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To describe the dynamic response characteristics of the laminated graded-bandgap GaAs-based photocathode with
distributed Bragg reflection structure, a general theoretical temporal response model is deduced by combining the unsteady
continuity equation and numerical calculation method. Through the model, the contribution of the distribution Bragg reflec-
tion structure and graded-bandgap emission layer to the temporal response are investigated. Meanwhile, the relationships
between the temporal response characteristics of the laminated GaAs-based photocathode and different structural parame-
ters are also analyzed, including average electron decay time, emission layer thickness, and incident light wavelength. It
is found that the introduction of distribution Bragg reflection (DBR) layer solves the discrepancy between the absorption
capability of the emission layer and the temporal response. Moreover, the distributed Bragg reflection layer can improve
the time response by optimizing the initial photoelectron distribution. The improvement effect of the DBR layer on the
temporal response is enhanced with the emission layer thickness decreasing or the incident light wavelength increasing.
These results explain the effect of the DBR layer of the photocathode on the dynamic characteristics, which can offer a new

insight into the dynamic research of GaAs-based photocathode.

Keywords: temporal response, GaAs-based photocathode, distribution Bragg reflection, graded-bandgap
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1. Introduction

Since the advent of the GaAs-based vacuum photocath-
ode, it has attracted extensive research interest due to its high
quantum efficiency, low thermal noise, spin-dependent effects,
and high-speed response.!!%! After decades of research, the
GaAs-based photocathode gradually becomes irreplaceable in
specific application areas, such as night vision imaging, spin-
polarized electron source, spectrophotometer, photon count-
ing, laser detection, and thermionic energy converters.!’~13]
Quantum efficiency is one of the most significant parame-
ters of photocathode. How to improve the quantum efficiency
is always a hot issue in numerous photocathode researches.
During this period, many approaches regarding structural de-
sign have been proposed, such as field-assist structure and
distribution Bragg reflection (DBR) structure.!'41°! In previ-
ous researches, the photoemission process of the photocath-
ode was treated as a steady-state situation for studying quan-
tum efficiency or an unsteady-state situation for investigat-
ing temporal response.?%->3! For the field-assisted photocath-
ode adopting the varied-doping structure, researchers have ex-
plored the temporal response characteristic theoretically and
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experimentally.[**2] However, the dynamic temporal prop-
erties of the laminated GaAs-based photocathode with DBR
structure and graded-bandgap emission layer still lack a suit-
able model to be described and investigated. Besides, the in-
fluence of the DBR structure on the temporal response and the
intrinsic mechanism also need to be explained.

According to Spicer’s three-step model of photoemi-
ssion,?®! the emission progress of excited electron can be di-
vided into generation, transport and escaping. In the progress
of photoelectron generation, the photocathode with graded-
bandgap emission layer and DBR reflection layer has different
photoelectron generation characteristics and electron transport
characteristics. The DBR layer located beneath the emission
layer can act as a reflector, which has the function of realizing
the total reflection at target wavelength. Hence, the propagat-
ing process of the incidence light in the emission layer can
be divided into two parts: forward incidence and backward
reflection caused by the reflection of DBR structure. In ad-
dition, the interface recombination and built-in electric field
in the laminated graded-bandgap emission layer also influence
the internal transport of photoelectron. Accordingly, this lam-
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inated photocathode requires an appropriate time-dependent
photoemission model.

In this paper, a time-dependent photoemission model
is deduced to study the temporal response of the laminated
GaAs-based photocathode with DBR structure and graded-
bandgap emission layer. The derivation method is based on
the unsteady one-dimensional continuity equations combined
with the numerically discrete calculation. The related optical
properties involved in the calculation process are simulated by
the finite-different time-domain (FDTD) method. With the as-
sist of the deduced model, the effect of the secondary absorp-
tion caused by the DBR layer and the graded bandgap structure
on the temporal response are indicated clearly. We emphati-
cally discuss the effect of DBR structure on the temporal re-
sponse from the perspectives of emission layer thickness, elec-
tron concentration distribution, and incident light wavelength.
The analysis results indicate that how the structural design of
GaAs-based photocathode influences the temporal response,
which will provide effective theoretical guidance for further
improvement.

2. Structure and theoretical model

The laminated GaAs-based photocathode consists of a
DBR layer, a varying-composition, and varying-doping emis-
sion layer. As shown in Fig. 1(a), from top to bottom, the pho-
tocathode includes a GaAs-based emission layer, a DBR re-
flection layer, and a substrate. The emission layer is composed
of the varying-composition and varying-doping In,Ga;_,As.
Under the emission layer, the DBR layer is formed by alter-
nately stacking two types of thin materials with different re-
fractive indexes. Through reasonable design, the DBR layer
has the function of realizing the total reflection at a specific
wavelength. In this case, the original transmission light toward
the substrate would be reflected back to the emitting layer, and
thus generating the secondary absorption, which improves the
absorptivity of the emission layer, especially the absorptivity
at the target wavelength.

The energy band structure of the GaAs-based photocath-
ode is shown in Fig. 1(b). Because of the varying-composition
and varying-doping structure, the conduction-band Ec and
valence-band Evy of the emission layer are respectively bent
and inclined by the Fermi level leveling effect. Hence, the
built-in electric field Ej, is generated in the bandgap bend-
ing region, and the direction is from the surface toward the
bulk. With the assist of the built-in electric field and diffusing
effect, the photoelectron transports toward the surface of the
emission layer and finally enters into the vacuum. The DBR
layer, which is composed of the alternating growing GaAs sub-
layer and AlAs sublayer, is grown on the high-quality GaAs
substrate. The material of DBR structure guarantees the lat-
tice matching at each interface. In addition, the AlAs sublayer

also has the function of preventing the reverse recombination
of photoelectron, because of the broad bandgap. In structural
design, the emission layer is divided into n sublayers, and the
In composition of each sublayer gradually increases in the di-
rection of electron transport. The doping concentration of the
emission layer exponentially decreases in the direction of elec-
tron transport.
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Fig. 1. (a) Structure diagram and (b) energy band structure of laminated
GaAs-based photocathode, with Ec being the minimum of conduction band,
Ey the maximum of valence band, Ef the Fermi level, E the vacuum level,
and FEj, the built-in electric field.

According to the theory of thin film optics, the thickness
of the alternating materials needs satisfy the following expres-
sions to realize the total reflection at target wavelength:

21 T
npdy = =, 1
2/target Rk 2 ( )

2r T
T nudy =, @

ltarget e 2

where Amget is the target wavelength, ny, and ny are the refrac-
tive indices of the materials in the DBR layer respectively, and
ny > ny, di. and dy are the thicknesses of these two materials
in each alternation period. When the In composition changes
linearly, the intensity of the built-in electric field generated by
the varying-composition and exponential-doping can be calcu-

lated by the following formulas: (1427281
ko - T,
Ey==—"".8, 3)
q0
N(0) =N(T,)-exp(—p-Tp), “4)
Es1 — Eyy
Ey=—*—*% 5
2 T Q)
En=E +Es, ©)

where N(T,) and N(0) are the doping concentrations at the
ends of the emission layer, kg is the Boltzmann constant, 7y
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the absolute temperature, go the electron charge, E,;, and Eg|
are the bandgaps of the innermost sublayer and the outmost
sublayer in the emission layer, and 7, is the total thickness of
the emission.

The unsteady one-dimensional continuity equation of the
laminated GaAs-based photocathode can be expressed as

dne(z,t) ‘azne(zvt) __ane(z7t)
o Diop THERTS
 ne(z1)

< +g(2), i=1,2,3,....n, (1)
where ne(z,t) is the instantaneous electron concentration in
the emission layer, Dy; is the electron diffusion coefficient, u;
is electron mobility, 7; is the lifetime of electron, and the sub-
script i value runs from 1 to n, corresponding to the sublayers
with different In compositions in the emission layer. When the
incident light transmits through the emission layer at the first
time, the light absorption process is called first absorption, and
the generation rate of photoelectrons g (z,¢) can be expressed
as given below. When t =0,

(1 =Ry ) IoOtpy1 €Xp(—Qlpy12), i=1,
i—1
§1(2.0) = (1= Rin)loGtn; | T1 exp(=Clnmdn) (8)
e
x exp [—ai(z—Ti-1)], i#1;
and when 1 #0,
g1(z,1) =0, )

where Ry, is the reflectivity of incident surface, I is the inten-
sity of incident light, o, is the absorption coefficient, d; is the
thickness of each sublayer, and 7; is the position of a sublayer
along the z axis. Because the DBR layer is located behind
the emission layer, the transmission part of the incident light
will be reflected back into the emission layer and causes the
secondary absorption in the emission layer. At this point, the
photoelectron generation rate of the secondary absorption can
be expressed below. When ¢ =0,

(] - R;w)[/ahvn exp [_ahvn(Tn - Z)} s

n
22(2,0) =< (1 =R} ) apyi [ H+]exp(—(xhvmdm) (10)
m=i

x exp [— (T — 2)], i#n,
I/ = I() . Temission 'RDBR; (1 1)
when 1 # 0,
g2(z,1) =0. (12)

Then the total photoelectron generation rate g(z,¢) can be ob-
tained from

g(z,t) = g1(z,1) + g2(2,1), (13)

where Timigsion 1S the transmissivity of the emission layer,
Rpgr is the reflectivity of the DBR layer, and R;W is the re-
flectivity of the emission layer in the backward direction. To
solve the differential continuity equation, Eq. (7), the bound-
ary conditions of the interfaces between the sublayers are also
necessary, and the equations are given as follows:

wheni=2,3,....n,
dn;(z,t
02850 4 )|
dz =T
= [=Sy(i, 1)7i(2,1) + Syip1yniv (z,1)] . (14
=T
dn;(z,t
|:Di Z(Z ) + Wi |Ein| ”i(ZJ)} =T
= Sw'l/l,'(Z,t) ‘Z=Ti,1 ) (]5)
when i = 1, the boundary condition of the emitting surface can
be expressed as /24!
th—t
n(z,t) = n(z,n) - exp (— = ‘) : (16)
S

where t; is the average decay time of the electron concentration
at the emitting surface, which is an approximately comprehen-
sive parameter describing the whole photoelectron transport

5,124 and S,; is the surface recombination rate of each

progres
interface. To investigate the time response characteristic of
the photocathode, it is assumed that the light source is an ideal
pulse source at = 0. Hence, the continuity equation, Eq. (7),

is given below.

when ¢t # 0,
Ine(z,t) 9%ne(z,1) One(z,t)  ne(z,t)
= Dy iEin - )
o 92 Mo, 7
i=1,2,3,...n; (17)
whent =0
n(z,0) = g(z,0), (18)

To obtain the dynamic response characteristics, the flux of
emitted photoelectrons is expressed as
In(z,1)

J(l‘) = —PDy 97 .
z=0

19)

Since the exact analytical solution of the unsteady con-
tinuity equation cannot be obtained easily through the above
equations, the differential discrete method of numerical calcu-
lation is utilized to approximate to the actual solution. In this
way, the thicknesses of the emission layer and the time lapsing
can be discretized into grids. The thickness is divided into M
parts and each spatial step is Az. The time lapsing is divided
into K parts and each temporal step is A¢. In this case, the
electron concentration distribution in the emission layer can
be discretized as follows:

n(z,t) = n(kAz, jAt) = N;‘, (20)
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where N is the discretized electron concentration distribution,
j is the discretized spatial coordinate, k is the discretized
temporal coordinate. Afterward, the continuity equation and
boundary conditions can also be represented by the discretized
method. When ¢ = 0, the initial value of the electron concen-
tration distribution becomes

N? = g(Az- j,0). 1)

It can be found that in the discretized continuity equation, the
electron concentration at next temporal step N;‘H can be ob-
tained by fol’ N}‘, and N;? 1~ Besides, the electron concen-
tration at the interface can be obtained by the boundary condi-
tions. In this case, the discretized electron concentration dis-
tribution at different temporal coordinates can be calculated.
Eventually, the relationship between the flux of emitted pho-
toelectrons and passed time can be achieved by
N5 — N

J(kAl) = —PDy; Az

(22)

3. Simulation and discussion

The model of the temporal response characteristic of the
laminated GaAs-based photocathode is deduced by numeri-
cally solving the unsteady one-dimensional continuity equa-
tion. In this case, the relationship between the structural de-
sign and the temporal response characteristic can be further
investigated through the deduced model. The structural pa-
rameters of the photocathode are set to be as follows. The
In,Ga;_,As emission layer is divided into 5 sublayers with
different In compositions. The thickness values of sublayers
each are 0.1 um, 0.1 pm, 0.1 wm, 0.1 um, and 0.7 pm, from
bulk to surface, and the In composition values of correspond-
ing sublayers are 0.05, 0.10, 0.15, 0.20, 0.20, respectively.
The doping concentration of the entire emission layer expo-
nentially decreases from 1x10' cm™3 to 1x10'® cm™3, from
bulk to surface. Under the ideal assumption, the In composi-
tion in the emission layer increases linearly from 0.05 to 0.20
within a thickness of 0.4 um. Afterwards, a uniform com-
position Ing>GaggAs sublayer of 0.7 um in thickness adja-
cent to the varying composition sublayers helps to improve
the absorption capability at 1064 nm. For computability, it
is assumed that the bandgap changes linearly in the varying
composition region. In this case, the built-in electric field E>
generated by the varying composition is considered to be uni-

[27.28] Since the out-

form in the varying composition region.
most and second sublayers are both Ing »Gag g As material, it is
considered that there is no interface between the two sublay-
ers in simulation. Therefore, the photoelectrons in the second
sublayer directly travel across the interface into the outmost
sublayer without recombination. In simulation, the refractive
index and extinction coefficient of GaAs and AlAs are cited
from Ref. [29], while the refractive index and extinction co-
efficient of In,Ga;_,As are taken from Ref. [30]. According
to Egs. (1) and (2), to reduce the reflectivity and improve the

photoresponse at 1064 nm, the thickness values of the GaAs
and AlAs in the DBR layer are set to be 76 nm and 90 nm, re-
spectively. The quantity cycle of the DBR layer is set to be 10
and the total thickness of the DBR layer is 1.66 um. Because
the propagation time of the incident light in the emission layer
and the DBR layer is much less than the temporal response of
photocathode, the propagation time is ignored in the simula-
tion. In this case, the optical properties of the photocathode
with the mentioned structural design can be simulated to ver-
ify the reasonability. As shown in Fig. 2, the FDTD method
is utilized to theoretically calculate the reflectivity and the ab-
sorptivity spectrum of the photocathode with the above struc-
ture. In the process of FDTD simulation, the light source is
placed in the vacuum, and the light beam is incident normally
on the surface of emission layer. As shown in Fig. 2, the reflec-
tivity curve appears as an oscillating curve in the wavelength
range above 800 nm, because of the alternant thin films. Ac-
cording to the theory of DBR design, the lowest wavelength
valley when the reflectivity curve fluctuates should be located
at 1064 nm. The simulated reflectivity curve and absorptiv-
ity curve reach a minimum value and a maximum value at
1064 nm, respectively, which proves that the introduction of
DBR structure reliably can improve the absorption capability
of emission layer at 1064 nm.

0.8

0.6

0.4

0.2F Reflectivity

—— Absorptivity

Q100 600 800 1000
Wavelength (nm) =

Fig. 2. Simulated reflectivity curve and absorptivity curve of the
In,Ga;_,As emission layer with DBR structure.

Combining the results of FDTD simulation, the temporal
response of the photocathode can be calculated by the deduced
model. As for the varying-composition In,Ga;_,As emission
layer, the band gap, electron mobility, electron diffusion co-
efficient all depend on In composition x, and the relationship

expressions are given by 3132

Eg(x) = 0.36+0.63(1 —x) +0.43(1 —x)* (eV), (23)
(x) =40 —80.7(1 —x) +49.2(1 —x)* (cm?-V~1.s71) (24)

(x) = [10-20.2(1 —x) +12.3(1 —x)?] x 100 (cm?-s™1).
(25)

U
D

The other parameters utilized in the simulation are listed in
Table 1 in detail.
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Table 1. Parameters used in simulation of quantum efficiency curves.

Parameter Value Description
S10=Sy5 105 cm/s electron recombination velocity in emission layer
Py 0.17% surface electron escape probability

05 @1064 nm 0 absorption coefficient of Ing gsGag gsAs at 1064 nm
04 @1064 nm 0 absorption coefficient of Ing 10Gag 9o As at 1064 nm
03 @1064 nm 0.16 um~1!b absorption coefficient of Ing 15Gag gsAs at 1064 nm
ap, ap @1064 nm 0.38 um~'® absorption coefficient of Ing20Gag goAs at 1064 nm
05 @960 nm 0.22 pm~'® absorption coefficient of Ing n5sGag 95 As at 960 nm
04 @960 nm 0.44 um~1b absorption coefficient of Ing 10Gag.9oAs at 960 nm
o3 @960 nm 0.72 um~'® absorption coefficient of Ing 15Gag gsAs at 960 nm
ay, 0 @960 nm 0.99 pm~'® absorption coefficient of Ing20Gag.goAs at 960 nm
a5 @780 nm 1.97 um~1® absorption coefficient of Ing gsGag g5 As at 780 nm
04 @780 nm 2.49 um~!b absorption coefficient of Ing 10Gag goAs at 780 nm
o3 @780 nm 2.60 pm~'P absorption coefficient of Ing 15Gag gsAs at 780 nm
ap, 0 @780 nm 2.72 um~1b absorption coefficient of Ing 20Gag goAs at 780 nm

Ts 75.36 ps© photoelectron lifetime of Ing ¢sGag gsAs

T4 67.86 ps© photoelectron lifetime of Ing 10Gag.gpAs

T3 47.18 ps© photoelectron lifetime of Ing 15Gag gsAs

T, T 37.38 ps© photoelectron lifetime of Ing 20Gag goAs

aRef. [33], "Ref. [30], °Ref. [34]

(3‘) ——t;=1 ps
—A—1,=2 ps
ts=25 ps
o~ ——1t,=7T ps
R
=]
5
o)
—
=
~
0 5 10 15 20
Time (ps)
1 T T T
(b) —e—d; =0.2 pm, ts=1.5 ps
—4—d;=0.5 pm, ts=2.2 ps
dy=0.7 ym, t;=2.4 ps
— ——d;=1.0 pm, t;=3.
0
h=]
=
= {
4 |
—
£
~
0 2 2 b—6=3
5 10 15 20
Time (ps)

Fig. 3. Simulated flux curves of emitted photoelectrons with (a) different
surface electron decay time #; and (b) different thickness values of uniform
composition Inp 2Gag g As sublayer.

The flux curves of emitted photoelectron with different
values of t; are simulated and shown in Fig. 3(a), wherein
the total thickness of In,Ga;_,As emission layer is set to
be 1.1 um. The wavelength of monochromatic pulse light
source is 1064 nm. It can be seen obviously that with the

increase of fg, the positions of the peak values severely shift
to the right and the full widths at half maximum (FWHM) are
broadened. According to the definition, in a certain photo-
cathode structure, the value of #; should also be determined.
Changing the value of #; alone can lead to discrepancies in
the simulation results as shown in Fig. 2(a). The value of
is relevant to the whole photoelectron transport process, es-
pecially the thickness of emission layer. In this case, the
value of ¢ is determined by the thickness of emission layer
and the relationship is cited from the results of Ref. [24]. The
normalized flux curves of emitted photoelectrons with differ-
ent thicknesses of emission layer are simulated and shown in
Fig. 3(b). Because the uniform composition Ing,Gag gAs sub-
layer is the main part of the emission layer, and has the best
absorption at 1064 nm, the thickness of the uniform composi-
tion Ing ,Gag g As sublayer d; is adjusted in simulation. It can
be seen that the increase of the thickness significantly wors-
ens the temporal response in terms of the right shift of peak
and the broadening of FWHM, as shown in Fig. 3(b). With
the increase of thickness of the uniform composition sublayer,
more photoelectrons are generated in the deeper region, which
weakens the enhancement of DBR layer. Besides, the photo-
electrons need more transit time to reach the emitting surface.

Although the graded-bandgap emission layer and the
DBR layer can improve the quantum efficiency, the effect
of this laminated structure on the temporal characteristic still
needs further studying. Figure 4(a) demonstrates the normal-
ized flux curves of emitted photoelectrons for the varying com-
position structure and the uniform composition structure. In

the simulations, the total thickness of In,Ga;_,As emission
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layer in the structure with DBR layer is set to be 1.1 pm. In
the comparative structure, the entire emission layer is replaced
by a uniform Ing,Gag sAs layer with the same thickness. Be-
sides, f¢ is set to be 2.4 ps for both structures.?* It can be
clearly observed that the photocathode with graded-bandgap
emission layer has better temporal response, because the built-
in electric field which is opposite to the direction of electron
movement, accelerates the movement of electrons. To reduce
the influence of structural difference on the result, the tem-
poral response of the proposed structure is simulated without
considering the built-in electric field for comparison. The im-
provement effect of the built-in electric field on the temporal
response can be directly observed. According to the above de-
duced photoelectron generation rate formula, the existence of
DBR layer improves the problem of diffusion velocity by the
distributing of the generated electrons. Through the above-
deduced model of electron concentration distribution, it can
be found that the effect of secondary absorption of DBR layer
is determined by the thickness of emission layer. Too thick an
emission layer will reduce the light energy entering into the
DBR layer and weaken secondary absorption. To verify this
conjecture, a new photocathode structure with thinner emis-
sion layer is simulated for comparison as shown in Fig. 4(b).
In this new structure, the total thickness of emission layer is
set to be 0.6 um, and the thickness of the uniform composi-
tion IngGagpgAs sublayer decreases to 0.2 um for reducing
the light absorption in the first absorption. Meanwhile, the
ts is adjusted to 1.5 ps due to the decrease of emission layer
thickness.!?*! It can be seen that the improvement effect of the
DBR layer on the temporal response becomes more obvious
with emission layer thinening, because the proportion of the
excited electrons generated by the secondary absorption in-
creases with the thickness of emission layer decreasing.
Figure 5 shows the time evolutions of the electron con-
centration distribution n(z,) in the emission layers with differ-
ent photocathode structures. The total thickness of the emis-
sion layer is set to be 0.6 um to emphasize the effect caused by
the DBR structure, and #; is assumed to be 1.5 ps. The emitting
surface is located at the origin of abscissa. In Fig. 5(a), it is
clear that the initial photoelectron distribution is uniformized
by the secondary absorption because of the DBR structure.
With the emitting of photoelectron, the electron concentration
at the emitting surface decreases rapidly, and a bulge of elec-
tron concentration distribution is formed in the bulk as shown
in Figs. 5(b)-5(d). In this case, the uniform initial electron
concentration distribution can reduce the blocking effect of
concentration gradient on photoelectron diffusion. The elec-
tron concentration in the Ing;5GaggsAs sublayer decreases
faster, due to a mass of photoelectrons passing through the
interface between Ing,GaggAs sublayer and Ing 15GaggsAs

sublayer, and transporting toward the emitting surface. Mean-
while, these figures also demonstrate the characteristics of the
DBR layer to enhance the absorption capacity of the emission
layer.

—e— Calculated with Ej,
(a) —&— Calculated without Ej,
Uniform composition

J (arb. units)

5 10 15 20
Time (ps)

" 0.6 um with DBR, t,=1.5 ps

(b) —— 0.6 pm without DBR, t;=1.5 ps
1.1 pym with DBR, t,=2.4 ps

—»— 1.1 pym without DBR, t;=2.4 ps

J (arb. units)

A 1

0 5 10 15 20
Time (ps)

Fig. 4. Simulated flux curves of emitted photoelectrons for (a) different
built-in electric field cases and (b) different emission layer thickness values
with or without DBR layer.

Figure 6 shows the relationship between the DBR struc-
ture and temporal response under different incident light wave-
lengths. The total thickness of emission layer is also 0.6 pm
and £, is also set to be 1.5 ps. It is noted that the improve-
ment effect of DBR structure on the temporal response is ob-
vious for the 1064-nm-wavelength incident light, while the
temporal response of the photocathode with DBR structure
is no different from that without DBR structure for the 780-
nm-wavelength incident light. Besides, it can also be found
that the improvement effect of DBR structure on the tempo-
ral response is reduced when the incident light wavelength
decreases. Because the InGaAs material has weaker absorp-
tion capability for the longer wavelength light, with the wave-
length of incident light decreasing, less transmission light can
reach the DBR layer and establish the secondary absorption.
However, the improvement effect of the DBR structure is de-
termined by the contribution of secondary absorption to total
absorption. After the incident light is absorbed completely in
the first absorption process, the introduction of DBR layer has

no influence on the temporal response.
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Fig. 5. Electron concentration distributions in emission layer with and without DBR at time # = 0 ps (a), 1 ps (b), 3 ps (c), and 5 ps (d).
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Fig. 6. Simulated flux curves of emitted photoelectrons in emission layer with and without DBR at incident light wavelength of (a) 1064 nm,

(b) 960 nm, and (c) 780 nm.

4. Conclusions

In this work, a general theory model is deduced to de-
scribe the temporal response of the laminated graded-bandgap
GaAs-based photocathode with DBR structure. By solving the
unsteady continuity equation through numerical computation
method, the time-dependent flux of emitted photoelectrons is
obtained. Besides, the relationship between the temporal re-
sponse and the structural parameters including the thickness
of emission layer, the built-in electric field and the DBR struc-
ture is explored. Meanwhile, the time evolution of electron
concentration distribution in the emission layer and the influ-
ence of incident light wavelength on the temporal response are

also simulated. Through the DBR layer, the discrepancy be-
tween the absorption capability of the emitting layer and the
temporal response can be resolved. By adjusting the initial
electron concentration distribution, the temporal response is
improved, with the of DBR layer introduced. Moreover, the
improvement effect of the DBR layer on the temporal response
is enhanced with the decrease of emission layer thickness or
the increase of the incident light wavelength. This theoretical
model of temporal response characteristic of the complicated
GaAs-based photocathode will contribute to the optimization

of cathode structure for near infrared response.
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