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To better understand the different photoemission mechanism of thin heterojunction photocathodes,

the quantum efficiency models of reflection-mode and transmission-mode GaAs-based heterojunc-

tion photocathodes are revised based on one-dimensional continuity equations, wherein photoelec-

trons generated from both the emission layer and buffer layer are taken into account. By

comparison of simulated results between the revised and conventional models, it is found that the

electron contribution from the buffer layer to shortwave quantum efficiency is closely related to

some factors, such as the thicknesses of emission layer and buffer layer and the interface recombi-

nation velocity. Besides, the experimental quantum efficiency data of reflection-mode and

transmission-mode AlGaAs/GaAs photocathodes are well fitted to the revised models, which con-

firm the applicability of the revised quantum efficiency models. VC 2015 AIP Publishing LLC.

[http://dx.doi.org/10.1063/1.4905621]

I. INTRODUCTION

With the advantages of high quantum efficiency, low

dark current, good long-wavelength response and narrow

energy spread, GaAs photocathodes and ternaries based on

them, have shown substantially improved performance and

widespread application in the weak light detection and high

energy physics.1–4 Recently, a novel concept of photon-

enhanced thermionic emission based on GaAs-based hetero-

junction photocathode was proposed to boost conversion

efficiency of photovoltaic cells.5 As for various GaAs-based

photocathodes in practice, the quantum efficiency is dis-

tinctly a very important parameter utilized to evaluate the

performance of photocathodes. Achieving high quantum effi-

ciency, large polarization and good stability for thin GaAs-

based photocathodes is an important topic for quite a long

time in the research of favorable electron source.6–8 As the

proposed three-step model known as the bulk effect, the pho-

toemission is treated in terms of photoexcitation, electron

transport to the surface, and escape to vacuum.9 This three-

step model theory provides a means of detailed understand-

ing practical photoemission and theoretical guidance to

design high-performance photocathodes. Accordingly, the

conventional quantum efficiency models were derived by

solving the one-dimensional continuity equations based on

the three-step model.10–12

With the development of material growth techniques

and the goal of improving the quantum efficiency of photo-

cathodes, a series of GaAs-based heterojunction structures

with different thin buffer layers and emission layers were

realized.13–15 In many practical applications, a buffer layer is

used to match with the lattice of emission layer and prevent

photoelectron contributions from the substrate.16 On the

other hand, when the epitaxial emission layer is thin enough,

the buffer layer should also participate in photoemission of

the heterojunction photocathodes and improve the quantum

efficiency as well. Nevertheless, the available quantum effi-

ciency models cannot afford effective approaches to well fit

the experimental quantum efficiency curves, which exhibit

the shape like the “dual-knee-bend” rather than “single-

knee-bend.”17–19

Since the lack of proper quantum efficiency models for

evaluating thin GaAs-based photocathodes, how the buffer

layer in the multilayer structure acts on quantum efficiency

is not clear, and the mechanism of photoemission from these

thin heterojunction photocathodes is still not well under-

stood. In this paper, we revise the quantum efficiency models

for typical reflection-mode (r-mode) and transmission-mode

(t-mode) AlGaAs/GaAs heterojunction photocathodes by

solving from the one-dimensional continuity equations

according to three-step model theory. In the revised quantum

efficiency models, the photoelectron contributions from the

buffer layer and the additional factors such as the thickness

of buffer layer and interface recombination velocity for both

r-mode and t-mode photocathodes are all taken into account.

According to the revised model, we analyze some related

cathode performance parameters which have great effect

on the characteristics of quantum efficiency values in combi-

nation with the conventional model, including thicknesses

of the emission layer and the buffer layer, and the interface

recombination velocity. Finally, in order to verify the

theoretical practicality, two types of thin AlGaAs/GaAsa)E-mail: zhangyijun423@126.com
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photocathodes operating in r-mode and t-mode are prepared,

respectively, to investigate the spectral characteristics, and

cathode performance parameters are analyzed through accu-

rate curve fitting with aid of the revised quantum efficiency

models.

II. THEORETICAL REVISION

The energy band structure of the GaAs-based hetero-

junction photocathode is shown in Fig. 1. The main differ-

ence between r-mode and t-mode photocathodes depends

on the direction of incident light. For r-mode photoca-

thode, when the incident light illuminates onto the photo-

cathode, the emission layer absorbs a majority of

high-energy photons and generates photoexcited electrons

in the bulk. The photoelectrons from the bulk transport to

the surface by diffusion traverse across the potential barrier

and finally escape to vacuum. Meanwhile, some excited

electrons generated nearby the back interface of emission

and buffer layer are recombined at the interface, and others

will transport into the emission layer rather than diffuse

into the buffer layer due to the potential barrier at the inter-

face. As the polarization is inversely proportional to the

thickness of emission layer, the emission layer is usually

designed to be thin enough. For this case, there is reason to

believe that the high-energy photons can be absorbed by

the buffer layer as well. The buffer layer generates photo-

electrons, and the photoelectrons diffuse into emission

layer and at last escape to vacuum. Some photons probably

are absorbed in substrate, but the photoexcited electrons

cannot diffuse into buffer layer to contribute to the spectral

response because of the existence of potential barrier

between the substrate and buffer layer. For t-mode photo-

cathode, when the incident light illuminates onto the sub-

strate, most photons will penetrate into the buffer layer.

The buffer layer can absorb high-energy photons and gen-

erate photoelectrons. If the buffer layer is thin, parts of the

photoelectrons will diffuse into the emission layer, and

finally escape to vacuum. For the same reason, some long-

wave photons passing through the buffer layer can be

absorbed by the emission layer and generate photoelec-

trons as well.

Based on the three-step model theory of photoemission,

the electrons escape from the bulk to produce photoemission

mainly by diffusion. For uniform-doped r-mode and t-mode

GaAs-based heterojunction photocathodes, the transport of

photoexcited electrons in the emission layer follows the one-

dimensional continuity equations, which are, respectively,

given by

Dn
d2n1 xð Þ

dx2
� n1 xð Þ

s1

þ 1� Rhvð ÞI0ahv

� exp �ahvxð Þ ¼ 0; x 2 0; Te½ � (1)

Dn
d2n1 xð Þ

dx2
� n1 xð Þ

s1

þ 1� Rhvð ÞI0ahv exp �bhvTwð Þ

� exp �ahv Te � xð Þ½ � ¼ 0; x 2 0; Te½ �; (2)

where n1(x) is the concentration of minority carrier (i.e.,

electrons) in emission layer, s1 is the lifetime of electrons in

emission layer, Dn is the diffusion coefficient of electrons, l
is electron mobility, I0 is the intensity of incident light, ahv is

the absorption coefficient of the material in emission layer,

Rhv is the reflectivity on the surface of photocathode, bhv is

the absorption coefficient of buffer layer, and Te and Tw are

the thickness of the emission layer and the buffer layer,

respectively.

When defining the boundary conditions as the solution

to Eqs. (1) and (2), one of them should take account of the

electron contributions from the buffer layer. Accordingly,

the boundary conditions suitable for the thin GaAs-based

heterojunction photocathodes are given by

n1ðxÞjx¼0 ¼ 0 (3)

Dn
dn1 xð Þ

dx

����
x¼Te

¼ �SVn1 xð Þjx¼Te
þ SVnbuf ; (4)

where Sv is the back interface recombination velocity, nbuf

represents the number of electrons that generate at the back

interface of the buffer layer.

Upon applying the boundary conditions to Eqs. (1) and

(2), we can obtain the concentration of electrons n1(x) in

the emission layer. After n1(x) is substituted into YðhvÞ
¼ PDn

dn1ðxÞ
dx jx¼0=I0, the revised quantum efficiency formulae

for uniform-doped r-mode and t-mode are derived as

follows:

YR hvð Þ ¼ PDnSVnbuf

I0 Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ � þ
P 1� Rh�ð ÞahvLD

a2
hvL2

D � 1

� LD Sv � ahvDnð Þexp �ahvTeð Þ � SvLDcosh Te=LDð Þ � Dnsinh Te=LDð Þ
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ � þ ahvLD

� �
(5)

FIG. 1. Energy band structure diagram of the GaAs-based heterojunction

photocathode. Ec is the conduction-band minimum, Ev is the valence band

maximum, Eg is the bandgap, EF is the Fermi level, E0 is the vacuum level.
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YT hvð Þ ¼ PDnSvnbuf

I0 Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ � þ
P 1� Rhvð ÞahvLD exp �bhvTwð Þ

a2
hvL2

D � 1

� LD Sþ ahvDnð Þ � SvLDcosh Te=LDð Þ þ Dnsinh Te=LDð Þ½ �exp �ahvTwð Þ
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ � ahvLD exp �ahvTeð Þ

� �
; (6)

where P is the surface electron escape probability, LD is the

diffusion length of the minority carrier (i.e., electrons) in the

emission layer. In order to obtain nbuf, the one-dimensional

continuity equations which stand for the transport of photo-

excited electrons in the buffer layer of r-mode and t-mode

GaAs-based heterojunction photocathodes should be solved

as follows:

Dn
d2n2 xð Þ

dx2
� n2 xð Þ

s2

þ 1� Rhvð ÞI0bhv exp �ahvTeð Þ

� exp �bhv x� Teð Þ½ � ¼ 0; x 2 Te; Te þ Tw½ � (7)

Dn
d2n2 xð Þ

dx2
� n2 xð Þ

s2

þ 1� Rhvð ÞI0bhv

� exp �bhv Te þ Tw � xð Þ½ � ¼ 0; x 2 Te; Te þ Tw½ �: (8)

For solving Eqs. (7) and (8), the boundary conditions

are given by

Dn
dn2 xð Þ

dx

����
x¼Te

¼ SVn2 xð Þjx¼Te
(9)

n2ðxÞjx¼TeþTw
¼ 0: (10)

Through solving Eqs. (7) and (8) combined with Eqs.

(9) and (10), we can obtain the electron concentration at the

back interface of the buffer layer. Following that, the

obtained values of nbuf are substituted into Eqs. (5) and (6),

respectively, the final quantum efficiency formulae for thin

r-mode and t-mode heterojunction photocathodes are given

by

YR hvð Þ ¼ PSV 1� Rhvð Þbhv exp �ahvTeð Þexp �bhvTeð ÞL2
n

1� b2
hvL2

n

� �
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ �

� Dn=LDð Þcosh Tw=Lnð Þ � Dnbhvsinh Tw=Lnð Þ � Dn=Lnð Þexp �bhvTwð Þ
Dn=Lnð Þcosh Tw=Lnð Þ þ Svsinh Tw=Lnð Þ

� �
þ P 1� Rh�ð ÞahvLD

a2
hvL2

D � 1

� LD Sv � ahvDnð Þexp �ahvTeð Þ � SvLDcosh Te=LDð Þ � Dnsinh Te=LDð Þ
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ � þ ahvLD

� �
(11)

YT hvð Þ ¼ PDnSvbhv 1� Rhvð Þ L2
n=Dn

	 

1� b2

hvL2
n

� �
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ½ �

� Dnbhv � SVð Þexp �bhvTwð Þsinh Tw=Lnð Þ � Dn=Lnð Þ
Dn=Lnð Þcosh Tw=Lnð Þ þ SVsinh Tw=Lnð Þ þ exp �bhvTwð Þ

� �
þ P 1� Rhvð ÞahvLD exp �bhvTwð Þ

a2
hvL2

D � 1

� LD Sþ ahvDnð Þ � SvLDcosh Te=LDð Þ þ Dnsinh Te=LDð Þ½ �exp �ahvTwð Þ
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ � ahvLD exp �ahvTeð Þ

� �
; (12)

where Ln¼ (Dns2)1/2, and Ln is the diffusion length of the minority carrier (i.e., electrons) in the buffer layer.

III. THEORETICAL SIMULATION

In order to figure out the impact of photoelectrons generated in the buffer layer on spectral characteristics of GaAs-based

heterojunction photocathodes, we analyze the factors including the thicknesses of emission layer and buffer layer, and the

interface recombination velocity acting on the quantum efficiency utilizing Eqs. (11) and (12). In order to highlight the differ-

ences of the revised quantum efficiency models, the conventional models excluding electron contribution from the buffer layer

are simulated meanwhile, and the formulae are given by

Y0R hvð Þ ¼ P 1� Rh�ð ÞahvLD

a2
hvL2

D � 1
� LD Sv � ahvDnð Þexp �ahvTeð Þ � SvLDcosh Te=LDð Þ � Dnsinh Te=LDð Þ

Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ þ ahvLD

� �
(13)
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Y0T hvð Þ ¼ P 1� Rhvð ÞahvLD exp �bhvTwð Þ
a2

hvL2
D � 1

� LD Sþ ahvDnð Þ � SvLDcosh Te=LDð Þ þ Dnsinh Te=LDð Þ½ �exp �ahvTwð Þ
Dncosh Te=LDð Þ þ SvLDsinh Te=LDð Þ � ahvLD exp �ahvTeð Þ

� �
: (14)

In the simulation, we choose Al0.7Ga0.3As/GaAs heterojunction

photocathode as an example and some parameters are fixed,

wherein P¼ 0.5, Dn¼ 120 cm2/s, LD¼ 3 lm, Ln¼ 0.8 lm,

Rh�¼ 0.3110, ah� and bh� are referred to Refs. 20 and 21.

We first investigate the effect of the thickness of GaAs

emission layer Te on quantum efficiency, and the changes of

theoretical quantum efficiency curves with various thicknesses

of the emission layer are shown in Fig. 2. The solid lines and

dashed lines correspond to the simulated quantum efficiency

curves using the revised model and conventional model,

respectively. As shown in Fig. 2(a) assuming Sv¼ 107 cm/s

and Tw¼ 0.5 lm, the quantum efficiency of r-mode photoca-

thode in the entire waveband region is enhanced with the

increase in Te, which would provide ample space to absorb

photons and generate more electrons. Until the complete light

absorption in the bulk, the quantum efficiency curve will be

unchanged even if Te continues to increases. Besides, it is

noted that the quantum efficiency denoted by the solid line in

the high-energy region is always higher than that denoted by

the dotted line, until Te reach 0.1 lm. After that, the solid line

and dashed line will have almost no difference. The simulated

results show that when the GaAs emission layer is thin enough,

photoelectrons generated in the AlGaAs buffer layer have

obvious impact on the quantum efficiency of r-mode photo-

cathodes. Because the band gap of this buffer layer is large,

only shortwave photons with high energy can be absorbed.

Therefore, the quantum efficiency in the shortwave region is

mainly influenced as Te decreases, because more shortwave

photons passing through the emission layer will be absorbed

by the buffer layer and more photoelectrons will be generated

to increase the final quantum efficiency of the photocathode.

When the emission layer is thick enough, the high-energy and

low-energy photons are absorbed completely by the emission

layer, and no shortwave photons could be absorbed by the

buffer layer, which causes the coincidence of the solid and

dashed lines. As for the t-mode photocathode, the thickness of

the GaAs emission layer is usually controlled within 2 lm in

practical applications.22 As shown in Fig. 2(b) assuming

Sv¼ 106cm/s and Tw¼ 0.5 lm, the diversification of quantum

efficiency depends on the various thicknesses of GaAs emis-

sion layer. The longwave response induced in the GaAs layer

is improved with the increase in Te. The photoexcited electrons

in the buffer layer mainly influence the quantum efficiency in

the shortwave region, and there is almost no significant change

of curves when the thickness of the GaAs emission layer varies

in the range of 2 lm. It indicates that for the t-mode photoca-

thode with backside illumination, the photoexcited electrons in

the AlGaAs layer can transport to the GaAs emission layer and

finally escape to the vacuum under suitable preconditions.

Fig. 3 shows the theoretical quantum efficiency curves

with various thicknesses of the buffer layer. The solid lines

and dashed lines correspond to the simulated quantum effi-

ciency curves using the revised model and conventional model,

respectively. For the r-mode photocathode, as mentioned

above, when the emission layer is thin enough, it could not

absorb shortwave photons adequately, and thus parts of short-

wave photons are absorbed by the buffer layer. It is clear to

see that the thickness of buffer layer Tw also influences the

final quantum efficiency values in the shortwave region. In

Fig. 3(a) assuming Sv¼ 107 cm/s and Te¼ 0.01 lm, the dashed

lines coincide with each other because Eq. (13) excludes the

factor of AlGaAs buffer layer. In fact, the AlGaAs buffer layer

can absorb more shortwave light and generate more electrons

as Tw increases under the condition that the emission layer is

thin enough. The difference between the solid line and dashed

FIG. 2. Theoretical quantum efficiency curves with the change of Te for

AlGaAs/GaAs photocathodes operating in the (a) r-mode and (b) t-mode,

respectively.
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line becomes more obvious as Tw increases until Tw reaches

1 lm, which represents the maximum shortwave absorption

length in the buffer layer. We can find that the AlGaAs buffer

layer not only plays a role in matching lattice with GaAs emis-

sion layer, but also makes a significant contribution to enhance

the quantum efficiency to a certain extent. For t-mode photoca-

thode, the thickness of the AlGaAs layer also designs to be

thin in practical application to improve the quantum efficiency

in the shortwave region of the photocathode.23 As a result of

the large absorption coefficient of shortwave light in GaAlAs,

the thickness of buffer layer is usually no more than 1 lm in

practical applications.22 As shown in Fig. 3(b) assuming

Sv¼ 106 cm/s and Te¼ 1 lm, the quantum efficiency in the

shortwave region decreases as Tw increases because of the

shortwave constraint factor in Eqs. (12) and (14).24 When Tw is

thin, less shortwave light is absorbed in the AlGaAs buffer

layer, instead, most of the shortwave light penetrating through

the AlGaAs layer is absorbed by the GaAs emission layer and

generate electrons. Therefore, the solid line coincides with the

dashed line in the case of slightly thin buffer layer. Compared

with the AlGaAs buffer layer, the GaAs emission layer with

superior electron emission efficiency has more contributions to

the quantum efficiency in the shortwave region. On the other

hand, the AlGaAs buffer layer is usually thought to serve as

the shortwave filter for photocathode operating in the t-mode,

whereas, as Tw increases, more electrons can generate in the

buffer layer and diffuse into the emission layer if the back

interface recombination is not so serious. In this case, consider-

ing the influence of the buffer layer on quantum efficiency in

the shortwave region is necessary.

As another key characteristic parameter, the back interface

recombination velocity between the emission layer and buffer

layer also plays an important role in the electron contribution

of buffer layer to the final quantum efficiency. The simulated

results are shown in Fig. 4, wherein the solid lines and dashed

lines correspond to the simulated quantum efficiency curves

using the revised model and conventional model, respectively.

For the r-mode photocathode, as shown in Fig. 4(a) assuming

Te¼ 0.01 lm and Tw¼ 0.5 lm, it is found that the photoexcited

electrons in the buffer layer can improve the quantum effi-

ciency only when Sv is in the range of 106–109cm/s. Quantum

efficiency curves corresponding to revised model and conven-

tional model substantially coincide in the case of either

FIG. 4. Theoretical quantum efficiency curves with the change of Sv for

AlGaAs/GaAs photocathodes operating in the (a) r-mode and (b) t-mode,

respectively.

FIG. 3. Theoretical quantum efficiency curves with the change of Tw for

AlGaAs/GaAs photocathodes operating in the (a) r-mode and (b) t-mode,

respectively.
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Sv� 105 cm/s or Sv� 1010 cm/s. When Sv� 105 cm/s, most

photoelectrons originating from the buffer layer will diffuse to

the substrate and finally recombine and disappear because of

the larger recombination velocity between the buffer layer and

substrate. When Sv� 1010 cm/s, the photoelectrons will trans-

port to the back interface to make up a loss of recombined

electrons nearby the AlGaAs/GaAs back interface. If the inter-

face recombination velocity is too large, all complementary

electrons from the buffer layer will be recombined instead of

diffusing into the emission layer. In addition, it is noted that

the large back interface recombination velocity is extremely

adverse to the quantum efficiency in the entire waveband

region. Naturally, the buffer layer has almost no impact on the

final quantum efficiency of the photocathodes as well. As for

the t-mode quantum efficiency curves in Fig. 4(b), wherein

Te¼ 1 lm and Tw¼ 0.5 lm, it is also found that there is no dif-

ference between quantum efficiency curves corresponding to

the revised model and conventional model when Sv� 104cm/s.

Like the case of r-mode photocathode, because of the larger

interface recombination velocity between the buffer layer and

substrate, most electrons generated in the AlGaAs layer will

diffuse to the substrate to compensate rather than transport to

the AlGaAs/GaAs back interface. When Sv� 105 cm/s, the

photoexcited electrons in the AlGaAs layer can contribute to

the quantum efficiency and more and more electrons are able

to transport to the back interface and make the shortwave quan-

tum efficiency increase. If the recombination velocity exceeds

109cm/s or even larger, the electrons transporting to the back

interface are nearly recombined and quantum efficiency curves

corresponding to revised model and conventional model will

coincide again. From the simulated results, it can be inferred

that only when the back interface recombination velocity is

appropriate, the electrons generated from the buffer layer can

act on the quantum efficiency in the shortwave region for

r-mode and t-mode photocathodes.

IV. EXPERIMENT AND ANALYSIS

To verify the practicality of the revised quantum effi-

ciency models for r-mode and t-mode GaAs-based hetero-

junction photocathodes, two types of AlGaAs/GaAs

heterojunction photocathodes operating in the r-mode and t-

mode were prepared, respectively. The two AlGaAs/GaAs

heterojunction epilayers were grown on the high quality n-

type GaAs (100)-oriented substrates by the metal-organic

chemical vapor deposition (MOCVD) technique. The p-type

zinc doping concentration for both the AlGaAs buffer layer

and GaAs emission layer is 1� 1019 cm�3. Different epilayer

structures were grown, wherein the Al mole fraction in the

buffer layer is 0.6 and 0.7 for the r-mode and t-mode sam-

ples, respectively. The thicknesses of AlGaAs buffer layer

and GaAs emission layer for r-mode sample are 1 lm and

0.02 lm, while those for t-mode sample are 0.4 lm and

1.3 lm. During the growth procedure, the V/III ratio was

kept at 10–15, and the growth temperature was 710 �C for

AlGaAs and 680 �C for GaAs.

Differing from the r-mode sample, the as-grown t-mode

sample was made into the cathode module with a glass/

Si3N4/AlGaAs/GaAs structure by bonding and selective

etching, as the proposed process of fabricating t-mode GaAs

photocathodes by Antypas et al.25 Prior to activation, the

samples underwent a two-step surface preparation consisting

of a wet chemical cleaning process and a heat treatment pro-

cess in vacuum to eliminate the surface contamination, such

as oxides and carbon. The negative-electron-affinity (NEA)

activation for the two photocathodes was performed in an

ultrahigh vacuum chamber with base pressure less than

10�8 Pa by using the cesium and oxygen co-deposition tech-

nique.26,27 After the usual “high-low temperature” two-step

activation,28 the quantum efficiency curve of the r-mode

photocathode was measured in situ by the on-line quantum

efficiency measurement system, while that of the t-mode

photocathode sealed in the image tube was measured after

transferred into ambient air.29

The experimental quantum efficiency curves denoted by

red solid line are shown in Figs. 5 and 6 for the r-mode and

t-mode AlGaAs/GaAs samples, respectively. The quantum

efficiency curve for the r-mode sample exhibits the shape

like “dual-knee-bend” arising from the thin emission layer.

FIG. 5. Experimental quantum efficiency curve of the r-mode Al0.6Ga0.4As/

GaAs photocathode and the fitted curves via the revised model and the con-

ventional model, respectively.

FIG. 6. Experimental quantum efficiency curve of the t-mode Al0.7Ga0.3As/

GaAs photocathode and the fitted curves via the revised model and the con-

ventional model, respectively.
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Meanwhile, in order to intuitively reflect the effect of the re-

vised quantum efficiency model, we use the revised Eqs.

(11) and (12) to fit the experimental curves, respectively, in

combination with the conventional Eqs. (13) and (14). As

shown in Figs. 5 and 6, for photocathodes operating whether

in the r-mode or in the t-mode, it is apparent that the revised

quantum efficiency curve can match well with the experi-

mental curve in contrast to the conventional one, especially

in the high energy region. Different from the conventional

model, the revised quantum efficiency model has taken into

account the photoelectrons originating from the AlGaAs

buffer layer that absorbs parts of high energy photons.

According to the energy gap formula of AlGaAs20

EgðxÞ ¼ 1:424þ 1:594xþ xð1� xÞð0:127� 1:310xÞ; (15)

where x represents the mole fraction of Al in AlxGa1�xAs,

the energy gap is calculated to be about 2.2 eV for

Al0.6Ga0.4As and 2.4 eV for Al0.7Ga0.3As. Consequently, the

quantum efficiency in the region above 2.2 eV for the r-mode

sample and above 2.4 eV for the t-mode sample should con-

tain the electron contributions from the AlGaAs buffer layer,

which is consistent with the experimental results shown in

Figs. 5 and 6. The fitted values of the cathode performance

parameters through the revised quantum efficiency models

are listed in Table I. It is seen from Table I that the r-mode

sample has the worse back interface recombination velocity

than the t-mode sample. This important performance param-

eter is related to the cathode material quality itself. As a

result of the ultrathin emission layer and the lower electron-

reflected potential barrier,12 the misfit dislocations between

the buffer layer and emission layer would increase the elec-

tron recombination possibility and reduce the shortwave

quantum efficiency. With the aid of the revised models, the

cathode performance parameters can be obtained more accu-

rately by a best fit of the experimental quantum efficiency

curves. As mentioned above, when the emission layer is very

thick or the buffer layer is extremely thin, the effect of buffer

layer on quantum efficiency can be neglected.

V. CONCLUSION

In this paper, we have deduced the quantum efficiency

models for thin r-mode and t-mode GaAs-based heterojunc-

tion photocathodes by considering the photoelectrons gener-

ated in the buffer layer. By using the revised models

combined with the conventional models, the effects of the

thicknesses of emission layer and buffer layer and the back

interface recombination velocity on quantum efficiency are

analyzed. The results show us the effect of buffer layer on

quantum efficiency is closely related to these three factors.

Besides, the experimental quantum efficiency curves for thin

r-mode and t-mode AlGaAs/GaAs photocathodes are well

fitted, which confirms the applicability of the revised model.

The revised quantum efficiency models would help to well

understand the photoemission mechanism for various thin

GaAs-based heterojunction photocathodes.
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