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Abstract In this study, a transverse moving infrared optical continuous zoom system based on the Alvarez lens is
proposed to address the challenges associated with the complex structure and large volume of traditional axial-moving
mechanical optical zoom systems. The system consists of two sets of Alvarez lenses, apertures, focusing lenses, and
infrared detectors. Herein, two sets of Alvarez lenses adopt a Kepler-type telescope structure, where the first set of
Alvarez lenses functions as the zoom group and the second set of Alvarez lenses serves as the compensation group. The
infinitely far incident light passes through two sets of Alvarez lenses and exits, the emitted parallel light is then focused and
imaged onto the target surface of the infrared detector through a fixed focal lens. Utilizing Zemax software for optical
simulation, our designed optical zoom system covers the 812 pm long wave infrared band, with a maximum field of view
angle of 6°, a maximum pupil diameter of 6 mm, an F-number of 2, distortion of <2.1%, and a total optical length of
~74 mm. The Alvarez lens only requires to be horizontally moved by ~1 mm to achieve continuous optical magnification
from 5X to 15X . Moreover, the modulation transfer function of the proposed optical zoom system can attain up to
0.5@17 lp/mm, assuming a resolution of 320X 240 and pixel sizes of 30 pm for the infrared detector. The simulation
results indicate that the system has the advantages of high magnification, a compact structure, and high imaging quality,
making it a promising candidate for applications in the field of miniaturized infrared zoom imaging.
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Fig. 1 Schematic diagram of the Alvarez lenses
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Fig. 2 Varifocal schematic diagrams of the Alvarez lenses. (a) The focal power is 0; (b) the focal power is more than 0;

(c¢) the focal power is less than 0
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Table 1  Design indicators of infrared continuously optical

zoom system

Parameter Specification
Wave band /pm 8-12
Full field of view /(*) 2-6
Entrance pupil diameter /mm 2-6
Exit pupil diameter /mm 0.4
Working F number 2

Magnification 5X 15X

Distortion /% Less than 2. 1

Total track length /mm 73.6

3.2 EERFTERFHRIXIT

PR T 10 3% 2200 2 AR A% RG0SR 5L T Alvarez 748 £5
7558 S T Ak B S A A IR B AN K 3 TR . X
GRS WA Alvarez B £ BB DLW L — e A
T 2H RN 21 AR I 25 2H B, T A 3 B R G SE AR R Ge
BoRE, T8 ook 22 G 2 Alvarez i3 55 B9 £E BE SE B R 4006
AR . B4 Alvarez i 55 i P 5% E B
A IR AR 09 2 55 A1 R, B0/ i T O Bl Y R e o7
Al Alvarez 58 & = o 3 OB B A . RIS
R I TR, AL Alvarez i85 55 19 Gl ) B 25
L 55— Alvarez i 5 i fEE £ F1 55 — 20 Alvarez iE 4
H AR RE £ 2 S (8) , RE MUK AL M 220 (9) .

L=fi+/f, (8)
i

M= (9)
Je

WA i S e D B IS M I SO A R R
VIR EE IS8, R Alvarez % 85 JE 47 6 A8 FE & 3
3B A G 24085 22X (8) , PREFPI L Alvarez 45 1) 1 25
Ly 48 mm H & AN AE | [7] B 2 G 14 5 KA R Ml 2
KO, AN AN RSV GEH ., Bt L0

1022001-3



fixed focus
Alvarez lenses 1 Alvarez lenses 2 lenses

.+__-=-_-=_‘f‘>¢_=d "
>+<=1

3 G ARAN ZR G0 U A 4 90 12 5 A AR SR L) A

Fig. 3 [Initiating structure analysis of the optical zoom system

using thin lens zoom principle
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Table 2 Characteristic parameters of two sets of

Alvarez lenses
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mm ° mm

No. 5X 10X 15X

Alvarez
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Fig. 4 3D views of the infrared continuous optical zoom system

based on Alvarez lenses

1022001-4



frE BRSO 5 R G KA R iE g As . 415
R FRGEAS A KA 22 (W 4 Alvarez i B8 (9 B 0] £
o WIS AT A O R T P AL Alvarez i B A B 9] 467
%, n 2 MR 7R G0 0 R AT 3R N 5 < B 15X 3% 4
IR

12} —=— Alvarez lenses
—s— Alvarez lenses

E 11r
< 1.0+
g 09+
%;. 0.8F

0.7F
B
§ 0.6

0.5F

0.4 1 L 1

4 8 10 12 14 16
Magnification
E5 RGN R S WA Alvarez i 5 b 0 B 5C & B
Fig. 5 The relationship between the optical magnification and

the lateral displacement of two sets of Alvarez lenses

4 NAR VRN

B A9 36 T Alvarez i 55 4 SR 4L AN G2 28 4% R 5

F 61EFE 10 H/2024 5 5 A/ B S XBFEHE

TE & R AE RS PR S 50 B a1 6 fras . 516 3%
BT, B A B AR P 1S 0, B 3R A AR M T i, 451
AT HR(RMS) AR E /N T 3 BB AR 1A,
IR EROR S 1A R FR GE 10 AR BT B 350

ARG TRAG RS T I F L8 R (MTF)
Mgk anie 7(a) (o) (e) iR, RGEAEL DR AGE R A
AT MTE il 263 18 A7 S5 R, BAE 17 Ip/mm 9
FRAEM R TN MTFEA N 0.5, FEFRATH M/
i A8 Hh 22 an 1€l 7(b) L (d) (D) Fras , A ] 41 285 19 f K Iy
AR AE 4 0 2. 059% .0. 639% 0. 756 % . £¢ A 1M 3
PR W A 2 R R G AR i i R AT

U8 2545 T RS DT A 4% T2 25 X6 O 5% R G0 UAR JB i
B2 FLAEAL G Z 0 T T2 OGP IR 1 e 5
FREE . TEFEAT A 220 B, 1 e e ZEAR e 30 i n T
W BEHEAT 0 22 T, A SCEE$E RMS 2B AE S S F hrife
AT O3B, SR 5 A R 50 A e 2 b % 2R G 5 e R 1Y 2y
ZE 2 Y PR 1 N 22 TN 3600 25 i R 5 2 g
T2 EMRMA . FEFZ B 2 BBk 3 5y
N WL T — 2 AR UE T R 22 I Kot T R — 2
MR 22 MNPV I ARLIR 2275 5K o ki 25 R,BIV A i i T
73 1HMH RS BE 1) FRAE 240, 7E 22 00 =t i iy 2R B TR
SR X A AY 22 ORLRE B oA 30 nm, T AR X Ay 2

_0BJ: 0.0000 (deg) 0Bl: 2.1000 (deg) OBJ: 3.0000 (deg)
5 s
x
1
W
IMA: 0.000, 0.028 mm_ | IMA: 0.000, -0.107 mm IMA: 0.000, -0.163 mm
RMS radius /um 0.337 0.169 0.564
_0BJ: 0.0000 (deg) 0BJ: 1.4000 (deg) 0B): 2.0000 (deg)
b= 4.
. .
10x = A .,
ERR o 5 m 3
et ™ Fhar T A e
1, % 1f LR
IMA: 0.000, 0.049 mm | IMA: 0.000, -0.131 mm | IMA: 0.000, -0.206 mm
RMS radius /um 1.298 1.348 1.266
_0BJ: 0.0000 (deg) 0BJ: 0.7000 (deg) 0BJ: 1.0000 (deg)
8
15x% - --H-- . . .T
[=]
sy H L L
IMA: 0.000. 0.070 moL | IMA: 0.000, -0.071 mm IMA: 0.000, -0.133 mm
RMS radius /um 7.186 7.044 1112

P16 4% L2808 B A A v 37 1

Fig. 6 Standard point column diagrams under different configurations
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Loom yRen 1000 %, 278 8 14 22 5 M4 4 R o B 5 X L
Tolerance Operator Item Target 50, RS WRBBE RMS 2 20kt XN
Material TIND Index 0.001 0.321 pm, I B R BORE RMS 2486 4 0. 327 pm, fix
Tl
TABB Abbe 1 25 1Y R B BE RMS 2E 42 {8 R 3. 521 pm, °F ¥ 9% Hi 5
Surfacequality TIRR Irregularity 0.2 RMS 42 {4 1. 277 pm, AR EZE K 0. 454 pm. Z52R
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Table 4 Estimated radius of spot RMS under different configurations for tolerance analysis unit: pm
5X 10X 15X
Nominal: 0. 321 Nominal: 0. 772 Nominal: 3. 645
Best:0. 327 Best: 1. 083 Best: 3. 353
Worst: 3.521 Worst: 10. 678 Worst: 24.938
Mean: 1. 277 Mean: 4. 135 Mean: 10. 187
Standard Deviation: 0. 454 Standard deviation: 1. 500 Standard deviation: 3. 812

RGeS [ KB4 AU B 1 G 75 A 1502 F 000,001 mom # BT 5 85 44 A W 2 1O 3 6 A0 05 B
RMS #0172 5 FFR . 45 AW BEHER 0.01 mm Bl (R 0GF 0 K
F 5 ANRITSOR AR A (1 B 1 57 B O £% 1% 22 93

Table 5 Analysis of lateral displacement offset error at different magnifications

RMS radius /pm

Magnification Transverse displacement error /mm
FOV 1 FOV 2 FOV 3
0° 2.1° 3°
5X 0.01 1.516 1.647 2.035
0.001 0.592 0.755 1.199
0° 1.4° 2°
10X 0.01 4.350 4.632 4.052
0.001 1. 804 2.034 1.701
0° 0.7° 1°
15X 0.01 9. 330 10. 214 10. 466
0.001 6.794 6.829 6.936
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