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Choppers are optomechatronic instruments employed to modulate laser light by
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generating pulses with unique profiles. This study investigates six chopper designs with
rotating wheels, focusing on mechanical active Q-switching modulation to convert
continuous wave diode lasers into Q-switching lasers. Four of the designs feature single

and dual frequencies, while the remaining two are harmonic frequency optical chopper
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blades. The research examines key pulse characteristics, such as duration, which range
from 9.38 ns to 1.034 s for single- and dual-frequency choppers. The maximum peak
power recorded was 68.98 kW for harmonic oscillation choppers, while the minimum was
1.94 kW for single- and dual-frequency choppers. The influence of chopper motor speed
on laser properties is examined. Optimized chopper-laser pulses generate greater peak
power and reactive species, leading to accelerated degradation of Rhodamine B, whereas

continuous lasers provide slower, less intense energy for degradation.
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1. Introduction

Since the first laser demonstration in 1960, the
characteristics of lasers have facilitated the continuous
emergence of innovative applications across many
domains. Based on the beam properties of the laser, it
may be used for communication [1,2], industry [3],
biology, and medicine [4]. Ultrafast lasers and
ultrashort pulses are particularly advantageous for
medical imaging and therapy [5,6].

The prevalent techniques used to generate laser
pulses include Q-switching, mode-locking, and pulsed
pumping. Q-switching is a technology used to generate
lasers with elevated power outputs and reduced pulse
durations [7].

An optical chopper with various window
configurations is used in several optical research
projects and experiments and is one of the most
straightforward mechanical Q-switched techniques for
generating periodic laser pulses from a continuous laser
[9-14]. It is available in several forms: optical shutters
[15], rotating discs [16-18], and fixed frequency tuning
fork choppers. This research employs a rotating disc
chopper composed of variously shaped regular blades
on a circular plate, which modulates the continuous
wave (CW) and alters the beam's frequency in response
to fluctuations in the optical chopper blade's frequency.

The quality of the pulsed laser, crucial for various
laser applications, is determined by parameters
including coherence, pulse duration, pulse repetition
rate, peak power, beam stability, pulse energy, pulse
width, and pulse shape, all of which influence the
effectiveness of the chosen application.

The precise regulation of the chopper's aperture and
its blade shape significantly improved the laser beam’s
spread [19]. It’s achievable to distribute the energy
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across each pulse evenly. This is especially
advantageous for uses where a consistent intensity
profile of the laser beam is crucial, like laser annealing
[20] or photolithography.

Regulating the pulse repetition rate using a chopper
entails adjusting the rotating velocity of the chopper
blades; this is beneficial in several applications,
including spectroscopy and laser material processing,
that need accurate pulse repetition rates [21].

Optical choppers can assist in minimizing the
impact of noise and variations in the laser's output by
adjusting the beam with the chopper; specific kinds of
noise, such as low-frequency shifts or changes in
intensity, can be either reduced or completely removed.
This results in a more consistent and steady laser
output, which is necessary for high-precision activities
like laser-based distance measuring or optical
coherence tomography [22].

Choppers may regulate the average power of a
laser's output by modifying the duty cycle, which is the
ratio of the time the beam passes through the chopper
to the total duration. Scenarios requiring exact laser
power regulation to avert sample destruction or
guarantee optimum material interaction might use this
capability. This simple method has several
disadvantages. The modulator obstructs the majority of
the light, making the process very inefficient.
Furthermore, the peak power must not exceed the
average power of the continuous wave source. The
duration of the pulse is likewise limited by the speed of
the modulator.

Dye removal from aqueous solutions, owing to
lasers' high energy and accuracy. The dye molecules
undergo photodegradation when exposed to laser light,
particularly in the visible and ultraviolet spectrums,
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which reduces their toxicity [23]. It has been discovered
that pulsed lasers are the most effective of the several
laser approaches. The interaction between the laser
light and the dye molecules is improved by pulsed
lasers, which give energy in brief bursts and produce
strong power at certain times. Compared to CW lasers,
this leads to a more thorough and quick degradation
process because the high peak strength of the pulses can
more successfully disrupt chemical bonds in the dye.

2. Experimental Part

Figure (1) illustrates the principle of the
experimental apparatus developed for the investigation
of chopper wheels, as detailed in table (1). The laser
source, a diode laser with a wavelength of 532 nm and
an output power of 10 W CW, produces a beam that is
modulated by a revolving chopper, powered by a DC
motor operating at 12000 r.p.m., which includes a
potentiometer for regulating its rotational speed (w). A
photodiode captures the output signal from the chopper,
and the resulting modulation functions are documented
by a Tektronix TD-5104 oscilloscope, which also
transmits the data to a PC.

J Laser

Fig. (1) Experimental setup for Q-switched diode laser using
optical chopper

Active  mechanical Q-switching has been
accomplished utilizing six different types of optical
modulators or choppers. Table (1) presents the
configurations of each optical chopper, incorporating
three distinct radii (di, dz, ds) utilized to direct the laser
beam, thereby facilitating an examination of the pulsed
laser characteristics associated with each radius.

For a circular chopper disc shown in table (1), with
aradius R and n wings, the window angles (o) and wing
angles (B), the total angle is expressed as:

n (o+f)=2xn (@9)]

The area of the chopper (circular disc) is expressed
as tR?, which is divided into n wings and windows. The
area of a sector of the circular chopper disc is defined
as:

R2
Ayindow = a? and Awing =

R
B 7l
nR? = n(Awing + Awindow) )
_nR? aR? _ 5 (2mn-na
Awing T on _T_R ( 2n )
The laser beam with the flux ¢in went through the
chopper, resulting in the transmission flux (Qou), with

the transmission coefficient being
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= Pout _ &
L= Pin  a+p 3)
Using Eq. (1) in Eq. (3), we have
t = % 4)

The minimum angular speed is required to model
the chopper [19]. The angular speed is contingent upon
the wing area, window angle, rotor diameter, and
photodetector frequency, and is expressed as:

2
Wmin = = (1 - t)fphoD (5)
where f,5, is photodetector frequency

2Awing +aR?
Wnin = #(1 - t)fphoD (6)

The contlnuous light signal traversed the chopper
with n wings, producing n duplicate pulses, each with a
period of .

a
T== (7
By substituting Eq. (6) in Eq. (7), we get
aRr? 1
T= (8)

fphoD (2Awin+aR?)(1-t)

This experiment used irradiation from a CW laser
with optimal peak power at Ss and a ds chopper active
Q-switching pulse laser to investigate the degradation
of Rhodamine B (RhB) dye in distilled water. The
starting concentration of RhB was Co = 4.5 mg/L, and
degradation was observed at irradiation time intervals
of 0.5 h, 1 h, 1.5 h, 2 h, and 2.5 h. After each time
interval, the remaining concentration (C) of RhB was
measured, providing insights into the photodegradation
process induced by the laser. The laser’s specific
parameters, including the CW and Q-switching pulse
characteristics, are illustrated in Fig. (2), which depicts
the experimental setup designed to investigate
degradation processes for continuous and actively Q-
switched diode lasers for sample (Ss, at ds). The main
parameters  affecting laser  degradation are
concentration (C) and extent of deterioration (W).

Refllecung
Diode laser \ mirror
Rhodamine B dve +

@
% \

(b)
Fig. (2) Experimental set up to irradiate RhB dye with (a) CW
laser (b) active Q-switched pulsed laser

Distillated water

Standard RhB solutions with concentrations
between 0.5 and 4 mg/L were prepared, and the
absorbance of different RhB concentrations was
determined using Beer-Lambert equation and a
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Hemadzu UV-1800 UV-visible spectrophotometer at
the peak absorption wavelength of 555 nm. The linear
equation, characterized by a correlation coefficient,
was derived by establishing the standard concentration-
absorbance curve with R2 = 0.985403. The degree of
degradation was quantified as a percentage of removal,
calculable by the following equation:

W =25 x 100% 9)

Here, W denotes the percentage of RhB solution
degradation, Co signifies the starting concentration of
RhB in mg/L, and C indicates the residual
concentration of RhB after exposure to CW laser and

pulsed laser

3. Results and Discussion

A 10 W CW laser diode operating at 533 nm was
used, and an optical chopper was inserted into the
cavity to operate as an active Q-switching element. The
current research employs both single- and dual-
frequency optical chopper blades, featuring samples
(S1, Sa, Sa, Se) with varying slot (window) counts of 5,
10, 30, and 4, respectively, alongside harmonic
frequency optical chopper blades (Sz, Ss) with slot
counts of 8, 16, and 4, 7, respectively.

The phase difference () for all samples is shown in
Fig. (3) and was calculated using ¢ = 6N, where 0
represents the angle from the optic for one rotation and
N denotes the number of slots or windows for each
chopper. The phase difference and angle in optics
exhibit a linear connection that is also contingent upon
the laser beam diameter (2 mm) [24].

Figure (4a) illustrates the oscilloscope trace of the
output pulse train from the Q-switching laser using
chopper sample S, with a diameter of di, as presented
in table (1). The simulated results are shown in Fig.
(4b). The x-axis shows the pulse duration, and the y-
axis shows the amplitude. These results match the
empirical results shown in Fig. (4a) [25, 26].

The results of various experiments involving
different choppers (Si1-Se) are detailed in table (3). All
values were recorded using a Tektronix TD-5104
oscilloscope.
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Fig. (3) Relation between phase difference and angle from optic
for different samples (a) S1, S3, S4, S6, (b) S2 d1, d3 and S5 d1,
d3

Maximum and minimum pulse durations for S; and
S4 were noted at ds, measuring 1034 ns and 9.38 ns,
respectively. Ss at di exhibits a maximum rise time of
3450.2 ns, whereas chopper S; at d3 demonstrates a
minimum rise time of 51.7 ns. The pulse repetition
frequency was analyzed within the range of 12 to 333
kHz, which corresponds to the range observed in
reference number [27].

voltage /volt

T
t/ sec

(b)
Fig. (4) (a) Practical results on oscilloscope shown the Q-
Switching pulse laser out using sample (S1) at diameter d1, and
(b) simulation of the result

The duty cycle for both single- and dual-frequency
optical chopper blades (designated as S1, Ss, S4, and Se)
varies from 6.81% to 96%. In contrast, the duty cycle
for harmonic frequency optical chopper blades
(designated as S, and Ss) ranges from 14.9 to 97%. The
angular dimensions of the chopper wheel's wings and
windows can be adjusted to modify the duty cycle
accordingly. The two window configurations, circular
or linear edged, are utilized for the modulation of a laser
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beam with a focused output. The present study
delineates the design of a cutter featuring a linear and
harmonically edged window, achieved without altering
the beam profile [25,28,29]. The peak (pulse) power for
all samples across various diameters is presented in Fig.
(5) and is typically situated between approximately 300
kW and 2 kW, which aligns broadly with the findings
reported in references [13,30].

Fig. (5) Peak power of active Q-switched diode laser for different
samples and diameters

It was found that Ss at d3 had the maximum peak
power of 68.98 kW at a lower repetition rate of 20.83
kHz and pulse width of 1.959 ns, along with the greatest
average power of 10 W. On the other hand, a higher
repetition rate of 333 kHz, a peak power of 1.94 kW,
and the smallest pulse width of 1.94 ns were examined
using Se at ds.

Modifying the rotational velocity of the optical
chopper also influences the attributes of the active Q-
switching, as illustrated in table (4), which delineates
the variations in each parameter as a function of the
input chopper power. Figure (6a) illustrates the
oscilloscope signal for sample S; at distance d; under
varying chopper power levels, while figure (6b)
presents the corresponding simulated results. We
posited that the x-axis of the simulation represented
time, while the y-axis denoted amplitude.

Degradation of RhB dye was monitored by
absorption spectra using UV-visible spectroscopy
under CW and an optimum pulsed laser irradiation with
a peak power of 69 kW (sample Ss at ds), as seen in Fig.
(7). The findings indicate a decrease in absorbance for
both laser treatments as the dye degrades over time.
After 2.5 hours at the standard absorption wavelength
of 555 nm, the absorbance for the CW laser decreased
from 2.112 to 1.341, indicating a significant level of
degradation. Conversely, at the same period, the
absorbance for the pulsed laser significantly decreased
from 2.112 to 0.45, signifying a much more efficient
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degradation  process [23,31]. The enhanced
effectiveness of the pulsed laser in photodegrading

RhB is shown by the significant reduction in
absorbance observed.
chopper power 0.5 W
7] —— chopper power 1 W
] —— chopper power 1.5 W,
5 -
2
m_ m (\/\mﬂ
(=]
8
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>
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7 —— chopper power 1 W
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>
/
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(b)
Fig. (6) Effect of different chopper powers on characteristics of
Q-switched diode laser for sample S; at diameter d; (a)
experimental results, and (b) simulation result

Significant differences exist in the efficacy of RhB
dye degradation under CW and active Q-switching
pulsed diode laser exposure. The deterioration
efficiency of 57.3% at 2.5 hours with a CW laser, as
seen in Fig. (8a), indicates a somewnhat slower and more
uniform photodegradation process. The CW laser
progressively degrades dyes through extended
photochemical reactions by providing consistent,
moderate power over time. The active Q-switching
pulsed diode laser attains a much higher degradation
efficiency of 78.69% at 2.5 hours, as seen in Fig. (8b),
closely resembling the findings of references [32-34].
The elevated peak power delivered in short, intense
pulses accounts for this increased efficiency since it
accelerates  photochemical reactions and the
degradation of the dye. Furthermore, the pulsed
characteristics of the active Q-switched laser mitigate
heat accumulation, hence enhancing degradation
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efficiency while preventing excessive thermal buildup.
The elevated degradation rate observed with pulsed
lasers, relative to CW lasers, suggests that pulsed lasers
are more efficient in inducing rapid and intense
photodegradation of RhB dye due to their high-energy
bursts.

25
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Fig. (7) UV-visible spectra of RhB dye solution irradiated with
(a) CW diode laser, and (b) Q-switched pulsed laser (S5 at d3)
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Fig. (8) Time-dependent variation of C/C, and degradation rate
of RhB dye using (a) CW diode laser, and (b) Q-switched pulsed
laser (Ss at ds)

4. Conclusion

Six choppers for active Q-switching of a 533 nm
diode laser are investigated in this study. With pulse
widths ranging from 9.38 to 1034 ns, the single, and
dual harmonic frequency choppers' pulse laser output
characteristics revealed a phase difference
proportionate to slot number. Single and dual choppers
demonstrated a minimum power of 1.94 kW, but
harmonic oscillation choppers recorded a maximum
power of 68.98 kW. The pulse patterns for S; at a
maximum frequency of 1.5 W were affected by the
chopper power. Depending on the chopper power, the
duty cycle ranged from 12% to 50%. The maximum
power of S; varied between 10.62 kW at 0.5 W ds and
47.14 KW at 1.5 W di. After 2.5 hours of irradiation, the
active Q-switched pulsed diode laser with a peak power
of 69 kW showed a greater Rhodamine B dye
degradation efficiency (78.69%) than the CW laser
(57.3%).
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d3 7 25.714 | 25.714 | 5.607 5.60 7849 1285.714286 | 1414 0.018
S6
d1 4 52 38 2.983 4.082 28.26 1900 2603 0.017
d2 4 52 38 5.303 7.25 50.24 1900 2153 0.021
d3 4 52 38 8.286 11.33 785 1900 1883 0.023
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Table (3) Active Q-switching diode laser characteristics

. Pulse
Diameter | Period Rlse Repetition LI Area Pl
Sample (cm) (ns) Time Frequency Cycle (cm?) Power
(ns) (kHz) (+%) (kW)

d1 9.609 | 378.87 104 45 | 3475 | 2220

S1 d2 9.494 | 60.729 105 42 359 | 23.86
d3 9.388 | 51.729 106 40 377 | 10.62

d1 3344 | 26282 29.99 | 81.162 280 | 12.349

S2 d2 759.3 | 3649.9 13.169 | 5943 279 | 16.87
d3 480 | 313.12 20.833 | 40.05 301 | 30.189

d1 680 | 1630.7 14.706 96.4 284 | 10.37

S3 d2 653.3 1712 15.74 | 87589 | 283.02 | 1142
d3 570 2684 17544 | 88.98 281 11.24

d1 336.7 160 42233 | 93.181 | 326.35 | 10.76

S4 d2 800 | 990.05 125 | 50.781 | 33456 | 17.39
d3 1034.7 80 9.66 6.81 | 32557 | 1.169

d1 1100 | 3450.2 9.069 97 | 277.27 | 1040

S5 d2 480.3 | 2606.6 20.82 | 8555 | 280.73 | 11.71
d3 103.44 2924 96.67 159 | 283.32 | 68.96

d1 110 | 2790.6 90.9 | 28409 | 279.32 | 3.520

S6 d2 780 | 962.74 1282 | 96.27 | 276.12 | 10.38
d3 300 800 333 | 5156 | 361.9 1.94

Table (4) Active Q-switching diode laser characteristics for different chopper powers using sample S, at diameters d;  d;and ds

Chopper
Motor Diameter | Period | Risetime | Frequency | duty cycle | Area | Peak power
Power (cm0 (ns) (ps) (kHz) (+%) (cm?) (kW)
W)
05 d1 9.609 378.87 104 45 | 3.475 22.2
0.5 d2 9.494 60.729 105 42 | 359 23.86
0.5 d3 9.388 51.729 106 40 | 3.77 10.62
1 d1 5.312 384.55 188.22 21 | 4.051 47.14
1 d2 5.058 156.74 197.67 12 | 424 8.19
1 d3 9.81 171.71 161.84 45 | 278 13.73
1.5 d1 9.625 1360 103.9 46 | 2.948 21.55
1.5 d2 9.678 1298 103.33 50 | 3.122 20.33
1.5 d3 10.107 87.993 98.93 43 | 3.822 23.02
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