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Abstract

A Bragg waveguide consisting of multiple dielectric layers with alternating index
of refraction provides confinement of a synchronous speed-of-light mode with ex-
tremely low loss. There are three requirements in designing input coupler for
a Bragg electron accelerator: side-coupling, selective mode excitation, and high
coupling efficiency. We present a side coupling scheme using a Bragg-grating-
assisted input coupler to address these three requirements. Side coupling is
achieved by a second order Bragg grating with a period on the order of an opti-
cal wavelength. The phase matching condition results in resonance coupling thus
providing selective mode excitation capability. We demonstrate a non-uniform
distributed grating structure generating an outgoing beam with a Gaussian pro-
file, therefore, increasing the coupling efficiency.
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Abstract fabrication of Bragg fiber was first demonstrated by Fink
et al. almost 30-years later [6]. Mizrahi and Sathter

A Bragg waveguide consisting of multiple dielectric lay- e .
ers with alternating index of refraction provides confine—exu.anded the application of Bragg waveguide structures to
ptical electron accelerator [2].

ment of a synchronous speed-of-light mode with extremel§/) R
low loss. There are three requirements in designing input ' "€ €lectromagnetic field in a planar Bragg structure for
coupler for a Bragg electron accelerator: side-couplingt TM mode reads:

selective mode excitation, and high coupling efficiency.

We present a side coupling scheme using a Bragg-grating- EY) = (Ase kT 4 ByeihimyemiBs 1)
assisted input coupler to address these three requirements. " n2weg 8E£i)

Side coupling is achieved by a second order Bragg grat- H,” = —JWW

ing with a period on the order of an optical wavelength. t

The phase matching condition results in resonance cou- _ ”?%0(_14;97]-1@5% 4 B,ejkg%)efwz @)
pling thus providing selective mode excitation capability. A © ’

We demonstrate a non-uniform distributed grating struc-
ture generating an outgoing beam with a Gaussian pmf”ﬁlherek(m
t

: : . - = n?k3 — (32, (3 is the propagation constant
therefore, increasing the coupling efficiency. niky — 0% 5 propag

andn; the index refraction of thé'" layer. = axis is the
propagation direction andaxis is normal to the surface of
INTRODUCTION the planar structure. Coefficients and B; represent the
r%ectromagnetic field in a region where dielectric constant
is uniform. A represents the amplitude of outgoing wave

field of 104V/m in vacuum. The wall-plug efficiency of and B of incoming wave. Considering the boundary con-

a high power laser system has been improved dramaticafi{fions thate. and H, are continuous at th, interface
due to the rapid development of diode-pumped solid stafi¥tween dielectric layerandi + 1, a2 x 2 matrix can be
laser. It therefore becomes increasingly appealing to utiliZ@UNd Which relates!;, B; to A;.1, B+, as:

the intense electric fields available from high power laser

pulses to drive charged particle accelerators. Both 1-D [2] [ A ] - M1 , [ A ] (3)
and 2-D [3, 4] dielectric photonic crystal structures have B it1 A 2 i

been studied and a speed-of-light fjMnode was found to

be confined in the vacuum gap in these structures at neavhere

infrared wavelength. The majority of laser power propa-

The focus intensity of a high power laser has reached t
levels of 1G?W/cn? [1], which corresponds to an electric

gates in vacuum resulting in lower absorption loss and less ek w; IIRES
detrimental nonlinear effects. Mig, = | nwe o= ik nZweo cikiws 4
There are three first-order requirements to design an in- k) kT

put coupler for an optical electron accelerator: 1) distrib-
uted side coupling; 2) selective mode (accelerating TM Wave confinement can be achieved by choosing the
mode) excitation; 3) efficient power coupling. thickness of each layer to minimize the outgoing wave
In this paper we propose an out-of-plane input couples; at the interface. Modes confined in a normal vac-
based on second-order Bragg gratings for optical electraqium gap Bragg waveguide have phase velocity exceed-
accelerators to address the requirements above. We oily the speed-of-light. However, the thickness of the first
analyze the input coupler for a planar accelerator structurgyer in an accelerator structure is not defined by the quar-
which confines electromagnetic wave in one-dimensioner wavelength thickness which other layers asymptotically
However, the design principle discussed in the paper caipproach; therefore, this layer can be viewed as a defect
be extended to the case of 2-D confinement. in the periodical structure. Coupling between the unper-
turbed propagating mode and the localized defect mode
PLANAR ACCELERATOR STRUCTURE slows down the phase velocity to the speed-of-light in this

structure. Figure 1 shows the longitudinal electric field

The theory of periodical layered waveguide structure, Qfistribution of confined acceleration mode in a waveguide
Bragg fiber, was developed by Yeh [5] in 1970s, and thggnisting of alternating layers of MgRn;, = 1.36) and
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using the CAMFR-simulation tool based on eigenmode ex-
Do oo pansion and propagation technique and perfectly matched
T layers (PMLs) boundary conditions [7]. Only 1-D gratings
P was considered, which were etched on the first dielectric
I layer of planar accelerator structure discussed in the pre-
VAN \ii | vious section. It is easier for mode expansion technique
\// AR to calculate output coupling (from waveguide to air); how-
b teo ever, the input coupling efficiency can be readily calculated
T though the reciprocity principle. TM-polarization (E-field
b b normal to the grating groove and on the grating plane) and
: design wavelength of 1064nm were used throughout this

P . paper.
I Figure 2 shows a field platF.) of light coupled from
4 5 6 accelerator structure to air through a grating region where

a confined synchronized mode couples vertically to a ra-
diated plane wave. Rectangular grating grooves are sym-
metrically etched on the first dielectric layer on both sides
% the vacuum gap. The grating period is 1,08 and the
groove depth is 50 nm with 50% duty cycle. However, de-

Figure 1: Field distribution¥,) of a speed-of-light mode
in a planar accelerator structure made of Ji#&hd Mghk.
The design wavelength is 1064 nm and the vacuum gap

Lpm. tuning the grating coupler away from the resonance con-
dition is desirable in order to avoid the strong backward
BRAGG GRATING COUPLER diffraction beam.
Dielectric grating has found increasing applications as —_— =

directional couplers because it can be integrated with
waveguides using planar photolithographic techniques thus
achieving stable and high efficiency performance.

A grating input/ourput coupler has a period on the order
of an optical wavelength and is also called second-order
grating. The propagation constants of radiated beam and
guided beam are related to the grating period by the pha@
matching condition:

IRRSAYEARANATAYAYAYATAYAT A aTAYA

B, sinb, =3+ n2l andf = Negrfo = N, fle (5) Figure 2: Field plot E.) of a grating coupler etched on pla-
n n ) € € )\

A nar accelerator structure. Shown here is half of the structure
and the radiated field varies as: cut from the symmetry plane.
expli(Bn sin b,z + ia — wt)] (6)

where 3, is the propagation constant of the, order of NON-UNIFORM GRATING COUPLER

diffracted beamA is the grating periodlN.y is the effec-  |n the previous section we analyzed uniform grating
tive index of refraction of the guided wave and should betructure where the radiation loss coefficienshown in
calculated numericallyj, is unperturbed propagation con-gq.(6) is a constant; therefore, the radiated beam has a
stant in the waveguidey is the radiation loss coefficient characteristic exponential decay profile in the propagation
due to the leakage of the energy into the specific diffractegirection. Since laser output is normally a Gaussian pro-
orders scattered by the grating, afdis then,;, order of file, the intensity profile mismatch between the input and
diffraction angle. Possible radiation beams have real valugutput beam results in a reduced input coupling efficiency.
of 6. The resonance condition at which besides the out-ofhis effect can be analyzed using the reciprocity principle.
plane beam second-order diffraction reflects straight bagkhe input coupling efficiency is [8]:
to the waveguide corresponds= 0.

Due to the grating term in Eq(5), grating coupler is able P (f g(z)h(z)dz)2 .
to selectively excite the acceleration mode satisfying the = 1 [ g2(2)dz [ h2(z)dz @)
phase matching condition and avoid total internal reflection
at the same time. The coupling angle can be tuned in a widehereg(z) and h(z) represent input and output intensity
range by grating parameters and therefore the first two rprofile respectively, and?, is output coupling efficiency.
qguirements of input coupler for optical electron acceleratorhe input coupling efficiency is therefore proportional to a
are naturally satisfied. In this paper, we designed and anermalized overlap function of input and output intensity
alyzed grating couplers for the planar accelerator structupgofile. Considering the best case scenari#p100%, the




maximum input coupling efficiency is 80% for a Gaussian 4,4 1.0
profile input, which is centered at5/« with half width of N\ -
0.684/cv. 12 / 0.8 2
Several techniques have been developed to modulate the ,, / \ 3
radiation loss coefficient along the propagation direction inﬁz / 062
an attempt to synthesize a desirable intensity profile for pla-*gl 8 / \ o
nar waveguide input coupler. Since leakage rate is sensitive \ g
to the groove depth while the effect on the guiding mode isg / \ 0.4 %
minimal, side effects of non-uniform gratings such as vari-2 4 o
ations in the coupling angle can be minimized. It is also® ) 0.2
relatively easier to fabricate groove-depth modulated non- /
uniform gratings as illustrated in [9]; therefore, we applied 0 0.0

this technique to design a non-uniform grating coupler for 0 1000 2000 3000 4000 5000 6000

planar accelerator structure X (um)
We define field amplitude of guided wave in the accel-

erator structure ad(z) and it decays exponentially due to Figyre 3: Grating depth profile generating Gaussian output

radiation loss characterized by coefficient and the relative field strength of guided wave.
dA
B aa © — |

dz are essential of distributed pumping the accelerator struc-
Radiated out-coupled wave (=) and it is linearly related ture, recycling the residual power, and therefore increasing
t0 A(z) as the overall efficiency. Grating assisted out-of-plane input
by: coupler is proposed to couple laser light to the planar accel-

B(z) = BA(2) (9) erator structure, and to selectively excite the synchronous

. . _ . accelerating mode. The coupling efficiency is optimized by
Both « and3 are constants in a umform diffraction cou- matching the output and input intensity profile with mod-
pler and both of them are a function of groove depth yjated grating depth profile. The planar accelerator struc-

More specificallyo is quadratic and is linearly related to  tyres and gratings can be fabricated using well developed
h in a surface waveguide where fields are evanescent at thfcro-processing technology.

grating region; however, this is not the case for a grating
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