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Abstract: To address the demand for in vivo small animal fluorescence imaging in the near-infrared II
(NIR-II) window, as well as solve the problem of simultaneous reuse of multiple wavelengths within a
wide spectral range. This study took the perspective of aberration correction and designed an optical sys-

tem by iteratively refining the lens group structure based on aberration curves. The working distance was
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increased through reasonable focal length distribution, and the glass material selection was optimized to
balance chromatic aberration control and energy transmittance within the wide spectral range. The final op-
tical structure ended up with a focal length of 40 mm, capable of ensuring MTF>>0. 6@34 Ip/mm for the
NIR-II spectral band (0. 9~2. 3 pm) within the working distance range (200~600 mm) , with RMS spot
size smaller than the pixel size (15 pm) and distortion less than 1% across the entire field of view. Real-
shot tests with resolution targets demonstrate a resolution capability of 50 pm. This optical design pro-

vides a solution based on all-glass spherical lenses capable of meeting the requirements for high-quality,

low detection threshold in vivo small animal fluorescence imaging in the NIR-II window.
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Fig.1 Schematic layout of perfect lens
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Tab.1 Specifications of optical system
Index Parameters
Working spectrum/pm 0.9~2.3
Resolution 640X 512
Detector pixels/pm 15
F number 2
Focal length/mm 40
Focus range/mm 100~ o0
BFL/mm =>50
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Fig.2 Initial configuration with real lens (a) & Trans-

verse ray fan plot (b)
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Fig.4 Layout of optical structure (a) &. Layout ray fan
plot (b)

https://www.cnki.net

SR 23 0 s A B B v AT S R e 8 O A B
B H-ZF13 AR 4 5F 2 A8 6 B R % 3% 58 H-
FK61B. H A H-ZF13 fl H-FK61B 4] i ik A 5% -
7 4 20 A G B T R AT S SR A 1 H-ZF 13
G A AR A 250 5 R BN TR AR A
R k5 ME R B R 4 SR K T 3 B 0% B
Bt A AR SR (B ) A

B X AN TR ELAR R, % R e P ad B T A
5 PRI A5 6] B 8O R SR A S ok RO B
UL . A IR O EE 2 mm
() 5 Bl A7 DS AT AR o TR TR TR BE B =
P S AR AR 22 3 o B 2 R AR AR 0 O AL IE I
EATFEL N 11 mm.
2.2 ESNHBHRAKEE

AL G A W) ARG Bt b RS
b AR B AR 25 MOE AR e % e R 5 RO 3
o 7 0 BHEON FE B o 9 AR 77 B AR S AT

fiE 2 1Y Ak &t , BT DL W 5 R AR AL (/NE/

), BRI 77 A A /0N 1 5 R (T e A8 L) o 5%

W=t s By — i se i s
b=
ZN:M. (3)
S—(z'+6z/2)
7% S S
[l —=62)2)
ZF_f*(z’*é\zVZ)‘ (W
0x'=20(F/#)(1—m), (5)

o Z O i i AR 0 i SRR R, Z0 R i
FEES  f Bk R o AR 2 AR HE T AE
Yy 200 mm &b 5 82 2978 2 mm,

AR /IN S W) AR B AR — 8 1Y =S [ PR
@(*ﬁﬁ"l’“bﬁ%ﬁﬁ%%ﬁ,@HM%?%@E
I U ), 7 AR R B A 0 Xk TR AL T AR
NI | i = N NSRS B = | o A o I
VRELEE , B A £ AP BLCEE “bokeh ™™ . FE R 4R
PR LF /%, BURBE B 60 IS 0L T, E?ﬂl‘]’@%ﬁﬂtij’:
Rob JBRAEN FERNE RN RENERE
TEB T 2, BR 22 19 2o B E (fsk 22 ) & i 45
VRO g L, I R R s A .



r [ %71 Y

2748

e KW TR

32 %

65 B R AR 1 A L LA SR AN OBE . A £
T % B /D VR Y OE Bk 25 08 G A AR G AR SR
B 1 1oy 45 S0 BCBE S 9 A SR AT G A Ol B o ek
FFAE

3 ki EEBRAER

J62E BT A AR TP B ME DL Nyquist 45 % 4k
(@34mm/Ip) 1 O 2% 1% 3% & % (Modulation
Transfer Function, MTF ) iy JE 1 . 5% 2 A X € 6
Fr AL [ E SR T 2 78 3y AR IE R A TAEFR
BN NG W, A B 5 TR 4 AR R B N R BT
A H T AT S AR R, B R AR BR R T B9 MTF >
0.6, & 6 F1E 7 B 7~ #£ 200 mm T AE B 3 4b %
A #5037 55 B8 RMS BLAR /N TR0 RSE 15 pm,
NG WA NT 1% 38 3 £5 T A g % PR IR
B BT AL SRR BT, N &l 8 BT R AE SR
0 L BB 8 PRI B 1 R B & . AT T

https://www.cnki.net

KIS A TAERE R A G2 REGEH MTE £

Fig.5 MTF of optical system at various target distances
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Fig.6 Spot Diagram of the optical system
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Fig.7 Field curvature &F-tan(theta) distortion
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Fig. 8 Polychromatic diffraction through focus MTF
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Fig. 9 Experimental system for NIR-II imaging

P TTSE UG A3 HT G2 T R 21 % 8
AT REAFTE B35 22 |, I 45 2 S B R G0 AR o 26
RE 2R 3 A1 5 38 3 A Y 2 2 25 B 3 Jost m] A5 M 5 o)
WA . ARGAEVHRAFh A 22 E Ik 2
JIF7R o

X # TR BE B 200 mm (9 41 725 AT 25 4%
Br, 8 H MTF X & Ge A% 5 80 B i 47 3 4 .
5 000 Ik Monte Carlo i H (04 45 5 403 3 fron , 4
37 - ¥ MTF (@34 1p/mm) 90% 1) #E %R K F
0. 36 A LAPRUE AR I i



r [ %71 Y

2750

32 %

x2 RERFHNAESER

Tab.2 Tolerance distribution parameters for optical systems
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Tab.3 Result of Monte Carlo tolerance analysis

Torlerances Limits % MTF {H
Radius(Fringes) 3 98% 0.299 380 71
Thickness/mm 0.02 90% 0. 360 931 96
Surface decenter X, Y/mm 0.01 80% 0.401 494 56
Surface tilt X, Y/(°) 0.01 50% 0.480 058 43
Surface irregularity 0.3 20% 0.553 043 06
Element decenter X, Y/mm 0.02 10% 0.586 725 46
Element tilt X, Y/(*) 0.1 2% 0.63272163
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