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Lens design of Powell lens and its wave-optics

Student : Chia-Yu Liu  Advisor : Dr. Jyh-Long Chern

Institute of Electro-Optics Engineering

National Chiao Tung University

Abstract

The major concern of this thesis is to_explore-the Powell lens in application to laser
beam shaping, its design and wave-optical “interpretation. The objective of beam
shaping is to reshape the Gaussian distribution into a uniform distribution, where the
circular shape of laser beam is changed to linear shape with well-defined boundary.
We consider a lens design in providing better uniformity and clear boundary.
Furthermore, we experimentally verify commercially available Powell lens with
simulation to which ensure the reliability of the ASAP. We also provide san
interpretation of wave optics to show how the lens with excellent uniformity as well

as well-defined boundary.
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(4) S84 A[15-16] : 15 & % b AR F BTG < HY Stk Y a5
BT > E P FRBEY B AR AR 1-10 o BB A
it d P FE e S 2 ERTER A F G o g e R
WA E LY AR 0 F L B LE A KR

{ LASER

B1-10 @ ¥ebts< & L 257 & BI[15]

T e S B g A R AT T A 13 AR

FRUFHEE R 2 AR S F AR T 0 LR AT D)
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1-3 &~ ez T#—Fs? 5
Apwmy PERFEELeT o 530 221 S AAERY K B 2 E[1]
BEFTHETAHRFEL T 22 d § i |2 425 (Maxwell’'s equation)
NERGRETE Bk AL BEHITL o 2 Bk FHRIL T E M

é’-z T]}#m/{ﬂ{,gv\—rﬁi ﬁm VA S fR Ll‘"’fz’zi‘-L_\ﬂ‘L /#Fgﬁé?—é’f%gillifim

AERZF o APRAEBAL Y A HEI PSR X ik ASAP
PREECE > AT BB A R T ARG REERDE RN B Y e | S 82
L HEA AT § B 32 F F S AR ?%Mﬁ%ﬁﬁéﬁﬁ%&»ﬁﬁﬁ
WERBSETETHEY IR A 3328 AP RAHERE SRR %%
o A ITHCREW 2 RS R ORI AN U ER R 2 A B
34 F & AP R RHREP FRE SRR R RSN LRSI REFR
EELFRFRS DT 2 R

BN R A ki @SS SRR 3 R 2 R DR P kR G i
ZRE PG RS KM@ PEBET R T v Y e 2 ¢ st

BRSPS AN BRI RS M ASAP ks ®t xS

a

7 fb ) -&-\. ]FB L‘L 5 )‘I‘ Pm‘%:r \i gfi? };l, ﬁ‘mﬁ\l}\a i’lr_’_‘:ﬁ; HT.'LE ’:l\' m,ﬁ} )i/év\

fe -

45

'§‘_ s NP R B A F R AP B e Y Wl’év\“f‘rﬁ_\i,”fﬂi

1=y

2

81T A R F -
FoA R AT | SRS P 8T W i o
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Btz HEr ki A F T T e BAAER AN LK M E(r
BHh S F B4 ) 75t E(Snell'slaw) ~ il § 5 s Bk IiEE o &

’_%_ m)J‘;EJ: K }'T'%q* t{_; 'éf]'; , éfu(ﬁ')‘ ,‘( lffu)E\\‘ {j’frﬁj‘;\ /;"i éfu E

W
&

W
®
2
Z

o

W)o it RT LR ITHS SRS LR I e BT W5 B s

2
w

[l R Al i ﬁ*4%4\1 ARfs o B B2 e B ﬁi:r\‘ 'F'Js%&b Fedizka & j? s

Piaf o il VORGSR 2L AR

21 i BT kg
2-11~ ki@ g TR

d F gt {2 425 (Maxwell’'s equation) &5

Ve E(rt)=0 " (2-1)
VeH(rit)=0 > (2-2)
V€0 = D (2-3)
vXHmozgaa“D’ (2-4)

HY r Al @faped ot ZFF > e pus w5 4 3% ¥ #ic(Electric

permittivity) 2 # 2 % $ic(Magnetic permeability) - #(2-3);% =+ 3%k + (Vx)» &

o
@

VxVxE=VVeE-VeVE=-VeVE =-V’E

0°E
ot?

0 _
-u—(VxH)=-ue
/13( )=-u
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, O2E(r,1)

V2E(r,t) =-n = (2-5)
Bk T ¥ E 2 PR G (Time harmonic)it » P ¥ #-H 4 7 3 ¢
E(r,1) = u(Fexp(jet) (2-6)
4(2-6)58 & (2-7)7 1%
(V2 + @2eu)u(f) = (V2 +n?k2)u(f) = 0 (2-7)

\' w , 4 ,
(2-7)s8 ¢ @ * suEv=—"Ssv=Jgu K,=— TR o’euv Bhisz S5 8¢
n 0 Vv 3] i
0

Na Mtz 378t5 > Vi TR B HRE Y 218 & > ko & 4 B(Wave number) -
BimkF LR AR A TRR T R27)Y () A G

u(r) = uo (Nexplik,S(M] (2-8)

Uo() » R tei@ & mBr24mif > S(F) &7 5 k% » Z X2 $4piea (SF)=%

fic) o 30— Z o M (Isotropic) i kA CmE M AT A LE ARG e 0 TR
VS(F) _ VS(T)

& a() = = o W(2-8)sk & A (2-7)sk 18
() |VS(?)| n(f) ( )} I ( )Jr i
(VS)? =n® (2-9)
2u,VSe VU, +UV?S=0 (2-10)

5 £230(2-9)F 3 © rineikonal 42 0 (2-10) 2 I8 R & 5 i B ¥R Acit g e

EF TS W
2u,(VSeVUu, ) +UiV?S=u;(VeVS)+VSeV(ui)=Ve(uiVS) =V e(u:na)

=Ve(ld)’
P ENZHENE N E T EVe(ld) =0%-F #7312 % (Gauss’ theorem) i *
ERABBLRLEL G LS woF2-1 @

1A= 1*A, © (2-11)
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[,dA;

l1dAq
Bl2-1: kil 74
AG i iBlim 2 XL E » PIRAZEELr LN E 3250 %F X
HOR T 2 (8T bk A AR A AR o
B - BE5RR A GG SRR~ T T 5k L EA kAo Kk Sdr ) 2-2

S

A
(R, 2)
(r.2) s
R
I ty
rI d ‘

e 2

N1 No h,

B Gv gt 5 o) =exp[-2(7r,)%] e ros % & £ > BK T ok LY
RF p X IR ¥ AAF L E(R) 5K B (T Mk AR 5
AT ) d KT BT AE(2-1)N (3 F R 5 IR F Sl fo) F

27rd r q 27rd R d
jo ajo o (r)rdr = jo 9]0 Y(R)RdR - (2-12)
Bo @kl a2 e RP 2353 %RAF 0 B #I(R) &2 /2 R %

S K d e a0 S(R)T A A B RSl St (2-12)% 5 T A

rO2 _ _ 2 2 , _
R :\/E[l exp(-2r2/r2)] (2-13)
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T= [1-exp(-2r2, /1] - (2-14)

e
Mmax 77 & 5 — BEA T RP LT Roax s Kk 8 - BB &H T Fod
o FOAGLELT Bk endl a2

A 2-3 4L A AR (2-13)2 (2-14) N E Rk o 2 TR L RA
LE5MW eng & F 5> d 0kl £ TR 0§ rrark i bpk L L T AR L

Wn&?g&ﬂ

Bearn shaping of He-Me laser to flattop output laser

- G ARV
31" (Intensity) 75 7

woxk Ey%}uqﬁi A,
MmIVEEE

F%ﬂ S 1.

T s

Intensity of laser (Watt/mm?)

Bearn profile (rm)

B12-3: 3 o 0004 SRS 0 5P F S

212 % d i 425N

T

PSP kB Pl > ReRIGIoA AN BR Y o F A H Ok
£REAT BT RAp AR AR kALY R CRp L B Rk L i R

Ao BT RAERAEFREZ Bkt o d 72 A
n(@xn) =n'(Axf) - (2-15)

AaA LA orstkd stk d o B A A RR e B o T AR ALE 24

14



Rl2-4 1 £ & A G 375 S 8or X R
B(2-15) 2+ fkuw BTG F
n'A = na +[n'cosi'-ncosi]f - (2-16)
H ¥ cosi'=Aef>cosi=aen »i % Piirubgh 2 37604 5 > e ik f Ak 8
BT sk T
12995 % B % =(Fermat's principle)» & L dodzg. P 1 %2 Q- Rl & &
PQ 2z B énfe o 4 RE 0 ¢ %42 5 OPL(C) :In(x,y,z)ds kg C TR
c
> % #x(Variation of calculus)i*-2[17] > § n(f) = T #(Smooth)= f25¢ » ]k
e C ¥ s ’i%(n(?)%) =Vn(r) » #H# % Ik F 12 (Homogeneous) - Bk
RBEJE AR G EMR > VLA T 5

F(s)=as+b > (2-17)

-

He g bi ¥ 8 d 3 apmadi g 0 - BEE DR LR Sk ]

A4
N
x
fon
3
Iy
=K

FHEFDRZEE CRESD - BEEE LT Faua3 BT 6
ko a AP RS h A A BEEEAHES o X A3t I P2 B ey

AT B - BAEEE@)I S BAREE(R2Z)2 wE 4 N (2-16)%7i4

TR BB E T ks b plA=k T R

15



A=k+Oh

(2-18)
4o Q_-y+\/l+(z) (1-7%) A= -2'T+k ,7=1 ’
J1+(2)? V1+(2)? n,
" Z,:dz(r)
dr
BR2AT)T Rk R - BARI N BACE ORISR &
G2
R-NA, =(Z-2)A, > (2-19)
He Ar~Az: ZA$ 2 znh £ o 2 5(2-18)2 (2-19)5% » Fm s v & ¢
@) '*R-10+(*-D)(Z-2)°1-@)(R-NZ-2)-)*A-7)IR -1’ +(Z-2)°]
22(R-1)(Z-2)-(R-1)? =0
Rl REL U
[(1-7*)Z-2)* -7*(R=D*]1@) *2(R -1)(Z-2)z+(R-1)* =0 - (2-20)
-(R-1)(Z-2) £ A(R=-1)/(Z-2)2~ (R - 1)?
I G z)2 A( 2|r)\/(2 2) 2( r 2-21)
(1-n°)(Z-2)"-n“(R-1)
(2-21)5% ¢ HR=R(N7 d ;% (2-13)%7i- % od it 2 2% F4(2-21)8 5 ¢ §(zr)
2 A fEs HY Z L Ahds eFie S 4 (ZR)MRiE o Z T AT A

Z=Z(R) o 4t d (z,r)#7 % 77 h S"ﬁ;\“’;ﬁﬂﬁ AR I T A A I A
KL FA SR AFEN DS LT HE 0 J LR F R kAR L g 2T

BZez2 MG S pdienfes > 258 > Pla S i

2-1.3~ & k424 4] :

DA ISR R R L kAR 2 R AT SR L
b s? kR FAR o KARE K R A KA T A2 B K R 1%

pf( 2N
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R SPE S LR EETS VERE SR AV S
(OPL), =nt, +n,d+nt, * (2-22)

TR BRIk L LmL

(OPL), =nz+n,/(R-N2+(Z-2)? +n(t, +d+t,-Z) - (2-23)

Bt ook kAR B )T 5 T E

no\/(R-r)z—(Z—z)2 =n(Z-z)-d(n-n,) > (2-24)

n(n-ng)d+4/n?(n-1)2d? + (n? -n?)(R - 1)’

By Z-Z =
2-2) -

(2-25)

2-1.4~ it B T3 2 enfga

ATk Sendr s Sin s 3 B REIERd, ¥ - 3 BEEAENWE Y - 0 B &
B Rtaie > #18(2-13) ~ (2-14) > (2-21):(2-25)3% > R(r) ~ Z(r) ~ z(r)3=# 1 * #
EpEgd o d Q2NAT UG BEFZ HER AT S - 5 EEL B8
F2 FZ< %R 47 % - o B85 ¢ 560 #(2-13)1(2-25):8 & & > B ¥ f A
fEdiz(r) &7 K d (2-25);¢ 7 (B m S2 935Kk - Cornwell[18] 2 Malyak[12]#% i 7

- BRERADPE S F- BAEHART LA T R

2(r) = [f(r)dr+C - (2-26)

Z(r)=z(r) +9(r) > (2-27)
#9f(r)z gr)esie w2 42-C 5 ¥k

d (2-13)% (2-25);V 7 {7 :

n(n - no)d+\/[n§(n -1)%d? + (n® -ng)]x{\/g‘)z[l-exp(-z:z)]- r}

Z=7+

(2-28)
n-ng

(2-26) 40t 7 @

17



n(n-no)d+\/[n§<n-1>2d2+<n o)]x{\/°[1 exp(-2 )] }
(r) = o

— (2-29)
n“-ng

PEE (22087 B L

a(r)(z)? +b(rz+c*(r)=0 - (2-30)
H ¥

()= (R-1) = \/;iz[l-exp(-Z:—z)]-r : (2-31)
b(r) = 2¢(r)g(r) - (2-32)
a(r) = (1-y%)g° () -y2c*(r) > (2-33)
. b(r) + /b’ () - 4a(r)c(r) (2.34)

2a(r)
B > AR(2-21)5N R M2 (8 o FAL 2 ks 7 v d BB (rz) 2 (RZ)#7 %
o T ke f’rfjfa Bl fcle R At RE R E Sl G E 4T %
PRI R Fe(rz)% (RZ) B E R’ X k& 4 & 3 4254 (Opical surface equation)
#gt & (Fitting) & 47 -
(2

+> A,r?
144/1- (1+K‘)022 le ’

H ¥ cid ZF(Curvature) » K3 4875 2 8c(Conic constant) » Agin % 78V L5k o %

Z=

jud

B, FA=0 e k-0 E 4w P 548755 (Conic surface) » § k>1 2 -1<k<0 >

BE

W

FN

WRG 5 k=153 ba ; §k<A1PILEY G - TR AB25-

LM

18



Zsag

Optical surface with different conic constant

0.0 ! ! T T T T T T T T

: : —»— Parabolic suface | | : : _f

DDDQ‘ _______ —+— hyperbolic surface [ . . LF
! i —C— elliptical surface ] i |

i i —— Spherical surface | | i i

L

H
o1
i
H
|

-0.008 -0.006 -0.004 —D.DQ 0 D.DE 0.004 0.006 0.008

B12-5: 7 e 487 T Boehs o
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2-2 At E fg—r /245 T\}l”;/ﬁ“ﬁ"—

AR R R S AR IE AT

(A) ki@ & = 5 1 3% BRorz. & enff |
(B) &4z U4 @ & mZfrz2 [ craBf |
(C) kg pn— 42 @ 4k z(r)shpic s = 42

g
st
g
st

A 4

Bt iBz(r) > FE N ¥R B LG 2 AN
m%ﬁa&"ﬁ\ﬁk’ﬁii

(A) & & F L

(B) 47 4 ¥

A 4

R B Tk~ BRI RS R

A 4 A 4
Jofr Rk et btk R g B A F - (A) e b3t HiEaEY 277 &4
IR S N R (B) & & & foornsk st I o5

A3 Ao Rl MBS %
Bk e b SRk e
B0 BER L MELCE Wik
B st o
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Ritw oo T oAU IR hch Skl B SRk F v 4 H S [1]

= (2-36)

H¢rgh »dtk ek D3 oArark s stk A end T o fL R F f e B RS

LIPS 5 PREd e § B4 B B WL R § R KSR Rk
A F 4<B<32 B SRR R AT B AREARY 5 ¥>320 Ak

|

-

B AV gt B3 2®t o - RaRT o B B2 2okt T o
(2 dF %R o

bR P AP R FRRL P R S 532nm~ kML 5 2.3cm

TR ARMAT o AP 5 B=33.93 0 BT U Afn S k4 g
PEF?/Q%’LO e F’Kl/g\z‘;ﬁll‘} 5 2 —‘,L_%%lu ﬁLrA '—'ﬁ_gd_’]c()g.lﬁ'l—i,léi;‘a ﬂ',ﬂ“r]'yloq\ ,ij

AR ERGL G P R R B RN FENETIE S B
R AR E o TR A ARSEAE Y AR s FUFAE oA b
ARt Ask L S ARG 50mm -~ AR G 0.5mm s e oo Ak w2 sk
Pho PSSR L A A DEEER -

AR AR nB R 2R R B RILATE 2o d b g T A
B 2R AT Tknm g okt REAEFH F g £ ApT
REBPZhg* R

(1 % BE=**32;

e

(2)  F MR R SAGR AT L ke ¢ s SR

BA PR )P o d AP AR B F AR A B G ¢ O A i

™

WSk R e AP R RO S B AR 2 R R - B AT

7T
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$zd BRE ST LS 2

X
X

N

AHe B REM O - BR A AT AEIRG s el

s

I

>3
N

a

H o B AR E URMAE A TR 0 B8 WA e sk A
RyP-BApFARAE 0 2 F - LOTFEA o

AR NP HRIH GG S N 2 ST E RAEBE o AT o Bt
TR AR AT
(1) » 5k mP £ 0 633nm2 § & F 5
(2) ki B2 HAE :5mW > B AT

AUtk R B TR R e
(1) 2 iegedr @ >50mm ;

(2) 2§ e A 3 0.5mm 1 vcfrkeB0MM + L F3-1;
HQ

(3) HkBkipiag i >60% . s ;

BRSO i KR 2 C/ R v
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3-1 i B8 i » TR
3-1.1~ I B EFA)T 5k R ifRg
F A7 seh 2 g A i 42(Cylindrical lens > 2 §]3-2) - fwﬂ—’_)’jfu
A F L EER - B> » L3k & & (Optical power » &2 41 fheh ) > 3t
T HERBRRE T b B o) GREBRE T LB 4T

PERS-LTE EI

(a)  Cylindrical (x) axis (b)

y
M52 (@) 079 4EL 80 BRAXZ2 3 ks 7 LW
(b) Il ﬁT’E*ﬁ’:ﬁ%laﬁL_YZlm R 7 2 B

3-1.2 H B E A 47

oA KB A2 FE M VAR 5 i phik (Paraxial waves) o K
kghiZ% % o PSR Z 2 AEN T B E TG 2 AN AT ) 5o KA
FeA e oAp B S A(N[19] 0 2 A(Ap ¥ B B E ] o BIRT ek B 42

X 5o
U(r) = A(Nexp(-jkz) (3-1)
H(3-1)5 ~ TR A (2-7)58 0 TR

aazz N ;;_2 JA() + ok AN

( =0 (3-2)

(3-2)4f- & 1T #hig ¥ B % > 4258 (Helmholtz equation) o ¢ fica = 427 #4 3 > -

% $¢4 . (Paraboloidal wave) :
2
A() = L exp(ik ) (3-3)
z 2z
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¥ - f2p] 5 B #7& & (Gaussian beam) » % 7 5 :

2

A
A —_
0= 10" 200

BPq(z)=z-¢ f5qsdc 285 ¥R A mlice 585 mipF > (3-4):8 M 5

g B AR 2 2 RIA(NT & 7 5 B #7k & ehdt ¢ (Envelope) > #-q %-#ic

1 (3-4)

B 5 q(z)=z+jzo > R

1 1 . 2

- -J 2 ’ (3-5)
d(z) R(z) “2W*(2)
#(3-5)% (3-4) % » (3-1)  iThoik 2 A2 507 5 5 ¢
— Wo : p’ il P’ . , i
u@) =A, W) exp[ W2 (Z)]exp[sz jk 2RG) +J¢(2)] (3-6)
He
W(z) = W; 1+(Zi)2 ’ (3-7)
R@) =z[1+ (Z7°)2] : (3-8)
{@)=tan 2o (3-9)
W, = (3-10)
Ay = (3-11)
JZo

BI3-35 5P B o 7 (3-7):V E_% kP sk gL (Beam radius) » Wp s £ &

* ' (Beam waist) o » &k Rz K ALER pz=0imF > A ECKETE TR LR

Bi W, ZBEd Rk Szoe B B XABAFEL - LPEHEE 5

zoe A E & A 5 &7 (Depth of focus). (3-8)3uf & #7:k d ik % chd FAp it &
PhizB 2 Mo ¥ BETLRUEBHEELE  RAT o F A BERIE €58

L RILET X

24



L J

B3-3 1 F 5 d st B 28T B[19]

R R RREY - 5 9(3-6)N hfp B S P F) 5 B AR S ehdp R 4

£ ex (Jkp ——)[20] > At A F Z m WS HJEAP T
,0 ,0 P
kz + k£— ki—=kz+kZt— ) 3-12
2R "o 2f 2R "6 ( )
?F i:l_l o (3_13)
RN R f

BY FE&E LR T g 21]

1 d(n -1)C,C,
= -C, S0 TCCs) (3-14)
B¢ Coa Coht W) 5 540 % — 6B 0 BeaiE 6
d (3-5);\FmEvF:
_ZO'ZLI , (3-15)
IR,
L+ )
W W 3-16)
1+
(AR,)
(3-15)78 £ 77 » B % #7k RSB AL1S K EFT Y o (3-16)N AL 7 ~ B3 Bk &

i

(s
3
Fi

DAL A LT 1A T R (37) - (3-8) - (3-13) ~ (3-14)3*
ReFAHRET FM 0 ART A TN d CVID P [22]41 5K &
FEE S BREIET FRRHRAT T (7 -

;ﬁd WHE Tuﬂ P F Eol g e T AW 0 N E T BEAE o RF

ASAP R » #-CVI 2 7 chid 4 5-Bc(i  HERA)I ~ 2 B e B 7 1



Moo T ARG E AR T HR 0 RARASAP Gl  ASAP B AT 3N A8 4o Bl 3-4(a)

2 F3-4(b) > A u EHIEAE TR RAEN S o (hmih L 4EB o

TIGEOHETRY OF CYLINDRICAL LEHS

I g2 e
I —'l‘—fwst@/, FRPE
*Iigﬁ IHIE&FNCIE-E:SJ:I::T

T1EACK LEHS M-.._\_\‘
= SURFACE &
EKE PLAHE 2 B ELLIPSE 25.% %ﬁ:ﬁ‘g

OBJECT ‘LENS.BACK'

TNTERFACE 8 1 AIR SCHOTT_BN7
ktencE
SURFACE

TUBE 2 @ 25.4 25.4 12.7 25.4 25.4
OBJECT ‘LENS.EDGE'

IHTERFACE B B AIR SCHOTT_BKY
BOUHDE -.2 +.3

B3-4(a) : i A 5

Crestes a heam set simulating & coherert astigmatic Gaussian mode.
Function

Creste RaysBeams

Syntax (Long Form):
GAUSSIAN X x x"x" n'n" m'm"™ a"a" [ DEGREES |
Yy y'y" RADIANS - !
Zz z'z" :
Syntax (Short Form):

GAUSSIAN X x x'n a| DEGREES ]
¥Yyy'  RADIANS
Zz z'

't 4SOURCE !
' BEAMS COHERENT DIFFRACT |}
' PARABASAL 4 L
' YIDTH :
! !
! 1
! 1
' 1

WAVELENGTH 532 Hin
GAUSSIAN 2 -15 -1688 21 50

BI3-4(b) : » 5t S i i4E 58 7S

BIS-55 8 B & 512.7mmz 7 e o F L 52 S48 E LEE(S ) B &
BRCE)NER - d BIP FREFY F L4 Pl EH T EET 27
Bpgdod A PT @ EMB2 7 E N E Y BB Rfod FEITETS L] K

L gm 2 AT

26



400 _

—m—ASAP simulation
350 1 —e—Thin lens theory u
€ ]
£ 300 /
c J
S 250 /
3 ]
S 200 /
[7)) { )
=} 1 ]
S 150 - /
- 100 e
é) _ I/.j:j././.
50| o°
20 40 60 80 100 120 140 160 180 200
Radius of curvature (mm)
B13-5 : i g F L T K et §
RI3-6AArdsd 2ot ] J 2R R hadr - 7 i FICVID @ #rik ik endfr
BEFT R TGy R 20.5mmLTT o eSS 825G rA R > R F] A AR
R GFEET A ARG EEE S R RAE R Z LIRS E o
0.040- —m—ASAP simulation .
0-035'_ —e—Thin lens theory —
0.030+ .
= 0.0251 e
£ 0.020- s
o 0.0154 {./'
‘» 0. 010’:
g
& 0.004—_ /.
0.003 4 ./'
0.002 e
0.001] oo’
0000 T T T T T T T T T T T T T T T T T T 1
20 40 60 80 100 120 140 160 180 200
Radius of curvature (mm)
B13-6 - & ] RAE ARG EY FLITDIEH
BIS-7E 4B 4 5 0 F LT 538 1mMmenfFinT™ » A f iz & FEATF A5 T S ensg

R A G 24 R
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#¢ D{tmstud FIELD:

=10

F13-7 : trif 4w & 2 0 5 38 1mmesa), % 55 & A G

3-13~] % :

d FI3-8F ARG LA R & APRCVIZ P S BIE- h

AL I E R SR T

CVI 2 7 3% i 4135 4 srf(a)de i £5E(mm)

|tdo e %

SN I S

i (b) 4= 5 = gufehm)  [(a) 85 (mm) (a)3 A (mm)
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Phase distribution near focus
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CLCX-C . BK7 Cylindrical Plano-Convex Round Questions? Call Us!
Lenses Click Here For Phone List
« Wery simple to mount, especially Specifications
when cylindrical axis must be rotated Substrate Material BKT glass
+  Smaller and larger sizes available M2 along cureed axis,
) M4 percmalong X
+ Anamorphic beam shaping and laser Surface Figure diminsinn ot 53g3nm
projection typical
+  |llumination of detector arrays Surface Quality 20-10 laser quality
«  Convex cylindrical mirror substrate far Dimensional Talerance |+ 0.00mm, - 0.25mm
diverging mirrar Thickness Tolerance t 0.24mm
Chamfar 0.35mm at 45" typical
. X y Wedge =3 minutes
r TE =
Focal Length Talerance 1 0.5% typical
I Wavelenath user
R | specified, R = 0.25% for
. Antireflection Coating V-type AR coating, R =
0.5% for BBAR coating,
per surface
Exceeds central 85% of
. T A Clear Aperture dimension

10Jicm?, Bnsec pulse at

Damage Threshald
: 1064nm typical

Print Page from Catalog

Radius
R
CLE®-15.0-10.2-C 20 15 102 G 2.7
CLEX-15.0-12.7-C 25 15 127 5.5 4
CLCX-20.0-12.7-C 25 z20 127 8 3.1
CLE®-15.0-15.3-C 30 15 15.3 5 3
CLEX-200-15.3-C 20 20 15.3 7 3.3
CLEX-25.4-15.3-C 20 254 15.3 11 4.2
CLE®-15.0-20.3-C 40 15 203 5 3.6
CLEX-20.0-20.3-C 40 20 203 G 3.4
CLEX-25.4-20.3-C 40 25.4 203 g 4.5
CLCX-20.0-25.4-C 50 z20 254 G 3.9
CLE®-25.4-25.4-C 50 254 254 7.4 4
CLEX-20.0-25.4-C 50 20 254 g 4.1
CLCX-20.0-30.5-C &0 20 305 5 3.3
CLE®-25.4-30.5-C 50 254 305 7 4.2
CLEX-20.0-30.5-C 50 20 205 2 4.1
CLEX-20.0-38.1-C 75 20 381 5 3.7
CLCX-25438.1-C 75 254 381 6.2 4
CLE®-30.0-38.1-C 75 30 351 7 3.9
CLEX-50.8-38.1-C 75 0.8 381 12.7 3
CLCX-20.0-50.9-C 100 20 509 5 4
CLE®-25.4-50.9-C 400 254 509 5.6 4
CLEX-20.0-50.9-C 100 20 509 G 3.7
CLEX-50.8-50.9-C 100 508 509 10 3.2
CLCX-20.0-76.3-C 150 20 763 5 43
CLE®-254-76.3-C 150 254 763 5.1 4
CLEX-20.0-76.3-C 150 =0 763 G 4.5
CLCX-50.8-76.3-C 150 50.8 763 8 3.6

http://www.cvilaser.com/Catalog.asp?filename=/optics/bil-Isroptc-936.asp
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R R S
PUP ent Seeinid 52 ik

Pk s 5 5 gore {225 0.5 &K
Negr e 5=3

SYSTEM NEW

RESET

UNITS MM

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 632.8 NM
WIDTHS 1.6

! 1 INTERFACE
COATING PROPERTIES
0 0 *ABSORB’

1 0 "REFLECT

0 1 *TRANSMIT

ROC=27.1 MR sa v FL 8
RADIUS=25.5 !l w2z 2 /2
TH=15 MR TEHR2ZER

I'1GEOMETRY OF CYLINDRICAL LENS
1 'FRONT SURFACE

SURFACE
OPTICAL Z 0 (ROC) ELLIPSE (RADIUS)
ASYM 0 1 BR=REY: A &

OBJECT ' FRONT’
INTERFACE 0 1 AIR SCHOTT_BK7

11BACK SURFACE
SURFACE
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PLANE Z (TH) ELLIPSE (RADIUS)
OBJECT " BACK’
INTERFACE 0 1 AIR SCHOTT_BK7

' 1EDGE

SURFACE

TUBE Z 0 2@(RADIUS) (TH) (RADIUS)
OBJECT * SIDE’

INTERFACE 0 0 AIR SCHOTT_BK7
BOUNDS -.2 +.3

1 IDETECTOR

SURFACE

PLANE Z 100 ELLIPSE 30

OBJECT * DETECTOR’

1'1SOURCE
GAUSSIAN Z -15 -10 300 25
TRACE

CONSIDER ONLY DETECTOR
FOCUS MOVE VA e i B EEZTTER
WINDOW X -2@2 Y -2@2
PIXELS 71
FIELD ENERGY
DISPLAY
PICTURE
RETURN
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SYSTEM NEW
RESET

UNITS MM

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 632.8 NM

WIDTHS 1.6

ROC=0. 4 N 242 0 F Lyg
CC=-3.2 MR zs stz sio (il
RADIUS=8 NXRzH4H2 L5

TH=11 NRzHEHRLER

I 'GEOMETRY OF LENS

| 'PRIMARY

SURFACE

OPTICAL Z 0 (RADIUS) (CC) RECT (RADIUS)
ASYM 0 1

OBJECT * POWELL. PRIMARY’
INTERFACE 0 1 AIR SCHOTT_BK7

! 1 SECONDARY

SURFACE

PLANE Z (TH) RECT (RADIUS)
OBJECT * POWELL. SECONDARY’
INTERFACE 0 1 AIR SCHOTT_BK7

! 'BOUNDING

90



SURFACE

TUBE Z -2 2@(RADIUS) 20 2@(RADIUS) 1
OBJECT ' POWELL. EDGE’

INTERFACE 0 1 AIR SCHOTT_BK7

BOUNDS -.2 +.3

1 IDETECTOR

SURFACE

PLANE Z 1000 ELLIPSE 400
OBJECT * DETECTOR’

11TO SOLVE "DEPARTURE" PROBLEM
SURFACE

PLANE Z -0. 025 ELLIPSE 5
OBJECT ' DUMMY1’

INTERFACE 0 1 AIR AIR

1'1SOURCE
GAUSSIAN Z -10 -10 10 0.5
FLUX TOTAL 0.5

CONSIDER ALL

TRACE 0 DUMMY1
CONSIDER ONLY DUMMY1
WINDOW X -2@0.5 Y -2@0.5
PIXELS 171

HALT 0.03

FIELD ENERGY -0.525
RAYS 0

DECOMPOSE +POSITION
FIELD ENERGY -0.525
CONSIDER ALL

TRACE

CONSIDER ONLY DETECTOR
WINDOW Y X

PIXELS 101

FIELD ENERGY 1000
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DISPLAY
PICTURE " Z=1000’

RETURN
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SYSTEM NEW
RESET

UNITS MM

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 532 NM

WIDTHS 1.6
ROCI=1.2 1k 4% - & 2 3 2
ROC2=-32 IR 254 - & 2od HL
CC=-2.8 e 28 b2 b Gl
RADIUS=8 !l %S4tz % 2

TH=11 13k RS 42 B R

[ 1GEOMETRY OF LENS

I IPRIMARY

SURFACE

OPTICAL Z 0 (ROC1) (CC) RECT (RADIUS)
ASYM 0 1

OBJECT ' POWELL. PRIMARY'

INTERFACE 0 1 AIR SCHOTT_BK7

I SECONDARY

SURFACE

OPTICAL Z (TH) (ROC2) RECT (RADIUS)
ASYM 1 0

OBJECT * POWELL. SECONDARY’
INTERFACE 0 1 AIR SCHOTT_BK7
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! 'BOUNDING

SURFACE

TUBE Z 0 2@(RADIUS) 30 2@(RADIUS) 1
OBJECT ' POWELL. EDGE’

INTERFACE 0 0 AIR SCHOTT_BK7
BOUNDS -.2 +.3

1 IDETECTOR

SURFACE

PLANE Z 60 ELLIPSE 30
OBJECT * DETECTOR’

GAUSSIAN Z -10 -10 301 1.15

TRACE
CONSIDER ONLY DETECTOR
WINDOW Y -2@25 X -2@25
PIXELS 71

FIELD ENERGY 90
DISPLAY

PICTURE

RETURN
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SYSTEM NEW
RESET

UNITS MM

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 532 NM

WIDTHS 1.6

ROC1=1. 2 NRTEEY - 5 2 F 252
WIDTH=8 NE-szZe TR

LENGTH=11.31 !!¥% - & 2 & &£ &

ROC2=-32 Nz EEY = o 28 FL e
CC=-2.8 MR TSz s Rl

RADIUS=8 NXReH42 L5

TH1=18 N zEHEF- I %025

I'1GEOMETRY OF LENS

! IPRIMARY

SURFACE

OPTICAL Z 0 (ROC1) (CC) RECT (RADIUS)
ASYM'1 0

OBJECT * POWELL. PRIMARY’

INTERFACE 0 1 AIR SCHOTT_BK7

SURFACE

PLANE Z (TH) RECT (WIDTH) (LENGTH)
OBJECT * POWERLL. PRISM'

INTERFACE 1 0 AIR SCHOTT_BK7

95



ROTATE X -45

! 'BOUNDING

SURFACE

TUBE Z 0 2@(RADIUS) 30 2@(RADIUS) 1
OBJECT ' POWELL. EDGE’

INTERFACE 0 1 AIR SCHOTT_BK7
BOUNDS -.2 +.3

REDEFINE COLOR 4

I''LOWER TUBE

SURFACE

PLANE Y -7 RECT (RADIUS)
OBJECT * POWELL. LOWERTUBE’
INTERFACE 0 1 AIR SCHOTT_BK7
SHIFT Z 18

SURFACE

OPTICAL Y -10 (ROC) RECT (RADIUS)
ASYM'1 0

OBJECT * POWELL. SECONDARY’
INTERFACE 0 1 AIR SCHOTT_BK7
SHIFT Z 18

SURFACE

TUBE Y -8 2@(RADIUS) -23 2@(RADIUS) 1
OBJECT * POWELL. LOWER’

INTERFACE 0 1 AIR SCHOTT_BK7

SHIFT Z 18

BOUNDS 0. 2

REDEFINE COLOR 4

GROUP 1 23456

1 IDETECTOR

SURFACE

PLANE Y -100 ELLIP 30
OBJECT * DETECTOR’
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SHIFT Z 20

GAUSSIAN Z -10 -10 301 1.15
TRACE

CONSIDER ONLY DETECTOR
X
1§ iR RERE
I' WINDOW Z 17 19 X -2@1
X
1§ iR RERE
WINDOW X -2@35 Z 15 21
PIXELS 71
FIELD ENERGY 90
DISPLAY

PICTURE

RETURN
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SYSTEM NEW
RESET

UNITS MM W

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 532 NM

WIDTHS 1.6

ROC1=1. 2 NRZEHEY - 2 b5
WIDTH=8 N¥- %25 TR

LENGTH=11. 31 N¥E- a2 &R

ROC2=-32 NRzEHEFZ 2 F LT
CC=-2.8 VR e B2 4ig e
RADIUS=8 MRz H2 L E

TH1=18 NRzEHEF-IF -2 258
ANG=-50 IEEE TENY: ]
B=ABS[ANG] 113+ & B 3 5 & (degrees)
L=8/COS[B] NWEHES -2 £ A

W=(L/2)%SIN[B] 1134
T S AR Re 2 Sk
E-18+8*TAN[B]

F=-(2%B-90)

G=(E)+5*SIN[B]

H=18+4*TAN[B]

1-8/C0S[F]
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I 1GEOMETRY OF LENS
! IPRIMARY
SURFACE
OPTICAL Z 0 (ROC1) (CC) RECT (RADIUS)
ASYM 1 0
OBJECT ' POWELL. PRIMARY’
INTERFACE 0 1 AIR SCHOTT_BK7

11BACK SURFACE

SURFACE
PLANE Z (TH1) RECT (RADIUS) (L)
OBJECT ' POWELLREFLECTOR’
INTERFACE 1 0 AIR SCHOTT_BK7
ROTATE X (ANG)

I''LOWER TUBE

SURFACE

OPTICAL Y -10 (ROC2) RECT (RADIUS)
ASYM'1 0

OBJECT * POWELL. SECONDARY’
INTERFACE 0 1 AIR SCHOTT_BK7

OBJECT 3 !5
ROTATE X (F)
SHIFT Z (H-2.5)
SHIFT Y -4

1 IDETECTOR

SURFACE

PLANE Y -60 ELLIPSE 100
OBJECT * DETECTOR’

SHIFT Z 50

GAUSSIAN Z -10 -10 301 1.15
FLUX TOTAL 5

TRACE

CONSIDER ONLY DETECTOR
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X
1§ ik RBRE
11 WINDOW Z 32 40 X 204

11 PIXELS 71
"

1§ ek R SRBRTE
WINDOW X -2@35 Z 30 42
PIXELS 71
FIELD ENERGY (-80-10%?)
DISPLAY

PICTURE

RETURN+

100



AR G tig fE B ALk H R B 2 4P 4 w2 ASAP g AR 5N

Mo iesx 4 1 ASAP 8.0.6

i

NP RS skt wEdep 2 20

MW £ T AR 20322 K2F6kd > LEs 1158 X

Lk e AA

g * & : 571 %

SYSTEM NEW
RESET

UNITS MM W

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 532 NM
WIDTHS 1.6

SYSTEM NEW
RESET

UNITS MM

PARABASAL 8

BEAMS COHERENT DIFFRACT
WAVELENGTH 532 NM

WIDTHS 1.6

ROC1=1. 2 NRTEHEF - w20 FLE
ROC2=-32 NHTEEF - G20 FL e
CC=-2.8 ke f s 4am il
RADIUS=8 [BEESEY EAEY

TH=11 NRzHEHKRLER

I 'GEOMETRY OF LENS

| 'PRIMARY

SURFACE

OPTICAL Z 0 (ROC1) (CC) RECT (RADIUS)
ASYM 0 1
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OBJECT * POWELL. PRIMARY’
INTERFACE 0 1 AIR SCHOTT_BK7

! 1 SECONDARY

SURFACE

OPTICAL Z (TH) (ROC2) RECT (RADIUS)
ASYM'1 0

OBJECT * POWELL. SECONDARY’

INTERFACE 0 1 AIR SCHOTT_BK7

! 1BOUNDING

SURFACE

TUBE Z 0 2@(RADIUS) 30 2@(RADIUS) 1
OBJECT ' POWELL. EDGE’

INTERFACE 0 0 AIR SCHOTT_BK7
BOUNDS -.2 +.3

I'!'DETECTOR INSIDE THE LENS
SURFACE

PLANE Z 2 RECT 2

OBJECT ' DETECTOR_INSIDE’

GAUSSIAN Z -10 -10 301 1.15
FLUX TOTAL 5

TRACE
CONSIDER ONLY DETECTOR_INSIDE

WINDOW X -2@2.5 Y -2@02.5 !!Y -2@0.01 X -2@0. 01
PIXELS 101
FIELD ENERGY 3. 6
DISPLAY
PICTURE

DISPLAY 29 PHASE

PICTURE
RETURN
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