,
choosing the effective index of a laser diode as a function of incidence angle of each plane wave
composing of a guided mode agree well to an exact method for both TE and TM modes and the
cases of strongly and weakly guiding.
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Fig. 1. Model of an Antireflection coated laser diode

used in the analysis,

n, : refractive index of active layers,

n, : refractive index of cladding,

n, : refractive index of coating layer,

d:active layer thickness,

n, : refractive index of external medium,

h; : coating layer thickness,

Ei :incident wave,

0i(i=0, 1, 2) : incident angle in each layer
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- (.86 umel i, n, =324, d =
4 el xi wbabgol] ek g otel A xeh 4 kel Hvba) hghek A s MO pE e

0.25

pmet n.=1.0, d =0.1815 pm<! u}f & o]
Zs EUNC) IR SI vl

(Table 1> Comparison of TE reflectivity using a rigorous method and the three %imphﬂed methods in the

case of air at the end of the laser diode with parameters n, = 3.6, A == (.86 um for n, =324, d=
0.25 um, and n.== 1,0, d = 0.1815 um.
IF Wriion, = 360 A 086 um
- o :W ”777 ’ ”9 g "l“i‘]éHr 7 l el : N B (8)i 1 *' (7) ‘,,
n, == 3,24 = ().25 um : 0.4147 (40493 () 11‘ J 2638
10, d—0.1815an 0. 4306 0.3910 0.3674 0.1079

(B 2) TM 2891 49 n, =36,

A= 0.86 pm, d=()

2 umo|al,

n. = 3.42.9 n -

3.24 Qh #e] 4 vhol 21

ghoio] whabgol theh 4 sheh el 4l Autsh A/l al shbek Galal Ao e e Azbe] i

(Table 2) Comparison of TM reflectivity using a rigorous method and the three 31mp11fled methods in the

case of air at the end of the a laser diode with parameters n, = 3.6, A = (.86 um, and d = (.2 I
m, for n.-—3.42 and n, == 3.24.
TE N :ng =36, A--086um, d - 0.2 um
- Lo paa dan  te [T
n - 3.42 i 0.2729 0.2726 ; L3612 i 010y
ne == 3.24 i 0.2639 0,262 1 ). 40¢ ‘ 0.0900
zhztell thshe] strongly guidinge! 2 ¢} weakly 042 e
guiding?) 2 ol thake] Al thakol 1 rlubt 4] 6 u \
#h el 7ol alsldul oluf) AR 8§ ulubuebis n
= 3.6, ne =n,(1—A) ek A =0.86 gme] vl Guiding 2] 041
ool wdit S el nat Slslol A
10°05h A—19220) 494 L Asaie), A (Dol Ak “9
o s e 4 JL.:— GE Dot R 20l 4w 038
sio] A bel =ajs) Me] Ziabel vl 9 5L @ zFir Ro] :
R R ST I P IR TIY P I T = W
G=Aa e zlabel Yapel s Aol b 1A 0%

gtk 19 62 TE wize] satelal J1gl 70 TM
el 7o)l ¥ /"" 4=3% NEe "

TE w2l 49 A=3%¢<0 49 A (8)a 4 ) _
(10) ol V1Z3 36 Al dukes g8kt 48 4 a0
Hel Askoh B4F o) Aslel AA ol an W
G % A ATk A=10%91 B 4 (3)o) 2 W _ d®
(10)oll 7124 3= S=x)s) M o] dAwbi: Qe 5% 8 01 015 02 025 03 03 04 045 05 Q5§
Mol Hutel v g A = 3%%) Wb 94 e A% S )
7h el whe o vt a8 6 TE wion e sy gel Eafshl g kgt vh

T™M 1l 45 4 (1000l 7128 & Hsfe do| wrlel m A o olo) o] oH 24 A
Habiz A= 3% A=10%<1 45 25 gokel 4% skl CRE pbARgoll ) 8 4 8keh ex|a) Al 7halel

Sl % claksh 81403 ool dnsglel A & o)A ghe
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PArA B g S8 SRS W

AR W A= 10%9 A=3%1%) E§-9l n, =

3.6, no=n,(1—A)2} A=10.86 pm.
Fig. 6. Comparison of TE reflectivity calculated as a fun-
ction of active layer thickness using 4 rigorous
method and two simplified methods in the case
of air at the end of a laser diode with para-
meters n,=3.6, n.=n,(1—A) and A== 0.86 um

for A =10% and A= 3%.
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Fig. 7. Comparison of TM reflectivity calculated as a fun
ction of active layer thickness using a rigorous
method and two simplified methods in the case
of air at the end of a laser diode with para-
meters n,=3.6, n.=n,(1—A) and A==0.86 gm

for A=10% and A= 3%.
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