WO 2019/043449

(i

- - iy - ..

w‘*ﬁ'ﬁi‘.i ;L ﬂt—'ﬁ"ﬂ:‘,ﬂ-. paakrd *'ET:E:;- ITEE - P Feaden b g

LA ¢

LB i3=n T T,
T : W 3, - :‘:I_*
g Ty ; ™ . T
R

. lrl - .

(1) |.I b ‘_H -4

L

J*l '}

P

= ;
X 4
L
e
G oy p )
m,

s
A Aty
R

b '
0 L}

A 4 ‘__';."'n:-'.'.'
P LR o T
N

W N S
AR
e 1}:.;{;1’-‘-[3‘;..2:';. s g
..-..rﬁ L “I

oy

b i)
AT E
A
. =2 LA

1/9

FIG1

. .—W* T SN A i

O
L

i - 1./

";l.'L:L' digy b,
LE N ]H:':"%”J

L™ ra

o 'k . .'H T L
, )
B et e

o,
.-
]

L

5
LA
L)

¥

v R

P ik ".'..ﬂ
oy N
rk HI-'I-

e
pies
Tt

Y
[}

A by
‘{:v x -#ﬂ}: o)
e T P ;

102

M i

s e I

f . =

-tﬂ;ﬂ.mﬁnnu—lui—."ﬁﬁr

- ' palt
I
Y A e e €

AR 1 AN L ST T o el L Y W

= e - - g el b

H:"t!J a ...
'

| LEa
' L]

ety -L
A

SELEN jf;";"‘:

L |
A 4, u g
eI

ASTERRIATA

Vb

i
E

a

Y L N
3083

= l -
e )
g T

23

PCT/IB2018/000965

10



PCT/IB2018/000965

WO 2019/043449

2/9

FIG 2

16

96

30

)

R
d..“u...“..._..._nu__.ﬁ._.._...m_..._.
i
5
\ LY

!
by

A
b .u,..y. .,?..ﬂ....w..,..,.?...‘.m..

C

o ey B g

.
o

a_ b
.
T .

BRI o
y __...ur.u.._d.,."p.w-ru..u__..wr ._..u...../m-__.._..._.__._...
R e d_._,g_..._.... (gt}
..r.... ﬁ-._-...-_._.....__....r y#._.r ._.__?W.._ ' ____._..........“..__.r-
A

94

26

FIG3




WO 2019/043449 PCT/IB2018/000965
3/9

FIG 4

rl'tplﬁ 1.

b

56

‘
=

e
el

TR
W0

s

ok
[

ST
-
Lo
H, o)
i

q !’i .
.t& -

g

e

Bk

o
frk

4

o

X

- MR
w4 L
r

A

) o ,,J"'_-_‘; FA AT 4._.;.:.-#-,, _‘ ] 3 S f 3500 ! 'HJ"‘H'“ oL ¥ 14
| i ! . y FLrt o : i l.'IrIE-.l‘lll
et o ' s
: f

' FIGS

FIG 6

b A d AT
! g
A
AT e

18




WO 2019/043449 PCT/IB2018/000965
4/9

FIG7 FIG 8 |

6 P 66

elially Aeyrfh p g vF el Foien ey o ey

ey w ¢ g e T, 1 g _ﬁi
' AR, o e |
. %T AN

L T L 5

b‘
--.-v-’r.%h
L]
- L]

A B

I'fﬂ.:f'l-.]fl
= J-_._

+ -

e

=

g

R
ey
iy

L=

e LY N Py

o A R LY

_g..r!"! uTRr . % "'.',".'"“' -L.;-‘:aha‘_.- - H&.'I.-.b 0 2 ;"H_.:u.
Pt { D gﬁ"’%a‘;’%‘fi‘%ﬁﬁ. WA 2 il
- - o J A ! 1 I-q'«
R LT NP M R A DR
H t:-'q:\ i {3‘5"‘;“‘:‘.
k

=

PR, L
ey,
-,

e

A

F
"
el
-
-lp

— mha
e wl"

.;-:;t.

W

¥ i O

g
v

4 62

_-E:--

s, LT Slal Nty e

e 3y ;

2 ' ir gy o
-.i . :1'-_. "'|'j , ::' r

o ﬂ;_:." !{_}‘ ;,.

R o e

;

-

I
n

-y -t
JI’
i
Al

4 26

e ol
:ﬂl:i

"

' Il L

o
-
-

-

B Tyt TEY RN I

=
S n
hal ir'l-!'“

-
.
TP
o

4

L —4 5

"'I:i -t
:-1.--:-..--“

o
i T

il

=T AR T d A

b ' E‘J" I
3 b "
- n,

L} 19

"u u r_
'k e T,
e I?I- " f-..
' - - - co l' i ) - - .r

- [ - " [ R —
ﬂ —= [ P - LI o - Tr—— — [ R, . - - - wm=u ™ -y =L w sy C ke - - " - " e ™ 4", LA - 3T N aTL M F L - i,_.. _i‘_ —-a ] "
i TP i, .,.._.\'---'I-pu‘__ﬁ‘; \':ﬂ:' ..._1- e LR :.1\,_-. ik g .: w P O X" ... l-l?.r-—:.!‘! - ..-. [ r -i_-l :::_.;.'11:.'._ . ...._.__:: l-'ln.-'._ '-“.:[ _‘_—-"_" -_"-: -‘-‘I:"ll-_l- PaT TS - 1-:-1-.:'— L T : ERL ﬁ-_lr.-_ '-F_""l- -'_-1l_;-r T, :::._'-l- ik - 1_'- "_.u. - "I‘-__ .'|-- .--:...:. ]
T T T Ty [ _ e Y Sy a— e —_ e o —— — [
L]

FIG SA FIG 9B FiG 9C

—--ri A
e or
» -p

- dwlraet) A

P T

F
[

Il_'
e by T

R

-
1=

ol

bt L

[

-]

e

Lt

'-I.—lli - '”‘ ~ r.!‘-

[
.-'E'.-'.l" T

i

o
'-—':;E'-'
e |

Tt LT

=

Iy
- -

Lo P

-
-
g

L3l
i
e
arATE

._
FT

e

ke

A
&5

e Yo

LW bl
]

|
;

[ W F P T FINE L T T U U e el AR ey o ol ¥, S, 5 W i bl o gl e T R T

PR
:%’nf
it

oy gy iy —— A iy, gty fgelie i af 3 SN R, mp ]

. L o 3

53 RO - P b B TR e e
VLSSV N R

“?l;ﬁ'“# I‘r}’f{:ﬁ%{jg;‘;‘a&'}ﬁu- N, 3l i 7 ol berhe 5
CAR R E D WA o W

‘.'\l- 1 i i’ . !
e T ;_H&F": i =|.|‘.‘r.1|-'1}".'_. v Ii
e ilualytbe ERBPIN i i A oY e e L UL

e 75
e 76

T

%

| ]
ik
I,

_.
At par

1

Hr—c
.y

(T +
v
)

n"{ Tll‘#&iﬁf% q

e KoSu R

T SR B bl L gl

ﬁ‘;}m oy 3 % L
T

i
2 rfr‘hl’]}f ™
e R
-'_"'lh h"fﬁlﬂ*ﬂf’h |¢ﬂ =+ # .-.Jf

by

-

;:r[' il

g il B £
. Jé& s L e T i

s —

. "'ll"ll'i':"i" g n-rrr“'lf '-"'*r*r "
g s i A ; LM QUL
PR AR R e R LR |

o =

e

g 4, ’u.:. -" y ) X nl
R

"

W

—

J—t
F

Lo
- -

Y PR AT L A, N
: A o rar i o
BT AL A

.=

B

1A ? - ";.1".;'
I . E Bl i ]
Py T oy 2T . K .
'IJ LR - I et i
r ' = L F ey -
© e 4 ™ . .
r r wr R
£ . :
b
i 5 "o . T
REPRTERLE -
L + ;
ORISR P
-,:‘-'_'..f_‘-}, - N
A : - ! :
) ‘-."I I-f -."11:1' ] 1“- ‘hT‘- .‘.'- ' !I:-:.
' PRI Ay ™ o R
!:t' . G -; e h ) If:. 1"
- A __|' Il.f X L . ..:I ' Iy
A - | L, ) ol P #' ok ck
. r g. L "l H ' 3
+F SR RERPALCTRL R o T - wordh s r S .
[ i P i AL S ol 1 A Lt e r Lt 'h‘t e k
R A T T - i, ) AP L T A L] A L L "
R P a - o' ] R B ! _ " f__.
ir A N T P wom (Y e 30 " - -t i
A IRETIEEEY r_--"'-;_h..-'-"r [ fr. 8 L -_": L N a_ LT
- . . e + '-!:..'-I',l_l':ﬁ- e e "':"'r-"' H LR T et ‘:'
* . H CLFp LN, L S
" - an U h —"pt ", HE RTn
r " 4 ! A X K s P -
H h . - HE '
r i = ‘;'-_"'i"a'll r=-" T Al ,'--"
) R . I. N e R TR e e i
M 2 el £} 5 MPELE LT elwali il R B b
T . . . ke . - L
o | ;“::.-','.-_: " _'r,"}.-r".":" '.-‘!."-"I-.'-h- r.r.,_:;_..:-r?".'}_qll',: -.:
h} -_:,,.-‘-'.-:.ln' - LT A TR | | - T T L e ;"'-_I_-:I‘I.J‘-'r
- - - = L - . =L e a I
. A TR by . : . m SRR,
! o .__lr_,'il:r' I:i. LT
£ o - Iy SO
1 LA " . LT pa .
| te R e L Ll |
L a AL I:_..l- III: - .y p.l‘. H
,._ﬁ. 4 _nf"--"*., n ro. ".I'l.l .{‘
A ' "illi.-.l . . gt rl-
F¥) i " - e Ny [
e : 3 LR i
[ . a L -i'-lif b
- - g .
.:r: :: .._.'__..._._."--.._'IIr .;-".,-":i'rn--"'r'r'-'r‘1.-'-“{-'.".!-!_ ] e PR I ‘r"'.:‘.'::"’: .‘rl
. ""'i ‘-:_l...'-. :_"'-. - " % wra ek g ') 1 b, '-."‘:“"'i--.'."'"'“':'f.'Fi"'r" ru
- T . iy LI R r,-.l‘--":qlu"',ul'i;'q‘,_"a'-'-..':'.‘:a”:-'.-a-.1",].-"--';':-'- Rl T '].'i
LY . ] A P 4= O Y '
A o wh LA L e U e e T s L i e e R
s - I TR LI I T O F - d
:I".' L . LI Il e .l-rl-. i - H;-...-":.d-“.‘_rl L) A P
a, F‘- Fa P T L RN AN it L LS T | 1"_:1:-? -hy H“f-i":.;-_'- :"-’- iy .
- P R - s mps s PR - oL e -
'EI N N ":..I:'. '.:.‘:‘.'r'-‘- .'r'r"'rll'_"-" -'I‘i" :' ": '.,_'-':.1-‘ 1_..i'._ '*";I - 1"“"5-‘:‘ - :-'.‘-11. - - F . L] 'ﬂ'
' - -
"~ s . . R o N R . Py
s VoW TR LK § s bl o o T M- bW T Ry g SR AT L R e w3 e AR T, e TRV e ]
kT B LT - T - -

<
o



PCT/IB2018/000965

5/9

FIG 10

WO 2019/043449

52

<I Ly
o0 — F

8
“

D
6
.ER:
i

VER

L ] E r r .
. ’ L] -

el A TR T I LI T A L AT .ﬁ Hﬂﬂ.ﬁ L g wied AN
e LT e i ik ot b W N e

H i uﬁr._it " R s

; .lsdr._ ol
.’l.‘_...- - l.l.“.‘.ll‘.‘._.'. o —t_-..l_‘..'"l.- I
- CEATLXT e I I A I TR Y

i

LED DRI
o

. . - .
.-__l_!ll_l.lsl‘.llll ll._.l..._.l_l_.l. l-_..l__r i.._l..-_...l.
.i ._..s.‘...i.._f.ﬁ__.r e,_:..mw ..
et BB _1_". LA TR I R 1 o) L e g g By gk of Al .
ol PaM ey i e
e By - ek e o

e by L %

P S B LV o ol LA N—rl.‘l'l.‘n?rlinrllt L L EL B R Y '

_-_-..l.-:r.-.l'i:fhl.ll.,. . - .I..I.lf.._!l“r.l; "-iiirj_rﬂp‘lﬂnl-tmﬂ._t _-__.l..'.l!.l._-_ . .h..
- SIS P 9 0 A A T _IT 7
by ._-......_-l_.._l._-l..;l i e .

SOL
o

u

iyl rphlbarhgn, AT |
AT Th A LA TY . . o -
r....ﬂrf...ﬂ..v.:i ok o o O b v el
- r
e S e
By Bl e T B T A Cqa— l.m.!l.i._dit.r..__..ti 4 .

..._Lil.r....i...!.ulhn"l.r-} A.-H...F_ Lﬂ!iﬁn.ihl Sy ! 7—
._n. nl-.”-a.ﬁ__i..‘l.v_-ﬁr”.iil! " b Ih'm'ligll'l-.l.-l

0

y ol e i gl Y abe' i,
Vs A APl A R IRt R RS rR IR R AR IR AR Y T AL

il e o N e K et i HERCL WA R R R YL S L AR e e Y

7

88

LA L A Y L A = T, ke L TR AL BT I W......p
S B R e, I T et ST i
a._'.q-ni-lluu--u _u”....- Lt .__...... ..._.. J..“h L .—:...J-H.... 1-"_.‘-__.n... a .ﬂn__u_.._n.-.. .;-_.. Ia..u._.
.“__ P A .....u-.- .-___.__...... W m L] _..._.. e o4 e [ -
' -1 y nt at .q.-..rl...f_....._._.-r_-.r...._..n.hu....r...-..: T, - N
! wom oo e T T el Ty WeE Fa b oarm kKA v fes ol
S S TR e e R
3 .-.-_l.__l1 -...__-.1. - I-.___.q-___ - e ..._._...._.r. #..... L
" TN LT A s e T R !
L A I R P TILCT N DT TR M ERCL U R LR )
< P L L .____.._.1..._..?.._._..-.1......_.......___ L L.
¥ e ..f..n....u oAk few ..L% LI WL L P .."........__. LY L. H
_w 'l Y L -k -..._ e L] W w 111__. - el _r--_.- -..ﬂ- ..
- *a ...m Ch A et LR T e ey e ......w et |- S
" e .-.r—.--l " a L P L] 111 DL Y I Y i
T A S T e e A .
& I e I AL A P
Y BT o T AP P P TR, 1% SR L P AR Rl b ——
“_.. u..-_._. ..--l-ﬂ....._.._.r...-_-_.....l..\.‘...-.- .“....-_. __-.L.-.--..l....“-.-._. ..__.-.-_..._ san ...1..
5 T T R . T ;
v A T I LA W e WL T LI LR .-, :
b TR T aellr Syt AR _r....
0 PR RS ._...r._I.._;.-....-...__._..-. NILAT -.u......- ~
. e T e s e
: RONPR W S m_..n. :
Y IR PR Y X, 5
3 EFLE L A L N I K
Iy PR RLE Tl Tk T R REY |-
a J....-._...._ ATh . am _b._.-“..._. LRI Y ....._
“L Lmt a +......“___.\.__... et . ...m_ ad .u___. -
{ ; N AT S ),
> N A EER I § B P I Wn.._ ﬁ
) . T W i) XY | B T ML TR T R S L i
T Tt e tr et T e et 3 e et R T T I
= i iy W o L . ) M A T T Tt T, 1 ..
2 SRR o TR RN M %,
L St L . Wl ety LS BT I S vy oy
o Hﬂa.___..._r.._{.r...?v”.....,.f?rvm L S YR L RN . poed
R R L B e g NSRRI CE A R N WO 1.
et e e A ey el . . EEN R S IS DCAEN Tl .uﬂ.,
R s AR Than LI R TN L P .
- Ry ...___f..r.._.rn....n.:h._.__,..-l.. LN ....._...;_...ﬂ....._........ .- ....__.......-... AT ﬂ...
ot T SRR LR fa ARl Ay e P
i ......-.ia...u..r..r-. L T T ,........._. Twrve RN
By b SRR I R T ST 1,
[ty T R I, -,
. PN AR P W IO A RTIY 1t
= v oas- ..u_..__-.....-.n . ..__..u_...... -_.m.”.-. ....___,.:.__'.___......_.r
- el .._.__......_.....F N B LB L N g, DU, o W T o
% .i...._._..... ..-ﬂ.r-.-..__.-...__k._ ...-..__..-..n...-._..-..__.w.. ..W AR T W Eoh ..#...
2 T R T DESEE & -
% I e L P PP W PO MR IR .
) IR W DR o R e N L DL R N O N L THRAT I VT PR ] %
-.It h‘..u....”.n..._f-.) h...ﬂ. . ..._..h... - -_-...._ - .-.. ‘-n .f-n.n-”.l “.._ n.ﬂ...n..u.nnn....:.‘u‘.l.—. -..._........J._-a..-i-.r a |__-....n-
- T R o L T r_._:.,..._—_".___..._.._....._ SRR e Al e Wy sk Y]
“__- L -__n_-._-.-.u.- ..___.n..._..ﬂl--.-__..L..... ...h.. o .1... ._..... . u..kh... n.... _....n“.ur ..--.. . n.__...r..“-.._.. -.H......l
h_- s T ._r.. ..- Xy .-.-...... i L'} . u_-.. ..r-._... -—_;-.u _I Sy I LN -ﬂ.u...___-...-v_- --.- Y B aty T “..-_....1 .
e A 1T el S ol 1 L LI LR Ll i U N ...l.m....._ P 31t
5 ST A A L e T e B A T T N e
-..:. .f.uhq 1f1 L T L -;u-__.. ....”.._.r b Ly i.-”. L Pl ¥ - -f 111 i -nq- » J._--ﬂn..- __.... f.r-.-
Shr i e Tl g I LTINS .
EEI I o R 11|.. ._.-.h”.- T gua g L. ..|..-.r - LT --Fnl LN --nb-t..m.:. e
- . -...—.1__..._._.._.._ 1..."_”..._ ”
. L L ST . ¥
. ...._.-_-“.__“..-.. -...-.. ”.._.. .-u_.
A : * Y i .....,,m.... ;“. o
A, ER e Ttah = Erv ] o
|.|L1H...L.-_ .F..Hl.h-n.u.‘ ._..-..u .1-....|a-1.l..l M . o - - bl ”n.n.u.
oAt R
},.,..__._,,....__".h._._'..r.%_..”..

14
20
16
GHT
SENSOR

SENSOR

HUMIOLTY

78



WO 2019/043449 PCT/IB2018/000965
6/9

FIG 12

s L3 {1 TN N Mt e A N Bt 2 Y WG N P PP H ot L s e L2 Tl b DO 30 5 B A S AN o # TEL

e T T T

I e . Wi P el L

s 370K - SOG0K CCT
e 2600K - 3700K CCT

AR A e T R T e e R T AL T T

a0

20

Refative Radiant Power (%)

W T AT IO o e T AN e T B A (R T

3 el

180 430 480 530 S86 630 680 730

Wavelength (nm)

FIG13

Cool White LED . Warm White LED
10 +4 .1

s 8
RS

“inlensity

o ‘3 '-

.' Eﬂ}éﬁﬁfy

4@0 8O0 | : 00 700 4{}:} - &0 ?'.
 wavelength nmj - - wavelengin {nm)



WO 2019/043449 PCT/IB2018/000965
7/9

FIG 14

200

206

202

204



WO 2019/043449 PCT/IB2018/000965

8/9
FIG 15
212
200
. '—'_...:“——._._-r_.-*-_.________
_ 3~_?H'_‘W"Hw'_“mmmm_' e et Ry A % Y -l_
gf % Tﬁﬁ
Dk iii
| z
}'
214

10



WO 2019/043449 PCT/IB2018/000965
9/9

FIG 16

200

! j oy _-I'+ ‘-,;. J';-:" - ':n,._ sy
VAW W g v o "Sh s — . .
kl _:p:‘ J"‘f‘ ‘rf.,.t " r oo — RS : L A PR R A -3, STl T P L R
S Rt g A e et e i-.‘__:_l-_ » K . o e ',. - "'n: ";"::—-F" -._.'T";;. :"I';:'::" - _*:";" & % o - - " '"\..*...lr i
L LR r - r - ' . ~ ¥ 1"‘. ‘ﬂ:" 1._“_1' .".ﬂ *“r i 1‘ “"‘f !L-f LY rj I
~.’!-‘f;-.’-'-‘: TR SN g el Faly ) P i A al o, el
i f‘;-:?fﬂ 5hd . A N AR A e AW

L
ed .5!.‘.' i2h a pm——— iy . prai i -

. ¥l
2 . ﬁ f"r.' it 1 :
A - e :T u . ' r ] w
LT '-'Eii‘,.;'E:- kg ':?:r.*;,; :{, o E'rl __,.}_.‘\?-,'-. &
' AP gl Fyit et byt e T )
R R s e
(% r.: a7 = r T IJ' 1

Al
AT AT R
-.'S.r; o fia ;";:{f""

iy
PRSP
'}.{\ TS e R
.I AR {-,;'."'r__‘.i:;lé?}::!:ﬁ el
[t | e e

|
N
=
. S A
[

;;1-!_':.-—-"-1--
AL
Jt'j.hi;ﬁi'r_‘.}:f'?

202

. '
bh o i m i RleeT e perdF s A i 1 il o g g, - ey e e ol i APl el e el gl n e b e g 4 re o e R .-,

A e e i e A iy

208

214a

226

10



