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Abstract

In the present work, we have developed the simulator to optimize the process conditions of the
AR(antireflection) and HR(high-reflection) coatings for the high power laser diode. The simulator can
run on the PC. After making the simple optical model, we establish the Maxwell equations for the
model by the operator conversion. By using the Mathematica, we derive a matrix for the multilayer
system by applying the equations to the model and optimize the AR and HR coating process
conditions by obtaining the reflection rate from the matrix. We also prove the validity of the
simulator by comparing the simulation with the characteristics of the laser diode which is AR and
HR coated according to the optimized conditions.

Key Words (ER80]) : (#lo| M ctol2 =), Reflectance (BHAIE), Transmittance (5§ 2H€), Quantum
Effu:tency (UA 2 8B)

1.4 B code scanning, laser printer, =1 Nd:YAG #&

laser 2 #F4H FE7]8 optical pump source %

dh e & Jaser diode (LD) = 24 % A3oly & Ao 1 YEAQAD deojg. & LD & v
Bgo o F7] WEo FE4A, FHE Mg U 7] fl& e 71egel wyHaL, 1ol mebM
DAL 5 FE o]l 8T 8 AT P} @ol A} channelled substrate planar (CSP), constricted
£E= 5% Aoy, w3l 1 8 FHo] ue double  heterostructure (CDH), buried V-
Hog ZFelxar 9Ju) olA WHEA] laser 7| channelled substrate inner stripe (B-VSIS), 718
o 2AE AA F A o] wFogxm 9] I huried twin-ridge substratc (BTRS) laser #
o AAE FEA] PR F8 59 Fo7t &7 e %9 LD So] Awsddt” LD 7t uEe
Holl we} g3 Ze] Fxn HHFEIAE 3 laser stE] A BAYE 5 RS mirror oA AR
o] ko] ZHol wFRw A, ERNE FTAH g1z ol oall facet Hol T IiH 3+ reliability ¢l
P2l BE3A disk driver, compact disk player, #sloltt, o)eigt A& s Ay Hal iz laser

1

CD-ROM, video disk player %ol 2:¢]& LD ] 3% mirror W& anti-reflection (AR) coating
SFHEE 1&E ek o) R &A wAlol 3 1 2 Z mirror W& high-retlection (HR)
FHa Aok RN nE e B ol g coating & 3hiz el wg Fasich ol®A 3
FA7 RS EERnEA FAZNFE 9 F % o 2M facet AN FHeol FFE wWAS] 49

o

2
& wwolUeh recciver oA HES geel wE WA AHAA facet Mol AN AL HE
=9 4 Jow Aolvk £ & WEH laser Foan” Ei LD B 7|EHor $FEv
£ ug FotdlM= @l ARgH iz, bar positive feedback T#%F 7} A %oz LD
facet Hel WkALE G EZAFoZAM LD ¢ &8 W
Qg AAAE TS AL AyHY (TW) LD FE7], external cavity
A4zt 19964 249 20d LD, LD =4 o] &gk mode locking,
AR 19969 5 6¢Y superluminescence LD, FA®B A Fo] AL&H =

498



A7l 42 A58 4 Vol. 9, No. 5, June 19%.

laser head (optical switched laser head) (3 2o

werdow B 5 AT delnw PE = poll
laser diode oA facet Mol HHAlE S ZHY
g B4 242 37 9% simuation & B4 k<H = —ewE
oty mHAq B AFME 1E¥ LD £ 99 S (3
HR, AR coating €% = &g kob =0
simulation o di&l 73 E-H=0
> Modeling A7NM g, ey ZHzE vl 29 permeability ¢

permittivity ©] v,
Al (3) o B EE,

ZHE n, A1 Q F38E ALGar JAs (2
AE np 7t 845 LD ¢ miror Woll Z &8t B=" < E 4)
45% adsta (19 1. ¢
@ n=\e,, c=FF U = @8] vector
wafer 5 thl/n flflzr‘n air ol o 2= 9t} _
s TE moded disld O, @ AAEANAY A%
o RN Y AAEAT A (@) AREEE Dol AARNA:
war w1 Lk { 5 (5), (6) ©] Tk
//l\\ Er /; Ei ~ Eo Er + Eq = E + E, (5)
- ) : /Ik a
AArE | R | n |k nTET - nTE T = n1E1 - nlE'; (6)
gl {1 4]
e wyior @ AAWM FHube) o
- ) laarE medshd A (7)), (3 o I FLL
23 1. Wafer-thin film-air 7+3%¢9 7|5 & w1
Fig. 1. Schematic diagram of the wafer - thin Ee + Ee = Ey (7)
film-air structure. nlElelkl — nlEle'k‘[ = nykEy (8)

A7 BAE A wEold o] mirror o T gy Fystd, 77t

2 QA}shi 7+ &9l e isotropic, nonconducting vl
Aola} shm YArES Huwet AR o, A, 2

I

AAMANA (la)~(le) 2 578 wave vector7h §1o (1 ) ( 1 ) _ (1 1 (E) )
) nr —ny Ny, N E :
_E—,;: 7E,[€‘(k roed (la ikl — ikl E |
' el ikt = t (10)
— > ik w ) e E A
E =i E e " (1b) 1
E= (Ee™ " (o) u (£ T) ti(!&)
‘ ’ Er |’ T
E’_{: Z.E,l —Hk - rtwd ad) El ’ E 1
U
- - Wk r—mb 7 T
E(,: 2 Ege (1¢)
e (‘1;] 53} ©] ul % t”"‘éil% e r—wt) 0“’.,‘?_,
gurisel e ‘o A (9), (10) & ol &ak™ 4 o] olol
(2a), (2b) 9} & operator MBS & & vt |
3 (1) + ( 1 )r:M( )t an
F =—iw (2a) ny —nr 1y
N - .
v =ik (2h) o M= cos k! s sink,/
—insink;l cosk/

o] operator ¥ &% £33 Maxwell WA HE 2

499



N7j9] dielectric film & coating ¥tz
W, #e wygoea A (12) 7F Ao

() + (g =i )= ()
nr —nr ny A

A7NAM, M= MMM,--Myet 31
M:(A B) = %9}5

CcD

It 7z (13), (14) 9 ge] @
_ AnT+BnTnO—C*DnO
- AnT+BnTnU+C+DnO (13)

_ 2ny
- AnT+BnTn0+C+Dn0 (14)

7]l A wkALE (Reflectance) ¥ %3tg
(Transmittance) & 7t2b R=Irf?, T:“%m2

delsng zzo 248 A ez 2o 4
2 299 WALE R & AN £

w

AR, HR coating Ol external quantum
efficiency, threshold current density ol o]

e HE

LD 9] front facet o149 external quantum
efficiency 7 coas 9 threshold current density
Zkzb A (15), (16) 9} o] &2,

1

Dext.f = : =
ext, —R (15)
+ 1RV RIR,
L |
oL 1“( R,Rf)
1 1 * Dint
a’+27 ln( RR, )
_ Ith
Jo = LW (161
d 1 A1
2 Ut ar( 2 20 iR )
o 7] A L : cavity length, W : stripe width. d :

active layer thickness, 7 internal quantum

efficiency, Jo constant, I’

constant, &
confinement factor, Ju threshold  current
reflectance of the front facet, R, :

g vepo,

density, R :
reflectance of the rear facet &

FHEE°] n, ny ngoony oA, FAZE L b, L,
el

i
i

%9 Laser Diodes 13 AR, HR FAEM, 94

M (¥

? =
=
. ééz@ég%/
=

a3 2. External quantum efficiency 9 ¥HAL&
Re, Rr 79} 4

Fig. 2. Relationship of the external quantum
efficiency and the reflectances, R and

R..
" :
B
bl \\
[~=~Rg=0 11,
20 SR, =01
P
2l : \"\—\t
. :
a8 3. Threshold current & #tAFE Ry Re 3H9l

A
Fig. 3. Relationship of the threshold current and
the reflectances, Ry, R:.

L=300gm, W=4m, d=0.15um, 7in=1, Jo=4500A/
arrgm, B =0.025cm /A, @=15m ', r-02 9 7%
o, ¥% mirror W WHALEQ Ry 9 R, o w
external quantum efficiency, 7o ¢ threshold
current density, Jn & Zhzb Z1g 20 3 o vl
it

2E 2,3 oA Re 7F FHelxlm R, o] #HAW
Dot 7F F7HEP U3 gkel R o digld Ry

[o} =2 . =1 — - -
b AETE pear 7F FFER BE O4FE 7}
grg& ¢ 4 v}l Coating 8H# & bhare mirror
Q

] AL 0] 30% AEAS 7rotslr ), R~ 10%,
U-90% 2 & dF pea 7F 36% oA T0% 22

HH Y5 FHES o & Ar

i

=3

= l)r)ul

Pout = ”ext([_[th)’

T
rlo

(I> Iy) amn



P (1)

TA)
a3 4 Coating 3F# &4 AR - R -~ 038}
coating ¥ 4% % Rr = 0.3, R- - 06 <
A2 R - 01, R - 09 9 A% p., wt
[ o 34
Fig. 4. Relationships of P and [ for the

non -coating(R: -
(R: = 0.3, R,

0.9 cases.

R = 0.3) and coating
- 0.6 and R- 0.1, R.

olm s A I 9 FH Py oo ¥kAlEG tewy o
vhebykel Ry o= 0 Ry = 09 L @l
coating 34 &2 g (R = R - 0.3 WL
L O B2 B R 1 R TR A

€ 48 ol

FARR
G 1.

4. Simulation ¢ 28

4.1. Coating Material 2 X

HR, AR coating ¢ & #H3: 7] glai- 24
o] mEabol Uit A A EAe] HHube g
dfedsta w1, ololit film o Y Aol o)yt
SIOSENG A2 ALOvamorphous Si Al 7F vl

2ol st glub M obag Aol e 9l abake] it
d owgbel uhis WEALE S e AU 9L Si0.
SiNG el A8 ASB300A o dhalo] 4t
film & 247 A/4ne] SAE w4 A7) oy vt
el W 2 SENGT n=20, S0t e 1.479]
b Film & wafer-SiN (-Si0: ¢ @249 wafer
Si0.-SiaNy o) AR A d 670F 2 8ol el o)
M zbzh §labade] whgel ubE ob Whabg s ol
g ool upebddu], @2 whew ALOIn-1.76).
Sitn=3.48) & wiEg 1, 3, 4, 5 MNE st
ol wh WALE S 19 Bl vhehygin

rel 5o gl 6 & mjarshd a3 8300
A FoAM AlOva Si Al coating © At
Si0:/SisNy Al coating 9 Hawtl W W& oA
oA ] 2 WFALE S Bolm glth o]i: ALO &}

Si o] #AEn 7} SisNy ¢ Si0: o] #x4Ewinc}

SRE]

AT

01

A7l AR 2337 Vol 9, No. 5, June 1996,

7

[ "ﬁ‘]‘

Rellectance

\

Wavelength (A)

7tE S07h idn o

EEL

a# 5 AluGacwAs f1el
EoarAEl SEN; 9F S0 i

(A=8300A) ol Wit yirb& (6, 87
XN
(o]

Reflectance as a function of wavelength
for the alternating lavers of SisNy and
S10: on the AlusGassAs (6, 8 layvers.
thickness of cach laver fixed at A /dn
(A-8300A N

Fig. 5.

i | 4ano3sy
TOSAZOD | —

TALOTS
3-8 A20%)

——
\' i

|
|

Retlectance

e T T
et : i
; i
i
1

2000 8300 s000

Waveength {A)

g

28 6. AlusGaomsAs Hel 7+5 447 As4n &
2o E ALOs ¢F St M de o
(A=8300A) spaol whi kAR

Reflectance as a function of wavelength

Fig. 6.
for the alternating layers of AlOz and
Si on the Abn(ranmAs ( thickness of

cach layer fixed at A/4n( . -8300A) )

uf Heoluk W OALO: 17R-E22 gk whab &
HEALE S vpERdICE w)
HR coating 2] AlOyva-Si 2 7F
Awndr @Al A@:v ¥, AR

Y EF ALOs 150l HIge &

=) !
2 8300A 2 HF-itollA A
2}
Si02 SNy
coating ¢}

F itk

A i 2T

4.2.Film 22| A



4.2.1. HR coating
a9 6 ol HR coating 32 97 98 s
film & W&o gAse Aol addde ¥ &

At Y 7 o 1y 12 7hA ALOya-Si Al

st film & 9EFo2 HA3I coating A7}
vhebU ol o) HrERE ALO; & S F

film & % film & A& A/4n & 3AsI, v}
2 film ¢ FA W dig yrAIES £33 ol
k. A71A wafer-ALOs-Si ¢ &Mz a4

o B7SE B9 W 243 E 498 dug

A

Reflectance

0.2 [

o so0 1000 1500 2¢30 2500 3300

Thickness (4 )

¥ 7. AlosGansAs ol ARO:SE Si &AM 2 o
29 INFe FA we ghats (29
A = A/4n)

Fig. 7. Reflectance as a function of thickness

for alternating 3 lavers of Al:0O3 and Si

on the AlosGanssAs (thickness fixed at

A/4n( A =83004))

T

. o
AL203. Exed

(ERAWAN
TV

Reflectance

Thickness (A)
a3 8. AlsGacssAs Aol Si 9 ALO; &A=

Wad 3Ee] FA e
A FA = A/4n)

Reflectance as a function of thickness

dbALg (a1

Fig. 8.
for alternating 3 layers of Si and ALO3
on the AlposGacwsAs (thickness fixed at
A/4n( A =83004))

Rellectance

590 000 1500 60t 2300 006

Thickness (A )

38 9. AlysGaossAs ol ALOs ¢ Si

S A

dd 452 FA W A E (LAY
A = A/4n)

Fig. 9. Reflectance as a function of thickness

for alternating 4 lavers of Al:O; and Si

on the AlosGapsAs (thickness fixed at

A/4n( A =8300A))

. o8

g Si.fed
o4 T
e SR ‘M/—
prE ‘
0.3 L l
“ o 500 1000 1500 2000 2500 1000
“Thickness (A)

a3 10, AlsGansAs ol Si & ALO; EA 2
i E AFe] A whis JhAbE (3
Aok FA = A/4n)

Fig. 10. Reflectance as a function of thickness
for alternating 4 layers of Si and Al:QOs
on the AlorGapsAs

A/4n( A =8300A))

(thickness fixed at

 Z eSS 98 F 3, wafer-Si-ALO: 9
eME g e E5E2E g4 9 BrE
£ 9 2 BAS S 4E g dbde
R =

=& substrate
ol AlyosGagesAs 2l FHE(n=355)0] H]xsn R
wafer-AlO3-Si 9 +#M 2 NE2E HEAS o
o] E%7} wafer-Si-ALO; o #A4Z (N+DAEE
Wds-e ool v EX4E A7) ot

Y 79 1910, 29 93 19l 12 W), AEHe
LD 9 5A4& ¢

D

o

2, nEy



S-Bxed AIO3-fxed

\

\
Vs
\

=

Retlectance

3 prons mm::.,m = 5o

a8 1. AlsGaosAs 9ol ALO; ¢ Si &M=
Mgg 5% FA wE YAE (2
Aat T2 = A/4n)

Fig. 11. Reflectance és a function of thickness

for alternating 5 layers of AlOs and
Si on the AlosGaossAs (thickness
fixed at A/4n( A =8300A))

'w\ﬁ?i\\ /
L[/
\\H I
N |

VN

a8 12, AlopsGasgsAs $lol Si & ALOs &AM &
Wl S Ee] Tl g wiALg

FA = A/4n)

12. Reflectance as a function of thickness
for alternating of Si
AlO3; on the AloxsGaogAs (thickness
fixed at A/4n( A =8300A))

Reflectance

(it
get %
Fig.

5 layers and

coating 2 WHAFES 00% A Lolr i o] Hiig
BRAbg oA A2 Z5E WE FA margin & &

o] = =St 9]

coating ¢ AYEL <&

4.2.2. AR Coating

olul 2§l 6 oA ALOy 17039}t coating dvd L’}

% HA™g AR coating E3HE & F UL EH
g 9lth 19 13, 19 149 wafer ol AlQy I’H
Z5 9HE wWel S ES d¥E W A film

A7l A4 &8 7 Vol. 9, No. 5, June 199%.

o] FA wiste] wE whibgg e o™
13l M ALOs 171F0] W A4 ddoA #
AgE Hola Ay wEE ALO; = AE7 3a
GaAs  wafer ¢Fe] 3ol wHojumg AR
coating & film &2 * st}

g 18l 14 A a-Si 1715 S coating & B
S, A WEe digh ukAbg o] Wit A9 glo
™ 5 coating wWeb wkAEol A gowzm
mirror XET O 2 M= 53 Aavt 4 & e
& Solguh o)z kA HusEtgliie] Sio¢ FA
#(n= 348)°] AlnsGaumAs 2 FH#(n=356)7
vk 7] w ol up !

Reflectance

1000 1500 2000 2500 3000 350

Thickness (A)
a2 13 AlbeGassAs 9ol ALOz RS E
coating & W FA] whE WS
Fig. 13. Reflectance as a function of thickness
for single laver of AkOs; on the
Al rGagwAs
]
k|
[N
———d T — T T —
t
‘ |
. \
Thickness (A}
a2 14, AlweGassAs el Si 1705 & coating
Qe o FAN e WA
Fig. 14. Reflectance as a function of thickness

for single layer of Si on  the

AlppsGanssAs



5. Simulation 2} X A#EHZ 3o H|

Simulation & £3t ggd HA ¥4 x4
ALO:(1179A) 17029 AR coating®} wafer
ALO(1179A)-SiIB96A) =4 4/8% 2 HR coating
S 444 3%+ LD ol 1%6}04 wttl AR, HR
coating © LD 2] dfF-£# B4 28 15l
of vrERYE glar AR, HR coating & 3HA
LD ¢ 2l BEAo] 17l 15(b) of el 9l

oro
E L

%1T1—7$E‘I 7’0o ]

Al 43 #Hab AR, HR coating & 3+ 49, 3}
7b eF 17
~ vv}‘ 5} 0.

&R

zl oF& AR-nvl quantum efficiency
v Srskd oo, Ao = ok 1,630 :
21% o]i= AR, HR coating ©} 2« LD 9

Era= el

ol Al vl dts HolFvh Simulation
”49} 2 Al quantum effu‘]cn(‘\' "S"’F'?rf’} 7)o
(simulation © 281, A © 1.79%) S e
7 o] o oA E 7(1‘?}'6#‘31 of - =g do

ool el A
Zolet

Azrer 4 ol 1
23 simulator 9 &S W GERUE

sk,

IR o]

o
e

gt Maxwell w4 2]
deetel zh b gz

o] @l o3t
Fag :
7 lul—f»}oﬁ
a1 272
Q

Fo- ubh
&t ol
Aol
HR
90%0
!

LD ¢ #8* model ol
£ operator ®$kel o5l -
whubd g ehis gAS o,
o} WhALR 8 Feto i PC ool A
AR, HR coating
AR coating o &%
o] & lAs fAe f3
simulation & 38t o,
Si0/SNg A9 ALOwamorphous - Si
ol A

MEst simulator & A ESEACH
coating & film

e S ool A
Ano] whAbE S vhA, 97 AbEE
1 wafer-ALO(1179A)-Si(596A) o &=41°] 470
ol M3 o4 4 AAvh AR coating & film
2= We o T g el A WHAME S R’
olal, A7} 11 (GaAs wafer 2F2] A o] ¥
otk ALOs(1179A) 17 &) AT S & + U
o}, Mirror 229023 AlsGaonAs o FHE
(n=2356)3 Hi<alod, FA wWale] g viAL& 9
w7 Aol gl coating & 3HA kS wiet wh
Apgo] Ao e a-Si(596A) 1HEF(n= 348)%
coating 3 o] At
ok 2uj 9|

simulator
Al 9l
T w9t &

gl ot

ReRCiR

] Q.
i .

o o o

{

Simulation 4 3}

quantum efficiency

ad 15, (a) AR, HR coating ¥ 7Z$%9 (I
coating dt#] & 4% LD o A
’\r:-] “]M

Fig. 15. I-V characteristics of Laser Diodes for
(a) AR, HR coatings and (b)
non-coating

o] 77k ddE A=Y AHEE T4 2Hd

2tA HA LD & Az 23 qunatum efficiency



L7 W FvbskTh o)ir AaAl FAHolAM whAdEh
T 2ok ks E simulation 7 it

A FE wol sy

oA 100y glskieb s g1 )

AR S ARG,

o a2 & 8
1. Dan Botes. "Recent development  in high
power  single  element  fundamental moda
Diode  Lasers™, Laser  Focus/Electro optics.

vol. 23, no. 3. pp. 68—79, March 1987
Wond,

Devices”,

2 Dawid "Optoelectronic  Semiconductor
Prentice Hall, Inc. Englewood Chffs.
bp. 201 ~202, 1994

3. Jeff Heeht, "The Laser Guidehook” 2nd Id.,

MceGraw ThilL Inc., pp. 309 -~ 310, 1992

New  Jersev,

4. Kazuhisa  Takahashi, Kenji [keda.  Jun
Ohcawa, and Wataru Susaki, “High
Ltficiency and  Thgh Power  AlGaAs GaAs
Laser”, IFEL ] Quantum  electronics,  vol.

QE 19, No. 6, pp. 1002 ~ 1008, June 14983

A

44

197151 3%

L1994 2 g
IR I T SRR [CTELR
39-84 ddetdsty A4yt

SRR

A7 42884 Vol 9, No. 5, June 1996,

5. I Kaminow, (. Einstein and K. Stuliz,
"NMeasurement of the Modal Reflectivity of an
Supertuminescent

QE 19,

Antireflection Coating
Diode™, 1EEE
493495, 14983

5. K. Dutta, P Deimel, “Optical Properties of a
GaAlAs Diode™. IEEE T
Quantum leciron, QE 19, pp. 496 4923, 1983

on o

J. Quantum Electron pp.

—~

Superluminescent

7.%. Ratagmm oand Mo Ukitae “lon Sputiered
(=102 and SLN  Antireflection Coatings
on  Laser  Facets Produced  using O N
Dischages”. Appl. Opts. Vol 290 No. 34, pp.

A7 5074, 190

R Grant [ Fowles, “Introduction  to - Modern

Optics” “nd Ed.. Holt. Rinehart ind Winston,
pp. 96 103, 1975

9, Lugene  Hecht, "Optics”  2nd Ed, Addison
weslev, pp. 100 102, 1987

10, Antonio Redondo  and  Jerome o Beery,

“Thermal conductivity of optical coatings". ]

vol. 60, o, 11,

MW NN
e ey,

Appl. Phvs,
J4R6

P

Verdeven, "Laser Electomes™ Und

11 Joseph T
led,

New Jersev, po 390, 199

Prentice Hall, Ine. Engleaoad  Chifis,

Device Research Lab. 979, 1980%) R9-92.3 29 dd4dz
AgweAR T FHATY 100y 39 44 Addet ¥

A gt Rug



