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Study of Antireflection Design for the Application of GaAs Solar Cell

student : Wei-Lun Hung Advisors : Dr. Chyong-Hua Chen

Institute of Electro-Optical Engineering
National Chiao Tung University

ABSTRACT

This thesis presents the design of- broadband and widely angular antireflection
coatings(ARC) that consists of homogenous ARC and one dimensional(1-D) grating. Tsolar
at incident angle of 0 is 99%, and-that at‘incident angle of 80 reaches 94%. In first part of this
thesis, we form two homogenous: ARC on"a GaAs solar cell. The transmission of
two-homogenous ARC can be broadband at normal incidence, but that reduces to 55% when
incident angle is 80. We design a 1-D triangular grating on the designed ARC to decrease the
angular sensitivity of structure. After comparing calculated Tsolar values of the whole
structures with different grating parameters at incident angles of 0 and 80, we obtain the
optimized grating parameters: grating height=0.6um, grating period=0.6um and grating filling
factor=0.125. Here, the subwavelength grating introduces higher order diffraction
transmission as incident angle increases, and thus the total transmission is maintained even
thought the zeroth-order diffraction transmission decreases with the increase of incident
angles. In addition, the property of graded index profile embedded in the triangular grating
enhances the total transmission at large incident angles. In the second part of this thesis, we
discuss the effect of grating profiles and the number of homogenous ARC layers in the
transmission spectrum and the values of Tsolar at different incident angles. After comparing
transmissions of these different structures, we find that the structure of two homogenous

layers with the optimized triangular grating exhibits the best performance.
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7

dE\"
bl (@) =—ik0h;t)(z) ........................................................................ (Eq. 2.13)
dz
(1) (112

dhzd (Z):_i{[k;] E;’)(Z)+kozﬁ,_lXeXp[i(t—l)KZz]E;”(z)} ..................... (Eq. 2.14)
z 0 1#t

kP =koy —[KOT o b A 35 - g AR S| —F A Ak B2 2 I E 7 (2)

2 h(z) > #-d s > ek (Bq. 2.13) (Eq. 2.14)# @+ ans 34

U
d(Z)=[M]U(Z) ........................................................................... (Eq. 2.15)
Z
P Y
- kw 0
-
E,? @
E' (2)
N—:l
E(T)(Z)
U=t 0 N i # il 11,2, 3 N v=(NHD/2
b @)
h(™(2)
N
h> @)
(t-v) 72
0:NxN e 485, T:NxN hll fmipst, Wow, = e 1
0

Wt,lzﬁt_z’til,(t,l)e{(), ..... ,N—l}
(Eq. 2.15)¢ » B2 5 T# 2 #(shift-invriant) 25 » T L3 =% 7, > 2,2 j8 % -
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dp e el A 4e(Bq. 2.16) %77 o (Bq. 2.16) % £ d 2, =% T ESHU(z,)
FRdEEEYL D g Y DT RIU() - HEREMAELHEE L > i B e 2
HielDaFe P k47 > 8 (Eq. 2.16)1 i = (Eq. 2.17) »

U(z,) = eXpl—(2, =2, )M U (g,) wwerreeeersemmssermmssmitiiii e, (Eq. 2.16)

U(Zl):P'eXp[—(Zz—Zl)‘D]‘P_I 'U(Zz) ................................................ (Eq. 2.17)

£ F

3 54 %

z
Fige-5 #-3 a2 % L & -

FAPE DL FH T R KA PIRAF 0 P A kg 2L
=A% o 4o Fig2-5 #77 > 1% (BEq. 2. 17)enbd G E 3 JR 25k ki BB P 275 7
BHU(z) s o

L
HPl(Zz—l)'eXP[_(Zz_Zz_l)Dz]'Pl(Zz_l)_l ................................................ (Eq. 2.18)
I=1

AT RN R E DR R o e SRS LA T Rayleigh & 7 2

4 =
™~ 7 °
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E (x,2)= Y [ explilk\"x+ky z]}+ D by explilk"x—kj)z]} -oeeeereveeeeeeees (Eq. 2.19)

1< 1<
hx(x,z):—k—Zk}’Z) i exp{i[k;’>x+kgz]}+k—Zk;';b;” exp{ilk{’x—k;z]} -+ (Eq. 2.20)
0 t=—o 0 1=—o0

B f, by NE 2RIz 9 E Az wenT B Gl THERF A& 2R
DEt RS ¥ * Rayleigh 272 470 a 8T Atz 5w % -7 3 o 0T B8]

THLKEAFLEEZ Gl (B HRS0AE HF RIS 0 h TSR LB 5 &7

[
{E;tv) (ZO) ;t—v)
=[C(z,)] ............................................................... (Eq. 2.21)
{hf:%zo) by
_ . 0 _
explik, 27" 2] expl—ik,," " z,]
0 0 .
22 [CEZI=|[". 0] [ 0
(t=v) (t=v)
—=_explik,, " z,] = expl-ik,. """ z,]
k, ky
0 B 0

I S AR ke B LR KT S e RS G R RS R ke L R

#oh e (Bq. 2.2 w (Eq. 2.18)%r# {7 ¢

Igtfv) L(;ﬂ})
:[C(ZO)]_I{HB(ZI_I)'CXp[—(Zl _Zz_l)D]P(Zz)_l}[C(ZL)] (Eq 2 22)
b;tfv) - bgiv)

(Bq. 2.22) % & » 4 % 3B T H AT BIR G2 1) 84 5 38 T 47 Bodr i el Th 5% o & 0 F %~
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B AR BT H ARG R MR Az S e R ORI A B AB R E L7 o

wind fg ks de(BEq. 2.23) %7 o

;t—w =1} bi"”) = [ Q[ crerererereiiiniiiiiiiiiiiiiiiiiiiiiciiiniiiitititionstiiinaaes (Eq. 2.23)

PIT 21 3 Seig ok (SEafoesf R 5 MBS SRR 1L 8 SRR 2 )

F bt chigst i

t—v k o t—v
77; ) =Re[ ]?0) ]'|bfp |2 e (Eq. 2.24)
Fz

3 kT i

(t-v)
77;"”) = Re[kkL?O) I fL<f—V> O~ (= i = L I (Eq. 2.25)
Fz

2-2.2 Mt A r» T g TiFkpzRTa

F T TR G2~ 0T 6 T (7 g 40T 6 o e g — )%
4o Figl—6 #77 > %4p > » LA SITH BER L 0 v (X )0 L2 AT 6 P 5 L
S (X )BT G 2 2 R(z f) S T G o Ao Fig2-6 ¢ xz T a o K kA
o Celfen, S0 10 &~ TS Gilion, RO KRR S 0 KD A A %
WHEALF L f o Bkipdrit Gln WEJIEER ¢
nz(x,z)= iﬁr EXPLItK X] ++reereensseeermnnnnnsseetiiiii (Eq. 2.26)

t=—o0

HY K s %ppRox oA R AR L% t BEJERER Gl
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B -

H,(x,2)= ZH D (2)exp(ik, " x)- J.?:_f.,ﬁﬁ:;* ...................................... (Eq. 2.27)
e (x,2)= iex(f)(z) exp(ikx(t)x), €= E CE r+evrrrrrrerrertenteete s (Eq. 2.28)

He 2 ERABHETH g 28 5° nh Tl k5% t Bostadx > v

;A I kx(” i &2 % ez 12 (Floquet Theory)k Y =k +tK, ,teZ -

¥ g5 oL & (Maxwell) ™ #25% » ¥ #-(Eq. 2.27) (Eq. 2.28)% » » v £ {7 :
Hg;(Z) R E(X)E) () +everereese s (Eq. 2.29)
defz’;z(z) _ _i{l[!::)(f) HO(Q) mkH O ()} rorveseemssmeesssemsssseemssinsssssensinnns (Eq. 2.30)

TN G- B EUR A A BN E ()2 B () 0 R A A

2 (Eq. 2.29) (Eq. 2.30)#% @ faEL e 50 0
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S MU (Z) #vvvvrvenrensenneennenneenei (Eq. 2.31)

R
H 2
U@ =L P NS e 191,23 N v=(N D /2

(7N
e,? (2)

X

e!™(2)

<NT’1>
e’ @]

0:NxN e 48" G:G, =¢&,, -G, =&t #L(t,1)€ {0,....,N -1}’
V=TG- T,~1 T, 53 % &~ Fhy Pk, 1 cgt & 4 o
#T Rk EE TER R~ sepFerda Fagive L {1* (BEq. 2.3D)7 » @& =% 72,2
35 - dpBEL S ceniE R o Lo S LR 2 2 Rk R K DT B ETi

o BEFRPAGK A RSN TREFU() DM TR 0 do(Bq. 2.32)%77F o

L

le(zz—l)‘eXP[—(Zz 2 D, 1P (2 ) e (Eq. 2.32)
I=1

ART R RN HEE DR kT e LB T Br R K T

BN TR DT BN T EE RS T 2 L BT DTSN R

HY 84 ® BT REIA T L Rayleigh 272 &7 o
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H ()C Z) _ z (t) exp{i[kf)x+k$z]}+ ibg) exp{i[ki’)x—kgz]} ............... (Eq 2. 33)

ex(_x,z) =— zk(t) (1) exp{z[k(’)x+k}?z]}+ zk(r)b(r) exp{i[k)(ct)x_k;tz)z]} .........
0 If 0 If

................................................................................................... (Eq 234)
fry bp R Z 2T Atz 2w 2 Az 3w F Gl THRF & & 2 R atilice m )
HEY THERLREATVL RN A4z 3 2 A2 3w F il B8R A FE B
R EBF O FAFEIRGIEDE MR Az e NG R DR ALz 2 o
Fo o> RIF 8 A Seido i (MO R R S ML Rf 0 » SRR 2 ) & o

kYt (i -

(t v)
Ny =Re[-E£ < L2 T PP PP PR PP PPPPPRTTTTIPPPPPPY (Eq. 2.35)
Fz

FE kT E Rl

(t=v)
k. /nu

kg) /n2 |f<f R T R (Eq. 2.36)

77" =Rel

2-3 LT EFPE

T3a7 5 (Tsolar) 5 & A3 S B BT 2 » 3P it 40T 305 5 5 3 T &
4o(Eq. 2.37) %11 °
0.9
j T(AD)Am(A)dA
T, .. == B e (Eq. 2.37)
jOSAm(/l)d/l

5

He TA) 58> S B w %5 Am(A) 3 Aml. 56 o= i a3 4o Figl-1(a)
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