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Fig. 1. Open-aperture Z-scan setup for measuring DOF.
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Fig. 2. Under conditions of (a) low laser intensity and (b) high laser intensity, the simulated transmittance distribution curves for

the first m terms of the open-aperture Z-scan calculation formula, and the Lorentzian function fits; simulated transmittance distri-

butions for varying (c) sample thicknesses and (d) nonlinear absorption coefficients when m = 3. The insets show the corresponding

normalized transmittance distributions.
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Fig. 3. (a) Schematic of measuring the diameter D of the light spot; (b) simulation of intensity distribution along the optical axis

and calculated DOF; (c) open-aperture Z-scan curve for 1 mm ZnSe and measured FWHM.
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Fig. 4. (a) Open-aperture Z-scan results for ZnSe with varying thicknesses at a constant incident light intensity; (b) results normal-

ized to the range [0, 1].
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Fig. 5. (a) Open-aperture Z-scan results for ZnSe with varying incident peak intensities at a constant thickness; (b) the results

normalized to the range [0, 1].

—
- T

w/mm

—25—-20-15-10 -5 O 5

z/mm

10

15

& 6

20

25

0.9 o
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

T 18.49 mm

1A =900 nm Vo Skl
Ip=10.42 GW/cm? — JEASIERIEE
—60 —40 —20 O 20 40 60

z/mm

(a) JEERUTEHh i1 638 43 AL K DOF 3143455, (b) 1 mm WML 5O R PR L Z H4 £k B FWHM #1416

Fig. 6. (a) Simulation of intensity distribution along the optical axis and calculated DOF; (b) open-aperture Z-scan curve for fluor-

escein in a 1 mm cuvette and measured FWHM.

R, HCET 1 mm HE LT 56 R Yk HA T
L Z R 2 BSOS 7 ocRE M, I Bt
LB VIE. W (4) A H A S5
{f DOF = 18.49 mm, HIXHEEIREE /N, 454
[l 3 Al EA Al AE et R Eos DOF 1yl %
R, [R) A 56 Ik AR A A 2 T AR A A T AL
Z FAROEE hilE DOF (4 8.

SRtk — A B U I I vk A R R G2 R g
s M, SEge Rl T PR R LT DOF: —
AYEE . AR RIS B B — N (02205
Bi. WE 7R, FEREE ZnSe WA FERE d =
0.03 cm A, 7EX 8L HA RIRLE BT AR £ ASHER
HAR D EEYEIR 1) B9 R 40 il & s 1Y i
SR BIFT A A 25 A . B A B R I
1B 2EAAE 7 R Z 54 i 215 B 20 w4 T
DOF gy, PR 23 205 19T DOF ey (7 1
$=81), Wi TAERFESE D) DOFy,, 5 DOFcy
() —S0bE, BN v T AR R A6 2E &R
g5 Mg (K 7(b) 56 EES (K 7(c) #

A [ 8 BRI S0 BE RS 18 26 44 BAT A TR Y
DOF, Wil 7 5256 Bk i C RO IR B A
RAFRSLErE (AN = 10 nm), I HIEARFTER
22 LRI, FATH R BRI IS AE 26 UG 1 B F
o AR VAR T B TR A SR TR I, Sk Y
R TSR ERATICIE S 4t e Tl Z 1
B RIF 0T m > 1B B, @i T
1L Z FE R I (2) X (m = 11) AT
B2 &, RIS KBRS Br o ) Z 19 i 2
im0, BE— P THBR TR RGERE (R 14
DU, AT U I, A 2% e E AU
B ZE I e s R R IR E W, H
AN B FARZE A BRI G2 oo AR A )
TESE BB L B i

it L E SRR T Z I EOR S B
PRk O R M RS DOF W& iy el 1544, I AE—
TE RIS CIRM N, ISR EHERR 1A
AR | AR LA SR B PR K si 0L DOF
DB, N, RTREAA /e Z i Lok

074202-5


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 Z R Acta Phys. Sin. Vol. 74, No. 7 (2025) 074202
_ ®)
1.00F o 4 T e 1.00F &f =
0.95 0.96
:’*EJ‘ 0.90 @
Eﬂ % 0.92}
0.85 | f=50 mm
=1. W D =270 mm
Iy=1.88 GW/cm? 4 0.88 F Ip=3.12 GW/cm? | f
0.80 F d=0.03 cm d=0.03 cm
— B ZAE — BEZAAHE
-8 —6 —4 -2 0 2 4 6 8
z/mm
1.00 1.00
L 0.98
w0 %
% i
= = L
= 092f = 0.96
f=50 mm
D =270 mm |
0.88 F Ip=3.36 GW/cm? | | 094
d=10.03 cm i .
— RIS 0.02 L Ea R Phey
-10 -8 -6 -4 -2 0 2 4 6 8 10 ' —-15 =10 =5 0 5 10 15
z/mm z/mm

B 7 JFEL Z 448585 5 LA RO B 318 2% 05 th 2
6243558 (FEHE 50 mm); (d) B (B2 0E 100 mm)

(a) 20 59 22 B BE (A1 10 mm); (b) “FMiE B (S5 50 mm); (c) T

Fig. 7. Open-aperture Z-scan results and their Lorentzian fit results: (a) 20x apochromatic microscope objective lens (f = 10 mm);

(b) planoconvex lens (f = 50 mm); (c) achromatic lens (f = 50 mm); (d) plano-convex lens (f = 100 mm).
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il LR M REFR bR AL nm BRI G,
GG IR T2 R Y AR A T, WIReE i — 2
$215 DOF Ml #A5 B 2 nm #4%.

4 % #

ARSCHE T — Mg R Rk rhEOt DOF il i

ik, DLm TR REP Bk OB E S A S, it I
FL Z FHEEARM & TR AR RS R L
PSS FISCIGEE R, TFFL Z i 2 g v
%%5r A, H FWHM 562 R4 1 #ie DOF H
S AE—E A GG E P, FWHM A A2 4 5
JEERE | JEZeME BB A GG ESE ], fefs
AR HERROE2E R G H A S50 DOF il & 152
Ma. e AR, X FHAS R SR A TR i A DRk vp O R
GribATIN G, D2 R S S AR — 3K, TERH
Tz AR K O DOF & s 4 A
TE M. 20T B A e AR K obeE R 5
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A method of measuring depth of focus in ultrafast pulsed
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Abstract

With the development of technology, ultrafast pulse lasers are increasingly used in many fields, such as
material processing, imaging, and medical treatments. The precision of these applications often depends on the

ability to focus the laser beam into a tight spot with a minimal divergence in a certain range along the optical
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axis. Therefore, accurate measurement of depth of focus (DOF) is crucial for optimizing the performance of
ultrafast laser systems and ensuring the reliability of the results obtained in wvarious experiments and
applications. Traditional methods of measuring the DOF mainly rely on directly capturing the beam size, which
is impractical in high-intensity environments of ultrafast pulse laser systems due to potential damage to sensors
and limitations in measurement accuracy. Furthermore, using autocorrelation or moving sensors to measure
DOF in ultrafast pulse lasers introduces complex optical paths, leading to measurement errors and making them
unreliable in precise focusing applications.

To solve the problem of the limitations of current DOF measurement techniques for ultrafast pulse laser, in
this work we propose a novel method based on Z-scan technique. According to nonlinear optical theory, it is
found that the transmittance curves obtained from open-aperture (OA) Z-scan measurements of samples
exhibiting two-photon absorption (TPA) all follow a Lorentzian distribution. By fitting this curve by Lorentzian
distribution, the DOF of ultrafast pulse lasers and the full widths at half maximum (FWHM) of the OA Z-scan
curves can be determined rapidly. The transmittance curves of solid and liquid samples with TPA across
different types of lenses and microscope objectives within ultrafast optical systems are measured. The results
show that the FWHM of the OA Z-scan curves and the theoretical DOF values are well consistent. This method
effectively relates the size of the DOF to the beam waist radius derived from the distribution of the Lorentzian
function in the OA Z-scan experimental curves, eliminating the influence of other parameters on the
measurement results. In conclusion, a novel method of measuring DOF in ultrafast pulse laser systems by using
the OA Z-scan technique is proposed. It provides a rapid, accurate and reliable way for determining the DOF in

ultrafast laser focusing systems, thereby precisely controlling the ultrafast laser beam for a wide range of

applications.
Computer
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