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Novel Temporal Zone Plate Designs With Improved
Energy Efficiency and Noise Performance

Bo Li, Student Member, IEEE, Shuqin Lou, and José Azaña, Member, IEEE

Abstract—We propose and demonstrate novel temporal zone
plate designs offering a higher energy efficiency and an im-
proved background noise performance than previously proposed
approaches using similar experimental configurations. Two kinds
of novel temporal zone plates, namely, temporal amplitude zone
plates and temporal phase Fresnel lenses, are introduced and stud-
ied. The proposed designs are demonstrated for optical linear pulse
compression. In the reported experiments, temporal amplitude
zone plates are shown to provide a 96% improvement in energy
efficiency (or light-collecting efficiency) and significantly reduce
noise background as compared with equivalent temporal intensity
zone plates. On the other hand, a temporal phase Fresnel lens is
shown to offer an ideal light-collecting efficiency of 100%, greatly
exceeding the efficiency of an equivalent temporal phase zone plate.
Performance in a practical setup is however limited by the achiev-
able modulation bandwidth and a 37% efficiency improvement
over previous designs is experimentally demonstrated.

Index Terms—Amplitude modulation, intensity modulation, op-
tical pulse compression, optical signal processing, phase modula-
tion.

I. INTRODUCTION

THERE is a beautiful space-time duality between the equa-
tions that describe the paraxial diffraction in the space

domain and the dispersive propagation in the time domain [1]–
[19]. This duality leads to the concept of “a time lens”, which
is the temporal counterpart of a space lens. By suitably com-
bining dispersion and a time lens, applications such as temporal
imaging [5]–[8], linear pulse compression [9]–[11], time-to-
frequency mapping [12], [13], and frequency-to-time mapping
[14]–[17] of optical waveforms have been realized.

A time lens is conventionally implemented by imparting a
quadratic phase shift, or linear frequency chirp, across a sig-
nal in the temporal domain. A main figure of merit of a time
lens is given by its time-bandwidth product (TBP), which is the
product of the temporal aperture (typically defining the maxi-
mum duration of the signal under analysis) and the frequency
bandwidth (typically defining the system temporal resolution).
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Fig. 1. Space-time duality. (a) Light focusing by a spatial intensity (phase)
zone plate. (b) Pulse compression by a temporal intensity (phase) zone plate.
AWG: arbitrary waveform generator; EOIM: electro-optic intensity modulator;
EOPM: electro-optic phase modulator; CW Laser: continuous-wave laser.

However, in conventional time lenses, there is a severe trade-
off between the temporal aperture and temporal resolution. To
solve this problem, temporal zone plates, which are the temporal
counterparts of spatial zone plates, have been proposed as alter-
natives to time lenses [18], [19]. In previous works, two general
kinds of temporal zone plates have been proposed [19]. They are
based on intensity and phase modulation, respectively referred
to as “temporal intensity zone plates (TIZPs)” and “temporal
phase zone plates (TPZPs)”. In particular, a spatial intensity
zone plate is made out of a plate with alternating transmitting
and opaque concentric rings with diameters being proportional
to the square roots of the orders of the rings [20], whereas a
spatial phase zone plate also consists of a series of concentric
ring-shaped zones, which alternatively introduce 0 phase shift
and π rad phase shift [21], as illustrated in Fig. 1(a). These two
configurations both ensure that all the light passing through the
plate, around the target wavelength, have a phase between φ0
to φ0 + π at the focus, where φ0 is a constant phase. In this
way, the light at the focus is enhanced as a result of construc-
tive interference. As illustrated in Fig. 1(b), the time-domain
analogs of spatial intensity (phase) zone plates would be tempo-
ral intensity (phase) modulation devices, which have the same
amplitude-transmittance functions but as a function of the time
variable (t).

Compared to time lenses, temporal zone plates do not exhibit
the limiting tradeoff between the temporal aperture and temporal
resolution, enabling the realization of much higher TBPs under
similar experimental constraints. For example, an experimental
TBP of 226, greatly exceeding the performance of a conven-
tional linear electro-optic (EO) time lens (usually less than 5)
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[11], [13], [22], has been realized using temporal zone plates
based on EO modulation [19]. Therefore, the above-mentioned
applications based on time lenses [1]–[19] may be improved
by exploiting the significant TBP improvement offered by the
temporal zone plate concept. However, similarly to their spa-
tial counterparts, temporal zone plates are ultimately limited by
their low light-collecting efficiency and the noise background
of their output.

In this paper, we propose and demonstrate two novel kinds
of temporal zone plates, referred to as temporal amplitude zone
plates (TAZPs) and temporal phase Fresnel lenses (TPFLs).
These novel designs significantly improve the performance of
TIZPs and TPZPs, respectively, in terms of both light-collecting
efficiency and noise background, without requiring any modifi-
cation on the basic experimental configurations. In this report,
we numerically and experimentally demonstrate and compare
TIZPs and TAZPs for linear optical pulse compression. TIZPs
and TAZPs are realized by the same electro-optic intensity mod-
ulator (EOIM) driven by different electronic waveforms, which
can be generated by the same arbitrary waveform generator
(AWG). Compared to TIZPs, TAZPs are demonstrated to offer
higher light-collecting efficiency and lower noise background.
We also numerically and experimentally demonstrate and com-
pare TPZPs and TPFLs for linear optical pulse compression
using the same electro-optic phase modulator (EOPM). The
different drives of TPZPs and TPFLs are also generated by the
same AWG. In the experiment, we demonstrate that TPFLs have
higher light-collecting efficiency and lower noise background
than their equivalent 1-st order TPZPs.

II. TAZPS

There are two types of TIZPs, which are temporal Fresnel
zone plates and temporal Gabor zone plates, respectively [19].
In particular, temporal Gabor zone plates are easier to realize
and more practical. Thus, we will focus on the improvement
of temporal Gabor zone plates. Previously, TIZPs have been
implemented by temporal intensity modulation, with a positive
amplitude-transmittance function defined as follows:

AG (t) = 1/2 + (1/2) cos(at2), (1)

for −Δt/2 < t < Δt/2, in which Δt is the temporal aper-
ture, and a/π is the modulation frequency chirp, which de-
fines the time-lens frequency chirp. Notice that each amplitude-
transmittance function is normalized in such a way that the sum
of the peak magnitude of all its terms is equal to 1. (1) can be
re-written as

AG (t) = 1/2 + (1/4) exp(jat2) + (1/4) exp(−jat2). (2)

Because temporal quadratic phase variations can be interpreted
as being equivalent to time lenses, (2) confirms that the defined
amplitude-transmittance function is equivalent to the sum of
a positive and negative time lenses with the same focal time
(in terms of absolute value), plus a bias term. Note that only a
portion of the input light can be focused by the positive time-lens
term or the negative time-lens term, while the remaining terms
in (2) lead to noise background. The light-collecting efficiency

of such a system, defined as the portion of light that is focused
by the desired time-lens term, is given by the square of its
corresponding coefficient, i.e. (1/4)2 → 1/16.

To improve the system performance in terms of light-
collecting efficiency and noise background, we propose a novel
TAZP, with an amplitude-transmittance function defined as

AG (t) = cos(at2) = (1/2) exp(jat2) + (1/2) exp(−jat2),
(3)

for −Δt/2 < t < Δt/2, in which Δt is the temporal aperture
and a/π is the modulation frequency chirp. Compared to (2), the
bias term is eliminated and as a result, the associated portion of
noise is canceled out. Moreover, the light-collecting efficiency
of the TAZP is now given by (1/2)2 → 1/4, which is 4 times
higher than that of a TIZP. In practice, the achieved improvement
is limited by the finite temporal aperture of the temporal zone
plate: a higher improvement (�4) is achieved as the temporal
aperture is increased.

Similarly to TIZPs, the electronic waveforms can be obtained
from a high-speed AWG. For a given chirp factor a, the temporal
aperture must be limited due to finite bandwidth of the AWG.
Based on the Nyquist-Shannon sampling theorem [23], the sam-
pling rate fs of the AWG should be at least two times larger
than the bandwidth of the electronic waveform. Consequently,
the temporal apertures of TAZPs must satisfy the following
inequality Δt < fsπ/|a|. Notice that the total frequency band-
width excursion produced by a quadratic phase φ(t) = nat2

along an aperture Δt is Δf = |na|Δt/π [7], where n = 1 or
−1. This total bandwidth excursion determines the temporal
resolution of the time-lens system. In particular, for the case of
a temporal imaging system with a rectangular temporal aperture
function, the temporal resolution (δτ ) is given by δτ = 1/Δf
[6], [7]. Hence, the temporal resolutions of TAZPs are finally
determined by the following inequality δτ ≥ 1/|n| fs . Thus, the
temporal resolution is directly limited by the modulating signal
frequency bandwidth, in turn fixed by the AWG bandwidth. In
addition, further improvement on the temporal resolution may
be potentially achieved by combining a temporal zone plate with
a time-domain telescope scheme; this configuration may poten-
tially enable to combine the advantages of a temporal zone plate,
in terms of large temporal aperture, and a time-lens system, in
terms of high temporal resolution [24].

The proposed TAZP can be practically realized by using an
EOIM, e.g., a conventional EO Mach-Zehnder modulator, which
is driven by a modulating electronic waveform with a temporal
profile defined as the expression in (3). Recall that the optical
field transfer function of the conventional EO Mach-Zehnder
intensity modulator is given by [25]

AMZ(t) = cos[κV (t) + κVBias/2], (4)

where V (t) is the electronic drive voltage, κ is the EO
coefficient, and VBias is the bias voltage. As shown by (4), the
optical field transfer function can be estimated to be linearly
proportional to the electronic drive voltage when |κV (t) | <<
π/2 and κVBias/2 = (−π/2) + 2mπ, i.e., AMZ (t) =
sin [κV (t)] ≈ κV (t), where m is an integer. We show the
power transfer function of the EOIM in Fig. 2 [25], and illustrate
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Fig. 2. Illustration of the two suggested different ways to drive the EOIM,
resulting in two different temporal zone plates, i.e. TIZP and TAZP.

Fig. 3. Experimental scheme for linear optical pulse compression using the
TAZP and the TIZP, with the terminology used in the text.

how to realize two different kinds of temporal zone plates
(TIZPs and TZAPs) based on this same device. The electronic
drive voltages for the two cases are generated according to
(1) and (3), respectively, and the bias for the two cases is
fixed around the same point [(−π/2) + 2mπ]. Note that the
optical field transfer function is linear at this point, as defined
above, as long as the amplitude of the electronic drive is set
as a small fraction of Vπ . To increase the amplitude electronic
drive (so that the output waveform will have a higher peak
power), the electronic waveform can be properly programmed
as V (t) = arcsin [AMZ (t)]/κ. By doing so, the nonlinearity of
the optical field transfer function could be compensated for and
the full swing of the modulator response could be potentially
utilized. As anticipated, the driving voltage functions in (1)
and (3) are directly transferred into the optical wavefields at
the modulator output; this results in a positive-only optical
wavefield for the TIZP design and an alternating positive and
negative optical wavefield for the TAZP design, leading to
the different intensity profiles for the output waveforms, as
illustrated in Fig. 2. Interestingly, the proposed TAZP design
has no counterpart in the spatial domain and is a totally new
concept. Based on the space-time duality, a spatial amplitude
zone plate design offering a higher energy efficiency than a

Fig. 4. The electronic drive waveforms for TAZPs (a, c) and TIZPs (b, d).
We did four experiments. In particular, the temporal aperture for (a) and (b) is
1.33 ns, whereas the temporal aperture for (c) and (d) is 1.88 ns. The measured
waveforms (solid black) have a good agreement with the target waveforms
(dotted blue), which are calculated by (1) and (3) in the numerical simulation.

Fig. 5. Temporal intensity profiles of the optical modulated waveforms for
TAZPs (a, c) and TIZPs (b, d). The temporal aperture for (a, b) and (c, d) are
1.33 ns and 1.88 ns, respectively. The Power PR is the peak power of modulated
waveforms. The measured waveforms (solid black) have a good agreement with
the target waveforms (dotted red), which are calculated by the square of (1) and
(3) in the numerical simulation. The slight deviation between the experimen-
tal and calculated results are due to the limited sampling rate (bandwidth) of
AWG.

conventional spatial intensity zone plate may be realized by
spatial amplitude modulation.

To compare the performance of a TAZP and a TIZP, we
set up a linear optical pulse compression experiment. To im-
plement linear optical pulse compression, the continuous-wave
light is firstly modulated with a linear frequency chirp, which
is realized by a TAZP or a TIZP. Considering the quadratic
phase provided by a TAZP or a TIZP, which is φ (t) = nat2

[see (2) and (3)], where n = −1 or 1, the corresponding lin-
ear frequency chirp is given by na/π. The chirped light is
subsequently compensated through group-velocity dispersion,
where the dispersive frequency chirp must be fixed to ex-
actly compensate for the chirp induced by the temporal zone
plate, i.e., Φ̈=−1/2na, where Φ̈ is the amount of the group-
velocity dispersion [6], [8], [11]. An illustration of the conducted
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Fig. 6. The optical temporal waveforms of the system outputs for TAZPs (a, c) and TIZPs (b, d). (a)–(d) corresponds to the temporal zone plates in Fig. 5(a)–(d),
respectively. Both calculated and experimental results show that a TAZP has a higher light-collecting efficiency than a TIZP.

experiment is shown in Fig. 3. Light from a continuous-wave
(CW) laser at a wavelength of 1,549.706 nm is sent through a
40-GHz EOIM (Vπ = 3.9 V), which is driven by the electronic
waveforms generated by a 24 Gsamples/s AWG and amplified
by a 12.5-GHz electronic amplifier. The laser provides the same
average power for all reported experiments using a TIZP and a
TAZP, respectively. The modulated light is sent through a re-
flective linearly chirped fiber Bragg grating (LCFBG, working
from 1548.91 nm to 1552.52 nm), which introduces a predomi-
nantly 1st-order dispersion of −10,000 ps/nm. After dispersion,
the light is measured with a 45-GHz photo-detector coupled to
an electronic sampling oscilloscope.

Fig. 4 shows the numerically calculated (dotted blue) and
measured (solid black) electronic waveforms for TAZPs (a, c)
and TIZPs (b, d). To fully compare the performance of these
two different temporal zone plates, we did four experiments. In
particular, the temporal aperture for Fig. 4(a) and (b) is 1.33 ns,
whereas the temporal aperture for Fig. 4(c) and (d) is 1.88 ns.
There is a better agreement between numerical simulation and
experiment for Fig. 4(a) and (b), for which the reason is that
Fig. 4(c) and (d) requires a larger modulating bandwidth to
implement the target waveform.

Fig. 5 demonstrates the corresponding numerically calculated
(dotted red) and measured (solid black) optical modulated wave-
forms for TAZPs (a, c) and TIZPs (b, d). The temporal aperture
for Fig. 5(a, b) and (c, d) are 1.33 ns and 1.88 ns, respectively.
The Power PR is the peak power of modulated waveforms. The
slight deviation between the experimental and calculated results
is due to the limited sampling rate of AWG. Similar to Fig. 4,
the deviation for Fig. 5(c, d) is more significant than that for
Fig. 5(a, b).

Fig. 6 shows the corresponding numerically calculated (dot-
ted red) and measured (solid black) output optical waveforms for
linear pulse compression based on TAZPs (a, c) and TIZPs (b,
d). There is a good agreement between numerical simulation and

experiment in terms of intensity profile. The numerically calcu-
lated peak powers for the waveforms in (a)–(d) are 6.817PR ,
2.838PR , 13.334PR , and 4.833PR, respectively. Therefore,
the energy efficiencies for (a) and (c) are 2.4 and 2.76 times
higher than those for (b) and (d), respectively. As anticipated,
the improvement factor is lower than 4 due to the practical
finite temporal aperture. As shown in Fig. 5, the modulation
profiles for the TIZP and the TAZP are similar in the center
area (around t = 0) and different in the other area (t >> 0 and
t << 0). And thus, the improvement is mainly contributed by
the area on the two sides (t >> 0 and t << 0). Therefore, the
improvement factor increases as the temporal aperture. In the
experiment, the measured peak powers for the waveforms in
(a)–(d) are 2.203PR , 1.124PR , 3.599PR , and 1.835PR , re-
spectively, which are smaller than the numerically calculated
values. The first reason for the lower experimental peak pow-
ers is that the LCFBG has an insertion loss of 2.77 dB. The
second reason is due to the deviation between the experimental
and calculated waveforms shown in Fig. 5. Nevertheless, the
energy efficiencies for (a) and (c) are 1.96 and 1.9613 times
higher than those for (b) and (d), in line with our predictions
on the improved performance offered by a TAZP as compared
with a TIZP. The deviation between the measured improve-
ment factors and the calculated values is mainly due to the
distortion of the experimental modulating waveforms as com-
pared with the calculated ones shown in Fig. 5; thus, the second
measured improvement factor (1.9613) exhibits a more pro-
nounced deviation from the calculated value (2.76). In addition,
as shown by both numerical simulation and experimental results
in Fig. 6, the noise backgrounds in (a) and (c) are lower than
those in (b) and (d), proving the anticipated improvement offered
by a TAZP versus a conventional TIZP, as predicted by (1)–
(3). In addition, the experimentally measured resolutions (esti-
mated as intensity FWHM) for (a)–(d) are 60.82 ps, 73.26 ps,
44.82 ps, and 50.55 ps, respectively, in good agreement with the
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Fig. 7. The spectra of the optical pulse waveforms at the system output for
TAZPs (a, c) and TIZPs (b, d). (a)-(d) corresponds to the temporal zone plates
in Fig. 5(a)–(d), respectively. As predicted by (1)–(3), there is a bias term in
TIZP, which corresponds to the center lobes in (b) and (d). However, for TAZP,
there is no bias term, as proved by the nearly flat spectra in (a) and (c).

calculated values, i.e., 57.06 ps, 72.71 ps, 38.58 ps, and 45.08 ps,
respectively. Both experimental and calculated results show that
a TAZP has a slightly better resolution than a TIZP, which is
mainly due to the improved energy efficiency and lower noise
background.

Fig. 7 presents the corresponding numerically calculated (dot-
ted red) and measured (solid black) output optical spectra for
linear pulse compression systems based on TAZPs (a, c) and
TIZPs (b, d). There is an excellent agreement between numeri-
cal simulations and experiments. As predicted by (1)–(3), there
is a bias term in TIZPs, which corresponds to the center spectral
lobes in (b) and (d), while for TAZPs there is no bias term, as
proved by the nearly flat spectra in (a) and (c). In addition, the
bandwidths of the output spectra are inversely proportional to
the temporal resolution of these systems.

III. TEMPORAL PHASE FRESNEL LENS

Although TPZPs have higher energy efficiency than TIZPs,
this is still limited to ∼40% [19]. In the spatial domain, there
is a special phase zone plate with “distorted profile” – phase
Fresnel lens [26]–[28], which can ideally provide an energy
efficiency of 100%. In the space domain, an ideal lens is equiv-
alent to quadratic phase modulation, i.e., φ (x) = γx2 , where
γ is a constant. To realize a large phase modulation amplitude,
the lens should be fabricated with a large thickness, which is
difficult to realize in practice. However, by utilizing the period-
ical property of sinusoidal function, the phase modulation pro-
file can be represented as φ (x) = γx2 − 2 kπ, when 2 kπ <
γx2 < (2 k + 1) π and thus, the thickness of the lens is greatly
compressed whereas the energy efficiency of the phase Fresnel
lens is 100% [26]–[28]. In the temporal domain, the temporal
counterpart of a spatial phase Fresnel lens, namely “temporal
phase Fresnel lens”, can be realized through temporal phase
modulation with a profile defined by the following equation,

φ(t) = at2 − 2 kπ, when 2 kπ < at2 < (2 k + 1)π, (5)

Fig. 8. Electronic modulation waveforms for a TPFL (a) and a 1st-order TPZP
(b).

where k is an integer. The concept of the TPFL has been pro-
posed in the previous work [29]. However, we experimentally
demonstrate and compare TPFLs and TPZPs for linear pulse
compression for the first time.

In practice, a TPFL can be realized by using an EOPM driven
by electronic waveforms generated by an AWG, using a similar
configuration to a TPZP [19]. A TPZP is a type of temporal zone
plate and can be realized by phase modulation with a sinusoidal
modulation profile:

φGP (t) = Γ0 cos(at2), (6)

for −Δt/2 < t < Δt/2, in which Δt is the temporal aperture,
a/π is the modulation frequency chirp, and Γ0 is the phase-
modulation amplitude. Similar to (2) and (3), the phase modula-
tion profile of a TPZP can be represented to be equivalent to a set
of positive and negative time lenses (or quadratic phase terms) at
different focal times, i.e., each with a different frequency chirp,
depending on the integer order n [19]:

HGP (t) = exp[jφGP(t)] =
∞∑

n=−∞
jnJn (Γ0) exp(jnat2),

(7)
where n is the order and Jn (.) is the n-th order Bessel function.

Similar to a TIZP, a TPZP can provide a linear frequency
chirp of na/π, as shown by (7), whereas a TPFL can provide a
linear frequency chirp of a/π, as shown by (5). By using disper-
sion subsequently, which is fixed to compensate the frequency
chirp, i.e., Φ̈=−1/2na for the TPZP and Φ̈=−1/2a for the
TPFL, linear pulse compression can be implemented. Since a
TPFL doesn’t have high order, we will focus on the compari-
son of a TPFL and a 1st-order TPZP. Compared to a 1st-order
TPZP, which has an energy efficiency of 33.5%, the TPFL has
a different phase modulation profile, and it can ideally focus all
(100%) of the input light at its focal point along the time domain.
However, a TPFL needs a faster AWG than a TPZP, because its
profile varies faster, as shown in Fig. 8. For example, by the use
of a 24 Gsamples/s AWG, the electronic drive for a TPFL and
a TPZP are shown in Fig. 8. Note that the experimental scheme
for linear optical pulse compression based on a TPFL or a TPZP
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Fig. 9. The temporal intensity profiles (a) and the spectra (b) of the compressed
output pulses for a TPFL and a TPZP, as obtained in numerical simulation.

Fig. 10. The simulated and measured temporal intensity profiles (a, c) and
spectra (b, d) of the compressed output pulses for a TPFL (a, b) and a TPZP
(c, d). The results of simulation (thick grey lines) in (b, d) are shifted to avoid
overlapping the experimental results (thin black).

is similar to the one based on temporal intensity/amplitude zone
plates, Fig. 2, except that the EOIM is replaced by an EOPM.
The measured electronic waveform obtained in the experiment
for the TPFL has a larger deviation from the calculated curve
obtained in the simulation than for the case of a TPZP. Addition-
ally, the phase modulation amplitudes for a TPFL and a TPZP
are π rad and 1.84 rad [19], respectively.

At first we compared the compressed outputs for the TPFL
and the TPZP in the numerical simulation, as shown in Fig. 9.
Note that the CW light beyond the temporal aperture is not
considered in the numerical simulation. The peak powers of
the TPFL output (thin black line) and the TPZP output (thick
red line) are 25.84 and 12.25 times higher than the input CW
power, respectively. In particular, the compressed output for
the TPFL has a larger peak power [Fig. 9(a)], because a TPFL
has a significantly higher light-collecting efficiency, ideally ap-
proaching 100%. The pulse widths for the TPFL and TPZP are
similar, since the frequency bandwidths induced by the two zone
plates are identical. Moreover, the output spectrum of the TPFL
[thin black line in Fig. 9(b)] is flatter than that of the TPZP
[thick grey line in Fig. 9(b)], an indication of the fact that the
TPFL output pulse has a reduced noise background along the
time domain. The corresponding measured compressed output
pulses are shown in Fig. 10. It is important to note that the
CW light beyond the temporal aperture is not filtered in the ex-
periment so that there is significant noise beyond the temporal
aperture window [Fig. 10(a, c)], which in turn translates into the
presence of a central lobe in each of the corresponding spec-
tra [Fig. 10(b, d)]. Except for these noise patterns, there is an

excellent agreement between the numerical simulation (dotted
red lines) and the experiment (solid black lines). In our exper-
iment, the output pulse for TPFL [Fig. 10(a)] has a 1.37 times
larger peak power and a lower noise background (within the tem-
poral aperture) than that obtained using the TPZP [Fig. 10(c)].
As predicted above, the peak-power improvement factor is
smaller than the theoretical value of 2.1 (25.84/12.25), which
is a result of the deviation between measured and calculated
modulation waveforms in Fig. 8. Finally, the measured TPFL
output also exhibits the expected flatter spectrum as compared
with the TPZP output, as shown in Fig. 10(b) and (d).

As discussed above, a TPFL provides higher energy efficiency
and lower noise than a TPZP. However, these improvements are
at the cost of using an electronic drive with a higher bandwidth,
where the sharp changes in the electronic drive are difficult
to realize, as shown in Fig. 8. Thus, for a given modulating
bandwidth, the temporal aperture of a TPFL is smaller than that
of a TPZP. As a result, a TPFL is preferable in applications
where the noise tolerance is very low.

IV. CONCLUSION

In summary, two different kinds of novel temporal zone plates
have been introduced and investigated, respectively based on
temporal amplitude modulation and temporal phase modulation.
These novel temporal zone plates effectively improve the light-
collecting efficiency and noise background performance of pre-
vious temporal zone plate designs, while using identical experi-
mental setups. Compared with previous TIZPs, TAZPs provide a
96% improvement in energy efficiency and significantly reduce
noise background. Compared with previous TPZPs, TPFLs pro-
vide a 37% improvement in energy efficiency and reduce noise
background. The proposed temporal zone plates should prove
particularly interesting for linear optical pulse generation and
compression experiments and related applications.
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