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Abstract; Because the fluorescence signal induced by a cancer cell is weak and has a wide spectral
range, along with the detection limits of existing microscopes, this paper proposes fluorescence
microscope objectives with a spectral range of 450-—800 nm and a numerical aperture of 0. 95. The
objective used “+ -+ —” structure because the correction of aberration, caused by a wide spectrum
and high numerical aperture, is difficult. The objective must include a set number of lenses and the
alignment process is difficult; the front group, considering more than 90% focal power, is set as the
sensitive component, which is useful for adjusting the alignment process; the middle group is the
weak focal component, which is used to correct the secondary spectrum caused by the large numerical
aperture, so that the difficulty in manufacturing the apochromatic elements is reduced significantly.

The posterior group is the negative component, which is useful for flattening the image field and
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increasing the working distance of the objective. The objective parameters are as follow: the total

length is 58 mm, the working distance is 0. 21 mm, the magnification is 40 X, and the full field is

0. 625 mm. The results show that the image quality nearly reaches the diffraction limit and the distortion is

less than 0. 2% , meeting the surveilling requirements of the weak fluorescence signal from cancer cells.
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Tab.1 Performance of optical system of microscope objective

Index Value
Magnification 40
Focal length/mm 5

NA 0. 95

Spectral range/nm 450~800

Field of view/mm 25
Total length/mm 64

Work distance/mm 0.21
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Fig. 1 Power distribution of high NA objective



1590 e KE TR

5 26 &

% T B IS A5 A8 BT B 2k e BE L AR PO
PR, BB U T E . BV LR W B Y A2 —
R HA BRI L 47 /1 AR LB DL L 2
G2 RT3 A Z2AR ™ TR M L O A
O BEAC R R ST TE DGO T R B,
TP AR S AR A RN Aw 2 Aw # Auwg
=0.95:0.1% (—0.05), M4 EILE
LA MmMATR w,w,w 135

uy =arcsin NA
Jul =0.05u,=0. 05arcsin NA . (@D
u,=—0.05u,=—0. 05arcsin NA

LB LI R R EOCETE oo
B Low X Z 6419 A3 AR Rpar sk 48 =
ASGEH Y G AE BE ST

_ |y 2tan€0.05uw)

SD] tan " SDlolal
—_ QPow

ﬁﬁz 1 + Llolal Somlz\l ' (2)
_ tan(0.05w)

@3 tan w Protal

AR AR T RS ¢ =0.19 mm ™', ¢ =
0.015 mm ', @ =—0.005 mm ', SKELEHER
2 7R A DL AR LA L B N 5 2R R/ N B AL
A2 S B PR 1 A P T R OGRS L. A
W RN Z S AR EHEA G o e R L m]
ARUBE S PRl /N 20 09 622 . b ) 20 O 1 9 55016
FERE A, TR TGS B FLAR A R 1 2 2
2%, IRl PR AR IR 6 BOOE (A CaF,) K2 IE
RO TR 2 R 55O 45 R R Ak W O
CaF, 55 3¢5 0 T 25K . J5 458 B 55 0k £
AL AR — O BERUR & 5 — IE DG AR A B
A TOCEE A 1FRE R KW BT TR BE B AL
IETEA G2 IE G R R RO,

3 kgt

3.1 ZHRIERE
THNIEE RN WS EILT L,
HRGEERIE L, T LARR N
AL;M:m' 1. (3
B m il ERGEN GO REL m 5 R
ST B AR 2, X T — B R A B ot
FRG AT WG A, mA20. 000 5281,

TEA SC 5 BE 450~800 nm P, m=a=0. 000 77,
AHEE T 0] DT R L R (293 K 50 %0, 90tk
IRTR: N

A BT B AN A B 0 AR = (3) Sk A8 =
GOt R 3. 85 pm, i K F Y B AR IR ™ 552 ) Al
G, A IE OGS, 75 B W) B 4l o 45
WO L B BS MR, HAS IE 1Y & FH BE B Ao
CaF, FK61 45, & 5 A, B B /L 3400 K & 3K
T HRR R 1 W B T S SO O TR XE HL i T
1o AR P R TR A Ak T R R o R 2 L 6 B B
10 2% TDREURE B — e e 22, 2 T & FH B0 09 1 3 T
S BT CaF, S5 45 5 (O 8 R 4R b A
RO £E BE Y v [a) 41, i o 5 b L Tk
3.2 HEAMBAAAREAEETNE

W WL R RIS 435 R U B R A, )
9 T R 4 5 A T DL B v, 45 A X 0 £ B &R
PR AR,

k
1 _ K78
J v i=1 Uj@
_ ‘ p s 4)
P — g iPi
[v jz; v; @

Kk B RO G P B AN AL, o A
J P I B 2 R E AR ORI, @ Ry W AL
HERCERE, DT a4 2H Y A5 3 I
BRI A5 S50AH 35 €6 I R B R (i s P s (s
Po). (5. Py,
FR P 958 52 (22 R K B 1 S5 ] 1
JQM %Hﬁ %+h§ &g

V3

{szhf Pie oy PZQ' e plite_,

Vi V3
(5)

R 40 17 328 6 £ B 4y e 4% SR Fn 2 () SR 15 (o
Py Cuss Py) 43 5110 (58. 249, 0. 337) ., (32. 85,
0.698) Kt (v, Py (g s POACATR(5) 3R 5 (5
P,) R (—2.572,—0.326),

e BT LU A e Z R g B 4 5 7 U R
T2 R N A Py B 1T B 2 30 %
T AR K, A9 2 R R B A i o SR, o
6] 4H 3% 5 CaF,-S-TIH18-H-ZPK5 = Ff 3% %5 41
G E 2 R, X =M ATE —FHL LA
JIT BB 1 = T B K. TR (s P BT
& 3 3 5 1 BT DL B8R AR X A A R A ()



557 4 A D I, 45 B G AR I 55 98 6 A5 5 A i e 3w e 1t 1591
A die 2SR A = IS A ORL 3 ) R HH Y O £E
¢ear, = 0. 046, @srims = — 0. 115, guges = 0. 084, |2 3 4 5 6 7
SRR R ST BN B S 0 o NN G £ B I s 7 _________H——S%XV
HoA 52 245 2% , Hh [a) 20 S5 # W] 3k 2 2 A Ak ‘
0.7600 - — {2
0.7500[ > B3 OGSO Y B H

0.7400
0.7300
&0.7200
0.7100
0.7000

0.6900

0.6800
5.00 1000 15.00 20.00 2500 30.00 3500 40.00 45.00

P2 o il 2 BB bR G 4 = A X R R A

Fig 2 Triangle diagram in glass selection of middle group
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Fig 3 Configuration of board spectrum objective for

weak fluorescence signal detection

K3, 1.2.3 HHT4 . FEFEN 5.4 mm,ﬁﬁﬂ
2y 93 G, Hih 1.2 B A A &6,
WM, 4.5 A, O A2LE 12 mm ZEE,
HAERR 4R 45 mm, AHXTF 0. 95 KU L2088 1Y 6
JCAERE S, NS4, Cal, MR B % 7E
A PIETIE R AR N B BT . R AR TE 10~
15 mm, T TAIX A S . 6.7 MIE4. K 6 MG
L RERE K TR, R 6 P F &8, Rl TR IE
Y, v 7 R IEGE R R AT e 7 BT
BB OHARA B S LAHS9 S 47 57 %K 1. 85 (&
Pr o bt B T A R AR 2%

Bl 4 Ca) Ry 580 L 0. 8 #3934 AR R 0 BE
HARNT B AR, 2 3 7 R R O R AR
WK T 0.65 um, E 4(b) K MTF gh<k, K h B
a2k R AT S BR L B R MTE 42230 A7 AR B .

04500 \
B HHEEEH Y ] oA 111 1
0,000 mm 0, l1.1.J.r!\m 0,264 mm mm = 2 - 0/6250 \
”{lllll}’\l 122018 U M]SI\RL pm -\IR\ R \DIU‘; 0415 6 s TTTT] Taorion
RMS RAODIUS: 0,302 13 ’N I‘ 0385 0.085 = (,8000 \
GED RAODIUS: 0615 0839 IH‘( 1.340 2211 | o e o ol N | | - | -
(a) BB ]
(a) Spot d1agram
EIU ||” _____ THITE 118 -
09 i
208
Tork
Gos—— a1 NGNS PR f |
Eos
'5' 04t
E03F
R | L
g- rrfrrrrrrrrrrrrod rrrrrroroTrTT rrrrTrTTT T LILJ
= 01F -0.6 0 0.6 1.2 2 a0 -0.2 ] 0.2
0.0 = - = + —l. - = um pm %a
400 800 1200 1 600 2000 N
Spatial frequency/(lp * mm™') (C)%ﬁﬂ@%&ﬁéﬁ (d)%mﬂ@ (e)mﬁ@}hi[g

(b)MTF #h &
(b)MTF curves

& 4

(¢) Longitudinal color (d)Curve of field curvature (e)Curve of distortion
aberration curve

%2R

Fig. 4 Aberration curves



1592 b=

T TR

5 26 &

ZARGIH CCD MR IR H 6.5 pm X
6.5 pem s SEBR D OGAG I Hh , 56 7 9 2 98O 3 55 O
TR ORI Sy R B AR SR 4 < 4 R T
HI. B FEBRITCR TN 26 pm X 26 pm, 7E
800 lp/mm 44N MTF>0. 45, K 4(c)
22 M2 0. 7 FLAR LT R AE L BR 25N
F2 AR, SO IER Y. B 4D, il
i/ T 0.6 mm ARZH/NT 0.5 mm, =
% 1SO £ 2013 47l 52 19 FH 00 00 1) 52 40 5% °F
Ybr " B RO sk . B 4o R
WA TE 0. 2% LA . &l 5 o 32 9 K 4% 9037 B0 3 4
HIIR 0.8 M LA TR 81 R L AE 0.8 DL I, 4
MW EEIR R 0.6 LA L. ZE LAk, Briit iy
BEAR R A R TR

1.0

0.9+

0.8F e,

0.7+

2 06F y

o= 4

X0

204

w
0.3
0.2
0.1+

Fields|

A bk

| T . T |

-1LOOE-003 -6.00E-001 -2.00E-004 2.00E-001 6,00E-004  1.00E-003
Focus/mm

K5 Wik slR L
Fig.5 Strehl radio

% S BN W B AR B A KA DL Bk
T B AE 400 ~ 800 nm B I S IR BT R R
(7235 1 SR AR IA B 99. 5%, 55 F IR Z 3 i
BB, 22315 B A% B R,
6 JEMRIE T F AR 1 R E S R

_08 r

=
-1

Transmittivi

cococ oo
— = b L) e L O

)4 045 05 055 06 065 07 075 0.8
Alum

K6 ARl

Fig. 6 Curve of transmittance

Y T T o 3 2 6 55 b4 B X 400 ~ 450 nm
AR EE, W PBH14 X 400 nm Y611 %6
-k 0.66,SF66 % 400 nm B EZ N 0. 45,
I 85 7E 400~ 450 nm (1) 3% 6 R 8AR , 1% 0k Be
FEIE VOGO G, AT DL I 38 0 ) AR R
AR . FE 450~800 nm I B, ¥ 5E (9 310 i
I ALK T 85 %,

5 kbt

BB THEE R 53T 4 AF AR OCSCHR & R R 3R 1Y
3 Y AT XS L, 4 S B AR T OT
Y2 2B R AR WO R BE LA 5507
T T 22530 o AR SCBET 2R M 45 1) 45 4 45 R84
IR IE BT RO AT B B AR BUE LA VL Ot
TV PRI 45 B A AR S TR AR T T 5 fE 3
B, R2NADWERBIHEAR NS I, % 3 T 4
MYIBERIPEREXS L . P o KRBT,

x2 WEERTLL

Tab. 2 Comparison of objectives’ index

Objectives The paper  Reference I Reference 2 Reference 3
Magnification 40 10 20 40
NA 0.95 0.9 0.75 0.718
Field of view/mm 25 22.5 26.5 18

Spectral range/nm  450~800  785~815  400~760  485~660

F3 MR
Tab. 3 Comparison of performance between proposed and

other objectives

Objectives The paper ~ Reference 1  Reference 2 Reference 3
Number of pieces 12 11 10 8
Spherical aberration/ 2 1.5 3 2
Chromatic aberration
0.35 1 0.5
of 0.7 aperture /¢
ISO standard of flat field «/ J J J
Distortion/ % <0.2 <0.5 <2 <0.5

MTF diffraction limit  close close close close
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