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Propagation of a signal beam in an AlGaAs/GaAs waveguide multiple-prism light deflector is theoretically investi-
gated by solving the scalar Helmholtz equation to obtain the dependences of the temporal and spatial resolvable characteris-
tics of the ultrafast deflector on the material dispersion of GaAs including group velocity dispersion and angular dispersion,
interface reflection, and interface scattering of multiple-prism deflector. Furthermore, we experimentally confirm that, in
this ultrafast beam deflection device, the deflecting angle of the signal light beam is linear with the pump fluence and the
temporal resolution of the ultrafast deflection is 10 ps. Our results show that the improvement of the temporal and spatial
resolvable performances is possible by properly choosing the structural parameters and enhancing the quality of the device.
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1. Introduction

Optical beam deflecting and scanning have found many
applications in civil and military systems. The available tech-
niques include mechanical, acousto—optic, electro—optic, all-
optical devices and so on.['™* Among them, the mechani-
cal deflectors are limited in developing owing to their low
deflecting speed. The acousto—optic devices had been most
interesting, but their access speed and resolvable power are
still not high enough. Although electro—optic deflectors can
scan faster comparatively, the relative phase change induced
by electro—optic effect is small in most of the electro—optic
materials. Thus it requires a long optical path length in these
electro—optic crystals, which is limited by the materials them-
selves.[’! In addition, the driving power for the electro—optic
devices is mostly large. The polymeric material has been
reported to be a promising candidate instead of the electro—
optic crystal, because of its compatibility with different sub-
strates, ease of fabrication, low cost, and not so high driv-
ing voltage as the electro—optic material, despite a lack of
thermal stability and relatively large insertion losses.!%! Bor-
rowing the method in phased array radar, many phased array
optical scanning devices have been implemented.!”-8] How-
ever, none of these approaches are ultrafast enough to apply
in the ultrafast light signal scanning/steering. The present
popular ultrafast travelling-wave electro—optic deflector em-
ploys a quasi-velocity-matching technique to compensate the
velocity mis-match between an optical group velocity and a
microwave phase velocity, which can operate in a picosec-
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ond timescale. ! Furthermore, light deflecting controlled with
light is also proposed, !'~!?) some of which can easily promote
an ultrafast light deflection.

The development of the ultrafast optical deflect-
ing/scanning devices brings an inspiration for the improve-
Take the
image converting tube streak camera as an example. The

ment of many optical and photoelectric devices.

meander-type travelling-wave deflecting plate takes the place
of the more conventional standing-wave parallel-plate to ac-
quire both increased deflection sensitivity and frequency
bandwidth.['314] To proceed, the fact that space charge effect
leads to a trade-off between the temporal resolution and dy-
namic range when the signal energy is high is becoming a se-
rious obstacle for the further performance improvement of this
image converting tube streak camera.[!>! In the early stages,
direct deflecting of the optical beam using an electro—optic de-
flector had been proposed instead of photoelectron beam scan-
ning manner in the image converting tube streak camera.!!6]
In the year of 2010, Chris’s group first demonstrated that
the serrated light illumination for deflection-encoded record-
ing (SLIDER) concept enables the single shot all-optical solid
state camera, which is an example of direct beam scanning.!!”]
There are plenty of other applications that can benefit from the
development of the optical deflecting devices. 1820

In our previous work, we have investigated the statically
deflecting characteristics of a CW signal laser at the wave-
length of 1053 nm passing through a multiple-prism deflec-
tor under the illumination by a 800 nm CW pump laser.?!]
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This work will research an ultrafast beam deflection by arrang-
ing the same multiple-prism deflector in the pump probe con-
figuration. Pump probe technique has been successfully and
universally applied to investigate the carrier dynamics of the
photo-excited materials, where two ultrafast pulses with arbi-
trary time delay complete the scanning of the dynamic process.
By adjusting the time delay between the pump pulse and the
probe pulse (denoted as signal pulse in our context), the deflec-
tion of the signal light beam can be linearly controlled. The
multiple-prism deflector employs an AlGaAs/GaAs waveg-
uide with a serrated gold mask on its surface to realize the dis-
crete deflection of the signal light beam. Study on the transient
absorption or transmission of the intrinsic GaAs has shown
that the generation of the non-equilibrium free carriers can
be recognized as instantaneous as the pulse duration time and
their relaxation time can come up to nanosecond scale.!?>%3]
Therefore, high response speed and high repetition are allowed
in this ultrafast deflection device. In the context, Section 2
gives a theoretical study on the dependences of temporal and
spatial resolvable performances on the material dispersion of
GaAs including group velocity dispersion and angular disper-
sion, interface reflection, and interface scattering of the deflec-
tor. Section 3 demonstrates the experiments about this ultra-
fast deflection device. The experimental results show that the
temporal resolution is about 10 ps, which is not so much sat-
isfying but really promising in the ultrafast signal scanning,
optical communication, light controlling and switching.

2. Theory
2.1. The model

Figure 1 shows the two-dimensional (2D) sketch of the
propagation of a light beam in a multiple-prism deflector. The
white triangles represent the domains with a photo-induced re-
fractive index change of An. According to Bennett’s study,
the photo-induced refractive index change can reach the order
of 0.01-0.1 in GaAs with the effects of bandfilling, bandgap
shrinkage, and free carrier absorption.[?*! In addition, with
the combination of the three effects, the total refractive index
change is always negative for the photon energies below the
band gap in GaAs. Therefore, as shown in Fig. 1, the light
beam is bent towards the negative x direction.
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Fig. 1. (color online) Sketch of the propagation of a light beam in a
multiple-prism deflector.

The refractive index distribution of a multiple-prism de-
flector can be expressed as

n(x,z,®) = no(®) + An(x,z), (N
with

0<x<a,0<z<Nb,N=1,2,...,N,

where @ is the angular frequency of the light beam and M, is
the prism number of the deflector. The electric field of the
light beam at any position in the deflector can be obtained by
solving the Helmholtz equation. The 2D Helmholtz equation
in the frequency domain is expressed as

2> 97 2 2

ﬁ—&—a—zz—&—kon (x,z,0)| E(x,z,0) =0, 3)
where k is free space wave number and E (x, z, ®) represents
the scalar field of the light in the deflector.

If the incident light beam is a temporal ultrafast signal,
we can resort to Fourier analysis. Ey (x, z, t) is the initial elec-
tric field of the ultrafast signal. The Fourier transform of the
initial electric field is

1 /= .
Eo(x,z,0) = ﬁ/ Eo(x,z,t)exp(—jot)dr. )

Denoting E\ (x, z, ®) as the output field in frequency domain,
we can obtain the temporal output field through inverse Fourier
transform

E(van = [ Bz 0)exp(ondo. 5)
The output light intensity can be given by
It(xazat) = |E[(X,Z,t)|2. (6)

2.2. Calculation and Simulation

The temporal resolution of the ultrafast deflector can be
simply defined as t, = T /M. T is the time that the light sig-
nal spends passing through the entire length of the deflector
and T = L/vs. L is the entire length of the deflector and vy is
the group velocity of the ultrafast signal light in the deflec-
tor. The number of the resolvable spots of the deflector is
obtained by M = 6/66, where 0 is the deflecting angle and
0 = LAn/a, 60 is the angular resolvability of Gaussian beam
and 560 = v/21n2A /7tw,. According to the spatial resolution
expression, M o< An and M o< wy/a. Particularly by improving
el>! and increasing
the ratio of signal spot width to the width of the prism, the

the photo-induced refractive index chang

spatial resolution can be greatly improved. It is noted that the
spot size of the signal should not exceed half of @ as suggested
in Ref. [26] for the purpose to obtain a relatively high-quality
electric field profile. Based on this premise, it is better to fur-
ther increase the width of prism to make the waveguide satisfy
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the planar waveguide approximation, which is of benefit to the
improvement of the spatial resolution. Apart from these, there
are several other factors that significantly affect the temporal
and spatial resolvable characteristics, which are discussed in
the following simulation.

In the simulation, propagation of the light beam in a
multiple-prism deflector surrounded by free space is investi-
gated through solving 2D Helmbholtz equation by a finite ele-
ment method with a given initial field profile. The dimensions
of the deflector are a x Nib, where a = 100 um, b = 13 um,
and M, is the total number of prisms. The evaluations of a and
b here are the reduced scale of the dimensions of the exper-
imental sample in a proportional ratio of 3:5. The refractive
index change An is equal to 0.01 (the negative sign is omitted
in the context, for it only matters with the deflection direction
of the signal beam) according to Bennett’s study. Figure 2
displays the deflecting trajectory of the light beam propagat-
ing in a multiple-prism deflector, which is obtained by solving
Eq. (3). Therefore, the electric field profile of the beam at any
position can be extracted from Fig. 2.

Fig. 2. (color online) Deflection trajectory of the Gaussian signal light
beam in a multiple-prism deflector.

2.2.1. Influences of material dispersion and interface
reflection on temporal resolution
The initial field of the incident ultrashort pulse is sup-
posed to have a Gaussian expression

Go(x,z,t) = Agexp |:(x—612/2)2] exp {ja)ot — t22] , (D
w3 T
where Ay is the electric field amplitude, wy is the cross-section
radius of the beam spot, @y is the central angular frequency of
the incident pulse, and 7 is the temporal 1/e half width. The
Fourier transform of Gy (x, z, t) is

‘TR {_W] .®

The intensity of the output pulse from our laser has a
nearly Gaussian distribution with a center wavelength of g =
1 wm and a pulse duration (1/e full width) of 120 fs. Therefore,
T = 85 fs. The spectral 1/e half width of the incident temporal
pulse is Aw/2 = 2/, accordingly, AA = 25 nm (full width).

The material dispersion of GaAs can be given by Sell-
meyer formula

2.054

©))
where the unit of A is um.

Figure 3(a) illustrates the dispersion curve of GaAs based
on Eq. (9) as well as the transmissions of light with different
wavelength. It can be seen that the energy loss of the light can
reach nearly 30% due to interface reflections. Energy loss of
the ultrashort pulse always leads to the broadening of the width
of the pulse envelope. Figure 3(b) shows the corresponding
spectrums of incident ultrashort pulse and output pulse, from
which the spectral 1/e full width of output pulse can be calcu-
lated to be 20 nm. Then the temporal half width of the output
electric field can be obtained to be 106 fs. Compared to the
initial 85 fs, the full width broadening is nearly 40 fs. More-
over, combining with the influences of absorption effects such
as free carrier absorption, the temporal resolution will become

even worse.
3.40 0.716
= refractive index n (a)
o === transmission T'
g =
"g 10.714 o
o L
» 3.38 g
) 73]
Q =
< 10.712 @
kS &
~
3.36 : ! y : . 0.710
980 990 1000 1010 1020
Wavelength/nm
1.0 —
i) === incident spectrum (b)
‘% 0.8~ output spectrum o
2
£ 0.6
e
9]
N 0.4
E]
g
5 0.2
Z
0 i i i
970 980 990 1000 1010 1020 1030
Wavelength/nm

Fig. 3. (color online) (a) The refractive index in GaAs and the transmis-
sions of light with respect to different wavelength. (b) The spectrums of
the incident Gaussian pulse and output pulse.

On the other hand, the dependence of material refrac-
tive index on the wavelength has two effects on the ultrafast
signal pulse propagating in a multiple-prism deflector, one in
space termed as angular dispersion (AD) and the other in time
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termed as group velocity dispersion (GVD). Both can result
in the width broadening of the signal pulse. The GVD brings
about the group delay dispersion (GDD), while the AD always
yields negative group delay dispersion. The temporal resolu-
tion of an ultrafast deflector can also be characterized by the
broadened width of an ultrashort pulse passing through the de-
flector. The broadened full width of signal light field At relat-
ing to the GDD can be expressed as AT = GDDxAw. The net
GDD of the ultrafast signal pulse after propagating the deflec-
tor due to AD and GVD can be directly acquired by taking the
second derivative of the spectral phase ¢ (@) of the deflected
signal field with respect to , that is

2
GDD = dd"’(g’)‘
@ (2]
2
. 5 &l
27'[6'2 dl o 27[C2 d/lz %7

where A is the central wavelength of the signal light, ¢ is the
speed of light in the free space, and L is the entire length of
the deflector.!?’! The first term of the summation at the right of
Eq. (10) is due to AD, and the second term is due to GVD. Fig-
ure 4 gives the deflecting angle of signal light beam exiting the
end face of the deflector when the wavelength of the incident
monochromatic light is changing from 970 nm to 1030 nm.
Therefore, the GDD due to AD can be easily estimated. Com-
bining Egs. (1) and (9), the GDD due to GVD can also be
easily obtained. Thus the net broadened width of the signal
pulse A7 is calculated to be ~ 370 fs.

0.1236
0.1234
0.1232
0.1230
0.1228
0.1226
0.1224

Deflecting angle/rad

0.1222

970 980 990 1000 1010 1020 1030
Wavelength /nm

Fig. 4. (color online) The deflecting angle of the signal light beam with
respect to different wavelength of signal light.

2.2.2. Influences of interface scattering on spatial res-
olution

Apart from the effect of material dispersion on the tem-
poral resolution, the structural parameters of the deflector will
greatly impact its spatial resolvable and thus the temporal
resolvable characteristics. The total deflecting angle of the
multiple-prism deflector can be obtained by 8 = LAn/a under
the paraxial approximation. It can be seen that the formula to

calculate the deflecting angle depends only on the overall di-
mension of the deflector and is independent of how the deflec-
tor is subdivided into individual prisms, on the conditions that
the interfaces between adjacent prisms are straight lines and
the lines are joined end to end. However, the subdivision style
has an impact on the quality of the electric field profile. The
electric field profile of the deflection beam at the end face of
the deflector is used to investigate the spatial resolvable char-
acteristics of the deflector.

Based on the above analysis, we examine the influences
of the structural parameters An, N;, ws, and different subdi-
vision styles on the profiles of the output electric field. Fig-
ure 5(a) shows the electric field norms of the beam at the end
face of the deflector when An = 0.01, 0.03, and 0.05. For
simplicity, the number of the prisms N; is assumed to be 20
in the simulation, which is enough for a clarifying descrip-
tion, and the incident beam spot size wg is 10 um. It can be
seen that from Fig. 5(a), besides different deflection displace-
ments, a slight enlargement of the spot size can be observed
in the field profile with larger An. No serious distortions are
found in these three electric field profiles. Therefore, An can
be set to be 0.05 in the following simulation for the purpose
that an obvious deflection displacement can be observed. Fig-
ure 5(b) shows the electric field norms of the beam at the end
face of the deflector with different number of prisms. It can
be found that with the increasing of M, the electric field pro-
file of the beam gradually deteriorates and the beam diameter
increases as well, which will ultimately blur the spatial resolu-
tion. It seems from Fig. 5(b) that multiple interface refraction
will enhance the deterioration of the field profile. However, we
cannot easily conclude that increasing number of the interface
refractions is responsible for this deterioration. In Fig. 5(c),
the electric field norm profiles of two different division styles
of deflector with N; = 20 and 40 are demonstrated under the
conditions that the entire length of the deflector is unchang-
ing. The quality of the electric field profile when N, = 40 is
obviously better than that when N; = 20. The reason is that the
incident angles of the light beam at the interfaces are larger
when N, = 20, which will result in a more significant amount
of both scattering and reflection at the interfaces and cause
the deterioration of the field profiles. This also accounts for
the width broadening in Fig. 5(a) with the increase of the re-
fractive index change. The deflection electric field profiles of
light beam with different beam spot sizes are also illustrated
in Fig. 5(d). According to the expression of angular resolv-
ability of the Gaussian beam, a larger spot size is of benefit to
the improvement of the number of the resolvable spots of the
deflector. However, from Fig. 5(d), it can be seen that a larger
spot size, usually involving a larger interaction range, can still
result in the enlargement of the beam spot and the deteriora-
tion of the electric field norm profile.
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Fig. 5. (color online) The deflection electric field norms of the beam at the end face of the deflector, when (a) Ny = 20, wg = 10 um, An = 0.01, 0.03, and
0.05; (b) An =0.05, ws = 10 um, N; = 0, 10, 20, and 30; (c) An = 0.05, ws = 10 um, N; = 20 and 40 with two different division styles by keeping the total
length of the deflector unchanged; (d) An = 0.05, N; = 20, wg = 10 pm, 15 pm, and 25 pm. Here, wy, is the broadening width of field profile obtained by

curve fitting.

3. Experiment

The semiconductor material is fabricated by the molec-
ular beam epitaxy (MBE). The undoped waveguide core is a
0.6-um-thick layer of GaAs, which is sandwiched between a
2-um-thick upper cladding layer (Al 24Gag 76As) and 3-pm-
thick lower cladding layer (Alg24Gag 76As) on top of a GaAs
substrate. On the waveguide surface, a serrated gold mask is
formed by photolithography. The serrated mask is an array
of right triangles with two leg lengths of 350 wm and 45 pm,
respectively. The number of the triangles N; is 100. The layer-
ing structure of optical deflector is shown in the inset of Fig. 6.
The experiments are performed at room temperature.

The experimental setup for ultrafast light deflection is
shown in Fig. 6. The delivered ultrashort pulse from the laser
has a time duration of 120 fs, a center wavelength of 800 nm
and a repetition rate of 1 kHz. The average output power is
3.5 W. The output beam is then split into two portions: one

acts as the pump beam with the spot diameter of 8 mm, and
the other is coupled into the optical parametric amplifier (OPA
TOPAS) to generate a 1000-nm signal beam with a power of
20 mW after being filtered by a triangular prism.

As shown in Fig. 6, the signal beam is coupled into the
waveguide core by a cylindrical lens with a focus length of
10 mm. Because of refractive index step at the two side faces
of the deflector, the GaAs deflector in fact has a structure of
rectangular waveguide in the xoz plane. Therefore, there are
many mode spots in the x-axis direction in the GaAs core. To
ensure high spatial resolution, a 25-pm-wide slit is perpen-
dicularly placed just in front of the deflector to choose the
mode spot near the origin o to investigate, which is not il-
lustrated in Fig. 6. A 25-um-wide slit in the x direction is
horizontally placed just after the waveguide to block the light
propagating through the substrate and the light glancing inci-
dent on and then reflected by the deflector surface, which only
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allows the signal propagating through the waveguide core to
pass through. A 10X microscope objective is used to image
the near-field intensity distribution of signal beam on the end
face of the deflector onto a Charge Coupled Device (CCD).
Hence the coupling of the signal beam into the waveguide can
be checked effectively. The normally incident pump beam is
shaped by a cylindrical lens and then illuminates on the upper
surface of the deflector. Modulated by the serrated mask, the
pump beam instantaneously induces a refractive index change
in the GaAs region without the cover of the serrated mask, and
thus excites an array of prisms in the waveguide core. The
AlGaAs upper cladding layer is transparent to the pump light.
The prism array remains latched for a period depending on
the relaxation time of photo-injected free carriers in intrinsic
GaAs.

delay line

gold

mask
AlGaAs

Lsl~3—Lens System 1, 2, 3
OD—Optical Deflector

BS—Beam Splitter
M—Mirror S—Slit

Fig. 6. (color online) The experiment setup for ultrafast light deflection.

At the beginning of the experiment, the pump pulse ar-
rives at the upper surface of the deflector when the signal pulse
just begins to exit from its end face. In this case, the signal
pulse has no deflection. By gradually decreasing the optical
path of the pump pulse, the signal pulse will experience an
increasing number of prisms and obtain corresponding deflec-
tion. At the moment when the signal pulse propagates through
the entire prism array, it will obtain a maximum deflection.
Out from the deflector, the deflected signal is focused and cou-
pled onto a CCD camera for recording.

The group refractive index corresponding to the ultrashort
signal pulse with a center wavelength of 1000 nm is denoted
as ng. In GaAs, ng = 3.8. Therefore, T = 57 ps for the deflec-
tor sample. Figure 7 gives the deflecting angle of the signal
light beam with the increase of the pump fluence when the de-
lay time of the pump pulse is about 60 ps. The result shows
that the deflecting angle of the signal light beam is linear to
the pump fluence. High deflection sensitivity is often neces-
sary for a light deflector. Therefore, a pump fluence as high
as 320 wl/cm? is applied in the following experiment. Flu-
ence even higher than 320 pJ/cm? causes fast deterioration of

the streak image of the signal light on the CCD in our ex-
periment. Possible reasons for this include the serious free
carrier absorption effect and the limitation of the CCD dy-
namic range. From Fig. 7, the maximum deflecting angle is
86.4 mrad. Therefore, with L = 4500 um and a = 350 pm, the
photo-induced refractive index change An can be estimated to
be ~0.025 under the pump fluence of 320 pJ/cm?. According
to Ref. [28], the concentration of the free carrier here is esti-
mated to be 2.5 x 10'® cm™3 based on the photon energy of
pump pulse and band structure of GaAs. Correspondingly, the
refractive index change is calculated to be 0.016. The differ-
ences may be attributed to the uncertainty of the concentration
of the photo-induced free carrier. In addition, there is a great
difference between the experiment result of 86.4 mrad and the
theoretical calculation in Fig. 4, which needs our further ef-
forts to improve the quality of the deflector sample.

0.08 - -]

experiment
data fitting

0.06

0.04

0.02

Deflecting angle/rad

50 100 150 200 250 300 350

2

o
O

Pump fluence/pJ-m~

Fig. 7. (color online) Deflecting angle of signal light beam with the in-
crease of the pump fluence.

Figure 8 depicts the deflecting angle of the signal light
beam with different delay time of pump pulse. It can be seen
that the signal pulse has no deflection when the time delay is
less than zero, for the signal pulse has emitted from the waveg-
uide when the pump pulse works. Afterward, the deflecting
angle is linearly increasing with the delay time (or propagat-
ing distance along z-axis) until a maximum at last.

m experiment . L (- . -

0.08 |-
visual guide line
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Fig. 8. (color online) Deflecting angles of the signal light beam with dif-
ferent delay time relative to the pump pulse.
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As shown in Figs. 7 and 8, the deflection of the signal
light beam is proportional to the pump fluence on the deflector,
and is also proportional to the delay time between the pump
pulse and signal pulse. Therefore, this ultrafast deflector can
operate in two ways. First, we can employ the rising edge of a
laser pulse, which is on the timescale of T, as the pump illumi-
nation to induce a refractive index profile in the deflector, thus
realizing the ultrafast deflection of the signal light beam. Sec-
ond, as mentioned above, make sure that the ultrashort pump
pulse arrives at the deflector as soon as the leading part of the
ultrafast signal light begins to exit the deflector, and then the
time slices of flight across the duration time of ultrafast sig-
nal light just represent the delay time between the pump pulse
and the corresponding ultrafast signal elements. Therefore,
the temporal elements in this ultrafast signal experience an in-
creasing deflection with the time of flight. Both operational
styles of the deflector are recognized as instantaneous as the
generating time of non-equilibrium free carrier on a timescale
of laser pulse duration time.

Figure 9(a) gives the grey levels of the streak images
of the signal light beam with different deflections, which are
picked up from Fig. 8 with 10-ps time interval. This 10-ps time
interval ensures that the streak can be right distinguished from
the neighboring one. Therefore, this ultrafast deflection device
has a temporal resolution of 10 ps. The flat tops of the curves
in Fig. 9(a) result from the limitation of the dynamic range of
CCD. It can be seen that the displacement of the sixth curve,
representing the streak intensity distribution at g = 50 ps rel-
ative to the temporal origin, is 194 pm, which is larger than
the half width of the deflector of 175 um. The reasons for this
include the following aspects: (i) the magnification of the fo-
cusing lens in the experiment is calculated to be ~2.2, which is
inaccurate; (ii) the center of the incident signal light beam de-
viates from the width center of the deflector; (iii) the serrated
gold mask does not strictly fully cover the upper surface of
the bar-type deflector in the sample fabrication process, which
directly results in a little larger deflection of the signal light
beam than that in the ideal situation; (iv) the synchronization
error between the signal light pulse and pump pulse is another
possible reason.

Figure 9(b) gives the streak image of the signal light beam
corresponding to Fig. 9(a). The width of the streak can be
achieved. It also can be seen that the light intensity decreases
with the increase of the delay time, which may result from
the more serious free carrier absorption when the signal light
beam propagates a longer pump-modulated region. Conse-
quently, the streak width of the signal light beam decreases
from about 100 um to 73 um. Based on the theoretical simu-
lations, angular dispersion and interface scattering contribute
to the enlargement of signal beam spot size. In the experiment,
we have to raise the signal beam power for the purpose of rec-

ognizing the streak image with larger delay time, which ex-
actly results in the over-exposure of the first four streaks at the
same power. Itis known that the formula about the relationship
between deflecting displacement X (z) and the propagating dis-
tance z is expressed as X (z) = Anz?/(2a) for a multiple-prism
deflector. It should be noted here that the deflecting displace-
ments seems to be proportional to the delay time or the prop-
agating distances, which is due to the fairly small quadratic
coefficient An/(2a).

250f i j i . —ty=0
—t,=10 ps
tq =20 ps
—tq=30 ps]
200 tq =40 ps
-1, =50 ps
2 150
2
>
(]
& 100
50
0 1 1 &
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z/um

(a)

ta=10 ps|tqy=20 ps|tqs =30 ps|ts=40 ps|ts=50 ps

(b)

Fig. 9. (color online) (a) Grey levels of the streak images of the signal
light beam with 10 ps time interval. (b) The streak images of the signal
light beam acquired by CCD with different time delay between pump and
signal pulse.

Here, we omit the time jitter of laser pulses, for the
achieved temporal resolution of 10 ps is much larger than the
jitter of femtosecond scale. Theoretical temporal resolution of
the deflector can be calculated to be 4.2 ps with An = 0.016.
With T = 57 ps, the theoretical result about the number of
the resolvable spots of the deflector M = 13.6. However, the
achieved experimental temporal resolution is 10 ps. In other
words, we can only distinguish five signal light streaks and
M =5 in the experiment. In addition to the reasons discussed
in Section 2.2, the temporal resolution depends on many other
factors such as the quality of the waveguide, the quality of
the smoothness of two end faces of the deflector, non-uniform
spatial distribution of pump intensity, the beginning synchro-
nization error between the signal pulse and pump pulse, the

imperfect prism array, and so on.
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4. Conclusion

We have demonstrated an ultrafast beam deflection sys-
tem with picosecond, even to sub-picosecond, temporal reso-
lution, a large number of the resolvable spots, high response
and repetition speed. The theoretical investigations show that
material dispersion of GaAs including group velocity disper-
sion and angular dispersion, interface reflection, and interface
scattering of the deflector, impose harmful influences on the
temporal and spatial resolvable performances. Thus by prop-
erly designing the structural parameters of the deflector, a sub-
picosecond scale of temporal resolution can be achieved. The
experimental results show that the temporal resolution is about
10 ps, which is not very satisfying but can be improved a lot
as the theoretical discussion section has suggested. In fact, we
can choose proper semiconductor materials of waveguide de-
flector depending on the wavelength of the signal light to be
deflected. For example, AlGaAs/GaAs is the proper choice
for the near infrared signal light with wavelength larger than
870 nm, whose photon energy does not fall into the absorp-
tion range of the waveguide core. In the same way, the use
of a wider bandgap semiconductor for the waveguide core
would enable operation well into the visible spectrum, such as
Al,,Ga;_,,As with a proper value of m. If m = 0.37 and then
As = 650 nm, the signal light wavelength can be larger than
650 nm. Except for the all-optical solid-state streak camera,
this configuration can also be used in the optical communica-
tion, light controlling and switching, and so on.
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