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Exploration of the influence of variable aperture
on the depth of focus
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Abstract ; Traditional scalar light fields have spatially uniform polarization states,whereas vector light fields have spa-
tially varying polarisation states compared to scalar light fields. The spatial variation of the polarization characteristics
enables the vector light field to have greater control freedom with potential applications in the field of focal field de-
sign, optical micromanipulation, micromachining,and quantum information. In this paper, based on the Richards-Wolf
vector diffraction theory, the effects of variable aperture as well as lens numerical aperture on the focusing characteris-
tics of a double-ring-shaped azimuthally polarized beam are investigated based on the Richards-Wolf vector diffraction
theory. The results clearly show that by changing the aperture size and lens numerical aperture, it is possible to change
not only the focal spot intensity and the focal spot size,but also the length of the dark channel in the focal field, resul-
ting in longer dark channels. The resulting variable focal field dark channel can be used in the future for optical mi-
cromanipulation and microprocessing applications.
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Fig. 1 Focus schematic diagram of the double-ring-shaped

azimuthally polarized beam

AR (L) FI(2) 0] RUET SR £ 1o i 3
WAEAR R SNEHE PS5 S 5B B LR NA BT
UL T s B FR MR i o0 A, R IE: 8 55 NA X
XNGHEIE A 53 A0 1520 ] Bk I, BT A K B
HOLL R A BALE BTN = 1 , R BHn=1,B =
1, P RE I E 0 fETR, FATT L £ 1 G 3 1 i
RS oS G N IR R 1] 2 I N VR (VS N
SR A 3 5 T A AR R
3 #R5ite

FATE ST FLAR I & KK A 18] fim 4k
ARG A5

B2 25 TR ST, REFTE x -2
SO 0 BE A3 A 1 2 (a) ~ (¢) e NA &
B8 IR AR 1 OBUER A ) A AR D6 R & — 2 P T 5 BE 43
fis HASHNA =0.6 ,8=1.2, E2(d)H} NA



118 WOt 5 4 sk H54 &

= 0.6 FGHE4 58 FEIR 5 B ROGIREE & 122 1L 1A
(BH—1k) o WNEHRIATAT LA L, 28 = 1 i,
R SR 15 O Jttﬁfﬂii_iETu% i, H I 3
TE AR AL AR U I 38 T8 43 A0 O R 15 G E
ERK A 140 5 5/ N e, n s = 0.8
B, AT R B AL AR W S T 1 0 A O &l
B5] W8 0 R AR IR A N AR T, 20 114 0,
I H LB 1) fe K658 A L TC 4 11 B0 T AR 5
JEBEA FEAH LG JC R G 0T AR 0N 5 2 i — 2
ANSGERES, s = 0.4 B, w538 15 i) 3R AL TR 4 il
— AR 2R 36 A R S B SR KRR A I A U
55, Y6 BE 4 TE B Wi K
BI2(d) 45 T NA = 0.6 B}, Jltdz i I8 i £5

WhEE & 1E 784k, FoATT A BLAE RS 38 38 43 A AN 1 5
B IE], FETRBEE & A/ INTT U/ , T 76 I 3 3 3 A1
BIS I [a], R URBE A 6 M/ NI B R i fa
PLS = 0.8 Ryt 1iidie KOG E ) a5 L KA
B ABETRIEERL 8 =~ 0.8 ML,

20

-20

(a) 9=1

20

-20 -10 0 10 20
z/'h
(b) 6=0.8

20 210 0 10 20
z/'\
(©) 5=0.4
10 - == JEBEATE/L
O - s
A Ok
08
0.6} ,
7/
\ d
" - _ 7
04} . ---
02| N
0.0}
02 0.4 0.6 0.8 1.0

(d) NA=0.6

K2 K[ 8 EIFEL T , RAEGTE w-z ST B G350 I 43 A1
Fig. 2 The intensity distribution of the focusing filed in the x-z

plane with difterent § values
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Fig. 3 The intensity distribution of the focal plane and the

corresponding transverse light intensity distribution with varied.
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Fig. 4 The variationofthe maximum light intensity at the focal plane,the focal depth of the dark channel and the full width

of the focal spot as a function with NA and &
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