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Study on optimum units of

diffractive/refractive hybrid lens

Student Ting-Yen Lee Advisor Prof. Mao-Hong Lu

Institute of Electro-Optical Engineering

National Chiao-Tung University

Abstract

In this thesis, we study. on”optimum .units of diffractive/refractive
hybrid lens and ,based on the results, design a 10X zoom lens which can
be used in camera system.

The diffractive lens is characteristic of thinness, lightness and cost
effective. The diffractive lens has the same imaging function as refractive
lens. The hybrid lens which consists of diffractive element and refractive
element can eliminate more aberrations, and will not increase the volume
and weight.

We simulate and analysis the singlet and doublet of hybrid lenses.
From the simulated results, we find optimum units of the hybrid lenses.

Finally, based on the optimum units, we design a 10X zoom lens.
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AR A (3.1)

¥ P4 EE4(EEES 6mom)
F # 3.5 | 2.8 | 2.3 2 1.8
34 5= (mm) 1.7143| 2.143 2.6087| 3 [3.3333
RMS spot size f$Eiti&*Ip
125 | 9 T 6 4
R )
MTF>0.2 Prend 434 20 18 17 |16.5 |15.5

23 1HEPNAFLEE(LIES bom) i G H ~ 2 2 £ 4

£(3.2)5 BEES 12mm P iR e Pl 2 87 v 0 T4 LR

HAcP]d B AT e SRR A TS R o ot B SRR 0L 2

MTF>0. 2 ek f 4875 i1 — 4t7e

H P54 £ 6 (EEE 12mm)

F #c 3.5 | 2.8 | 2.3 2 1.8
34 5= (mm) 3.4286| 4. 286 |5.2174| 6 |6.6666
RMS spot size & $E&ti&*Ip
100 | 7.5 6 5 3
SIE SR
MTF>0.2 PrenZiis-4 2 |18.5 | 17 15 |14.5 | 13°
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A g B I EAR K iR 0 357 sk s XS A SEEHE LR oD
LARS AR E NMIFX0.2 PFenZ Al &30 g i > @ 5 342428 6mm

B LA PR G BRI 0 ST KM A 8N g

g .
F#=3.5
I Radius Glass Diameter K
-6.497 DOE 1.7143 -17.159
-6.496 | PMMA 1.7143 4.198
3 -2.3 1.7143 -4.62E+00
O A4 Ab A8 AlO
-0.0279 | -1.04E-02| -7.00E-03]  1.09E-02
2 -0.01822 |, +117E=02] -6.70E-03|  1.09E-02
-0.0494 1.26B-02] «4.80E-03|  7.00E-04

% 3.3 FPi#ks 308 P ERE(EIES 6mm) % St 5 dic

F#=2.8
I Radius Glass Diameter K
-11.134 DOE 2.143 14.779
-11.132 | PMMA 2.143 9.171
3 -2.584 2.143 -3.24E+00
O A4 A6 A8 Al0
-0.0138 | -3.88E-03| -2.24E-03| 1.52E-03
2 -0.0143 | -3.93E-03| -225E-03] 1.52E-03
-0.0242 2.63E-03| -0.46E-04|  2.60E-05

3.4 FPaci 2.8 8 739 6 S8 (EEES 6mm)h ) 5 5-dc

F#=2.3
I Radius Glass Diameter K
-22.103 DOE 2.6087 -101.06
2 -22.095 | PMMA 2.6087 -17.949
-2.809 2.6087 -1.45E+00
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I A4 A6 A8 A0
1 0012 | -1.90E-03] -1.70E-03| 6.52E-04
2 00117 | -1.97E-03] -1.69E-03| 6.53E-04
3 0008 | 200E-04 2.50E-05] -1.90E-05

# 3.0 Fiks 2.3¥

LL

S NG LS (EFEL 6mm) ik SRl

F#=2.0
= Radius Glass Diameter K
-1.84E+04 | DOE 3 1.24E+09
-1.43E+04 | PMMA 3 -5.93E+08
-3.059 3 -2.10E+00
Al A4 A6 A8 Al0

1 -0.00964 | -6.91E-04| -7.80E-05| -1.90E-05

2 -0.00964 | -6.92E-04| -7.80E-05| -1.90E-05

3 -0.00838 |, +1i42E=04] -1.50E-05{ -5.00E-06

% 3.6 Fi#ks 2.0 B 45686 (EIEL 6mm) % S5 dic

F#=1.8
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1 -1.78E+03 |+ "DOE 3.333 6.37E+05

2 -1.73E+03 | PMMA 3.333 5.59E+05
3 -3.056 3.333 -2.17TE+00

Al A4 A6 A8 Al0

1 -0.006937 | -1.50E-03| -1.10E-04  1.00E-04
-0.006937 | -1.50E-03| -1.11E-04|  1.00E-04

-0.006276 | 7.77E-04{  1.79E-04| -1.80E-04

%37 F#: 1.84
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1
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FF AL A wEEE D EELebmm M A 12mmePF 0 fo 7 B F #icenie o

71 4 (3.8)1

c(3.9)¢

B P4 EEE(EEES 6mm)

F # 3.5 | 2.8 | 2.3 2 1.8
3472 (mm) 1.7143| 2.143 2.6087| 3 [3.3333
RMS spot size # $Eétim*Ip
16 13 11 8 5.5
CIE R R
MTF>0.2 PFendZis-4 & 255 (23.5 | 20° 19 |18.5

% 3.
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B Or A EBE(ERIES
12mm)
F # 3.5 | 2.8 | 2.3 2 1.8
744 (mm) 3.4286| 4. 286 |5.2174| 6 |6.6666
RMS spot size # $Eétim*Ip
15 |12.5 | 10 | 7.5 5
AL B
MTF>0. 2 pFert ZRs-4 B 24" 23" 118.5 | 1T 16

3.9 3 PAFEEE(EEES [2m) b 2 E e it 42

AT L F P T PO T SR T AL £ R ¢ L R

ol EARFERZVHEFFESHEL X oa £ (3. 1-2)f-% (3.8~9)

T A s 10 B kB R R

F#=3.5

I Radius Glass Diameter K

1 -18.735 SF1 1.7143 -4.63E+09

2 -5.2477 | PMMA 1.7143 -5.713E+09

3 3.615 DOE 1.7143 1.72E+00

4 -3.614 1.7143 1.71E+00
O A4 A6 A8 Al0

1 -4.80E-03 | -4.07E-03| 2.44E-03| -5.21E-03

2 -5.40E-03 | -2.26E-01|  2.32E-01| -7.33E-03

3 1.73E-03 | 3.64E-03] 1.53E-03] -1.90E-04

4 1.71E-03 | 3.59E-03] 1.54E-03] -1.94E-04

#3.10 F#z 3.5

L+

94 & AR EES 6mm) ek Sk
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F#=2.8

I Radius Glass Diameter K

1 -12.149 SF1 2.143 -6.60E+12

2 -3.383 | PMMA 2.143 -5.60E+12

3 -3.383 DOE 2.143 1.86E+00

4 -3.83 2.143 1.92E+00
O A4 Ab A8 AlO

1 -6.73B-03 | 1.12E-03| -8.33E-04| 1.88E-04

2 -1.83B-02 | 1.49E-02| -9.84E-03] 1.28E-03

3 3.36E-04 | 1.12E-03] 1.77E-03|  5.20E-05

4 4.81E-03 | 1.14E-03] 1.87E-04| 5.20E-05

3. 11 F#es 2.84 %394 ¢ S8L(EREES 6mm) ik 56 e
F#=2.3

= Radius Glass Diameter K

1 -8.19 SE1 2:6087 1.45E+13

2 -2.4 PMMA 2.6087 1.49E+13

3 -4.049 DOE 2.6087 2.05E+00

4 -4.048 2.6087 1.76E+00
I A4 A6 A8 Al0

1 -5.90E-03 | 1.36E-03| -6.49E-04| 1.00E-04

2 -1.45B-02 | 1.10E-02| -4.49E-03]  7.66E-04

3 -1.43B-04 | 3.16E-04| 3.21E-04] 1.95E-04

4 -1.28E-03 | 3.16E-04| 3.19E-04| 1.87E-04

#3.12 F#s 2.3 %

AT EBE(EIES 6mm) ek 558

F#=2.0
= Radius Glass Diameter K
1 -1.46 SF1 3 -2.87E+13
2 -2.27 PMMA 3 -1.39E+14
3 -4.18 DOE 3 1.95E+00
4 -4.187 3 1.81E+00
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HIE A4 A6 A8 Al0
1 -6.16E-03 | 2.42E-03| -9.27E-04] 1.25E-04
2 -244B-02 | 2.18E-02| -8.14E-03] 1.36E-03
3 -474B-04 | 3.78E-04| 1.93E-04] 6.50E-05
4 -6.96E-03 | 3.26E-04| 1.96E-04| 6.20E-05
% 3.13 Fa#c: 2.0° 354 & 4 (LEES 6mm) ek 5L fdic
F#=1.8
I Radius Glass Diameter K
1 -1.42 SF1 3.333 -1.11E+15
2 -2.24 PMMA 3.333 -1.36E+14
3 -4.25 DOE 3.333 2.14E+00
4 -4.24 3.333 2.12E+00
HIE A4 A6 A8 Al0
1 -5.91E-03 | 3.30B-03f -1.16E-03| 141E-04
2 -2.69B-02¢  2.90E-02| »-9:83E-03| 1.26E-03
3 -7.885-04 | "1:23E-04| 170E-04| 4.20E-04
4 -7.89E-04 | “1.10E-04| . \1.72E-04|  4.30E-04
% 3.14 F#s 1.8 P3N AE&(LFES 6mm) ek 5 ke

£(3.10-14) @ &

S BBk 1% o

brkg AT ud B 209 (21958
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by B :T‘}L“? MR e o a-(4.14) 55 F » F1(4.11)30 > Y

w1

1 d?
T23 = (2 -M 23 _M_) Fzs _%Z# (420)
23 23

¢23 = ¢2 +¢3 - d2¢2¢3 (4-21)
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