PCT/1IL2018/051184

WO 2019/092702

Vi

Ol

000¢

0062

000¢

0061

0001

00S

_
_
_
“
_ o |
_
0 |
_
_
P !
| :m_@ _f:‘, g_: L_:__m
;H [ ] ;_q__. i:_qg _m__
cwum
,/ow_
0l
=1 WILSASANS
TOHMLNOD 0%
ISYHd .
NALSASENS
NOILY TTIONYD| | |- 0¥ 1
ISION
SOINOMLDATA | &
TOHLNOD 00l



WO 2019/092702

186

1B

FIG.

186 186

186

_"'—ﬁﬂ

__,=-_.-=-..-:.'A\w.;
e\ e

2/45

e _..-_—.-.i-’-'..."-"'A""--.

q:___

::.-_-_-‘E:'."

AR — O

_.—'-. m

E

PCT/1IL2018/051184

134

e

7
S

'-l-.-__=__

— - W

1._'.‘_

_LI_—

3500

-_____-

\"“_'l-___

{——___

— | -

—

= ____.‘__--_-kvr—

"'-Inguw-" e
f.ﬂ‘\h-h_zl_

f"‘.—ﬂ“hh

3000

2500

_,.r—fugﬁiﬂﬁlsazs-.._
-'--—-.""1_\"

{_;.

S

e A‘h}___

___l-'-'l'".-iA\
====a=ﬁ=slussnl-r

e\

—-E!l.v_r_f_

___.--.-fm\""--._

-_‘--_

T | g

f
2000
TIME(S)

--f

i
e —

1500

e y T

.

1000

_L

—mten N\ |/l

{

A NN

F,—_-——

%
e

_..--.-'..ﬂ "'--'r.._

L

LD -

<C O

RELATIVE
PHASE

0y 500
S Ti
Ibetween

10
-15
180/



PCT/1IL2018/051184

WO 2019/092702

(S)INIL

J TINNVHO d 1INNVHI

V. 1ANNVHO

NO NOILVZINLLaO NO NOILVZINILaO NO NOILVZINILJO
00G¢ 000¢ 00G¢ 000¢ 006} 000! 00§ om -
Ol—
1 1 1 ] 17V
,.1_..1.____“. qt.h_k,_.___. Ki.w. ,m_w H__L.,.._. _ﬁ._. ’ ’ | 11.\ I e q..um_n .H W (._.l_mﬁ”_
Va _h ’ ’ ._ 7 ,_ ’ - ’ ’, ’ ’ | / . O
.hq_L,_ _LH_L_ ,_q_,___ ._q_H .m_,_ ,__h,.._ H,_.. ; Y
/ E / ; _.m / 11 : c
At - ISYHd
I g NILYTH
__ =1 0l
T._...\MR..,I 981
g —— \ | J
- a...........xxx | | xowgy) q g 1yd p}jp
Z - 0¢
r
. (14104400
Jl "Il _F | v
51 “ A N-03LITHOINNY
_ A
m |
13L934400g _ h
M~
(41944400NNg 061 | r
|

1




PCT/1IL2018/051184

WO 2019/092702

V¢ Ol

00G¢ 000¢ 0052 000 0061 0001 005 0

N1LSASHNS
NOLLV TT14ONVO
1SION

NALSASHNS
104LNOO

NG 1Tyt

| -

A%

997 7927097 vz 6l 912

oo

-
N



WO 2019/092702

286

S
L

286 286 286

282

5/45

_"'—ﬁﬂ

A ==

%,L

q:

"I._'.

_-—_:"-.1"\""_ S

_'I—.__-,:l T —

l

PCT/1IL2018/051184

hh_
F_ _F

-
N

AR — O

::.-_-_-‘E:'."

_.—'-‘m i

_LI_—

NN T

3500

e — T

‘Es_;

E

{_;.

==

—_——t

"-wr e

f.ﬂ‘\h-h_zl_

;.'-‘_ﬂ‘h\L

-L{_'l—l_
—

3000

2500

__.--..-;.ﬁh\‘a-._
-'--—-.""1_\"

e\
e N e

A‘h}—L

{——___

{——L_

—

\

LO

-:-‘}vr e
==
“'-WF

—-E!\ v_r_f_

--f

i
e —

-q-h—EL

T | g

2000

1500

1000

_—_—-.::-}- ——
'_q_E!!!!?:;v“w==!a5==Eh_
__:_...--.-'...’-ﬂ"'--'r.._ —

_ __""'*""‘\VE"' _

- L)

v—

-

RELATIVE

PHASE

-

<C O

L

| T

0y 500

-15

284

TIME(S)

STE

Tpetween



PCT/1IL2018/051184

WO 2019/092702

J TINNVHO

d 1INNVHI

V. 1ANNVHO

(S)INLL NO NOILVZINILLO NO NOILVZINILO NO NOILYZINILdO
00G¢ 000¢ 00GZ 0002 00G| 0001 006 omT
0l—
1 1 1 ] 17V
AV ALV ALVEL AL y 1V V1130
.,__1__”.\.. .m...... .._“_‘1.\. ,1_\. _1__.“._.. I ’ L | q..um y W
4 4 ’ v ’ - , ’ 4 O
.h__L,_ HL_ ,_q_q___ 1111 H H,_._ (
.__._._ ._1..5 .. I .._Lﬁ_ ,. I iy ._ ..H
,. J d f : ~ m
PN ISYHd
R - g JAILY I
9 ) Sl 1 e 0}
T..‘.\.._w S 98¢
..........‘.,.......__..‘....__,L\.__‘__ —— \ o
e Xowgy| ]
Z 07
, (EIRENN0}
D¢ 9l | v
767 S e (ETRERN ORIV
/
:
03L034¥00g _“
031034¥09NNg r

1




WO 2019/092702

OPA
LASER

7/45

(L

(= === mriem =
CIOCEALI00

| moaaa EO0O0O0
(=] = = [ =] —— J o | v | o o { o o }
HEeQuE=E OJOoOoos

| | s | T | | | | o |
(o | | o | o | | | ] o R

/[

=1

1}
-
-1~ -]

CONTROL
SUBSYSTEM

332 3350

540

CANCELLATION
SUBSYSTEM

———————— e

-

\
A

PCT/1IL2018/051184

S
L

| T =

P

p——

i

=il

—mill -._-_I-_j ﬁ‘-_-_-_h__‘— —

‘ Ry T

1000 1500 2000 2500 3000

500




WO 2019/092702

386

3B

FIG.

386 3586 386

582

20

_"'—%L"\

—-"'

{

8 /45

""

— T —-.;-—'

__-__

— | Se———
— [ &
— | -_——
S

— =

JL

15

L

‘- )

-

-

— o

PCT/1IL2018/051184

384

r:-'-;l—-_

o A\T:_!!

-l--__h
—-'-:"-‘\vr S

WF —

lL:_‘\'r- |——
,.-a-'i-_.-.ﬁ\"-'--__
——-.__"-WF e

e _-'-‘r.'-‘.A\L\."‘!-‘-I-__
-—-;"‘\VF

e r'{mr?s— ——
- —=3 ..,A\""'-.'-I-__
iiiiF:!ﬁaulsﬁu-—-

;-f_ﬂ‘k\l e

3500

. --——

=—_

h

3000

2500

TIME(S)

-

RELATIVE
PHASE

T O

_._l-'F"-_jA\“-._
RSN

F:ﬂ\h:-.-_-_-g__
B

__—l-'-.f-‘.iA\

%"‘L‘ w_l-f_.g_-;.—---f

__.--..-'ﬁA\""-a'.._
—-%'-*"-q\\v /g

S

_.___.il.___

-_‘-—_

N e T,

—

2000

--f

h_
——

1500

I'_-__

1000

1

=I_
T

it f_ ‘-_'h_ T
%&W’,ﬁ-

.._—_ﬁ__'-mvg_; ==

Te
|

1
P er—

-

BTi

Tbetween



PCT/1IL2018/051184

WO 2019/092702

) TINNVHD
(S)ANL  NO NOILVZINLLJO

00G% 000¢

d 1INNVHI

NO NOLLVZINILdO

00G¢ 000¢

00G1

V 1INNVHO
NO NOILVZIWILaO

0001 00§

om_l

01—

ml

1,_ V [Hd
I | T RE((
__._.\. O

v

ASVHG
ENVIRAE.

0l

98¢

(419344004
(41934400NNg

x._uEm,q_

2¢ Il4

-
@)
)

T———

N1

-

___—_____r

2

N\

_—_—h-___—_

L--q

Gl

0¢
(J11014800y

(41934H0ON Ny



PCT/1IL2018/051184

WO 2019/092702

10/45

vy Ol

000¢

00G¢

000¢

0061

000!

006

-

L

_ I ,;. !
,%, _g L J_f L% ;” o
I :;; CTE YT :ﬁ_
IIIIIIIIIII - ﬁIIIIIIIIIIIIIIIIIIIIIﬁL
T A Nogy
~ ..............._.....
\ \ ) ///&nOZu
“ \\ AN
__ \§ 897 AN
48 NILSASANS
TOHLNOD 0%v
ISVHd _ ot
NILSASEANS
NOLLY TT3ONVYD| | |-+
ISION
SOINOYLOITI i
TOHLNOD ooy
S



WO 2019/092702

4386

S
L

486 486 486

11/45

_"'—ﬁﬂ

A ==

%,L

q:

AR — O

_-—_:"-.1"\""_ S

_'I—.__-,:l T —

1._'.‘_

::.-_-_-‘E:'."

_.—'-‘m

_LI_—

NN T

PCT/1IL2018/051184

hh_
F_ _F

3500

e — T

‘Es_;

E

{_;.

{——___

{——L_

—

-
N

\

LO

==

—_——t

"-wr e

f.ﬂ‘\h-h_zl_

;.'-‘_ﬂ‘h\L

-L{_'l—l_
—

3000

2500

__.--..-;.ﬁh\‘a-._
-'--—-.""1_\"

e\
e N e

A‘h}—L

-:-‘}vr e
==
“'-WF

—-E!\ v_r_f_

--f

i
e —

-q-h—EL

T | g

2000

1500

1000

_—_—-.::-}- ——
__Ey_..i\wa-..._-%h
__:_...--.-'...’-ﬂ"'--'r.._ —

_ __""'*""‘\VE"' _

- L)

v—

-

-

RELATIVE
PHASE

<C O

L

| T

0y 500

-15

484

TIME(S)

STE

Tpetween



PCT/1IL2018/051184

WO 2019/092702

12/45

J TINNVHO

d 1INNVHI

V. 1ANNVHO

(S)INIL NO NOILYZIWLLdO NO NOILYZINILAO NO NOILYZINILdO
00G¢ 000¢ 00GZ 0002 00S| 000} 006 omT
0l—
1 1 1 ] 17V
AVALALVEL AL/ _ fl Ve IREl
.,__1__”.\.. .m...... .._“_‘1.\. ,1_\. _1__.“._.. I ’ . L | q..um y W
7z 4 ’ v ’ 7 ' » ’ /s | O
.h__L,_ HL_ ,_q_q___ 1111 H H,_._ (
.__._._ ._1..5 .. I .._Lﬁ_ ,. I iy ._ ..H
4 J d d : -~ m
LY ISV Hd
P gt JAILY 13
g i 0l
Tx\w - 98%
i i —— \ J
- ..Hx....xx Xowgy] q
= 0C
, (ETRERN0N
J¥ "9l | v
764 S e (ETRERN ORIV
/
g
03103¥400g _“
131034¥0ONNg r

1




WO 2019/092702 PCT/1IL2018/051184

229380

FIG. SC



PCT/1IL2018/051184

WO 2019/092702

14/45

E?

'E

§'§

E?

Ev

oD

FIG.

]

FIG.



PCT/1IL2018/051184

15/45

WO 2019/092702

\) N\

/// .d...ir

=

///////////////////////////f

/r./rlr...lnf e

NN,

////////////////////////éﬁ?

// R
L TR ___

L
B ____7_7

MMNIIMN

///// J//lyif/r‘ﬁlr "N LSSt

FIG. SF

///////////////////ff

// ./? W % 5 T

ATIThs

/./Jﬂf.,.r.. At

e .
._'_.._".'.lrl_ -

NRNUNNNNNNRY

///////////////////////////

FIG. 3G



PCT/1IL2018/051184

WO 2019/092702

16/45

9 "Dl

—l— —I— —I— NALSASENS

NOLLY TTIONYD
ISION 0v9
\ \\%@
089 o NILSASENS
| s TOULNOD  [Tgeg
N M,.,_.. ™A mm(_l_ﬁ_

%
A%

A SOINOHLOTTT TOHLNO

N 4 19
) NSN AL ~ S
= | ENGHE—= <
W..x I N . ¥
999 219

/8@



PCT/1IL2018/051184

17 /45

WO 2019/092702

NOILYTTIONYD
ISION 079

f
—l— —H— —\”— N1LSASENS

e NALSASENS
%z T04INOD [
N W Ve 4SVHd
/ 7\
! Ylg SOINOHLOFTT TOHINOO | CE9

¢l9

*
of N e S N N o S o R B S N
] | ] 1 1 1 4 1

o
I
|

o~
(N

\

\

\
\
\
A
i

! |
I
i |
!

N T ——

-
l_l.._ll.

n
—
.l'__.l-l
1
.
-
l_-_l-
l_-_l-
.,
—
l-_l-
lll..
o
l_l-
.
.‘.-

/oow



PCT/1IL2018/051184

18/45

WO 2019/092702

088 L __ ,
0G9

NALSASENS

NOLLY TTIONVD
ISION 079

NALSASENS
TOULNOD [ Tgeq

ISYHd
ZER WA 769

/' Yo/9 S2INOYLITTT TOMINOD

¢l9

*
of N e S N N o S o R B S N
] | ] 1 1 1 4 1

o
I
|

o~
N

\

\

\
\
\
A
i

! |
I
i |
!

Y T

-
l_l.._ll.

n
—
.l'__.l-l
1
.
-
l_-_l-
l_-_l-
.,
—
l-_l-
lll..
o
l_l-
.
.‘.-




PCT/1IL2018/051184

19/45

WO 2019/092702

6 Ol

NALSASHENS

NOILYTTIONYD
3SION 079

NALSASENS

T0MINOD  [geg
3SVHd

L\
SIINOHLDTTT TOMINOD | ¢&9

[
+* * + N & - b O O
o N ok N S R

i
\
|
\
W
o~
o~
O
N/
'*.1
\
\
\
\
\
i
!
I
=
I
|
I
!

/ 006



WO 2019/092702 PCT/1IL2018/051184

20/45

-
QO
®F

982

10

P
FIG.



PCT/1IL2018/051184

21/45

WO 2019/092702

L1 Ol4

NALSASENS

NOILYTTIONYD
ISION 079

NALSASENS

T04INOD  [geg
3SVHd

L\
SIINOHLDTTT TOHINOD | ¢&3

¢l9

[
+* * + N & - b O O
o N ok N S R

Y
N
N
~T
\
\
\
\
\
\
\
i
|
"

- I.Ill -

/oo:



PCT/1IL2018/051184

WO 2019/092702

22 /45

0811

Ol

Al

C8l1



PCT/1IL2018/051184

WO 2019/092702

23 /45

99¢ |

¢l "9l 11NJOA 1041NOJ
0¢Ll NOILV INAON 1SVHd

F1NCOA T041NOD

0821 NOLLY 1344090 dSVHd—I0VL 10A

Clel

‘I.lll“

\\Nmm_

e P Y SR | < a0l
Uee! N@m_\ gigt 4/32 /82



PCT/1IL2018/051184

WO 2019/092702

24/45

A\omi

JOLV INAOWN 4SVHd LXAN 01 d1400dd
ON

i

J4LVddlvO
N118 Sd01VINJON
dSVHa N AV

SdA

8lvl
; 9yl

dIHSNOLLY 14 (JAld40 HLIM - JONVUH00IV
NI d01V INAON 1SVHd 41Vddl v

m, < Vivl

L4IHS ASVHA INVLINS3d NV JOVLI0A
(dl1daV N4IMLId dlHSNOILY 14d JAld4d

044/ OL

VN0 14IHS
SVHd S

SAA

Olvl
< 80vl

(JJANALNI dOLVINAOW 3SVHd ANO 01 JOVLIOA Al

Nddl1Va ALISNALNI 01412 aVd 40 ALISNALNI 48NSV AN

07|
ld¢ 40 L4IHS 45VHA 40N100da OlL

vl "Old
o

SAV48—-8NS 40 L14IHS
0¢* | ISYHd (3¥IND3Y NIVLYIOSY

SANLL OC
q414Y

UNV AVid LNdLlNO 40 Ny4LLvd
ALISNALNI 01414 dVa JaNSV AN

vOvl |
SAVIH—8NS 40 14IHS 15VHd

F0Nd04d 0L SJ01V INAON
4SVHd 01 JOVLIOA A'lddV

avis>

cOvl



PCT/1IL2018/051184

WO 2019/092702

25/ 45

3841

Gl

NGGl I I wmmw\\ 1ZA%]!

L
/ im_.\ im_.\

0G4 SIOINOHLIT 1T 10HINOD

0651

1253°]! |
. - |
BESRA g
< P | 1
T e, -~ T =T i
e . N =T
y e S 1|
R -~ .. T |
Hl‘.l“ .-'-..’.-.J.-‘-_ -I..I-I-I_InldnJ...-I-H-_..ﬂ- .._ i ..._. _
llllllu_ll.l_.r ._..-.._....... e " — |_._.. I_-I_.-l.u__u.._l.lu__l.
4 ey ——t L
7 o1 1
@ mm —‘ | L1 LI LI

!
I
I

e s s s e s e
I

|1 ._ |

L 7

______________ i 7
i —<C

_ (7

‘_.,.—

%

\\%m_

¢Sl

/oom—

4%



PCT/1IL2018/051184

WO 2019/092702

26/ 45

8851

9l "9l3

0691

<GP <GP

0551 SIINOHLIS 1T 10HLNOD

[A%Y]!

lllllll J-l-J-..H-:..I:.4-:.--.1._.I..-1__|.. -

i T
I T T
S T A
- N O L
ol 1
L R L
I
— . . numil"ﬂlnm“llﬂul
S s
i1 1T
||||||||||||| il 0
RN N Ry
I




WO 2019/092702

PCT/1IL2018/051184

27 /45

1788

I
i

1770 N i
i
U]
i
M

= \1700

|--l-1.[.(.

FIG. 17A



PCT/1IL2018/051184

WO 2019/092702

28 /45




PCT/1IL2018/051184

WO 2019/092702

29 /45

3881

8l "Old

0681

| .

SIINOULIS 4 104LNOD

0681

] ] N r __ry ¥’y 'y 'y _J§ 3§ 97 _4F _FJF J]
[ ] -
. - e __rr Y T __T°1T __’F9 79 197 977 717 717

(%8l
¢L8l

0581

¢18l

4//¢_m_

/ﬂ///:oow_




PCT/1IL2018/051184

WO 2019/092702

30/45

0GRB|

—_l L ka

6l "Il

066!

0281 0981 9181

|

SIINOULIT 4 10HLNOD

¢8|
¢8|

048l

) ._._._._._._._._._._._._._._._i.

8l8l 816l

¢l8l

718l

Jﬂ//f.oow—




PCT/1IL2018/051184

WO 2019/092702

31/45

vOo¢ "9l4




WO 2019/092702

VUV AWM AL

32/45

ML L VA
\ W '\\_ \ AR

-

L

-

R U SR N W A
VOV VAWM LY VA e

\ \ VAW AN VALY, % N
"\ .-T.-\\\\ )

S5 AN =

2030

S NN AN ALY WY 2
N VNN LY A S
UV VLW AL L VL

AR LR
TR R\ T\ UL T
AR U AR RN
UV LR AN YA

AR RN
AR L R\ R RN
WL VRN ALY VAN
WAL VRN AN AL ALY
R A A A e
WAL U N AT AL AR R
WL UV AN AL VAR,
AR SRR AR Y W\
SRR R R AR
N WU U VAL AN ALY VA
(O AR ERER USRS
- SRRY
N AN

2060

vy -\' .
N Ty
\ \-\ AL ZZZZZZZZ 7
\ .

Y727 727272772777
NI T T I 777727277
\\FP 77777277777
$ 7 777777777
7777772777/
) 7 77 727277277

2016

~—Mh b/ S S 7L S
Y 7 /7 72 7277777 7
777777272777

PCT/1IL2018/051184

208

FIG.

WL D VA L AR AR 4 =~
: \_ '\ \ " \_ '\b\_ '\\ﬁ._ \\ \_ '\_ \. \-.\\\} \\\. ﬁ %"' o
LU A VR AW AL VLA Y '\Nﬁg&\ ", W N
AR R AR R N SR N AR ™, LN
o e wan A SRS S N LR LN "
\ \ \ AR *"\\n\'\‘\"\ RN \\'\.\
UL T VR LY VY WAL AR W W oZ
WLV VN AWM ALY VA VALY RN, '\T‘.“-"}'\ W N\ O
Vh\ \ LR AW AV VY TR RN SR AN RN ~
R R R A R N S S AT AR RSN RN

2068



PCT/1IL2018/051184

WO 2019/092702

33/45

NARNIE

i [

SIINOHLIT T 104LNOD

L Rf L3 33 B8 JJ B3 ]

‘ I r r ] r n | ] n [ ] L]

H—— - .
i i .'v..‘m“—

1 i) L“.‘
e o R un.__
0

174! Z1G|

|
N —

. _.I.__i._._._._._._._.
I

A%*]



PCT/1IL2018/051184

WO 2019/092702

34/45

08CC

H._om__n_ v_w_og

déde

/oomm

NALSASHNS
104LNOD ASVHd

NALSASHNS
NOLLY 110NV
4SION

l4

0BCC

-
N
N

m_om_,n_ v_w_oz,

¢LéC 0GCC

mmmm n\u H\

I.'
I‘.Ill.

NILSASANS
OVC~1 NOLLYTTEONYD
XA ISION




WO 2019/092702 PCT/1IL2018/051184

35/45

2202
2200\ OPA LASER |\l

\/ 2280

WORK PIECE

FIG. 235



PCT/1IL2018/051184

WO 2019/092702

36/45

vé Old

0¥ ¢

“INdLNO @3lANdWY

d3l4MNdAV
4iM0d

140124

Olvc

\ _.
80¥7 -

| S—¥3SVT 0338

0¢vd

dOSNAS Q435

*

¢0ve

// 00v¢



PCT/1IL2018/051184

WO 2019/092702

37/45

TAND K

0v¢

“INdLNO @3LANdWY

ddldl ladNY
dIMOd

12444

0Cv(

JOSNAS (43S

i

ANIT AV 140

1VOILdO

00G¢

dASV 1 (43S

AV 74




PCT/1IL2018/051184

WO 2019/092702

38/45

9¢ Ol4

907¢

)

~ INdLNO @3ANdAV

4311 1aNV
4iM0d

vOv¢

HLVd 1VOILdO

1OVdS 1444

009¢

VAL

JOSNIS ({445

i

qASV ] Qmmm*

cOve




PCT/1IL2018/051184

WO 2019/092702

39/45

90L¢

)

~INdLNO QILEMdNY

Lé Old

ddll 1V
dIMOd

v0LC

8&\

00/




PCT/1IL2018/051184

WO 2019/092702

40/45

8¢ Ol

90L¢

“INdLNO Q3ANdNY

g3l 1dNV
diM0d

v0L¢

r0LC

908¢

GO8C

L0BC 608¢

308¢

- -
Ls
.
<C
—
-
Lol
L]
vy

¢0LC




PCT/1IL2018/051184

WO 2019/092702

41/45

6C

906¢

“1NdLNO QAATdAY

Ol

0¢6¢

JOSNAS (445
i

3NNy | C062
S IMOd 2062
- x ISV T3S ANVIIXNY

067 ¢xb¢

0¢6¢

82\\



PCT/1IL2018/051184

WO 2019/092702

42/45

o¢om/

900%

0¢ 'Ol

8¢0¢

9¢0¢

g4l 1aAV
4IM0d

72 0%

¢20¢

0¢0%

JOSNIS (445

|




PCT/1IL2018/051184

WO 2019/092702

43/45

L Ol

9064

“1INdLNO QINdAY

07414

{

41l 1aiV
qIMOd

706¢

JOSNAS {445

<EINIE
(EEN

008¢

AN

415V | (445 AdVIIXNY

0£6¢



PCT/1IL2018/051184

WO 2019/092702

44/45

¢ Ol

8¢ 0¢

=

900¢ 9¢0¢

4l 1dAV
4iMOd

700%

12909

omom\\

0£0%

JOSNAS ({445

i

EINIE
(EER

[A%0) N
008¢




PCT/1IL2018/051184

WO 2019/092702

45/45

\/

A%%)

14432

ONP,\

¢¢ Old

112%)

2359

9¢e e

0Lee



