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Fig. 1. Structure diagram of AlGaAs photocathode: (a) The designed top-down structure; (b) comparison of the optical path

between the traditional structure and the designed structure.

118503-2


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024)

118503

T EACCR R AR (2) AIERAS Y HL R F Ik
B, NS P 3R dl P 2R REATT A5l X Okt R
2R, I 5 AGEFRERTCC, M J =
P, PO G g A s

=0
B, Horp PRSI A 5 29
1 1

P()\):Po~exp[K~(2.27—1240//\>}7 (4)
K Py AR N 2.27 eV(BI 546 nm) AY5EASTFA
W S 7= A Ol L 0 2 T AR, K R R T
PR T, Bn T i Y=J0/I 3R H B 4 75
HOCH R SRR RO R BN R PR, K
/N, KRR A O L IR 3R TR 22 i BE T R
PR, X F R AlGaAs S B,
TEIR R SRR R IERIE O T, J5 S ALY
HLFVR B 5 5 S Al S, 4 5%, i B A

d .
DaD| = (o) em. s nla)lemo=0FEA

TR (1) SR, w LIS B — 2 Lk R A A R
T DBR Z5H9 2 AETE, K4 & B2 1M oy DI
3, BI— R WMORT — I, BT DA 13 T 45
G35 T RCR A TR
X F— R IR FRCR Y, R A IR A

ST, Yy R B
dn(x 1

dgr) o o (5)
i+ DBR 45#9)2AFETE, AGDEEESZS DBR
RIS R A g, JEA I 3 2 5 2 6k S
& 52, X RS 43, s EsER 1 v LA
I AGG I T UL G2 A9 SR L DBR 2
(52, B

Iy = Iy- T Rpgr, (6)

Kb THESZHESN 2, Rpgr N DBR JZHI X

S ARG AT, RIS 7 A R R

g'(2) A

g () =11 - ap, - exp [—an, (Le — )], (7)

X Lo M A ZIERE. BT R i f228

LF2 B = R B i TAE 7 =0, i i i = e fA

Wi TR PHASETFRERER LCRAK,

PRIHAS 2 DBR UG A R i) 4%
R Y, MR

Yo = Py Dy dzg(f) .

FFE TG IR B FRCR Y ol
Y =Y, + Y, ()
IR, BN [RIE A A 1 3 i 13 38 S(X) AT LA
EHTRCR V() 35
S(A) =Y (A) - A/1240. (10)

3 R E M

ARSI FDTD 64 7' L B AR 45 P AR A 4
55251, K 2 2 FDTD 477 2L X 38 Fi W 00 2 5
AN EKAE GaAs #1IEJZE . DBR 4514)2 .
Al sGagoAs 2% 1 )2 Fll Al 3Gags;As & 41 2, %)
F FDTD {5 HIX 3850 B4k, 1 A G607 Il i i
FEAAF R R, 3R BT A 1 i R A
PF R S8 SE VL2, A% 152 B RGBSR d5e /N K Y
1/14, JEIEE & A VO B B A, S
FERE B L5 0 — AP DA 7, () B
TE 400—700 nm Z[A]. LA SR MR 5
SRR WL DAL i Bt S RS RE , B i 38 e
EANEZ L, S REASRE MRS
DBR 45442 2 8], KR 1 nm. G2 W0
AR A IR AT SR 53 A

P7RBEL IR

RSl

|

I |
I AlggsGagsrAs&ZHE 1T~
R | | e

| AlpsGag2AsZEnhz

BRI

I
L
I
I
I
DBRZ§#)Z !
I
I
I

|
|
|
|
:
| GaAsitE

O sz R

& 2 FDTD {ij B X 5 A M 4 25 B0
Fig. 2. FDTD simulation region and monitor settings.
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Fig. 4. Optical properties of DBR layer: (a) Reflectivity for
different sublayer materials; (b) extinction coefficient of dif-

ferent sublayer materials.
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Fig. 5. Variation of emission layer absorptivity with cath-
ode thickness: (a) Different emission layer thickness L;
(b) different buffer layer thickness Ly.
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Fig. 6. Optical absorption intensity distribution at 532 nm
of AlGaAs photocathodes with or without DBR structure.

4 SEESESE

R T BRI DBR 25X AlGaAs Yer A
W o W 3SR AR, I 4 8 A HLAL SR
VIBAMEA K T PIRP AlGaAs YEHL AR, 7051
A NG5 A FIZ5H B, X450 A 5, Bk
1E GaAs #HiK FAEKM T EIMEZFE 50 nm
JERAEB AR GaAs iR, SRS AR A K DBR
ZERIE | Al sGag o As ZIPIZ LI Al g3Gag 57As K
$H2, DBR 454 H1 20 X} Al ,Gag 3As/AlAs P Fif
MBI, 5 GaAs B IEAHSBAYF 20 AlAs,
5 AlysGagoAs G P)ZHEEF)Z R Aly,Gag 3As,
AlAs FJZBEHN 41 nm, Al ,GaysAs T)ZREN
36 nm, Al sGag»As ZZHZ4 50 nm, Al 43Gag 37As
KATE N 495 nm, DBR 2 | 22 #p 2l &k 52 0y
p RIB AR YR 13101 em 3. 2514 B #5545
A S E— AR Z A FE T T DBR 4514)%,
HREMSERFF—3L

X4 A 545K B M AlGaAs SGHLFIAE
i B HEAT T T AR (scanning electron
microscope, SEM) i Fl 5 S M. 4549 A 5
250 B HEA IR TS A an il 7 s, ATLLE B, 4
4 A FEAE T AT L DBR S 2 T 9432, DBR
JEHILAEAE 20 X Al ;Gag 3As/AlAs 282, I H.
TEFZ & R R B R i) —ohE. it
TH DBRJZMZEHE B FEM T =, AMEJZ AL
JEBa: GaAs LI | p BB Al sGag,As 57
MIZF Al 63Gag 37As REHE.

S5k A 545K B R R SR ANAZE R An
18 Jrzis, AT LA MG AR i 1 SN i S5 o0 5 e
i BRI, X Tl T AR AR 32 PR

JE 5 BE BT R AT — E 225+, Hi 4 SEM
IS RO A S0 B R i 2, S5 1 B 0 4G
WSRNZE 1 PR, XFF45H A Fedh, DBRJE

EMZ
Alps3Gag.37As
2z
AlpsGagoAs

DBRJZ
Alng&o_gAS/AlAS

#EGaAs
ZEA

K5tz
Alp.s3Gag.z7As

Zs
AlpsGagoAs

500 nm

FHiKGaAs

5B

B 7 458 A 5458 B FIAE & SEM &
Fig. 7. SEM images of cathode samples with structure A

and structure B.
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Fig. 8. Comparison of measured, theoretical and fitting re-
sults of reflectivity of cathode samples with (a) structure A
and (b) structure B.

118503-6


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

#) 32 2 3R Acta Phys. Sin. Vol. 73, No. 11 (2024) 118503

Aly,Gag 3As T2 M AlAs T2 1 52 BR R B 23 511 0

34.9 nm F1 38.8 nm, L& Z5LPRIEE A 60 nm, &

BZSEPRIEREE N 500 nm. X454 B kRS, S0

JZEFRIEEEN 60 nm, &5 ESPRIEE A 522 nm.
1 YIRS SASEIE S

Table 1.  Fitting results of structure parameters of

the cathode samples.

ZEHA 5B
PR BME SR BOME SepRE
/nm /nm /nm /nm
AlyesGag 37 AsKHIZ 495 500 495 522
AlysGag AsZEMZE 50 60 50 60
Alo.7GD:i§E T2 36 34.9 — —
DBREAIAsFE 41 38.8 — —
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Fig. 9. Cs/O activation photocurrent curves of cathode

samples with structure A and structure B.
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Table 2.  Fitting results of cathode performance

parameters.
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Fig. 10. Measured and fitted spectral response curves and
measured reflectivity curves of cathode samples with struc-

ture A and structure B.
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Abstract

The AlGaAs photocathode can be used in the field of underwater optical communication because of its fast
response speed and adjustable spectral response range. In order to solve the problem that the low light
absorption of the AlGaAs emission layer limits the improvement of its quantum efficiency, the distributed
Bragg reflector (DBR) structure is used to reflect the light at a specific wavelength back to the emission layer
to further increase the absorption rate, thus improving the response capability of the photocathode at 532 nm.
The spectral response model of the AlGaAs photocathode with DBR structure is obtained by solving one-
dimensional continuity equation. The optical model of the AlGaAs photocathode with enhanced response at 532
nm is established by the finite-difference time-domain method. The effects of the sublayer periodic pairs, the
sublayer material and the thickness of emission layer and buffer layer on the absorption rate of emission layer
are analyzed. The light absorption distributions of AlGaAs photocathode with and without DBR structure are
compared, and the influence mechanism of DBR structure on the blue-green light absorption capacity of
AlGaAs photocathode emission layer is clarified, which can provide a theoretical basis for designing its
structural parameters. The results show that the DBR structure with a periodic pair of 20 and
Al ;Gay3As/AlAs has the best reflection effect on 532 nm light. Based on the DBR structure, when the
thickness of the emission layer and buffer layer are 495 nm and 50 nm, respectively, the emission layer has the
best absorption rate of 532 nm light. Furthermore, two kinds of AlGaAs photocathodes with and without DBR
structure are prepared by the metal-organic chemical vapor deposition technology, and the reflectivity and
profile structure of the grown samples are characterized. Then the Cs/O activation experiments are performed
to compare the spectral response curves. It is found that the spectral response of the AlGaAs photocathode
sample with DBR structure at 532 nm wavelength is about twice that of the sample without DBR structure.

Keywords: AlGaAs photocathode, distributed Bragg reflector, spectral response, optical absorption
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