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This project is the optical electro-mechanic
integration design and manufacturing research of high
magnifications miniaturized size zoom lens and novel
active high accuracy laser range finder auto-focus
system. In this 3 years continuous research, we can
fundamentally, maturely and practically complete the
researches with algorithms proposal, techniques
development to the products manufacturing. This
project, in the optics researches: we will
concentrate in high difficulty, practically demanded
zoom lens design, not only solve the high
magnification problems, but also deal with the most
urgent demands miniature size optical zoom lens
module for the camera phone. In laser, electro-optics
and electronics researches: we are proposing a new
high frequency phase algorithm that can resolve the
ranging accuracy to only 1 mm in compare to the



traditional ranging accuracy of tens centimeters, we
will verify the results and manufactured the complete
ranging modular. In optical electro-mechanics system
integration researches: we will develop the effective
and low cost mechanical driving of our miniature size
zoom lens; 1incorporate the active type high accuracy
ranging data to auto focus the zoom systems for
various automatic optical inspection applications.
This project include the integration of optics,
electronics and mechanics knowledge and complete the
theory analysis, techniques development and the
practical manufactures. We have completed all the
researches, detail results as specifies in this
report.

Zoom lens design, miniature size and high
magnifications, high accuracy ranging algorithms, high
accuracy laser range finder, auto-focus, system
integration of optical electro-mechanics.
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This project is the optical electro-mechanic integration design and manufacturing research of high
magnifications miniaturized size zoom lens and novel active high accuracy laser range finder auto-focus
system. In this 3 years continuous research, we can fundamentally, maturely and practically complete
the researches with algorithms proposal, techniques development to the products manufacturing. This
project, in the optics researches: we will concentrate in high difficulty, practically demanded zoom lens
design, not only solve the high magnification problems, but also deal with the most urgent demands
miniature size optical zoom lens module for the camera phone. In laser, electro-optics and electronics
researches: we are proposing a new high frequency phase algorithm that can resolve the ranging
accuracy to only 1 mm in compare to the traditional ranging accuracy of tens centimeters, we will verify
the results and manufactured the complete ranging modular. In optical electro-mechanics system
integration researches: we will develop the effective and low cost mechanical driving of our miniature
size zoom lens; incorporate the active type high accuracy ranging data to auto focus the zoom systems
for various automatic optical inspection applications. This project include the integration of optics,
electronics and mechanics knowledge and complete the theory analysis, techniques development and the

practical manufactures. We have completed all the researches, detail results as specifies in this report.

Key Words: Zoom lens design, miniature size and high magnifications, high accuracy ranging algorithms,

high accuracy laser range finder, auto-focus, system integration of optical electro-mechanics.
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4 0.002641 0.039175 0.039880
5 0.083380 -0.065060 -0.017765
6 0.437865 -0.070726 0.007018
%5 R ESste Gl
£ gl 3 T g Tk = Py ik NP Tl
3 -38.311091 146.46996 -210.341751  66.021224
4 -131.636387 215.224665  -424.264377 243.097944
16 ¢ NSNS SEAT S Ak
2= S ¥ w fE R RS S
1 -0.008997 -0.007123 -0.001123
2 0.008026 -0.020209 -0.001667
3 0.018326 -0.028791 0.026430
4 -0.030849 -0.005542 0.042331
5 -0.003966 -0.019240 0.002668
6 0.047786 -0.012667 0.000528
17 ¢ WA Ak
L gl 3 T g Tk = Py ik NP Tl
1 31.041229 6.446640 -7.338643 1.710165
2 -86.896425 -10.476393 35.894974 -15.062180
A8 Hip¥Ese Sactihe Gk
2= S ¥ w fE R RS S
1 -0.002622 0.005153 -0.011536
2 0.006286 -0.004190 -0.012299
3 0.029788 -0.018297 -0.007669
4 -0.085741 0.018935 0.007807
5 -0.038613 0.004792 0.002530
6 0.119772 -0.000695 0.000301
%9 HipdEse Gk
L gl 3 T g ik = Py ik NP Tl
1 -89.111464 -43.571120 49.174320 -28.867608
2 69.780966 54.721509 -71.411141 39.860621

13



% 10 EFL=3.5 ¥ebtm & 5 40d 5

25 R

e

5 A

=N

O 0 9 N »n K

5.235232
2.121718

-13.235148
-2.161395
-164.741344
-3.894017
Infinity
Infinity

1.511625
1.511219
0.1

1.5
0.431079
0.532785
1.5

0.4

1

LAYDOUT

LENS HAS NO TITLE.
SAT TUN 16 2007
TOTAL LENGTH: B8.48671 MM

DPOLSTRNT PO T4

LSRG\ P 3.5 -10.\FDRL DGR CON1--5.20
CONFIGURATION 1 OF 1

B 1 EFL=3.5 $&¢ 5 i 4%k 5 )

0BT: @.00 DEG 0BT: 12.46 DEG
S
S
= [] []
S
S
IMA: 0.000 MM IMA: @.795 MM

0BT: 23.BY DEG 0BT: 33,54 DEG

0 0

+  B.4861
s 0.6563

IMA: 1,598 MM IMA: 2,388 MM

SURFACE: IMA
SPOT DIAGRAM

LENS HRAS NO TITLE,
SAT JUN 16 2007 UNITS ARE MICRONS.
FIELD ! 1 2 4
RMS RADIUS : 4,021 4.371 18.440 38.076
GED RADIUS 10.613 14,631 92,930 175.677 DPOLSTAT FOX Z00¥ BINEIVARTGENEFFL 3,510, 5P DRL\IGSET-CIN-B-5.200
SCALE BAR 1000 REFERENCE @ CHIEF RAY CONFIGURATION 1 OF 1

B 2 EFL=3.5 $&&¢ o & &% s [§]

14



0BT: 0.00 DEC 7 0BT: 12.46 DEG
EX

e e B B S mt SO ) b ], b
PY PX PY X
_ 0BT+ 23.84 DEG _ ~ 0BT 33.54 DEG
e ex e X

TRANSVERSE RAY FAN PLOT

LENS HAS NO TITLE.

SAT TUN 16 2007

MAXIMUM SCALE: + 200.000 MICRONS.
@ 486 0. 656

DSIAT FDX Z00Y BENANEIVAUTRETEFFL 3.5-7-10,5FDRL\IGSET-CIN-B5. 20
CONFIGURATION 1 OF 1

Bl 3 EFL=3.5 %&® 5405 % B

T T T T T ™ I e e LIS L S e
©.oo 0. 20 -0.50 0. .00 @.50
MILLIMETERS PERCENT

FIELD CURVATURE / DISTORTION

LENS HAS NO TITLE.

WAVELENGTHS: @, 0. 656

SAT _TUN 16 2007
MAXIMUM FIELD IS 33.539 DEGREES
486
— (POLSTRNT FOX 2001 LE\DOHVAAGZEFL 3510 SR\ (N5,
CONFTGURATION 1 OF 1

Bl 4 EFL=3.5 %55 %434 15 % F

RELATIVE ILLUMINATION

I I
0.00 16.77 33.54
FIELD IN DEGREES

RELATIVE TLLUMINARTION

LENS HAS NO TITLE.
SAT TUN 16 2007
WAVELENGTH: B.587562 MICRONS

(POLSTRNT FOX 2001 LE\DOHVAAGZEFL 3510 SR\ (N5,
CONFTGURATION 1 OF 1

Bl 5 EFL=3.5 ¥£&fo #4040 ¥R AR B

15




MODULUS OF THE OTF

S — N w = al [ ~ [es) 0 Q

TS_23.84 DEG

TS_@.0@ DEG TS 33.54 DEG
HTS 12.46 DEG
- ; ; : :
N
AN S |
L \\\\ B
\\\\
\ =
L N ]
.
.
L - |
~_ e
L ~ T~ _
~_ —
~ —
L \\\\\\\\\
L —
0. 0o S0 .00 180.00
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER
POLYCHROMATIC DIFFRACTION MTF
LENS HAS NO TITLE.
SAT TUN 16 2087
DATA FOR B.4B61 TO B.6563 MICRONS.
DSIAT FDX Z00Y BENANEIVAUTRETEFFL 3.5-7-10,5FDRL\IGSET-CIN-B5. 20
CONFIGURATION 1 OF 1

B 6 EFL=3.5 ¥t&ta 15 4 MTF B

# 11 EFL=3.5 #dt5 1t L

Er ] S1 S2 S3 S4 S5 CL CT
1 0.008422 -0.01882 0.039578 0.011373 -0.0531 -0.00046 -0.00156
2 -0.04764 0.033009 -0.04194 -0.02806 0.044386 0.001948 0.000287
4 0.000503 0.004313 0.037008 -0.0045 0.278968 -0.0003 -0.00258
5 0.061719 -0.01093 0.001934 0.027547 -0.00522 -0.0028  0.000495
6 -0.04472 -0.03776 -0.06372 -0.00036 -0.04659 0.001009 -0.00139
7 0.021862 0.029699 0.049742 0.01529 0.083907 -0.00155 -3.4E-05
# 12 EFL=7.0 ¥t 5 & S &0 FEER

Bw o LY

1 8.176474 1.5

2 21.549034 0.636004

STO 0.2

4 1.582554 0.771133

5 1.462378 1.500348

6 3.676045 1.501120

7 5.864364 1.491232

8 Infinity 0.4

9 Infinity 1

16



LAYOUT

LENS HAS NO TITLE.
SAT TUN 16 2007

TOTAL LENGTH: B8.99984 MM

DSIAT FDXZ00Y BENADEIVAUTRETEFFL 3.5-7-10,5\FDRL\IOGSET-CIC--. I
CONFIGURATION 1 OF 1
_ 2 4 DL - - I T
B 7 EFL=7.0 & m i3 4 % SUE B
0BT: .00 DEG 0BT 6.30 DEG * 0186l
5 0.6563
8
s ® [
]
=
MR 0.000 MM MR 0.795 MM
0BT: 12,46 DEG 0BT: 18,34 DEG
° 0
MR 1.599 MM MR 2,411 MM
SURFACE: IMA
SPOT DIAGRAM
LENS HAS NO TITLE.
SAT JUN 16 2087 UNITS ARE MICRONS.
FIELD i 1 2
RMS RADIUS 8.831 10,407 15,136 25.219
GED RADIUS 18,305 26.153 47.138 99.510 D\STET FDX 7008 B MGEVARRETEFFL 3.5--10,5VPDRL\IGSET-CI-- IO
SCALE BAR 1000 REFERENCE : CHIEF RAY CONFIGURATION 1 OF 1
— 4 ’e - v > ]
Bl 8 EFL=7.0 $£&} 5 i 40 -k s [§]
087! 0.08 DEG _ ~ 0BT: 6.30 OEG
ev ev ex
[ B [ R ] 22 X
0BT: 12.46 DEG 0BT: 18.34 DEG

EX

TRANSVERSE RAY FAN PLOT
LENS HAS NO TITLE.
SAT _TUN 16 2007
MAXIMUM SCALE: + 200.0800 MICRONS.
@ 486 0. 656
— E— OPOLSTRNT FOX 200 LE\DOHVAAGZEFL 3510 SR\ DU N2
CONFTGURATION 1 OF 1
_ 4, 4 BT . - SN PR
B9 EFL=7.0 45 54 % 5

17




-0.50 ©.00 D.50 -2.00

MILLIMETERS

T T T T T
0. .00
PERCENT

FIELD CURVATURE / DISTORTION

LENS HAS NO TITLE.
SAT TJTUN 16 2807
MAXIMUM FIELD IS 18.337 DEGREES

WAVELENGTHS: @ 486 0. 656

CONFTIGURATTION

DSTAT FOX Z00Y BEINEIVAUTEETEFFL 35710, 5\FDRL\ IS

1

HICH.
OF 1

B 10 EFL=7.0 %55 %

AP i B

RELATIVE ILLUMINATION

L
0. 0D .17

FIELD IN DEGREES

RELATIVE TLLUMINARTION

LENS HAS NO TITLE.
SAT TUN 16 2007
WAVELENGTH: B.587562 MICRONS

CONFTIGURATTION

OPOLSTRNT FOX 200 LE\DORVAAGZEFL 35--10. SR\

1

M-I
OF 1

B 11 EFL=7.0 %t 15

HLAp ¥R B

TS 12,46 DEG
TS_@.00 DEG TS 18.34 DEG
“TS 6.30 DEG ‘

MODULUS OF THE OTF

N )

SPATIAL FREQUENCY IN CYCLES PER MILLIMETER

POLYCHROMATIC DIFFRACTION MTF

LENS HAS NO TITLE.
SAT TUN 16 2007
DATA FOR B.4B61 TO @.6563 MICRONS.

CONFTIGURATTION

OPOLSTRNT FOX 200 LE\DORVAAGZEFL 35--10. SR\

1

M-I
OF 1

B 12 EFL=7.0 %5t 5

18

E

4% MTF [l




# 13 EFL=7.0 #56 F 1t L

E i S1 S2 S3 S4 S5 CL CT
1 0.000146 0.000377 0.000974 0.003161 0.010696 -0.00051 -0.00133
2 0.000002 0.000041 0.000943 -0.0012 -0.00595 0.000072 0.001669
4 -0.02541 0.009902 0.011813 0.01633 0.025224 -0.00213 -0.00189
5 0.001057 -0.00249 -0.00589 -0.01767 -0.04067 0.001291 0.002193
6 -0.00389 -0.00734 -0.01814 0.00703 0.014167 -0.00009 -0.00185
7 0.000586 0.001082 0.011823 -0.00441 0.018655 -0.00015 0.001121
# 14 EFL=10.5 8¢5 25 8d FHER

STO 0.5

1 2.356525 0.888250

2 9.361497 1.500732

4 -6.021714 1.312607

5 3.720228 1.500541

6 -6.629020 0.502934

7 -2.775583 1.400660

8 Infinity 0.4

9 Infinity 1

LAYDOUT

LENS HAS NO TITLE.
SAT TUN 16 2007
TOTAL LENGTH:

9.00572 MM

OPOLSTRNT FOX 2008 LEONDOHVAAGZEFL 3.5-10 SR\ CNE--3. 20
CONFTGURATION 1 OF 1

B 13 EFL=10.5 ¥E&¢ 5 35 & 53¢ 7§

19



0BT: 0.00 DEG 0BT: 4.21 DEG
8
s L] [ ]
5]
=
IMA: 0.008 MM IMA: 8,738 MM
0BT: 8.38 DEG 0BT: 12.46 DEG
L ] -
IMA: 1,477 MM IMA: 2,211 MM
SURFACE: IMA
SPOT DTIAGRAM
LENS HAS NO TITLE.
SHT JUN 16 ZZW UNITS HRE MICRONS.
IELD 3 4
RMS RADIUS : 6 6W7 7. BWZ 6.725 5.952
GED RADIUS : 17.699 26.282 24.802 21.270 D\STAT FDX Z00Y BENNDEIVAUTRETEFFL 35710, 5 FDRL\IGSET-CING-£-3. 200
SCALE BAR 1000 REFERENCE @ CHIEF RAY CONFIGURATION 1 OF 1
Bl 14 EFL=10.5 %8¢ 5 15 4% & 50§
_ 08T: 0.00 DEC _ ~ 0BT: 4.21 DEC
ey ey ex
| A [ Ak 17779 Ak
_ 0eT: 8.38 DEG _ ~ 0BT: 12.46 DEG
EY EY ExX
| [ A 17 NI X
TRANSVERSE RAY FAN PLOT
LENS HAS NO TITLE.
JTUN 16 2007
MF\XIMUM SCF\LE + 50.800 MICRONS.
0. 656
OPOLSTRNT FOX 2008 LEONDOHVAAGZEFL 3.5-10 SR\ CNE--3. 20
CONFTGURATION 1 OF 1
_ 4 ' - vE A ]
Bl 15 EFL=10.5 $e%+m % 4% 5 B
$ TT
T |
|
|
<+ f
I
L s e s s s e s s B O [ e s T L e |
-1.00 . 1.80 -0.50 o .00 2.50
MILLIMETERS PERCENT
FIELD CURVATURE / DISTORTION
LENS HRS ND TITLE
MF\XIMUM FIELD IS 12“-{59 DEGREES
WAVELENGTHS: @, 0. 656
OPOLSTRNT FOX 2008 LEONDOHVAAGZEFL 3.5-10 SR\ CNE--3. 20
CONFTGURATION 1 OF 1

B 16 EFL=10.5 %515 %

20
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RELATIVE ILLUMINATION
S - N W £ O & N © O

I
6.23
FIELD IN DEGREES

(S

. 0B

RELATIVE TLLUMINATION

LENS HAS NO TITLE.
SAT TUN 16 2807
WAVELENGTH: B.587562 MICRONS

D\STAT FDX Z00Y BENNDEIVAUTRETEFFL 35710, 5 FDRL\IGSET-CING-£-3. 200
CONFIGURATION 1 OF 1

Bl 17 EFL=10.5 %545 %440 H R A B

TS 8.38 DEG
TS 12.46 DEG
1.0

9|

8|
i
= .7
s L
w .6
4 L
T
TN
o
o 1L
2
-
5 3L
[m]
g 2] ]

.

N )

b.bo . 180.00
SPATIAL FREQUENCY IN CYCLES PER MILLIMETER
POLYCHROMRTIC DIFFRACTION MTF
LENS HAS NO TITLE.
THU TUN 2B 2807
DATA FOR B.4B61 TO B.6563 MICRONS.
O\ISTET FDX 7008 BIGEVARRETEFFL 3.5--10,5VPDRL\IGSET-CING-£-3. 200
CONFIGURATION 1 OF 1

B 18 EFL=10.5 ¥&&¢ 5 15 4 MTF B

% 15 EFL=10.5 #5t5 16 L

S1

S2

S3

S4

S5

CL

CT

0.000724
-0.01854
-0.00514
-0.00057
0.001202

0.02234 0.013428

-0.00162
-0.00793
-0.00679
0.00131
0.00154

0.008072
0.003617
-0.01018
-0.00267
0.002639
0.002203

0.007923
-0.002
-0.0031
-0.00502
-0.00282
0.006727

0.009615
-0.00363
-0.00597
0.01716
0.01252
0.012315

-0.0029
-0.00058
0.00112
0.000193
0.000341
-0.00045

-0.00174
0.001293
-0.00048
0.001722
-0.00021
-0.00055

ravE
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W KRR MR T HREERA YT 0 7 SHRIEERE SR CER

G AL A AR A T AT

b= 2t 1, =27, 24

RU(APD) > F 56 j8 T b= R S0 0 FIE P RIS F Spw ko b SRk - R o gk e K

c ¢

o, 27

O APt s R od SRR c b R o d AT aefo B p 4 T RAE

ﬂgw&ﬁiﬁznﬁgiﬁ’ﬂ

A
_ i)

od

C
Sp  4nf,
TORLE MR AR 5 SRR R T A R
A SS—— »| Programable- |, !
PLLmstoima)e (&
T (e
Q)
vCow

e GO

LO frequency:

Calibration.

U 77 3§ Fl(non-ambiguity range, NAR) :

T R, AUE A RS 0 M ekl B R TR A ] A A

22

Freguency
Generatar
. i 9
| e
T (F4F16 1A} 80 MHz+
<40
Dividers+
(TaF1614)
(1A 1604 )

797 BULD)Z HiF ko i

IS

Y



sp(t) = éE[a +cos(27f,t)]
Sp(t) = éD[a +cos(aft +y + ¢e)]
H 7 FRTFEPFA S Tp == ¢ IAFANEAREN 24 fpi=i=f o 'fr'S AR ]

%ﬁ&km%ﬁm&°*%%%%%u PR F AN FherE iR ac

411 #* = P~ 4% (under sampling) e i » 12 £, 5 BoARHAE F > nf, 5 BT, 0 S (n 5 F#) > e
ABLGEPR ST Aor A T A a5

sp[k] =S, [a + cos2af kT, + v, +4,)]
Hoe T, =1/f, » k 2 # - HEF¥ 45 5, =f, -nf, 7k % M ERI[k] = sin(24f, kT, ) 4
RQ[K] = cos(2af, kT, ) 2 # 4 is [k] 49 5 » A& 4 #7052 MI[k] fo MQK] « % 2af, kTg, =ka/2 » B

5 = 4if1 - RIK]=sin(ka2) + RQIK] = cos(k'2) « * T3 R 47 5 82 4 F19 5§ 1 3t M i MITK] e

MQIK] 3> 5 40

MI[k] =, [k]x RI[K]

= {a + cos[2af kT, +(w, + 4, )]}sin(lz‘ 7[)

1 k . Kk (K
= 2{sm{27z(f0kTsp + 4) +(p +o )} - s1n{27r[f0kTSP - 4) +(p, +4, )}} +ax sm(2 7[)
::1gmﬁzn+1kﬂ+«wd+¢n-mnpnkﬂ+(wd+¢)B+axsm(§ﬁj

{sm[(2n + l)k;z]cos(l//d @)+ cos[(2n + l)kiz]sm(l//d +¢,)-sin(y, +¢,)}+ax sin[g 7[)

l\)\'—‘ N\»— \S)

=—{cos|(2n + Dk z kin(y, + ¢, )-sin(y, + ¢, )} +ax sin(g 72')

MQI[K] = sp[k]x RQ[K]
= {a + cos[27zf0kTSP + (1//d + 4, )]}cos(lg 72')

= ;{cos[%z(fokTSP + 1;) +(y, +4, )} + cos{27r(f0kTsP - I:J +(p, +4, )}} +ax cos[lg ﬁ)
foos[(2n+ Dk + (i, + ¢, )|+ cos|onkz +(y, + )]} +ax cos@ ﬁ)

=—{cos|(2n +1)kz]cos(y, + @, )-sin[(2n + 1)k sin(yw, + ¢, )+ cos(y, + 4, )} +a x cos(g ﬂj

Il
N\'—‘ N\'—* N | —

=—{cos[(2n +1)kz]cos(y, + 4, )+ cos(y, + ¢, )} +ax cos(l; ﬂ')

R EES AR =TT SLRECC S E R R SN S EE

23



MI[K] = s, [k]x RI[K]

~ fa+cos2(t, + APKT, + (1, + 4, )]}sin(l; ﬁj
1 sin Zﬂ(fOkTSP + k) +| 27k Af +y,+¢, ||-sin Zﬂ(fOkTSP - kj +| 27k Af +y,+4. || +ax sin[k 7[)
2 4 o 4 fo 2
1 sin| (2n+1)kz + 27zkA—f-|r1//d+¢e -sin| 2nk7 + 27zkA—f-|r1//d+¢e +a><sin[k7r}
2 fo fop 2

= % {sin[(zn + 1)kﬂ]cos(27zk ?—f

SP

+y,+ ¢ej + cos[(Zn + l)kﬂ]sin(zﬂk ?—f +y, + ¢e] - sin(Z;zk ?—f +yy + @]} +ax sin(l; ﬂj
SP Sp

= % {cos[(Zn + l)kﬁ]sin(Zﬂk ?—f +y, + ¢ej - sin[Zﬂk ?—f +y, + ¢6J} +ax sin(l; ﬂ'j
Sp

MQ[k] = s, [k] x RQ[K]
= {a + cos[27z(f0 + Af)kTSP +y,+ 9, ]}cos[g 7;]

_1 cos| 27 fOkTgpwLE + 2721<A—f+t//d+¢e +cos| 27 fOkTSI,-E + ZﬂkA—f+Wd+¢e +axcos Eﬂ'
2 T4 fop 4 fop 2

cos 2n+1k7z+ 27zkf+gyd+¢J +cos{2nk;r+[27zkaf+1//d+¢eﬂ}axcos[l;7rj

Sp Sp

l\)\'—‘

Ny

{ OS[ 2n+1 kzr]cos 27k — n Af +y,+ 4, |- sin[(Zn + l)kﬂ]sin(bzkaf +y, + ¢6J + 005[2721( fA—f +y, + ¢e]}a X 005[1; ﬂ'j
SP Sp

l\)\»—‘

SP

os[ 2n+1 kzr]cos 27k f—f +y,+4, |+ 005(2721( ?—f +y, + ¢6J}a X 005[1; ﬂj
SP

ek EL - 2ok LA B> MIK] BT 3518 Ave(MI[k]) 5 k % i #cpF > MQ[K] L 3518

Ave(MQIK]) « % 1 7] 21 % - &fc% = & MI[k] o MQ[K] & -

£ 1 k=0-4 sféh MI[k]Fde MO[k]{E

k IMI[k] Mk ]
0 0 atcosily +d |
1 a- sm{E?T—+wd+¢§J 0
3
2 0 —a+cos[4;’r£+wﬂ+¢§e]
fap
f
3 -a sm[ﬂﬁ—+wd+;zﬁ} ]
5P

AT T RE S BRI a A R

24



- Ave(MI[k])}

Vatd. = tan {Ave(MQ[k])

FPREFBEPERSFIERL 00 P> 2V @39 > B N3 g @ FAp s » L RIFFEL -
AR s B AP oo
Hriwag o

Af Af Af
@p=2n(4i-3)—+¢= 87[—|+(¢ 67[—)
fSP fSP fSP
For S €& a2 Pl w2 2 F 0 Ftar @R eofp a2 8.0 F| 2me o 20 F 1 Sl A S
AA el foBE A B¥ T sinyg frocosy 2 é Lo ARd A%~ ARSE R 21 iR i S0 o 'ﬂ ¥
%dﬁfihﬁﬁﬂﬁﬁébﬁlJ_éki%H%:ﬁnﬁﬂ@%EOfl F 2enFETE RV AP ZER T O
T| 2m chde [ 0 0 2 R LG AR R B S ( phase unwrapping ) °
A2 ERAHEFA
Corrected Phaze Corrected Phase
Bine | Cosine Site Cosine
Fhase w Range Phasze w Range
0 + 1] 0 1] = T T
+ + ¥ 0to %JT = = ¥+ T to %JT
+ 0 37 17 = 0 i 4
I = W T letom e + W i %th-:n}.n:
£ p=Ai+B AfrB ¥ 3 ¥ W0 2 &R - fra(13) s
Af = A x fsp
1440
F] &
4f
fo=_T0
¥ 4n+1
B
E: A
f,  360(4n+1)
v SIS & 2 43% = N 4f
4T B R, 3 R T R, DR = AP T R F

Eoragl ool 5y d 23V FIES -
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£ n=1> ?f =-10" » k=1,2,3,...,600 » H4z B4 2 % 4o Bl (R Bw 200 BB EE T ) o
0

Fw BEREL - 2o umifdp 3t B 2 A E I % o

\ " |ag] .
LRI IR Rt & VR et ST =

B

T

1 1223 34 4 56 67 78 8% 100 111 122 133 144 155 188 177 188 19%
HuEd

BB
o

0 RS

95 t y=-018x+120.12
90 1 1 1 1
1 17 33 49 65 81 97 113 129 145
A
Me e - 2EIpEE
30 ¢
25
- 20 —+ k=600
Hef —a— k=500
e k=40
mg 19 g
H k=300
= —— k=200
e —— k=100
5 L
0
15 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 & 90 95 100
Af (x10°)
£




ppemie Bl wyn

e TS A T PR R A 0 R R R AT E R B T W
TE D] - RO ERGUELE S BRI A AT RRBIE - RS AT
v APEE G MR R E R -

T A Aror o WE BB G SPIEE A T @ andp AR 5 0 dr & 9757 2. Non-ambiguity Range %

Resolution » ¢ & * @ H ~ if # X 453 #4080 MHz > AP ff ¥ L E BT 1.04 mm sHmE » =
DA R F BHPIRE R e i B o
Algorithm -
Frequency 25MHz | 5 WH= 10MH= | 30 MH=z | 40MHz | 80 MHz | 240 WH=
NAR 60 m 0m | 15m Smo | 375m | 1875m | 0625m
i(Mon-ambiguity
Eange)
0.2 323mm | 166mm| 83mm | 277mm | 208mm | 104 mm| 0.35mm
i(Fesolution)
PR AR 2RV Mo AT od - MARE R - BE ;Lgvv ] ( non-ambiguity range, NAR )
Zoge R s R L BRI S E D - BRI A l”ﬁff’%]m HIl- B R » ;T*ﬂr\ﬁ’ I B
B eE BT o

A AT SRR § AR SEMNE A% > T a EAPANT RS oR Y

1. BI2#4F % 12.5MHz »
2. A b REAAEILIEL B 0 B %o

B R IESE 175¢cm 135cm 115¢cm 75¢m
MIN 175.2 134.4 114.1 74.3
MAX 176.4 135.3 115.3 75.4
FE 0.60 0.45 0.60 0.55

¥ cm
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EEEEEEEREEEEEEEEa
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IO G2 [o[E 2

S R

i #- v i £
136 137 138 139 146

%1 81 [¥] ] [%] (] [ (%1 (] [] ] (] £ 5.

L

135cm FEHt

135cm 2 ¥ B
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115cm FE#E ¢ i

115cm 2 7 B
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75cm 2 F B
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LR A, E T bR BRI R

FREQ 12.50MH:

AVAVAVAVA VAV

AeSine

175cm £ 2 B 175cm T %456 2L RG]

FREQ 12.50M4

135cm < 2 B

FREQ 12.50Ma

115cm £z ik 2 B 115cm T &k 2L

FREG 12.49MHz

NN

AaeSins

75cm ik 258 75cm 7 bk 2L
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B | PR | RSN | BES | WS | EE ¥ | Mt TR | MM

i

PIN Diode Laser Diode Driver
Reciver MAX3738
3
/O Modulator /0 Modulator Displa
Si4133 MB34608 Wk
A
Y
Pawer Supply Microcontroller |« Key Input /O
To all Unit

A T e T A 4 A

80 MHz
Signal
25 MHz
Calibration
Miner .
(x
Detected Signal

77.5 MHz

Loop
Filter| |D-PLL
'co
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(c)

iR 2 FRRY

4
£5
A
.
a
-
=
&

TABLE THE RANGING MEASUREMENTS
NO. Average(rad) Deviation(rad) 2.5M-dis(mm) 80M-dis(mm)
1 293.2962358 0.408593247 68.09887443 2.128089826
2 386.3405096 0.389671553 64.94525878 2.029539337
3 21.45734662 0.428284945 71.38082411 2.230650753
4 293.0607178 0.351978853 58.66314218 1.833223193
5 28.92217299 0.421297535 70.21625592 2.194257997
6 108.4458722 0.332939598 55.48993304 1.734060408
7 23.6198863 0.320904989 53.48416479 1.67138015
8 126.2302818 0.296427705 49.40461743 1.543894295
9 306.080407 0.396868705 66.14478424 2.067024508
10 20.98700178 0.356038324 59.33972059 1.854366268
11 35.80508599 0.435513553 72.58559222 2.268299757
12 38.21549827 0.474207891 79.03464846 2.469832764
13 23.21615749 0.463196582 77.19943041 2.4124822
14 356.5750128 0.37691447 62.8190784 1.9630962
15 265.1753274 0.375288246 62.54804098 1.954626281
16 257.7842259 0.37401684 62.33614007 1.948004377
17 69.26234525 0.337068212 56.17803537 1.755563605
18 336.5115734 0.354550726 59.09178762 1.846618363
19 156.9135241 0.454607432 75.76790529 2.36774704
20 160.2540611 0.274571467 45.76191111 1.430059722
Accuracy (rad) Accuracy (mm)
Min 0.474207891 2.469832764
Max 0.274571467 1.430059722
|Bgom AP G Ml Al Y CRIEME B O R § SRR RPN 0 U F fi] Alefie it i 4 o

bz
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Pl T A EE - R ML ARTAS IR B2 ERESRSZ L ndErp R EZH
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(1). # fo§ b F SR PFF 3

(2). & 5 F ARoT GO I k4 A & BT

(3). Mz | Al ¢ mIEME M R T SRR R BT A R e

4). FH-FRETREE? # i REPBTEFEHLFFFFTY
Bed P A5 (1) w5 3 R AT T R % (2).F L 3o R R S HEEF; 3).4K
AP CREESE R M R T STRIEE R BT A 2 B AT S F AR RIEE S P RS T
BLERMR BT o
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APt ok § AR g mpggﬁ%ﬁa%ﬁ’ﬁﬁpﬁm%%o&ﬂiﬁ%~
ASm RS E ZF ) E 0 1L5mm e TR AN P F S F R R

o FTHAKTE LS

TR EFHSFRAITHEER > S - k- B2 T TR
AR B AT

(1), #F 5% 5 3 ST HR

BRI M DTH TR IFR TR L ERDT ET"D%J o H %ﬁﬁzé’j&:]@’éfﬁ%}
4 Joﬂh Gaussian shaped ¥ 4323 7 k/ﬁg:l 4 "c,ﬂé . 1‘}5' I & ﬂﬂ“%’l DACH E S ARE 2FERIN T éfﬂis?]
Bt 5% E e AP L 0 E ek AP 7] Gaussian shaped #4353 hF S 1L B 2 R ]

Tﬁ Ao E 0 ) TR I IR AR DT S 3 R T S F A AR AR T M T R A

W mg

B B - SRF DA SRIEEAT e FIEV A TR B R HF B RS A i BT o

A R A7 & 7 PEC] § SR S Hst & > F R 7 Beam expender kR 4+ B o H
R S TR SRR 2 R R S TR il S RS S VR s e T
bt d o ¥ b AP R L 47F P& 3 Gaussian shaped o3 g ﬁ/ﬂiﬁ diskgh s & 2 % Spatial filter
ZTRREBORIES ,f high transverse modes # # it & &+ £ 8 o @ — f& Beam collimator with iris
diaphragm # 3 ¥ ) Rl ZenE s LA H~ F o> £ G H D SGA 2 G uenfiid > 3o

3\ eh— #4 Beam collimator with iris diaphragm # 3 ¥ # [ 3t Zen® s £ L3+ F > K3 Fl4e
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1.2 %] sk ﬁ E o Bk RAE R kT ko

2. AN - EIEL 2.5cm hEk - P EE Y

3. BEADK- BEES 10cm gy - P B E P

4, %% 3 ¥ Cylindrical lens >

5. %- RRTESE N PEIHEY EREXAET RS

TR L A SmEF e G EEE RIREOE -

FAEIERF G A FI LR L F o el FdeT
= h
L w

g

==

Sm i m R FEE RIS R R T

38




1 1 1 o8
—+—=— m=—=—
s s f v s
b 307y 20 2790 ZT20730 60 60
it 1.1 1 1 2-1 1
& 30 4 20 97 T2 10 40 40
B s _ 60 )
bB height, ;" =735 " 2 B'b'=10mm(Bb = Smm)
A'a" 5" 40
aA height, Z‘;_E—l
1 1 1
—4—=— F=60
o 30 4 20"
a:i+izi,cx':40
40 o 20
A 60
bp height, E 30 2 B B'=22mm(bf =11mm)
a'e 40
aa height, Ezﬁzl sa'o'=Tmm(aa = Tmm)
L1 1 .1 1 1 ”
St = y§ = ———— = —— - _
40 s 80 - 30 40 30 s S0mm
SO S RPN WS W S B
60 s 80 80 60 240 S5 = 240mm

e 80 bB 80 .
b B height, 10 BB 40 2=20mm  p' B'=10mm

. 240 a4 240
a A height, 60 ad 60 =4=20mm g A'=5mm
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1 1 1

. LIS -
b 0 5 %0 B 80mm

. 1 1 1 .
a 0 +? =30 a =-240mm

g g
b'B height, br—'{;:%:2

=B B =44mm(b' B'=22mm)

o da’ da s 240
aa’ height, =5 T e °

coaa =28mm(a'a'=Tmm)

11-7 4
ogh=—=—
o 10 10
a--ﬁ‘-:44—28:£zi
160 160 10
d P EgciE s ApET J‘/.—g‘ g APR* AR hRE Gl > v RATST AR A 1/40 5 R
{EF%KEP - TR %‘ffw«‘r’j‘ PR AGR D B RY o AP LA RE T X R RTE

Pl A SmERSE o M i 1.2mmeng BT MR 0 RFIP R A SR G R > 2 2R E S P LSmmen
TR R M e T R R R 0 [ AR -




(d)
FHORGHTREXFTZERGEERY

THEBEET OSEFFIAIRENET KB AT APRYABZ R K FEY 405
bt l/4e P LMook 0 ASmEEHS B F 1.2mm > { B3P A Z H0l.5mm e

TABLE
THE BEAM DIVERGENCE MEASUREMENTS
Dist FWHM Beam Divergence FWHM Beam Divergence
istance
(Raw beam) (Collimated beam)
50 cm 0.73 mrad 0.152 mrad
100 cm 0.726 mrad 0.213 mrad
200cm 0.675 mrad 0.155 mrad
300cm 0.86 mrad 0.188 mrad
400 cm 0.744 mrad 0.195 mrad
500 cm 0.655 mrad 0.219 mrad
Average 0.731 mrad 0.187 mrad
1
—— FWHM
0.8 F T cam
= \</ \\\, givergence
g 06 (Raw beam
a 0.
A o |l | FWHM
02 n/n\\n——— Beam
Divergence
0 (Collimated
0 50 100 150 200 250 300 350 400 450 500 b
Distance(cm)

The beam divergence measurements
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CIENN AR B B I PR gkl AR 7 I 3 D% R THLIZRMET LR
F Lomm e BiRE S 2 [ N I T Fol2mme g% AR
WA By LI RAS D FHIFARATIEERSFLE 2 AR AF R T HF @Qg
R E L FAAE 1.5mm { Fem P AL ?'ljift;ﬁ@]p\%—%{;& (BPEARGDIS LT L

A& e

o
F o

(RS BT el U E g & N s s A - T

1.EFL : 10.9mm
2.SD @ 9.526mm
3.LD wave length : 650nm
4.LD to lens distance : 9.567mm(optic axis) * i 5 LD to window glass distance 1.04mm
5.Power collect efficiency : 46%
6.Assembly tolerance for Laser collimator system
® [Lenstilt : +/-0.1 degree
® [ens decenter - +/-80um
® LD to lens distance : +/-10um(LD == lens [tij{# 1+ & I f,"."Fﬁj%ffF[')

Table : I * S G =230 4E 21 54 &Y Beam sizes

T
Propagation distance (3 X- Beam size Y- Beam size
(mm) (mm)
0 0.0006249 0.002968
0.17 4.4 3
10 9.6 6
15 11.8 7.6
33 20.8 14.4

Foae s % S 2mm at SM.
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A AT ML FRRR IRV I R R T o AF TR EN B EL L d D

1.2mm -

i lens design g% %

!
I

5.56 MM

LD Collimator Scale: 4.50 ORA 07-Dec-10

LD Collimator-3f#Word or POFRE

LD Collimator

ELEMENT ~ RADIUS OF CURVATURE
) BAC

APERTURE DIAMETER
NUMBER FRONT RONT BAC

OBJECT INF 0.0000
0., 0500
9.5670
1 ML) AM2) 2. 3000 3.8996 4.4414 "PAMAD
APERTURE STOP 4.4414
30, 4499
4.5549
IMAGE DISTAMCE = 0.0000
IMAGE INF 4.5549

ASPHERIC (ONSTANTS
2

(CURVYY 10

A

4 6 A
seeeeens o (Y 4 (B)Y + (O 4+ (DNY
2 il
1o+ (1-C1+R(CURNY Y )

ASPHERIC CURV K A B C D

A1) -0.01250000  -100.000000  -4.32274E-04  1.72553E-04  -3.76867E-05  0.00000E+00

AC 20 -0, 19808584 S18.024482 -1, 23633E-02 1.63689E-03 -1 ONIRTE-04 0, CRKRMOE+O0
REFERENCE WAVELENGTH = 650.0 MM

INFINITE CONJUGATES
EFl B

L = 109000
BFL = -19.4469
FFL = 00,2988
FinND = 2.4061

AT USED CONIUGATES

REDUCT TON = 36,4802
FINITE F/ND = 91.2005
OBJECT DIST = 0. 0000
TOTAL TRACK = 42,3169
IMAGE DIST = 0. 0000
OAL = 42,3169
FARAXIAL

IMAGE HT = 0.9120

IMAGE DIST = 378, 1874
SEMI-FIELD

ANGLE = 0.1291
ENTR PUPIL

DIAMETER = 4.5302

DISTANCE = 11.0968
EXIT FUPIL

DIAMETER = 4,5730

DISTANCE = -30.4499

H—ESag

CURVATURE OF BASE SPHERE = -0.012500
RADIUS OF BASE SPHERE = -0, 000

o
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LD Collimator-aFiEWord or PDFHE

Y ASPHZSAG SPHERE SAG SAG DIFFERENCE
(Z)
(0. 000000 0.000000 0. 000000 0.000000
0.078000 -0.000038 -(0.000038 0.000000
0. 156000 -0.000152 -0.000152 0.000000
(0.234000 -0.000343 -(0.000342 0.000001
(0.312000 -0.000612 -(0.000608 0.000004
0.390000 -0.000959 -0.000951 0.000009
(. 468000 -0.001387 -(0.001369 0.000018
(0. 546000 -0.001895 -(0.001863 0.000032
0.624000 -0.002486 -0.002434 0.000053
0.702000 -0.003161 -0.003080 0. 000081
(0. 780000 -0.003920 -().003803 0.000117
0.858000 -0.004764 -0, 004601 0.000163
0.936000 -0.005695 -0.005476 0.000219
1.014000 -0.006712 -0.006426 0.000286
1.092000 -0.007817 -0.007453 0.000364
1. 170000 -0.009011 -0.008556 0.000454
1.248000 -0.010295 -(.009735 0.000560
1.326000 -0.011674 -0.010990 0.000684
1404000 -0.013155 -0.012321 0.000834
1. 482000 -0.014746 -0.013728 0.001018
1.560000 -0.016464 -0.015211 0.001253
1.638000 -0.018331 -0.016771 0.001560
1.716000 -0.020375 -0.018406 0.001969
1.794000 -0.022640 -0.020118 0.002522
1.872000 -0.025180 -(0.021905 0.003274
1.950000 -0.028068 -0.023769 0.004299
A TESag
CURVATURE OF BASE SPHERE = -0.198089
RADIUS OF BASE SPHERE = -5.048
Y ASPH SAG SPHERE SAG SAG DIFFERENCE
(Z)
0.000000 0.000000 0.000000 0.000000
(0. 089000 -0.000784 -(0.000785 0.000000
0. 178000 -0.003134 -0.003139 -0.000005
0.267000 -0.007042 -0.007066 -0.000024
(). 356000 -0.0124% -0.012568 -0.000072
0. 445000 -0.019484 -(.019652 -0.000167
0.534000 -0.027997 -0.028323 -0.000325
0.623000 -0.038029 -(). 038590 -0.000561
0.712000 -0.049578 -(.050462 -0.000884
0.801000 -0.062654 -(0.063952 -0.001298
0.390000 -0.077268 -0.079072 -0.001805
(0.979000 -0.093437 -(). 095838 -0.002401
1.068000 0111184 -0.114266 -0.003082
1. 157000 -0.130530 -0.134374 -0.003844
1.246000 -0.151495 -(0.156184 -0.004689
1.335000 -0.174097 -0.179718 -0.005622
1.424000 -0. 198349 -(0.205002 -0.006653
1.513000 -().224262 -().232063 -0.007801
1.602000 -0.251841 -().260931 -0.009090
1.691000 -0.281092 -0.291640 -0.010547
1. 780000 -0.312027 -(0.324224 -0.012197
1.869000 -0.344667 -().358723 -0.014057
1.958000 -0.379055 -(0.395180 -0.016125
2.047000 -0.415270 -0.4330642 -0.018372
2.136000 -0.453437 -0.474157 -0.020720
2.225000 -0.493752 -0.516783 -0.023031
2 H

44



(2). B 5t 3 hor Bl 2 K B R £ IR

T F A GO RS S LR AT AT T IR P LA PR T F R R
Mk R £ e o

o FTHAFRALTALTRE

P Y EatA %ﬁ
B =0
KA
v » THia iy
. EREn
when| o THE ——
. o waiga | AR
L3
= | ke
£ o sama | BT
b BT s

o T AR R MR IE

o THAFHRB/HMEHRIE

e R JEACE 4K

Wik f

. &© _
mEARR #3F 85

45



o THAF FHLHRBEMH

N, ATRH)

o A
AR (K)

o HERHE

b=tanB™a
B = arctan(b/a)

Lasar
[Pl .

Lago
carnstar
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Taiwan (OPT) 2010, OPT5-P-040, p1-3, Tainan, Taiwan, ROC, Dec. 2010. (EI Conference Journal)

3. Junewen Chen,
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SPIE 7354, p73541B, 2009.
Present at European Symposium on Optics and Optoelectronics, 20 April 2009, Prague, Czech Republic.

(EI Conference Journal)

48



Junewen Chen,

“Optimized single amplified ultra-short laser pulse”
SPIE 6998, p69981D, 2008.
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The Optical and Opto-mechanical Design of the Liquid Crystal Display
LED Backlight Modular

Junewen Chen. Jung-Chao Chen, Shu-Yuan Lin. Chia-Hao Yeh. and Chin-Yi Liu
Institute of Mechanical Engineering,
Chung-Hua University. No 707. Section 2. Wu-Fu Road. Hsinchu 300. Taiwan

Abstract: LED backlight source for the LCD with practical optical and opto -mechanical design will be presented in detail.
By optimizing incident angles,  distances to the light guide plate, we have the output light efficiency 73.55%.
© 2010 OS]

Keywords: LED light source, backlight module, optical design, opto -mechanical design, pattern design.

The LCD mechanism is not having a self-illuminating light source to display it needs to have an illuminating light source
to display. A good backlight source is crucial to the LCD qualities. We design a side injected LED light as original
light sources, the LED lights directed and managed through the dots pattern and the light guide plate to generate a
homogeneous surface light source. It is the light source for the liquid crystal display. We have designed and
optimized the optics layout and the opto-mechanical parameters to achieve a good light source uniformity. [1] The
TracePro software can design and simulate the results for the advance d analysis. [2]

210
Backlight modular
desiga

P L
Dots of the
Light source light gwide plate
\ = /
i
Dots size [ Dots pattern ]
4

S

Fig. 1. The design flow-chart of the LCD backlight modular

Fig. 7.: Intensity diagram of the parallel dots pattern. Fig. 8.: Intensity diagram of the shifted dots pattern.

In our research the TracePro software program is used to set up the system configuration. simulate and analyze the light
output results. We design the light sources, vary the light sources incident angles. change the distance between the light
sources and the light guide plate. and optimize the output results. we have the output light efficiency as high as 73.55%.
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The Optical and Opto-mechanical Design of the Liquid Crystal Display
LED Backlight Modular

Junewen Chen, Jung-Chao Chen, Shu-Yuan Lin, Chia-Hao Yeh, and Chin-Yi Lin
Institute of Mechanical Engineering,
Chung-Hua University, No 707, Section 2, Wu-Fu Road, Hsinchu 300, Taiwan

Abstract: LED backlight source for the LCD with practical optical and apto-mechanical design will be presented in
detail. By optimizing incident angles, distances to the light guide plate, we have the oulput light efficiency 73.55%,

2010 081

Keywords: LED light source, backlight module, optical design, epto-mechanical design, pattern design,

1. Introduction

The LCD mechanism is not having a self-illuminating
light source to display it needs to have an illuminating
light source 1o display. A good backlight source is
crucial to the LCD qualities. We design a side injected
LED Tlight as original light sources, the LED lights
directed and managed through the dots pattern and the
light puide plate to generate a homogeneous surface
light source. It is the light source for the liquid crystal
display. We have designed and optimized the optics
layout and the opto-mechanical parameters to achieve a
good light source uniformity.[1] The TracePro
software can design and simulate the results for the
advanced analysis, [2]

2. The design flow chart

Figure 1 shows the design flowchart of our LCD
backlight modular. In the LED light sources, we
optimize the LED light sources angle, and the distances
between the LED light sources to the light guide plat.
We also optimized the dots pattern as well as the
pattern location (o maximize the overall out put light
efficiency and its uniformity.

s

Fig. 1, The design flow-chait of the LCD backlight modular,

3. The light guide plate

We use a side injected LED light as original light
sources, the LED lights directed and managed through
the dots pattern and the light guide plate to generate a
homogeneous surface light source. The LED light
sources direct into two ways, the one goes total
reflecting to the other end, and when the light beams
reflect through the high reflecting materials and the
dots pattern, the reflected lights will expand. The
normal injection light source come out of the light
guide plate through the reflecting dots pattern that have
been optimized with the shapes, sizes, and positions.

The materials properties and cost of the light guide
plate are summarized in Table 1. We usc the PMMA
(PolyMethyl MethAcrylate). It is inexpensive, and has
good physical characteristics. The refraction index of
PMMA is 1.497 that is its critical angle of toal
reflection is 42°. All the incoming light beams with
incident angle larger than 42°, will be totally reflected.

Table 1: Material properties and cost of the Hght guide plates

Physics charactenistics PMMA| PC | Zeonor [Arton
Density 13 1.2 1.0¢ |14
Water
R 03 [ 02 | oot |02

3 mm
Light :

transmiﬂmca'rh";?m 93 a0 92 92
Refraction
e 149 | 1.59 | 153 |15l

Temperature
of the heat | Tg('C) foo~105] 145 | 105 [171
distortion
Cost E s Mediunf";j‘m High

Source : PIDA

4, The LED light source angles

As direct LED light source incident with no dots patter,
we can see from the results in Figure 4, 5, and 6, the
output intensities various according to the light source
angles. Table 2, summarize the results.

. T

ETI!§pi-in]tlgﬂ
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Fig. 2. Lights 20 degree up.
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Fig. 4, Lights 20 degree down.

Table2: Results of the 1iEhl SOUTCE anglcs

Angle adjustment | Light out efficiency | Max lux
20 degree up 17.7% 23.0

Parallel incident 13.3% 22.9

20 degree down 5.4% 10.4

5 The Dots pattern of the light guide plate

The light guide plate without dots pattern will direct the
light output concenirated to the light incident side. We
desipn and optimize a dots pattern to uniformly direct
the output light source. An equally distributed dots
putiern, optimize the dois radius with larger dots radius
at far side of the light source while with smaller dots
mudius at near side of the light source. Figure 5 and 6
arz the design results. And Table 3 is the summarized
resulis of the dots patern with differem heights,

L]
§
i
L]
i
¥

1 =

; EE f._
1 ' : “
Fig height 0.02mm

TEEE NN TN

Fig. 6,

us 0.5mm, height 0.05mm

The irregularity lines of the dots pattern will result in
partially bright as well as dark spots. But it can avoid
the cell data line and gate line pattems. Figure 7 and 8
show the intensity diagram of the parallel dots and the
shifted dots respectively.

Table 3 | Results of the height of the dot pattern

Height of the dot pattern Humug:m:ily Max lux
0,02 mm 32.2% 29.9
(.05 mm 1.0 % 38.7
}.1 mm 3.1 % 52.6
0.5 mm 0.1 %% 6O, 5
= r_
| it
= f
tH
-} |

B e e T e
B

Fig. 7.: [‘E.I[![EIT}' d.jl:ﬂ]'l‘l of the parallel dots pll‘L'l‘.EI'I'I
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Fig. 8.: Intensity diagram of the shifted dots pattern,

Up to now, our design has 73155 % light outpw
efficiency, 35 % homogeneity. It is the primary design
results. Table 4, summarize the Overall results,

Table 4 © Huukhﬁhl results

Output light Whitc
Light output efficiency | 73.55 %
Homogeneity 5%

6. Conclusion

In our research the TracePro software program is used
to set up the system configuration, simulate and analyze
the light output results. We design the light sources,
vary the light sources incident angles, change the
distance between the light sources and the light guide
plate, and optimize the output results. we have the
output light efficiency as high as 73.55%.
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10.30-12.00

ThP * Ultra-Short Optical Pulses
Katsunari Okamoto; AiDi Corp., Japan,
Presider

ThP1 * 10.30

Group-Velocity Compensation in Mixing Process of
Third-Harmonic Generation of Ultra-Short Pulses,
Yizhou Tan, Yisheng Yang, Shuihua Huang, Guangwei
Zheng; Natl. Univ. of Defense Technology, China. Group-
velocity mismatch in third harmonic generation (THG) is
investigated. A new walk-off compensated crystal is used
as the mixer. Theoretical results show that THG conversion
efficiency of ultra-short pulses can be increased dramati-
cally with this design. Influence of fast-wave-delaying to
frequency conversion properties of ultra-short pulses is
analyzed.

ThP2 + 10.45

Optical Pulses Compression Using Time Lens, Tan Zhon-
gwei, Zhou Nan, Gong Taorong, Chen Ming, Chang Yanling,
Jian Shuisheng; Beijing Jiaotong Univ., China. Temporal
imaging is one of the important research issues using time-
lens. The theory of temporal imaging using time lens is
discussed briefly. The experiment to perform optical pulses
compression is demonstrated and the problem is further
discussed by numerical simulation in this article.

ThP3 * 11.00

Soliton Compression of Femtosecond Pulses in Two-
Segment Quasi-Phase-Matching Grating, Xianglong Zeng,
Zijie Wang, Tingyun Wang; Shanghai Univ., China. We theo-
retically propose soliton-like compression of femtosecond
pulses in two-segment quasi-phase-matching grating by
using group-velocity matching scheme. We also numeri-
cally show soliton compression of femtosecond pulses with
higher quality factor, lower intensity threshold and better
spatial-temporal pattern than periodic quasi-phase-match-
ing structure with the same total crystal length.
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ThP4 » 11.15

High Diffraction Efficiency for Ultra-Short Laser Pulse
by Superposed Transmission Volume Phase Gratings,
Guangwei Zheng, Jichun Tan, Yanlan He; College of Science,
Natl. Univ. of Defense Technology, China. A configuration-
two transmission volume phase gratings superposed is
presented, where the gratings’ vectors are parallel to each
other. Its diffraction efficiency is up to 90% for ultra-short
laser pulse. The configuration enhances the gratings’
performance for ultra-short laser pulse, such as its spatial
filtering, beam deflecting, and so on.

ThP5 « 11.30

Investigation of the Doping Profile Effect on Operation
of Internally Q-Switched Laser Diodes Aiming at High-
Power Picosecond Light Source, Brigitte Lanz', Sergey
Vainshtein', Juha Kostamovaara®', Vladimir Lantratov?,
Nikolay Kaluzhniy®; 'Electronics Lab, Dept. of Electrical
and Information Engineering, Univ. of Oulu, Finland, *Ioffe
Physico-Technical Inst.,, RAS, Russian Federation. Lately
demonstrated high-power (50W from 20um stripe) pico-
second (30ps) lasing from a laser diode has addressed us to
internal Q-switching phenomenon, discovered four decades
ago and not understood so far. We found that the realization
of nanosecond or picosecond mode from a diode depends
on doping profile across the structure.

ThP6 * 11.45

High Power Ultra-Short Pulse UV Laser System, Junewen
Chen', Kai-Chun Chung’, Jung-Chao Chen', Shu-Yuan
Lin', Chi-Feng Chen?; 'Inst. of Mechanical and Aerospace
Engineering, Chung-Hua Univ., Taiwan, “Inst. of Mechanical
Engineering, Natl. Central Univ., Tniwan. We have developed
a terawatts high infensity sub-hundred femtosecond ultra-
short pulses 248.6 nm ultraviolet laser systems.
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AiDi Corporation is a global company that offers innovative, high-value, Passive Optical Network (PON) products and
service. AiDi leads the way to expanding optical network markets and deployments through improved network
efficiency and economics. AiDi has exceptional technical leadership in the industry, providing customers with

advanced networking options at a lower total cost of ownership.

Katsunari Okamoto Chief Technology Officer
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The ACP Technical Conference - taking place in Shanghai, China, Nov 2-6, 2009 and
co-located with the ACP trade show exhibition will be the premier conference in the Asia
Pacific region for optical research and technologies in a wide range of application areas
including optical communications, optical sensors, biophotonics, displays, solid-state
lighting and energy applications. ACP will bring together the foremost forum for advanced
technical research and the dynamic Chinese marketplace.

The ACP technical conference features a full suite of plenary talks, invited talks,
contributed talks, short courses and posters given by international academic and industrial
researchers who are leaders in their respective fields, including:

« Optical Sensors and Biophotonics.
o Displays, Solid-State Lighting, and Optoelectronics in Energy.



o Optical Fibers, Fiber Devices and Passive Components.
o Optoelectronic Devices and Materials.

e Optical Transmission, Switching, and Subsystems.

o Network Architectures, Management, and Applications.

With a conference program of broad scope and of the highest technical quality, ACP
provides an ideal venue to keep up with new research directions, the latest technical
breakthroughs and emerging new commercial applications of optoelectronics subsystems
and technologies. ACP offers the opportunity to meet and interact with the researchers who
are leading these advances.

Participation in the ACP technical conference, along with the extensive commercial exhibit
and trade show, will be of strategic value for multi-national companies seeking to build
relationships and develop their businesses in China’s rapidly growing market. In addition to
scientists and researchers from around the world, ACP presenters and attendees will
include top Chinese decision-makers in government, local authorities, business, finance and
international development.

The ACP conference proceedings will be included in the IEEE Xplore Digital Library and
OSA's OpticsinfoBase, which provides on-line access to almost a third of the world's
current electrical engineering and computer science literature. Your paper will be archived,
indexed by INSPEC® and Ei Compendex, where it will be available to the international
technical community.
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High Power Ultra-short Pulse UV Laser System

Junewen Chen, Kai-Chun Chung*, Jung-Chao Chen, Shu-Yuan Lin and Chi-Feng Chen*
Inzritute af Mechanical and Asrospace Engineering
Chung-Hua University, Taiwan, 300
Tel:~586-3-3186744; Fax:—886-3-5186521; e-mail: fpwehen@ chu edu. tw
*lnzritute of Mechanical Engineering, National Central Univerzity, Chung-Li, Taiwan 325

Abstract: We have developed a terawatts lugh intensity, sub-hundred femtosecond ultra-short pulses.
248.6 nm uvltraviolet laser svstems, with dve seed laser in blue-green regime, amphified i the mult-
stage dye amplifiers and then frequency doubled and finally amplified with multiple-passes KiF
amplifier. We have characterized the system performances, the amplified interaction volume, the
amplified spontaneous emisston optimuzation. the Excimer amplifier and the system merits.

@2008 Optical Society of America
OCTS codes: (14001407 General; (140.3280) Genaral

1. Introduction

High intensity, ultra-short pulses UV laser system found many applications in ultra-high order harmonic generation,
atomic and molecular dynamic analysis o Althongh the table top terawatts laser systems are commercial available
for years, and it perform satisfactory in many applications, the self-constructed high intensity, ultra-short pulses UV
laser system gives more flexibilities in applications and also are very critical in many aspects of analytic researches
durmg the developing of the systemﬂj"'.

In the sething up of this system, we find that the stability of the seed laser dramatically affect the system
performances. and the amplified interaction volume of multi-stage amplifiers had to be investigated in detail and be
optimized for the maximum amplification factor and the minimum amplified spontaneous emission outputs.  Detail
characterization of the amplified interaction volume model and the amplified spontaneous emission optimization are
presented. For the best application in the lugh intensity regimes, shorter output wavelength and highest output
energy is strongly demanded.  And we also evaluate the overall system merits.

2. The high intensity ultra-short pulses UV laser system

Our high mtensity ultra-shert pulses UV laser system 15 constructed in the architecture of stable vltra-short pulses
seed source, amplified in the multi-stage dye amplifiers, and then frequency doubled and finally amplified with
multiple-passes KrF excimer laser amplifier.  Fig. 1 shows the system block diagram.

[— T P

Fig 1, The system block diagram and the optimized chronically synchronization.

In this system, we can produce single amplified pulse of 80 f5 pulsewidth, 10 mI output energy, 248.6 om
wavelength in the UV regime. Accordingly. periodical pulses train can also reliably be produced up to few pulses
per second as the system required.

The Coumarin 102/DODCI, 497 2nm, vellow-green. dispersion compensated, colliding pulses ring cavity ultra-
short pulses dye laser was first report in the Imperial College research group™¥.  However, for the fabrication of
high intensity ultra-short pulses laser system, a very stable seed source 15 the fundamental building block of the laser
system.  Figure 2 show the Coumann 102/DODCL, 497 2am. vellow-green, dispersion compensated, colliding
pulses ning cavify ultra-short pulses dye laser, the fypical outputs are 10 mW and funable from 492 nm to 303 am at
140 MHz.



An 47 laser (Coherent, innova 100 series) with UV all lines output from 330 nm to 360 nm, is used to deliver up
to 6 W as the pump source. The CPM ring laser basically consists of an active dye jet with optical folding mirrors
(M. M. and M;). passive dye jet with folding nurrors (M., and Ms), prisms quadniplet, deflecting mirror M;, output
coupler My and the wavelength funing slit A

The active dye jet consists of a standard Coherent thick nozzle of 400 ;4 m, resonant mirrors, and a pumping
beam focusing mirror. The Coumarin 102 dye of 4 x 107 A (1.5 g of Coumarin 102 powder dissolved in 300 cc of
benzyl alcohol, and diluted in 1.2 L of ethylene glycol) concentration in the reservoir boftle sits in a temperature
stabilized bath. The dye solutions circulate through the nozzle and generate a sheet of stream.  The circulation
system was pumped by a mini-pump through the housing of the micro-fiber filter and a regulator.  The resonant
mirrors are a pair of curved murrors of 30 mm of radius of curvature, with a single stack high reflection dielectric
coating centered on 405 nm.  The 4; laser pumping beam is focused to the dye jet using a separate focusing mirror
of 20 mum focal length with high reflection coating on 330 nm to 370 nm at 45 incidence.

We have improved the laser outputs stabilities both in wavelength as well as in output intensity. Figure 3 (3)
and (b) show the typical intensity fluctuation at 497 2nm dispersive wavelength, and the wavelength jittering of our
optimuzed stable seed sources respectively.

For almost any high mtensity laser output, there should have laser amplifier(s) in the system. Our stable
Coumarin 102/DODCL, blue-green, sub-hundred femtosecond ultra-short pulses train will go through 3 stages and 4
passes dye amplifiers, as shown in Fig. 2. to enhance the gain ratio while still keep excellent signal to noise ratio, by
our unigue control of the spatially amplifier interaction volume of the seed beam and pump beam intersected at the
dye amplifier jet stream. and the conventional spatial filtering effect, as well as the optimized chronically
synchronization.

The algorithm of multiple amplifier stages instead of one amplifier stage 1s to eliminate the almost imherently
existed ASE.  And the spatial filters immediately after each stage can effectively reduce the ASE noise. The A;
final amplifier stage is double passed to obtain the highest and the best amplifications.
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Fig. 2, The dye amplifiers chain. Fig. 3, The amplified output pulse from the laser system.

The chronically synchronization system configuration is also shown in Figure 1. And we can see that if there
are second and even more amplified seed sources, they will be discriminated to very weak output pulse and nearly
could be neglected by the optinuzation of the system synchronization

The frequency doubled UV laser pulse could further be amplified by the ExF high gain excimer amplifier, and if
optimized by the vacunm spatial filter, it could be operated in double and multiple passes amplification mode. Fig. 3.
shows the photos of the final amplified cutput pulse from the laser system.

3. Conclusion

In conclusion, we can see that the ultra-short pulses train from the passively mode-locked C102/DOCT laser of
10 mW output power at 140 MHz, 497.2 nm, and typically 80 fs pulse duration, corresponding to a typical peak
power of 0.35 KW. The seed source been amplified by the dye ampliﬂets to output energy of 50 I, which

correspond to peak power of 160 MW, peak power intensity of 4 GW/em™, and focusable to 10" Wem™.
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transferable laser range finder. The ranging accuracy is better than 3mm.
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