WO 2013/152225

PCT/US2013/035321

30\‘

1/15
301‘
37
! 32 14
FIG.1
30 N la
l \\m/
37 |/
D W/
| —34
e I |
136
FIG.2A
\\\\ ¢. !
A6,
37 N~ X
7 “\\ ed
32 |
o P~ o ] s

FIlG.2B




WO 2013/152225 PCT/US2013/035321

Specular Reflection

2/15

_ | 'p| n=123

8.0E-04 '”‘ e n=1%3
g - ‘= s=mmeee =143
S 6.0E-04 [ I
S
& N
. FIG.3A4
Z 4.0E-04 -
&
= N

2.0E-04

0.0E+00 Fj L L L L

300 400 500 600 700 800
Wavelength (nm)
0.04
0.03
FIG.3B

0.02
0.01

0

300 400 500 600 700 800
Wavelength (nm)



WO 2013/152225 PCT/US2013/035321

3/15
— 400nm --- 500nm
5. 0E-04 |- —= 40 nm  ------ 650 nm
g n=123
S 4.0E-04 -
=
Q —
g 004 FIG.4A
g 2.0E-04 —7
a 1.0E-04 [ prrrecrmrverrerraranaaezd
0.0E+00 ' : :
0 100 200 300 400
Thickness (nm)
— 400nm --- 500 nm
5.0E-04 |——— 450nm  ------ 650 nm
g n=133
‘g 4.0E-04 |-
=
Q —
] p— - FIG.4B
£ 2.0E-04 |-
B 1.0E-04 [- e m TR
0.0E+00 ' ' '
0 100 200 300 400
Thickness (nm)
— 400nm --- 500nm
-—-40mm ---- 650 nm
5.0E-04
= -— —
S
§ 4.0E-04 -
&= 3.0E-04 n=143
= S0 FIG.4C
g 20E-04 | e e o e
I T 1) Y B |
0.0E+00 ' : :

0 100 200 300 400
Thickness (nm)



WO 2013/152225

PCT/US2013/035321

4/15

— 400nm -=-- 500 nm
g 5 ——=450nm  ------ 650 nm
'§ n=123
ST
h —
5 3 FIG.5A4
3 2}k
2
7))
T 1+
S
@ 0
R 0 100 200 300 400

LR Thickness (nm)

— 400nm --- 500 nm
s 5 ——=450nm  ------ 650 nm
'§ n=133
E 4
g
=3 FIG.5B
g 2
n
*g 1
g 0 | | |
R 0 100 200 300 400

LR Thickness (nm)

— 400nm === 500 nm
g 5 ——=450nm  ------ 650 nm
'§ n=143
ST
h —
53 FIG.5C
3 2}k
2
7))
ER
§ 0 | | |
R 0 100 200 300 400

LR Thickness (nm)



WO 2013/152225 PCT/US2013/035321

5/15

30l

30~k

3244 3

\\\\\ 0>0, ’,,/'\~\\\ /,/"‘x\\\ 138
e S - ™ SOl
FIG.7
30
AN
37
7
| —34
(}/-32 ~0 ]
138
136

FIG.8




WO 2013/152225

30~kA

6/15

PCT/US2013/035321

///\|(\\
: Y
34—t A y 37 X Pposition of
A X/ the wire: y=0
A" ¥ -44
y 38— y
42
VA L
36—
L - N/
[ \-40
/{( 37
- 32
341 o
X/
¥ \-44
38—
y X/
, ¥ 42
4
) * >/ \-40

FIG.9B




PCT/US2013/035321

WO 2013/152225

7715

Vol O1d

0€—

9 g v € Z b 0
G00-26691'G: > Py
LLYP10°0="Y

s+ g'1=""Su

&€~ 622212 zz T

pE wu 0g='m wu 00z " 0G='m

/lN._\HNC \mv zz N.—\HNC

43 Wwu 190Z'8LL=M WU Q0Z "~ 0G="M

~—7 L=2"Sy

veis I5100 | uonosyes xew
44 Xew 2l uiw Xopul Joke)
00¢ Xew 0s ulw WU ‘ssaujoly) Jake)
suojoweled Joke| aAnoy —
A
Joke| anm

05

ejeass

LUU ‘SNIpel allm

Xapu ajesisiedng

Joke| anljoy

Hhad

gl | xepuiejensqng

4 slaAe| JO JagWINN




PCT/US2013/035321

WO 2013/152225

8/15

01 O1A

aAeg
> c 2 0

T T T T Mwl

- NI

o 1 Pl
95— g'1=""S

10
el 6LLL°L="
wu gg='m

— T F
143 /l'b Z'1=

T wuzgLL=m| | 2
~—7 FHn:wc

1€

17

S

0s

elesso

008 | xew oL dojs 00€ | uw
wu ‘Yibusjerepy —
'l xapul 2'8LL | wu ‘sssudoly) Joke|
siojoweled JoAe| pax){ —
A
JoAe| aim

WU ‘Snipel aIim

JoAe| ooy

xapul ajesjsiadng

g'L | xepuiajensang

Z slaAe| JO JaquINN




PCT/US2013/035321

WO 2013/152225

915

UOnIIPIY ISNFIA

008

00+d0°0
SO-HOS
y0-H0'1
yo-dS'1
¥0-H0°T
141 fC 54
y0-H0't
141 a/C R Y
y0-H0'v

D01 OIH

(mu) YPPIud[AR
00L 009 00¢

snjiq -—-
empdg —

10°0
00
£€0°0
¥0°0
$0°0
90°0
LOO
80°0
60°0
010

UONIIPIY Ie[mdadg



PCT/US2013/035321

WO 2013/152225

10/15

aolord

JoAe| alimoueN

ze N.rnmc
Wu 002 " 0€=%
_‘Ha:mc

ajealn

19Ae|
aJmoueu

Xapu ajesisiedng

. uonoayal
E vES €00 | jeinoeds xew uopoeyey Jemnoeds O
uonoeyey esnyig (@
ezjugdo—
] (44 Xew 2l uiw xopul Jake
] 00¢ Xew o€ Ul WU ‘ssawyoly} Jake
g'1=""%u
J susjowered Joke| aAnOY —
ze N.FHFC
Wwu 002 " 0€=1

-] Joke| onjjoy

gl | xepuiejensqng

€ slaAe| JO JagWINN




PCT/US2013/035321

WO 2013/152225

11/15

HOIL D14

8Aeg peo’ el
wu ‘Yibusjenepy —
E Xapu| (wu) ssauyoIyy Joke
g'1=""u
siojoweled JoAe| pax){ —
g'L=lu
wu 05="

QO iekej anmoueN

e L=tu
wu 001=%

elesso

JoAe| aumoueN

xapul ajesjsiadng

~—

Sl

JoAe| paxi4

Xapu| sjensqng

slaAe| Jo JoaquinN




WO 2013/152225 PCT/US2013/035321

12/15

601( r 70

Manufacturing
Equipment
66 62
{ /S (68
Input .
Displ
Module Processor Isplay
Memory

FIG.11




WO 2013/152225

13/15

Input Layer
Parameters

Y

Calculate field
at nanowire position

Y

| _—82

Calculate scattering
cross-section of nanowire

84

Y

Calculate diffuse reflection
based on the field and the
scattering cross-section

|_—86

Y

Repeat calculations for a
range of input parameters

|_—88

Y

Output optimum
layer parameters

Y

Form optical stack
according to output

FIG.12

| _—90

| _~92

PCT/US2013/035321



WO 2013/152225

14/15

Input parameters

Y
Calculate transfer matrices

PCT/US2013/035321

for light incident on stack

Y

Calculate field
at nanowire position

98

Y

Calculate scattering cross
section of the nanowire

Y

Calculate transfer matrices to
determine portion of diffusely
reflected light that reaches surface

102

Are
more
iterations
needed

Yes

106
Compute optimum "

stack parameters

Y

Output optimum
stack parameters

108

FIG.13

| _—100

104
C

Choose parameters
for next iteration




WO 2013/152225 PCT/US2013/035321

15/15

FIG.14




