WO 2014/016343 PCT/EP2013/065631

1121

FIG. 1

FIG. 2 /



FIG. 4

FIG. 5



WO 2014/016343

PCT/EP2013/065631
3/21
! 6
!
/
’ A 8 | /’
ST TN 7 Ay
‘, - K // }.v (’f ’,‘/ v /
i
/,

FI1G. 6



WO 2014/016343 PCT/EP2013/065631

FIG. 8

P=300nm
P=350nm
P=38onm
P=440nm
P=480nm
P=500nm
100 I /P=560nm
ol ] .
a )/ )/ )4 P=620n1m,

0 1 L] 7
400 500 600 700 8o0
w (nm)

FIG 9



WO 2014/016343 5/21 PCT/EP2013/065631
without Zn$ With Zn$
P=295nm P =295 nm
—_ 1 - 1
[ &}
=05 E 0.5
1 g 0 s ¥ 4 4 [« ] D ¥ ¥ %
% 04 05 06 07 08 % 04 05 06 07 08
b w {nm} v w (nm}
Al Ao
P=350nm P =350 nm
- 1 —_ 1
E o5 F o5
2 % .o N--=~ - ‘0 \
% 04 05 06 07 08 -E- 04 05 06 07 08
v w (nm) v w [nm)
B1 B2
P =380 nm P =380 nm
- 1 o 1
's 05 =05
3 -é o \,,s— ; . . -é 0 \ ; :
< 04 05 06 07 08 E 04 05 06 07 08
© w {nm} w {nm)
Ci Cz2
P =440 nm P =440 nm
1 1
[ ] o]
o '
[
3 05 % 05
4 E M\s- E
8 0 ¢ : s 8 0 T ¥
04 05 06 07 08 04 05 06 07 08
w (nm) w {nm)
D1 D2

FIG 10




WO 2014/016343

PCT/EP2013/065631

6/21
P= 380nm,d = 210nm , P= 38onm,d = 21onm ,
ZnS: L=210 nm ZnS: L=210 nm
T1,0=0° T-1,0 =0°
1 1
0.8 0.8
o 0-6 . 06
1 0.4 ‘\ w 0.4 o
0.2 5.! \ 0o \_/ \
s \
04 05 06 07 08 Y v g y
w {nm) 04 05 06 07 08
w (nm)
A1l
A2
T1,0=8° T-1,0 =8°
1 1
0.8 0.8
0.6 0.6
S 0.4 S 0.4
2 BEAY '
0.2 0.2
A S F— YA VNI
04 05 06 07 08 04 05 06 07 08
w {nm} w {nm)
B1 B2
T1, 0 = 16° T-1, 0 = 20°
1 1
0.8 0.8
o 06 0.6
“ 0.4 8 0.4 _\ AV[
3 i
o2 o A[S
04 05 06 07 08 0 -
04 05 06 07 08
w {nm}
w {nm}
Ci O

FIG 11




WO 2014/016343 PCT/EP2013/065631

7721
T10° T-18°
1 . 1
[ ] [l
i o
: : N
B 0.5 B 0.5
N AN £ L
8 D T ? T T s 4} T ¥ " T
0.4 0.5 0.6 0.7 0.8 0.4 0.5 0.6 0.7 0.8
w {nm) w {nm)
T-12° T-110°
- 1 R |
: )
7] &
B 0.5 B 05
E E
s V) 3 \A} \(\
0 T 7 7 g Y o
0.4 0.5 0.6 0.7 0.8 0.4 0.5 0.6 0.7 0.8
w {nm) w {nm)
T-14° T-112°
- 1 o 1
s fa [\
& 1]
g 05 B 05
A s f\/\/ \/\
-1} %
u 0 ¥ 1 1 U U i Ls Ly L ¢ T
0.4 a5 0.6 0.7 0.8 0.4 0.5 0.6 0.7 0.8
w (nmj w {nm)
T-16° T-114°
1 - 1
M 208
&
:'_'- = 0.6
E o5 £ 04 \
2 € 0.2
£ o
s 0 ‘ ' ' 0"
b 0.4 0.5 0.6 0.7 0.8 0.4 0.6 0.8
w (nm} w {nm}

FIG 12




WO 2014/016343

PCT/EP2013/065631

8/21
0°-14°
1
. 0B
F 06 T
v I\
E oo 1\
-5 o.; <V
04 ©05 06 07 08
w{nm}
4°-12°
1
0.8
o
'g-: 0.6 \
'g 0.4 \
£
£ 02
S b ~_
04 05 06 07 03
w [nm)
6° - 10°
1
0.8
E 06
S 04
£ A
8 U % L]
04 05 06 07 08

w {nm)

FIG 13




WO 2014/016343

PCT/EP2013/065631

9/21

0.5 - - e
0.45
vl
-\ b W P
_. 035 -
P ooa )\ A YA 320 nm
- -.mg L N ‘\r = +380 nM
E 0.25 BPes 0-0.5.-.; { -——} \ ® \ ..|.. - 8 .440 nim
ot E e o L"-‘..-- S R N =
3 0.2 . \l-..-o--o-.\--‘ \~~ -.-... we am 5000 nm
0.15 = \ T - iy, L “~~ @ o,... - o we BE0 MM
. . r ° b . gy _‘_ﬁ_‘ "1-_
0.1 r ) ¥ oy o - ‘~~ [XTEXT] 620nm
. 2 - " = el P
0.05 \ < 1___ ~
0 r - v ® o 5 e
0.4 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
w {um)

FIG 14



WO 2014/016343

PCT/EP2013/065631

10/21
! .'.'. A
0'9 \ ? ‘e ! (h [N —T_:l 8“
08 ™~ HEE H ' P =300nm
':-ql\ 0.7 M ® 1' :
: 0.6 _'.' & ;- ‘ esaeew T..1 8°
B 05 + - i 1 P =380 nm
< o4 it 4
& 0,.3 , o .: :. ‘  } = = = T_1 8°
0.2 FAt) — § 5 P =460nm
D ERS W A
0-0 FEE YA RS DU VA W
04 0.45 0.5 0.55 0.6 0.65 0.7 0.75 0.8
w (nm)

Light Out

FIG 16



WO 2014/016343 PCT/EP2013/065631

11721

FIG 17

FIG 18



200

PCT/EP2013/065631

1ot iteration
=xsrss 200" jteration

teis v Target
= e [nilinl quess

12/21

-
-
e
5
=
E
nd
—
wa
=
"
0.45

0.8

0.78

a.7

/
0.5
g

l-.lul-“.'-n-”“"nt n\\\
lll...r..l-l-l\ -

.. m
reegh w
%ag

0.4
&

140 160 180

120

lteration

FIG 20

40

20

e g R 3
nl;.l..llllvlll i W
poid

; _ .
=l T ¢ § t ¢ 3
e £ = o & &

8.9
0.8
0.7
0.6
0.5
D4

WO 2014/016343

4 o =
=) oy - =
o =] =1

uonouny Joug

0.13

B2y

0.11
0.1



WO 2014/016343 PCT/EP2013/065631

13/21

.81 .

0.7 .




WO 2014/016343 PCT/EP2013/065631

Ce

1.0

0.8 4

0.8
0.7
0.6

0.4

uaﬂz 3
ﬂai :

! i !
i
: t
—t : ;
¥
i } ]
: i ; ;
s §
J—— J— S—— el S S _
¥
1 3
it s : -
: i g ; ‘ ’
3 | \ : '-w-?-mm-w-g_“._‘w‘; -

0.0

14/21

350 400 A4S0 S00 S50 600 650 700 7JS50 800 850

w (nm)

FIG 23



WO 2014/016343 PCT/EP2013/065631

15/21

0.4 ‘ P

0.2}

FIG.24



WO 2014/016343 PCT/EP2013/065631

16/21

0.4 2

0.2F

X, [um]

0.2

0.4

-0.6

04 -02 0 02 04
X, {um]

©
[}
2

e
=]

T-1 effi
o

- i‘?‘ -
m":”%

Ed

iciency

0.2
t
0 = : e ! o 1 - .
0.4 045 0.5 0.55 0.6 0.65 0.7
Wavelength(um)

FIG.25



WO 2014/016343 PCT/EP2013/065631

17121

0.6r

0.4

0.2¢

X, [um]

0.5

2
=2

g ;

T-1 efficiency
i

o
A

Q5 0% 0% 065 07

Wavelength (um)

FIG.26



WO 2014/016343 PCT/EP2013/065631

18/21
0.6
2
0.4
0.2+
"g‘_' 0
< 02
0.4
0.6
-O.8|
0.5 0 0.5
X,, [um]
i
& J
oy
% 0.6-
&) v\,’\
N m
0. /M
I AN
&4 ﬁ45 DSS 0.7
Wavelength (pm)

FIG.27



WO 2014/016343 PCT/EP2013/065631

19/21

0.4 2

0.2:

E 0-

=

-

0.2

0.4~

0.6

T | 1 | i
04 -02 0 02 04
X, [bm]

}‘0“3*
(&
e
@ 0.6}
2
= 04 J
- |
p 02 |

84 04E 05 055 0B 085 07

Wavelength (um)

FIG.28



PCT/EP2013/065631

20/21

WO 2014/016343

%08<

%08<

%08<

%09<

%09<

%089<

Aausioije

pabelaay
i ) . . ) ) a|buy
b oWl ¥l 0l 8 O | yopeununi
Ob-/+ OL-/+ OL-i+ Gl-/+ Ob-/+ oL+ |Bujeod SNZ
00¢ 0ge ove 08l vt ovlL HE:“_ g
80°0-/+ 80"+ 5001+ L0+ 80°0 -/+ GO0+
960 G0 980 0 b0 0 el
0L+ Ol-/+ Ol-f+ OL-1+ o} -/+ o1+ fiuj
08¢ 09¢ Qe 0GlL ort 0oL p
0L+ OL-/+ oL+ Ol-/+ ol-/+ 0)-/+ fuuu]
0GY $]8)74 ore 09¢ ove 08e d
WUQpg-009 | WUQBS-09S | WUSSH-09b | WUQPS-009 | WUOBS-09S | WUSBH-00P [wu]
a3y N3IZFHO an1g a3y NI3ZHO N4 1eb1e] Jojon)

uopeziundo [eAe ybiH

uoneziundo [eAs™ WNIPIN

FIG.29



WO 2014/016343 PCT/EP2013/065631
21/21

2
0.3# h |

,
0.6

X a

X, [um]

-~

0.2

-0.2~

8204 05 055 06 065

0.7
Wavelength (um)

FIG.30



