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Micro Optical Pickup Head Design and Analysis Based on

Single Mode Optical Fiber System

Abstract

Blu-ray Disc drive systems become the mainstream on optical data storage
products market because of its high storage capacity. However, the BD optical pickup
head is quite bulky because it has to be backward compatible with CD and DVD discs
caused the BD optical pickup system needs to equip different laser light sources. So,
the important subject for research and development of BD pickup head is how to
reduce the size and weight. This article 'introduces the system structure of micro
optical pickup head design and ‘analysis based on single mode optical fiber system to
separate the laser diode optics modules and driving circuit board from optical pickup

head for reducing the size and weight of traditional optical pickup head.

Keywords: Single mode fiber, objective lens, optical fiber pickup head.
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Blu-ray Disk (BD)

High Density DVD (HD-DVD)

— A=405nm

— NA=0.85

— d=0.1mm

— Track pitch 0.32pum

— Min feature size: ~0.16pum

— ROM Capacity: 25GB per layer

— Focus depth<0.5um

— Tilt margin~DVD

— Cover layer thickness margin +2pum

— 13C format proposal

— A=405nm

— NA=0.65

— d=0.6mm

— Track pitch 0.4um

— Min. feature size: ~0.20pum

— ROM Capacity: 15GB per layer
— Focus depth<0.8um

— Tilt margin<<DVD

— Cover layer thickness margin
+20um

— DVD-Forum format proposal
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Objective Lens
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Disk
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A /4 Plate
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Photo Detector
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/ Tracking Coil

r Hq— Magnet
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Objective Lens Focusing Coil

Lens BD Laser Diode
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I Photo Detector

Fiber Optic \

Polarization
Controller

Polarized Beam Splitter DVD Laser Diode

CD Laser Diode
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Propagages

Core

B 2.3.1 & & » 543 k2 7 3 BI[10]

NA k%2 #cis 3¢ j2 (the numerical aperture of optical fiber)

n, + o~ &FEAT G A E 2 37 545 (the index where the laser light beam emit from)

n, ok EGE . 237 55 (theindex of optical fiber’s core)

n, k4 e k2 375 5 (the index of optical fiber’s cladding)

o g Bk~ 8T Sk g 20 & R (the angel that laser light beam emit to optical

fiber’s core)

o - @ EE NIRRT g4 2] F B2 & R (the maximum acceptance
angle when laser light beam emit to optical fiber’s core, which gives total
internal reflection at the core-cladding interface)

0 @ FEPEA RGP » 8T ¢ K 2 & K (the angel that laser light beam emit to

optical fiber’s cladding from core)

0. F 5T pkE EF 2P F B2 & & (the maximum acceptance angle when

laser light beam emit to optical fiber’s cladding from core, which gives total

internal reflection at the core-cladding interface)

18



d B 2.3.1 % &
n,sina = n, cos@
n,sin@ = n, sin 6,

B BB A4 2R B2 R L 9. =007 0 T E

n’—n?
cosf=11_"2
n
2 2
. n’ —n;
sina =
ny

(1)
2)

)

(4)

B o radkar iz AL 3§ 0 R 24765 5 1.468 5 kg h o 2 75f

F % 1.467 >

n, =1
n, =1.468
n, =1.467

T EE BT RPN A MNRE B2 R

n' —n;
a,, =sin’| 1—2 =311

1y

NA=nysina,, ~0.055

19
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de gk TR 2 B 4]

=

v
)

B 232 R4 A2 %2 7 L RI[4]

<

dx

Y

B 233 Hfkwks 4 &2 3785 sa %2 B H[4]

o, - Ryt x> w2 4 A F(stress component)
o, kg z > w2 4 & F (stress component)

Z

1 s ,
= DSk R B 2 W I (curvature)

E 4 = 2 #(Young’s modulus)
n ¢k 278+ % (index of optical fiber’s core)
rotok g 20 LT (radius of optical fiber’s core)

20



B, © 475+ (birefringence)v : * X ¥ #ic(Poisson’s ratio)

An; 5837 54 5 (elasto-optic index)

p; * %38 7 fc(stain-optical coefficients, photo elastic tensor)

g, ¢ it £ & (the component of strain)

k. % HE 2. 8™ o 4 x $hifk 4k 2. 8 L ¥ #ie(the propagation constant of
HE,, mode polarized along the x axes)
k, © 2 HE 2 # ™ > &y $hikhdk2 8L #(the propagation constant of
HE,, mode polarized along the y axes)
k:pd ZFAL»E (frec-space wavevector, k:%r)
n, £ ¥ &5 (the extraordinary index)
n ° & ¥ 375 F (the ordinary index)
A2 ¢ 2 7 Bk G (silica fiber)m 3 -
n=1.468
v=0.17
p, =0.121
Py, =0.270
wE kg Y > H 4 2 BETRV G S
o. =kEx (10)
HY x>0fF > 0, 5%4 5 x<0fFo, 5 R4 o

2

FRHACR 232 6P kr<l ol HE BT OHE RSN a 3

lo.|<l|o.| > RI%E4 o (x)7 %7 5
Gx(x+dx)—0x(x):(Rdfx)az(x) (11)
AR RS o AT xR AREo Bz w2 A LR o ERE S

BB % o

21



Hle Y 0570 <RV Fa

oo 1 1

o :(R+x)GZ(X)Z(R+x)KEsz " -

L B UL (0, =0)E $(12)5 0, (£r) = 01 x paff 4 7

2E 2 2
Gx(x):K E(x —r ) (13)
FRY LS AR RBAL LR RTAR T R AR n BPRRLE
EARCEH
Rl e LR SR LR T

2r
ﬁbskx—kyzk(Anx—Any), k=7 (14

B HRRATEE An 8 A 2R B 0, (0) 2 KA

An, = —("—;]Zm% o

3
d - R#,,‘\ﬁ‘ﬁ;:v? [N
(1+v)
€, ¢, :(O'X—O'y) E (n
#(16) 1 » (14) R :
3
Bk a0 ) <18>
EA(17) » (18)7 # ¢
n I+v
ﬁb:_k7(p11_p12)7( X—O'y) 4
Z.“%%fs@’ 1 ‘/’]‘—7‘\&%4 ’ E7'"6)}:0 > ¥ UX(O)Z—KZ}ﬂ% ’ E'J(lg)g\' 7“3» :
; 1 2.2
By :27”-%(17]] ) e g g6 K 20)
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B iTie a2 - g2 B HRES]:

‘n
/
)
!
e
,l I
’I I
I' 1
)
S
P
PR,
F
FaE
YA
T A |
)
f 7
LA
L
1
O
A Aand B B Band B® Aand A

B 2.3.4 H k4o Y 2 ZEHERI[S]

CERRY CEER EST TS St BT

n3 3 2 p 2
A”x:"e_”:?(Pn_z"Pn)(E] =0.023- r,

n3 a 2 p 2
Any:no—nzj(plz—vplz—vp”) 2 =0.161- n

d (21)&E(Q22)7 ¥ :
p 2
An=n —-n =An_—An =—0.138-(—]
e 0 x y R

d (147 ot E gk pPoom 30 B EIrshl st 2 5 0

2 2
ﬂbEk}—kyz—z—An:vjr(Anx—Any)

WBHc: N -0 FL L R2 BT ka3 » Hapiaek l o

|An|-2;zNR=i
m
He s ppreuEEir o~ Lo E...(sypi LA i...;)i By m=2,48,...
2 4 2 4 8

1)

(22)

(23)

24)



= |An, - An,|- 27 NR = i (25)

m
rY rY A
- 0.02736[—j —0.1641(—J 27NR=2 (26)
R R m
2
= R=013674- 27" Nim 27)
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i

S ARRF RS A
3.1 B A
Code VEH - EViBE{FBIKERI &/~ 247~ it 2 4R £ SRl

B o BA BB AR 04 Kk A EE  WRHAR LR RBP K

LED % 2% ~ ‘b a2 s % o

TracePro - £ {7 BALE L7 RI B A - AT EHAR LB AR
¥ 7

\\\?{r

B2 PEEREHFM vy A- FHEEFHMBE R A kELA AN T
e i 4 5 Pk B R ACRY :x.;z.i@gﬁft']ﬁ%ﬁf/}ﬁ?ﬁ%ﬁé—é: o H 4 & ¥
ARSI @ 35 DR E B R kR AP B ELER ~ IRAEAR K s AR AT

STHERP kA R EE SLEDRE bR ks sk E E o

32 XEFBFFEL R BA K
KEFBEFZFHTRBEPEATI R AL 2 GHELABREI =7 F
ZRFR F o A e RFY p A AR B R0 A 321 5 EAERE T TR

alvé' FéB’" ]’—o—l«— o

BD DVD CD
7 L& 405 nm 650 nm 780 nm
K NAE 0.85 0.60 0.45
A b R 25 1.6 um 0.74 um 0.32 um
joeREE < /) 0.83 um 0.4 um 0.14 um
AR R 0.1 mm 0.6 mm 1.2mm

% 3.2.1BD ~ DVD ~ CD #7%t fis 2. 4

25




PELFPRES TR LEF R hE B L F A 22 - > Fp AR

EANE LR

Bz R TEER BT L P

EA %

bR kori 2 & R RIG

R

RMS i % 3% % € -] 3+ 0.07 & waves » Strehl ratio F <> 0.9 ¥ k2 NAEF

F 085 FIME T Irer R R® 2 i 3 M-NDFDS2 kkztzbzka 548 0 k&
B+ FRIE * 4 2 2 Polycarbonate °
BD DVD CD
o BT & 405 nm 650 nm 780 nm
kgt NA & 0.85 0.60 0.45
»BFRpE B 4T 0.8724 mm 0.6254 mm 0.4721 mm
1 IFREHE 1.4 mm 1.1813 mm 0.8197 mm
B EFR 0.1 mm 0.6mm 1.2mm
% 322 P47 o EHRE T TR 2R
¥zkg Sz v Goa 2 > Hig=c2bak g AEM %N L
z= T +Ar* + Br® + Cr® + ..+ Jr™ (28)
1+ 1=(1+k)c’r?
A2 X+’

z 1l kO ZIRAE

clETEF ¢ o d

bl

DRl AUE dic

A~ B~ 2T G Al
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IS SR XS T

Surface Surface Type Y Radius Thickness Glass
Object Sphere Infinity Infinity
Stop Sphere Infinity 0
2 Asphere 1.6732 0.8 MNBFDS82
3 Asphere -0.4400 1.4/1.1813/0.8197
4 Sphere Infinity 0.1/0.6/1.2 PCARB
Image Sphere Infinity 0
B S IVER S
Y Radius k A C D
1.6732 0.4104 0.0312 -0.0808 -0.1517 -0.1144
E F G H J
0.4369 2.9837 12.2714 40.2124 97.1464
g 32 fdc:
Y Radius k A B C D
-0.44 -186620 -0.0138 0.2576 0.7477 0.679
E F G H J
-7.2716 -70.4844 -441.1674 | -2131.9357 | -6171.7848
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0.8mm

&
&

»

»Amm

=

B
>

0.872

—

» 0.1n

r'y

1. 4mm L
0.91 MM ~a
Position: 1
New lens from CVMACRO:cvnewlens.seq Scale: 80.00 22-Dec-08 BD

Objective

Lens

B] 3.2.1 4 CodeV %

L2 e KB Bl( O~ Sk k£ 405nm)

0.8mm

3

»
P

A 4

c

).6mm

0.6254mm

|
+

= |

1.1813mm

%_

™~

r'q

[« >
0.22 L \A
Position: 2
New lens from CVMACRO:cvnewlens.seq 22-Dec-08

Scale: 76.00

Objective Lens

B 3.2.2 4 CodeV %

)J‘7 «f"ﬁ,"ﬁ

28

BI(» &+ £ 650nm)

DVD



r'd

() Q7

0.36 "

Objective Lens

New lens from CVMACRO:cwvnewlens.seq

Position:

Scale: 70.00

22-Dec-08

B 3.2.3 o CodeV 2% 32 4 4k L B BI( » B4 % 3t £ 780 nm)

New lens from CWMACE

X —

0._oo9z79

—_—

0: cvnewlens. seq

POSITION 1

DIFFRACTION INTENSITY
SPREAD FUNCTION

WAVELENGTH WEIGHT
780.0 NM

u]
650.0 NM u]
FLD({ 0.00, OD.00)MAX:({ D.0, 0.0)DEQ 4050 Nt i

2Z-Dec-08| DEFOCUSING: 0.000000 MM

B 3.2.4 ¢ CodeV A 172 BEyfHz S Hic( » 4% it £ 405nm)

8D



0.0Z106 mm|

_

New lens from CVMACE
0:cvnewlens. sedq

POSITION 2

Z2Z-Dec-08

DIFFRACTION INTENSITY
SPREAD FUNCTION

FLD{ 0.00,

0.00)MAK;( 0.0,
DEFOCUSING:

0_00o0o00 MM

0.0 DEQR

WAWVELENGTH WEIGHT

780.0 NM u]
e50.0 NM 1
405.0 NM u]

B13.2.5 d Code V2452 BLyF4c 1B % 4 £ 650 nm )

—

=

f

52

® —

0.03372 mm|

|

New lens from CWMACE
0: cvnewlens. seq

POSITION 2

2Z-Dec-08

FLD{ 0O.00,
DEFOCUSING:

DIFFOACTION INTENSITY
SPREAD FUNCTION

0.00)Max:( 0.0,
0_000000 MM

0.

0)DEQ

WAWVELENGTH TWEIGHT

780.0 NM 1
&E50_.0 NM u]
405_0 NM u]

B 3.2.6 4 CodeV 4 52 BEyfic i » 4% 4 £ 780 nm )

30




sanBp 52°0

New lens from CVMACR WAVE ABERRATION

o 1 %
EYRERSENS s8R0 FIELD ANGLE - ¥: 0.00 DEGREES X: 0.00 DEGREES

POSITION 1 DEFOCUSING: 0.000000 MM

WAVELENGTH: 405.00 MM
25-Dec-08 | popIzZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128

®3.2.7 ¢ Code V A 4520 inif (» 5% ik £ 405m )

saaEn £°0

New lens from CVMACR WAVE ABERRATICN

0: i .
EVNEWLENS. 520 FIELD ANGLE - ¥: 0.00 DEGREES x: 0.00 DEGREES

POSITION & DEFOCUSING: 0.000000 MM

WAVELENGTH: 650.00 HM
25-Dec-UB | popIzoNTAL WIDTH REPRESENTS GRID SIZE 128 X 128

B 3.2.8 d CodeV A 452 it # i (» 5% % £ 650nm)
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New lens from CVMACR

O:icvnewlens.seq

WAVE ABERRATION

POSITION 3 DEFOCUSING: 0.000000 MM

WAVELENGTH: 780.00 NM

FIELD ANGLE - ¥: 0.00 DEGREES X: 0.00 DEGREE3

25-Dec-08 | poRIZONTAL WIDTH REPRESENTS GRID SIZE 128 X 128

B13.2.9 4 Code V A 4520 uitnifi (» bt % % & 780 7m)

New len=z from CVMACE

O:ovnewlens. seqg
DIFFRACTION MTF

.......... DIFFRACTION LIMIT

ANI

POSITION 1 ZZ-Dec-0§

T00.0 HM
650.0 MM
205.0 HM

WAUVELEMGTH WE IGHT

o
1]
1

= =

HoHAREHEODOR

DEFOCUSING O. 00000

113 2

57 476 595 714
SPATIAL FREQUENCY (CYCLES/MM;

622

a5t

1071

B 3.2.10 ¢ CodeV 4 452 MTF(» 53k £ 405nm)

32
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New lens from CVMACR

UAVELENGTH WE IGHT
O:evnewlens.seq 0 | T 7T T DIFFRARTION LiurT 780.0 WM 0
LIFFEACTION MTF L 650.0 HM 1
405.0 WM o

POSITION 2 Z2Z-Dec-0

DLEFOCUSING O.00000

1.
0.
0.
0.
n
[u]
oo
o
Ly,
T
I
gt
N
0.
0.
0.
pa oy ol vy g o popgg [wsae gl oo vssa [in ia oo o e en gl vn ol s n o0y iy
[T 144 115 T 760 421 504 576 [0 720
SPATIAL FREQUENCY (CYCLES MM
N S N
B 3.2.11 ¢ Code VA 5 2. MTF(»¥ &tk £ 650 nm)
New lens from CVMACE UAUELENGTH WE LCHT
JE T DIFFRACTION LIMIT
C:ocvnewlens. seq 780.0 WM 1
DIFFRACTION MTF 13 G50.0 WM o
405.0 HM i
POSITION 2 2E-Dec-0
N DEFOCUSING 0. 00000
0.
0.
0.
n
gu.
o
Ly,
T
I
e
N
0.
0.
0.
P B R A A B AR BV S RSP S A AU B

1] 1in lan £di 200 160 430 440 540
SPATIAL FREQUENCY (CYCLES/MM)

B 3.2.12 ¢ Code V 4 472 MTF(» 5f %t £ 780nm)
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“d CodeV z g7 A~ 57 ¥ RMS & % % £ & ¢ Strehl ratio 4 %] 4
405 nm -

RMS Wavefrom error : 0.0347 waves

Strehl ratio : 0.953

650 nm :

RMS Wavefrom error : 0.0117 waves

Strehl ratio : 0.995

780 nm :

RMS Wavefrom error - 0.0108 waves

Strehl ratio : 0.995

R S AR o € Tk L

33 kgme BB Ry L

T UV AR FRREC) R F R R R
#F S ARED HACRE S o L AR RS MR R Mk
sghou B AT Sum o 4TE 5 1468 Bk & K E T s 125um o 450
51467 Fl R RME S EF 52 NABE 5 0.0550 frié % s i o kg
WEFEE 71 FIESZ £ R A 2 10mm =+ FIp H FEF 476 RE 2 i
#7139 M-NEDS2 %0325k 6 6 - 2 1 (IR 5 2mm - 3 R AL
FRFLD PHRBL 0 T RIS K@D T F A 09mm o @ 6

+0.3mm 2§ B3 L F Prif i e
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AR GREIME B SEL

Surface Surface Type Y Radius Thickness Glass
Object Sphere Infinity Infinity
Stop Sphere Infinity 0
2 Asphere 6.8254 1.0 MNBFDS2
3 Asphere 45.2470  |5.8705/ 6.3839/ 6.4842
4 Asphere 28.6813 1.0 MNBFDS2
5 Asphere 2086.6297 2.0
Image Sphere Infinity 0
i g 22 Sdc:
Y Radius k A B C D
6.8254 5.4123 0.0024 -0.0004 0.0057 0.0251
E F G H J
0.0173 -0.0050 0.3100 0.4152 4.9012
i e 32 fdc:
Y Radius k A B C D
45.2470 -353.0409 0.0003 0.0102 0.0229 0.0533
E F G H J
0.0071 0.2981 0.8276 2.4204 14.2525

35




takg 42 Sdc:
Y Radius k A B C D
28.6813 3328.3840 -0.2884 8.4576 -29.7571 -4780.9655
E F G H J
-0.0000 -0.0000 0.0000 0.0000 0.0000
ke 52 f¥c
Y Radius k A B C D
2086.6297 |234989884.1036| 0.6009 -17.2006 | -1979.0212 | 30489.1681
E F G H J
0.0000 0.0000 0:0000 0.0000 0.0000
Lmm
l—» Lmmm
2 — === \
= — \
/ 5.8705mm 2mm \
“‘ - > \
Lens 1 N
) Single Mode
Lens 2 Optical Fiber
New lens from CVMACRO:cvnewlens.seq §:ii2?m¥9.ot 12-May-02
% 405nm)

®3.3.1 ¢ Code VK32 %448 & &Lk B RI(» 5]
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Limm

\

Singgle Mode
Opfical Fiber

« Lmm
- =
cl
\;.
—
/ 6.3839mm 2mm
Lens 1
Lens 2
1.39 m
Position: 2
New lens from CVMACRO:cvnewlens.seq Scale: 18.00 12-May-09

B13.3.2 ¢ CodeV 2 3+2 %54 & 4 ki B(» Sk & 650nm)

\

cle Mode
ical Fiber

Lmm
Lmm
L =
o
r—
= D
/ 6.4842mm 2mm
Lens 1 !
Sin
Lens 2 Opt
1.39 m
Position: 3
New lens from CVMACRO:cvnewlens.seq Scale: 18.00 12-May-09

B13.3.3 ¢ CodeV 23+ 2 %548 & 4k g B~ S & 780mm)
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New lens from CVMACR

WAVELENGTH WEIGHT
---------- DIFFRACTION LIMIT
C:cvnewlens. seq 780.0 NN o
DIFFRACTION MTF axis 650.0 NM n]
405.0 NM 1

POSITION 1 12-May-09

=1

a

HoHAPREGOoOER
o

DEFOCUSING 0.00000

z5 50 75 100 1z5 150 175 z00 43 £50
SPATIAL FREQUENCY (CYCLES/MM)

B 3.3.4 4 CodeV & 452 MTF(» 5k it £ 405nm)

New lens from CVMACR

VAVELENGTH WEIGHT
__________ DIFFRACTION LIMIT
O:cvnewlens.seq 780.0 NM 0
DIFFRACTION MTF sx1a 650.0 NM 1
405.0 NM 0

POSITION 2 12-May-09

SoHAdkRCOTo=
o

o

o

DEFOCUSING 0.00000

z8 56 a4 11z 1a0 168 198 zza z5z
SPATIAL FREQUENCY (CYCLES/MHM)

B 3.3.5 ¢ CodeV 4 472 MTF (» 543k & 650 nm )
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New lens from CVMACR
ey P DIFFRACT 10K LIMIT VAVELENGTH WEIGHT
: . 780.0 NM 1
DIFFRACTION MTF S £50.0 NM ]
405.0 NM 0
POSITION 3 12-May-09

DEFOCUSING 0.00000

SHoHHPEEOooE
=

P ool by e by e b v b v b v by e Ly
z0 56 L3 11z 140 188 136 2z4 252

SPATIAL FEEQUENCY (CYCLES/MM)

B 3.3.6 ¢ CodeV & 472 MTF (X ik & 780 nm )

&d CodeVz @m&rai A 177 BAMEFE AR » sk £ 2 G| E F o
2] =

405 nm 2. Coupling efficiency : 0.69167

650 nm 2_ Coupling efficiency : 0.75576

780 nm 2_ Coupling efficiency : 0.73112

d P RERT aes LR 405am 2 FhER ST RGP F 69.167%0F S
Kd e BT HEREY R 650nm 2 F s f N BT REEF 5 75.576%
Tk A g ST MR AL T80mm 2 TPk A~ ST KR - 4

73.112% 3% B/TJD é\g x _&,le_ ¥ ’fs‘fvlofgg\qv‘ 3
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34 FBEMz e LT

B s 2 e ikt sd X E 8 TracePro 72 i %z o470 H ¢ 3
SRR R RZ NG S0mW ~ RARBP 5 20 F ik o kg A B HERE
0.05mm ~ 0.01 mm ~ 0.005mm ~ -0.005mm ~-0.01 mm ~-0.05mm 2. * I |52 H
BLoiT e TR RiIrs XEARLd XA MEERETE LG F £ (L
d HHERS L d R EBER L TEE T HEFHRE L EFERS T o

PSR R T @R R R T SR BT R B U

Photo Det
R

\
4 1

ector

= Disk

Objective Lens T

» : a
Laser Soutce  Polarized Beam Splitter

Prisim

B 3.4.1 TracePro %2 ~i2f i (F 1 Y-Z L6 ;T 1 X-ZT5)
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Bl 3.4.2 d TracePro fir#t 2 LR BI(X-Z T 5 )

Bl 3.4.3 d TracePro fir#t 2 LR BI(Y-Z T &)
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tﬁ ‘ l':"hr'\ \
i

o
s,

iy n

.
.4'.

rﬂ

B 3.4.4 ¢ TracePro #i#iz. £ B(X-Y-Z T &)

X

TSRS | HASBTIRE | Mueler S | MEFHE | @HEHE |
FOERE | WRINEIMNE | MT | BEAM | BEME |
#E | RE RELE |t | BF | EREUE | KESE

KR |REE ~|
HiEE: |IJ.05 Watts iBxrine: |2t|uuuu
BRKEEE |0.05

B (um) EE | #ER (W)
1 005
065 0 0

078 0 0

BAS [EEHRXEE =l

e

v HNHIBEEERR CEIR.L/ARFR ERRTHREE)

[ =8 | wEtE |

Bl 3.4.5 d TracePro 3k % 2. 7 &£ R (50mW)
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Total - Irradiance Map ¥ i* A &1 3%E 2

disk Fm 2
Wim?
2 5e+007 (8.3-0.1,85.1) (8.3-0.1,84.9)
2.25e+007
2e+007
1.75e+007
1.5e+007 -
©
i)
1.25e+007 £
£
1e+007
7.5e+006
5e+006
2 5e+006
(830.185.1) (8.30.1,849)
0 {millimeters)
Irradiance & /ME:1.151e-013 Wim?, & A<{E 2 4319e+007 Wim?, R 15| 37145 Wim?2,
J51918:5 6576e+005, #8548 2 :0.0011669 W 27418 Incident & 36#R
2.5e+007
A ////
4, -
g‘\’% /7 2e+Q07
N,y i
§ Yy s 1.75e+007
8 ’lé;‘s‘\-‘i) /"// 7 1.5e+007
g " »0e+
N ', N "" / N —_—
7»-5,!1 ol e 1.25e+007
] P ~
iy = 1e+007
7.5e+006
Se+0086)
2,5et006

B 3.4.6 ¢ TracePro » #7¥t E Pkl & 2k 5 & B(1.1669 mW )
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Total - Irradiance Map ¥t i3 A 81358 2
photo detector FRE 2

Wim?2 25 -2 158 -1 08 0 05 1 15 2 25
198 -25 -25
187
176 -2 &
165 15 15
154
143 -1 1
132

-05 0.5
121 o
L
110 2 0 b
99 =
E
88 ~ 05 05
77
56 1 1
e 15 15
44
33 2 2
22
1 25 25
25 -2 18 4 06 0 05 1 15 2 25
0 X (millimeters)

Irradiance &/ ME:7.3736e-018 W/im?, & A {E:192.44 Wim?, ZE15{E 45 692 Wim?,
F 194853816, 18558 2 :0.0011423 W 203619 Incident {3558

Ol e
)| |w
oN [~3]| 0

—
o
ob

-
-
(31}

bt [
N |0
G 138

m2
-
—
[=]

W/

m‘m
won

‘nh
o

33
22
11

B 3.4.7 4 TracePro 4 17 % & P&k 1§ o B 2_ 5k 38 & B (1.1423 mW)
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Total - Irradiance Map 4 A 81 B &
photo detector R & 2

Wim? 25 -2 15 -1 -05 0 05 1 15 2 25
-25 -2.5
-2 -2
15 1.5
1 -1
05 0.5
w
z
2 0 0
E
E
-~ 05 0.5
1 1
15 15
2 2
25 2.5

25 -2 15 A -05 0 05 1 15 2 25
X (millimeters)
Irradiance & /ME:3.4064e-017 Wim?, S AE:127.07 Wim?, ZF15 |44 B79 Wim?,
F194E:51.957 #83E & 0001117 W 200013 Incident 364

_130
__129)
_110
_ 100

B 3.4.8 ¢ TracePro ~ ¥7 4t & 0.05mm P& 0§ R B2k 35 & B(1.117mW)
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Total - Irradiance Map ¥4 A 81368 2
photo detector R 2

Wim? -2.5 -2 -1.8 -1 -05 0 0.5 1 15 2 25
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250 2 2
225 -1.8 -1.5
200 -1 1
175 05 05

W
i
150 T g 0
%
125 s 05 05
100 1 1
i 15 15
50 9 5
% 25 25
-2.5 -2 -1.5 -1 -05 0 05 1 15 2 25
0 X (millimeters)

Irradiance S/ ME:3.2742e-017 Wim?2, B A {E:252 .96 Wim?2, ZE159{E:58.709 Wim?2,
Fi9E:54 975, #855E & :0.0011528 W 205103 Incident 1§55
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B 3.4.9 ¢ TracePro ~ #73t & 0.01 mm Pk 1§ jp] B 2_ k3 & B(1.1528 mW)
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I
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B 3.4.10 ¢ TracePro 4 #7 &t & 0.005 mm p= 3k i P B 2_ k53 & B(1.151 mW)
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Total - Irradiance Map ¥ A 843582
photo detector & 2

Wim? 25 -2 15 A -05 0 05 1 1.5 2 25
170 -2.5 -2.5
160

-2 -2
150
140 15 L15
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-1 -1
-05 0.5
w
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E
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1 1
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0 X (millimeters)

Irradiance S/ ME:1.3662e-017 Wim?2, B A 165.56 Wim?2, 19 {E 45.299 Wim?,
FHi94E:52 .99, #25%E & :0.0011325 W 202220 Incident 1§58

B 3.4.11 J TracePro 4 +7 4t &£.-0.005 mm P 6 18 jp| B 2_ & 35 & Bl(1.1325mW)
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Total - Irradiance Map ¥ A 81 %EE
photo detector F=E 2

Wim? -25 -2 -1.5 -1 -05 0 05 1 15 2 25
140 -2.5 2.5
130 D) 5
120

-1.5 1.5
110
100 -1 -1
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w
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£
B0 >~ 05 0.5
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0 K (millimeters)

Irradiance &/ME:5.4571e-017 Wim?2, S /(B 136.92 Wim2, R15{&:57.078 W/m2,
FI93E:52.179, 18558 2:0.0011207 W 200546 Incident {365

B 3.4.12 o TracePro 4 #7 3% £.-0.01 mm pF & 18 jp| B 2_ & 38 & B(1.1207 mW')
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Total - Irradiance Map ¥ A 843582
photo detector & 2

Wim? 25 -2 18 A1 -0.5 0 0.5 1 1.5 2 25
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120 9 -2
110

-1.5 1.5
100
-1 -1
-0.5 -0.5
w
o
g 0 0
E
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1 1
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10 25 25
25 -2 15 -1 -05 0 05 1 15 2 258
0 X (millimeters)

Irradiance S2ME:9.05844e-018 Wim?2, B A {128 .46 Wim?2, 19 {E:56.964 Wim?,
F1948:52.043, #255:EE:0.0011185 VW 200226 Incident {§ 3658
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B 3.4.13 d TracePro 4 #7 3% £ -0.05 mm PF & 18 jp| B 2_ 5k 35 & Bl(1.1185mW)
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