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Fig. 3 Spectral response curves of the photodetector
3.1 pE BNEBZREIRMGHEMERNFIT

Mn i p B eBN JZ R 4 5 2.0.0.6,
0.1 pm,n% BN 2B HKE N 1X10" em * (i 8 cBN
JZB A HE R 1107 em 7, p B cBN JZ 48 444 AKX
7 1XT10%, 1X 107, 1X10", 1X 107, 1X 10", 110",
1X 10" em * B ABEELTE 5845 21 B0 & 18 06 o I I HL O
BT OR 53 5 N 4~6 T

WIS 4T PUA OB BE p 24 cBN R 48 2R ik %
8 3T B O, (AR 2 e BE G 1< 10 em TR, DG HY

%43 % % 20 H/2023 £ 10 B/RFFR
iR WA NED R A = LA RN N a4 S £ ]
T, B2HIE N 1X107 em OGR4 N
2.756 X 10 ° A B4R U H 1< 10" em A, Y6 B 3 I
/INFE2.753X10 ° A, p Bl cBNJZE B HBOGHE
VSN Y DR T BE R p B BN JZ 28 SO AT K, A3 X
S A BRI, -2 S OR BRI

W 5 A LLEH ,p B BN 2B 2 B 1X
10" em P HE A F] 1X 10" em ™ A, B H I o W 18 K, Bl
Jei FF AR R AR, 1T 2448 2 B2 o 15X 10" em Bk B HEL 3 3L
R o 110" em 98 2% Wk B X IV Y I H O O /N &2
1.008X 10 " A, MEARSRFE  7EA [ A fw e T H Uik
{EE IF 671 22 (8] A5 4k, 3 7T B8 J2& H cBN A RL P 3 6 4
DA A FE 51 B e 75 51

26 —m——————————————————————
T T —1X104 em?
2.754 | - - -1X10% cm™
’/,/ ___IXIOIG—(;m_—i“
Q 2.752 S —enm i Tl
IS LAt e sE
- 270
B | ettt
L 2.748 =
3
&) > —--1X10" cm
2146 ~--1X10% cm?
---1X10" cm™
2.744 . . P IIOZO cm3
0 2 4 6 8 10

Voltage /V

K4 pieBNJZA BT 000 IR

Fig. 4 Photocurrent of p-type cBN layer with different doping
concentrations
e — 1X10% cm ! | )
— -1X10% cm ] i
.. 1 X 1016 Cm—3 .-. ' \
< y '
S 0
=
g
3
© —--1X10" cm™3
-2.500 |- .. 1% 10 cm-3
---1X10¥ cm™
------- 1X10% cm™ ) )
0 2 4 6 8 10
Voltage /V

5 pHleBNJZA B AR BT MG HL i
Fig. 5 Dark current of p-type ¢BN layer with different doping

concentrations

M6 ] LA, T RCRAE I K 2998 202 nm
b 3k BN, P KT 214 nm I I E 0, FEE p &Y
cBN JZ B 20k BE (38 K, 9 3 12803 Je 3G 0 s i) L 1
WE B N FRCRARAE 70 LA B B2k E H 1X
10" em . 110" em * B N B TR 4 BN
70.782% .70.707% , B4+ M B 3 110" em “HF Y
BT RCR I B

2004001-3



e 9o e
=N |

=
'S

Internal quantum efficiency

0.3
——1X10" cm™
= _1 % 1015 cm—fl 0.702 /
SEE, -1X10' cm? ]
0.1 1X 10" em o700
** == -1X10% cm?
| p— 1 X 1019 -3 0.200 0.202 0.204
OF IX10% o ]
s L L L
0.12 0.14 0.16 0.18 0.20 0.22

Wavelength /um

6 pBl cBNJZAIEEZ B T Y N i FRCE
Fig. 6 Internal quantum efficiency of p-type ¢cBN layer with

different doping concentrations

3.2 iBBNESHRIREXSZGLBEMENEIT

LAl i A p & BN JZEJE 4 HC2.0.0.6,
0.1 pm,p Bl cBNJZ#B AW E N 1 X107 em *,n#4 ¢BN
EHB e R 1X 10" em L i 8 cBN J2 48 244 W JE MK IR
91X 10" .5 10", 1X 10" .5X 10" cm *H, #4045
P B B 2556 FU I LI LR L PN AOR A i 1A 7~9
FIF7R o

M7 AT DA H O HL 3 Bl 1 8 cBN 248 2% MR B 1
G BR /N , Hrh B AR B O 1X10M  5X 101X
10" em “HYJEH I I RAEZY R 2. 756 X 10 ° A, 22 {H /)
T1X10 P Ao AL MR R : F n % cBN 2
B ZBTPTIE I 2 ik B T R, S B
ST E GRS K, S B0 R D .

2.756
2.755
< 2754
=
< 2.753
i
(5}
%‘ 2.752F .
3 / — 1X10% em™
27511 - -5X10" cm™
== - - - 1X10% em™®
—--5X10% cm™
2.750 . . ! !
0 2 4 6 8 10
Voltage /V

7 18 cBNJZAIFHE 229 T B G IR
Fig. 7 Photocurrent of i-type ¢BN layer with different doping

concentrations

M 8 AT LAFE HY 15 HL 3t Bl i 8 cBN 248 2% Mk B 1Y
BRI/ o o B AW BN 110" em B Y I HL
it KN 3. 116X10 " A B4 H 510" cm
11 S I T A P SV a0 N = A 118 N (= 5 A N
1.839X10 " A, A MRG0 EE I R B4k
BB G S ) e S B o, FE L E T O 55 DT 4 A
TG HL

MEOR LLE N PRI R ARE S, v I

%43 % % 20 #1/2023 £ 10 B/HFFR
BT RCRBEB AW B I RILF A N FRCR
TE 29 203 nm 4k ik W& (E , 298 70.790% , JE K KT
214 nm B 5] 0,

2.400F
1.600
= 0.800
= ok
£-0.800 s
é ~1.600}F —1X 10* cm™
— -5X 10" em™
—2.400} - - -1X10% cm
—--5X10% cm
-3.200 : : :
0 2 4 6 8 10
Voltage /V

K8 18 cBNJZAR B 223 T Byt it I

Fig. 8 Dark current of i-type ¢BN layer with different doping
concentrations
E
S J —1X10" cm™
g 0.2F or2l - -5X 10" cm™ \
3 y ---1X10* cm™
E01f < -5X10% cm™
o700 0.200 0202 0204
Ok ; . s s —
0.12 0.14 0.16 0.18 0.20 0.22
Wavelength /um
9 i8I cBNJEA B AR T () A 17 A0R
Fig. 9 Internal quantum efficiency of i-type c¢cBN layer with

different doping concentrations

3.3 nE BNEBZREX R4 EELENI M

M 18 p A BN JZE R 3 H2.0.0.6.
0.1 pm,p B BN JZH AW E N 1X107 em 7, i 8 cBN
EB 2 R 1< 10" cm *, n % cBN 238 24 Uk BE AR Ik
Jo1X 10", 1X10%, 1X10"°, 1107, 1xX10%, 1X
10" em B BEHLTT SRS B A #R R O6 BB L RE L
P RCR A E 10~12 R .

MENTORT LA G i B n 8 cBN 218 249k 2
YRGB I ULy 1X 107 em“ I, G L
ik 3.842X10 *A. MIE 11 AT LIA H ,n i cBN 25
ZeU LA 110" em * L 1X 10" em i 5 L 3 4 K W]
o 1B AW BE B 3G K 1045, AH 0L I H U 3 K 249 10
B B EE R 1} 107 em I Y B RIS L 20 R
5.914 X 10 A, 7E 1X 10" cm B 3 K 3] 25 2. 609 X
107" Ao ARSI E 2R K AT BB, 18 2% Wk 4
RGBS O S O, L K, X 2 B 10 ot
SO R A N I S-S IS B N ) = 7 S A
B /N TSI TE Y BN R R AP L BRI 25 14 S5 /N

2004001-4



P10 AN Bk AT RE SR B Ok AR LT AR A R A G
B, b AR T L 2% SR 250 0 A, PR S B FRL AL /DN T A
S bR R i A R P R TR T, MR ]
B I B LA B 2% I3 1 I 3550 3 A 45 16 F I K T AR 4L
TR .

M 12T LA TR DK 208 213 nm
B3R BN MY WK KT 214 nm BP0, N T3
i n 8 cBN J2 45 2% Wk BE 1 38 KT/, B0 i B 4
RS E 10 —BC AR MRBRERET N E FR0CR
B GIE@BARE T P8R mm, N i T ROR
/INe nHl BN 2B AU E R 1 X107 em B N 27 T 5%
HRIEAE ik 98. 732 % ¢

28007 —”’———“—IXIO“‘cm‘3
L - -1X10% cm®
= 3600F ) i
z —--1X10" cm™
S 3400+ —..1X108 cm™®
< --- 1X10* cm
g 320 e
© 3.000+
2800F . — o T T T
0 2 4 6 8 10
Voltage /V

BI10  n% cBNJEA[FBA UL T B9t AL i
Fig. 10 Photocurrent of n-type ¢BN layer with different doping

concentrations

—1X10% -3 .
2.000F _ _ 1% 10% . ? :
- -+ -1X10% cm® "
= 1.000f : ‘ ;
= : ; :
S ALy A
g Yilal9i
B i y
£ -1.000} g
o '
—--1X10" cm™3 T
-2.000F —..1X108 cm-3 TR
---1X10¥ cm™ H !
0 2 4 6 8 10
Voltage /V

BI11 n & cBNJZEAN [R5 A% He BT A I HL 3
Fig. 11 Dark current of n-type ¢BN layer with different doping

concentrations

3.4 pE cBNEEE X214 aE A BT

Mp AL n A BN 2B 44 3 i M 1< 107
110", 1X10" em , n # [ i &I cBN 2 J& B 5 51 B
2.0 pm F10. 6 pm,p JZJEEHIK A 0.1.0.2.0.3.0.4,
0.5 pm B BRI B0 25 A6 B N =
TRCES BN E 13~15 iR .

MIE T3 0] L 2 i 3t Bl p 8 BN 2 JE B 11 3
IRTUF /N 5 s H 3 Bt &/ o0 g . 10 185 o i 8 K, e 28 1)
FH R, YRR 0.1 um, SN JE 10 Vi, G

55 43 3% % 20 H1/2023 £ 10 B /%324

— - 1X107 em**
— = -1X 10" cm o8
0f --1X10Ycm™

0.12 0.14 0.16 0.18 0.20 0.22
Wavelength /um

1.0
g
=
208
S
g
3}
e 0.6}
E

0986

5 04+ /
=5 |xaerent
E — =1X10% cm o984}
3] 0.2 - 1X10%cm™®
=
L]

0206 0207 0208 0209 0210 0211 0212 0213

K12 nZ8 cBNJEA B AW T B9 A BT R0R
Fig. 12 Internal quantum efficiency of n-type ¢cBN layer with

different doping concentrations

TZh3.842X10 %A,

ME 14 7] LA Y p 29 cBN J2 B B #/N I I8 B 3
Bifi %5 p 8 cBN J2 B BE (35 i 4 K A/ F 1077 A Y
JEEE A 0. 4 pm B W HL 3 Bl 2 p B BN JZ R BE 1 1
KA/

ME IS AT LLE H BEE P K 38 m, N & FR0R
BN LAY KR E 214 nm B, N FARCRART
K. B% p 2 cBN 2R K, & FRCRm/N. Hp
A BN JZJE B4 0.1 pm B, N & 7 8 R IE{H K
98.732% ; MIEFE R 0.5 pwm B, P 5 25056 08 98/
£]98.059% o F=AEIX PR BLG) FERE FUE A GG M p
A5 AR Z 50 A 3R T S 8 p )2 WO, ANRE Y 1S H
Y X Wi O L . p B cBN 2 TR B A A
T i, e H 3 A PN TR

3.850
3.800
<
& 3.750
g 3.700 |
&) 7 ¢ ~ -02um
3.650 P ~.-03pm
/4 —--0.4 pm
3.600 , , , —--05pum
0 2 4 6 8 10
Voltage /V

E 13 pZl cBNJZA[FERE T G
Fig. 13  Photocurrent of p-type c¢BN layer with different

thicknesses

3.5 iBBNEEEXSFHABMEENZD

Mp A n A BN 248 Uk FE 4 B 1< 10T,
1X10%,1X10" cm *,n &Y | p A cBN J2 J5 JF 7 51 B
2.0 pm A1 1.0 pm, i B cBN 2 JEE KK N 0.2.,0. 4,
0.6.0.8.1.0 wm B , #4003 545 2 (14 45 74 % H 3t L S
LI PN TR0 5 AN ] 16~ 18 ik .

M 16 T LAE s 7 A T, O v i B A 1A

2004001-5



1.000

o
o)
=)
S

Current /(107° A)
(=)

~0.500

-1.000
Voltage /V

14 p 7Y cBN 2N [R]JEEEE T (1 S HL 3t

Fig. 14 Dark current of p-type cBN layer with different
thicknesses

1.0
&
g
3 0.8
g
(5}
é 0.6
g 0.4
g .
=

0.
%0‘2-— 0.
|
- — - V4 pum o9s
—--0.5 :jm 0.204 0.206 0.208 0210 0.212 0.214L

o o

.12 0.14 0.16 0.18 0.20 0.22
Wavelength /um

F15 p7 cBN AR RURIE T 09 P Bt F0%

Fig. 15 Internal quantum efficiency of p-type ¢cBN layer with

different thicknesses

cBN J2 JBE B B 35 R U /N 5 A R R R T, O HL I B
R BN JZJE B Ry B oK . AR R T 18 BN JZ
JEEBE SR 0.2 pwm B (9 0% BURE B K, 1% 45 SR 5 Jubadi
AT g AUV A Y SiE pin Ol B MR A A5 B Y 45
E—EGEMIE T, i cBNJZEE A 1.0 pm B G IR
e K28 3.859X10 ° A, % %5 B 5 Deilami 55 1)
GaAs  SiHE pin M &5 1Y B 52 25 SR AH ] .

ME 17 AT DL BEHBE A 15 BN JZ JE 1
BN K, X 5 Chen %7 78 7 B Ge 3 pin #41 #%
BREREER -, H/ET 10 A, i cBNZEEE N
0.4.0.8.1.0 pm I, 5 KB HL 40 51 oy 4. 037X 10,
6.439X10 . 7.798X 10 * A, %k 4 3= 5 2 iy B
B3 43 B B 2 (T AT ) 2o 8 v 8 0 g 52 1) i 55 A 1

ME 18 AT LLE i, P4/ F 207 nm B P £ F 4L
R K, 2 AR 2% IR AE 213 nm Ab ik B I
P AE 214 nm A # Ik o 3 A 7R Ak D R A PR e/
B B0 G2 Uk W AR AR J2 X6 K T 1k K 1906 JL - AT
W, MR PERE R B R . N FRORFEE 17 cBN
J2 JEE (R 38 KT R /)N L 1R e BN 2 R E N 0.2 pm
0.8 pm [ W {6 P & 7 20 K 4> 5l 4 98.720% F1
98. 646% , 3% 5 Deilami 2" 25 i (0 A 1iF 2 )5 B2 34,

& 43 3% 55 20 H0/2023 £ 10 B /%2 2R
W iR K P G 7 A X R 4 A 32 R T
o BN AIEZ A R AEZE , 85 n 8 R
S N = e 1/ 2 . AN A e S 9141

3.850F T
3.8001 AN
< 3.750}
&
2 3.700
5 3.650[." o
—0.2 pm
S 3600, ~ -0.4pm
’ 0.6 pm
3550} s -0.3 um
—--1.0 pm
8500 2 4 6 8 10
Voltage /V

E 16 1A cBN JZEASNHJE T A9 3

Fig. 16  Photocurrent of i-type c¢cBN layer with different
thicknesses
0 pr e
'
_0'5_ 7.500 !
2-10F
= 2
P 5} rg
o =
= 203
2 g
E-25 LS
© -3.0r
-3.6 L .
0 2 4Volmge/\/6 8 10
_40 1 L L 1 1
2 4 6 8 10
Voltage /V
BI17 i BN JZ AN [ J5 B2 1 s FL 3
Fig. 17 Dark current of i-type c¢-BN layer with different

thicknesses

Iy
(=]
T

=

=
®

0.987 -
0.986 -

o
=

0.985 -

0984l b/

2
'S

r 0983 "

I/
0982}
/ .
—02um go;|

Internal quantum efficiency
(=)
[\V)

[— =04 pm ’
< - < 0.6um 0980F
0 _:_-_. (l)g E$ 0{206 0207 0.208 0.209 0210 0211 0.212 0213 | __ |
0.12 0.14 0.16 0.18 0.20 0.22
Wavelength /um

18 1A cBN 2 AR BT N &R0

Fig. 18 Internal quantum efficiency of i-type ¢cBN layer with

different thicknesses

3.6 nBE BNEEEXRG BRI

Mp A A n B BN 248 8 Uk FE 4 B 1< 10T
1X107,1X 10" em ™, i & | p # cBN 2 J& J& 43 1] B
0.8 pum A1 0.1 pm,n B BN ZEEK KN 1.8.2.0,
2.2.2.4.2.6 pm B B SAT B9 #5140 B L

2004001-6



HLTR N BT RCR A A an & 19~21 T 7 o

4.000

3.900
3.800

370047

Current /(108 A)

3.600 |

3.600

Voltage /V
K119 n% BN JZAS SRS /96 i i

Fig. 19  Photocurrent of n-type cBN layer with different
thicknesses
<
S
=
&
]
o
Voltage /V
K120 n B BN JZAN[R]JSEEE N /Y 0 L i
Fig. 20 Dark current of n-type ¢cBN layer with different
thicknesses
1.0
g
=
2 0.8
o
g
(5}
g 0.6
2
§ 04
0.
E
18
8 025 “50hm
E - -22pm
e 2‘4 um 0.205 0.206 0.207 0.208 0.209 0.210 0.211 0.212 0.213
Of - 26um ; :
0.12 0.14 0.16 0.18 0.20 0.22

Wavelength /um

21 0 BN 2R R 9Pt AR

Fig. 21 Internal quantum efficiency of n-type ¢cBN layer with

different thicknesses

M 19 R LLF G i i B % n Y BN 2 JE B2 1Y
BN K . M cBNZIEE N 2.2 pm B, G H R
H93.910X10 ° A5 42 Ry 2.6 pm B, 6 L & A
3.987X107° Ao FEAE X FP gt LAY JE R T B & n B cBN
J2 VB 8 A A5 O W A DX B K, B8 A 3R L
K, RIEE AW G REK,

MIEL 20 7] DL 2, 1 FL 3 5 n B cBN 2 8 B 22 (1]

% 43 % F 20 H1/2023 £ 10 B/ RFFHR

SN AR A . Y n B BN 2R N
1.8 pm i e KIFHLIR 20 R 9. 242X 10 A 4R K
2.0 pm B, Je KW HLJE 08 /N 31 6. 43910 % A X JE
2.2 um B, R L K H] 8. 177X 10 % A2
JEEE R 2.4 pm F1 2.6 pm B, 55 K B AL 0 ) /) 3
8.096X10 “ AFI7.571X10 * A,

MIE 21 0] LR, N i FRCERE A n 2 cBN 2R
JEE 1 38 0 /N o 7 A R B 4 i IR AT B R n B
BN Z M H FEBE R p M BN 22 7GR 5 ,n
Y BN JZ R B 5 e, B U 7E n B cBN 2 B R AR
S, T FEL VA 2R AR S BOR R R TR AR L FE AR T S Y
B 5 R B A B s, 9 ROCR R

4% ®

K J Silvaco TCAD # {4 # # T ¢BN % pin £t
FL 0 28 1 B30 T SRR SR AE T n A iR p Y
cBN 245 e B J5E B X AR SR AR A 2 . 25 AL SR
Wl :BEE p M cBN 2B 44 Mk B B KOG TR (RS LU LN
i ROR I 3G KIS N B AR K BEE 18 cBN
SRR AU BRI IS IR BN N T RCRE L
T IR s B n B cBN 245 24 ik B K B HL TR LY
HPMERREEM, ERRMKELICYAER., pil
cBN JZ2 JE J3 34 RG] i B U LT JE s ) {H 25 4l L 3
TP 7R R A 51 ) BN 2 R I K RS L T
P R R G H RS 17 cBN J2 R B Y AR b ]
A 38 327 B AN B2 1) e R B 52 5 n B e BN J2 TR JE G O
LI T L X LR N R TR A K, T
B R h & BB T RS oA, A B %
e 55 SRH &4, PR A Y530 72 BRAR 28 1 7 1Y
iR, M p T cBNB WK E R 1X107 em *JEE N
0.1 pm, i B cBN 8 J8 ¥ J&£ y 1X10" em *\ J& FE
0.8 pm,n A cBN & 22 ¥k J& Oy 1X10" em ° JE i
2.2 pm B ZRFE LR 3. 910X 10°° A, Fe K HL 3t
8. 177 X107 A, N it F 0% =ik 98. 565 % .

2 % x W

(1] sh&AHfg, tpoak, ZEabis . I AL o8 = A0k SR b Rk e Bt
ARG EHEI] BRI, 2018(4): 15-18.

Shi D M, Yang B, Cai H H. Development status and trend of
the third generation semiconductor materials with group Il
nitrides[J]. Scitech in China, 2018, 247(4): 15-18.

(2] A[FEF, HBOE, BBGE S ET T ERORH ORI (F P BOG
LRI AR D], O, 2023, 50(1): 0113008.

Ke Y X, Cen Y Q, Qi D Y, et al. Photodetector in optical
communication band based on two-dimensional materials[J].
Chinese Journal of Lasers, 2023, 50(1): 0113008.

[3] Ouyang W X, Chen J X, Shi Z F, et al. Self-powered UV
photodetectors based on ZnO nanomaterials[J]. Applied Physics
Reviews, 2021, 8(3): 031315.

[4] Mondal A, Yadav P V K, Reddy Y A K. A review on device
architecture engineering on various 2-D materials toward high-
performance photodetectors[J]. Materials Today
Communications, 2023, 34: 105094.

2004001-7



% 43 % 5§ 20 H9/2023 £ 10 B /F 24

(5]

(6]

(7]

[9]

[10]

[11]

[12]

[13]

[14]

[16]

[17]

(18]

[19]

[20]

Sundararaju U, Mohammad HM A S, Ker P J, et al. MoS,/h-
BN/graphene heterostructure and plasmonic effect for self-
powering photodetector: a review[J]. Materials, 2021, 14(7):
1672.
Veeralingam S, Durai L, Yadav P, et al. Record-high
flexible
photodetector based on solid state-assisted synthesized hBN
nanosheets[J]. ACS Applied Electronic Materials, 2021, 3(3):
1162-1169.

Kaushik S, Sorifi S, Singh R. Study of temperature dependent
behavior of h-BN nanoflakes based deep UV photodetector[J].
Photonics and Nanostructures - Fundamentals and Applications,
2021, 43: 100887.

LiD D, Gao W, Sun X Y, et al. Direct growth of hexagonal

boron nitride thick films on dielectric substrates by ion beam

responsivity and detectivity of a deep-ultraviolet

assisted deposition for deep-UV photodetectors[J]. Advanced
Optical Materials, 2021, 9(12): 2100342.

Liu G Z, Chen H, Lu S Q, et al. Upconversion under photon
trapping in ZnO/BN nanoarray: an ultrahigh responsivity solar-
blind photodetecting paper[J]. Small, 2022, 18(22): 2200563.
Wang G K, Huang J D, Zhang S Y, et al. Wafer-scale single
crystal hexagonal boron nitride layers grown by submicron-
spacing vapor deposition[J]. Small, 2023: 2301086.

Mohammad S N. Electrical characteristics of thin film cubic
boron nitride[J]. Solid-State Electronics, 2002, 46(2): 203-222.
Tsao J'Y, Chowdhury S, Hollis M A, et al. Ultrawide-bandgap
semiconductors: research opportunities and  challenges[J].
Advanced Electronic Materials, 2018, 4(1): 1600501.

sk A . 307 AT Y LT S A S A s M BT S (D). R T
PR (A SR B 2200, 2011, 28(3): 301-304.

Zhang S H. Study on electronic structure and thermodynamic
properties of cubic BN[J]. Journal of Chongqing Technology and
Business University (Natural Science Edition), 2011, 28(3):
301-304.

DRI, VR, S5, SF L USRS L D R A B
W], AT AR, 2015, 44(10): 2679-2684.

SuH T, XuB, Cai L. C, et al. Influence of adding seed crystals
on synthesis of cubic boron nitride single crystal[J]. Journal of
Synthetic Crystals, 2015, 44(10): 2679-2684.

Zhao Y, Gao W, Xu B, et al. Thick ¢-BN films deposited by
radio frequency magnetron sputtering in argon/nitrogen gas
mixture with additional hydrogen gas[J]. Chinese Physics B,
2016, 25(10): 106801.

Ma K. Synthesis of cubic boron nitride under relatively lower
pressure and lower temperature via chemical reaction[J]. Glass
Physics and Chemistry, 2020, 46(2): 181-185.

XNz, wfh, BLL . 5L T BAG I B 5Tt e (0], N T ik
., 2022, 51(5): 781-800.

Liu C Y, Gao W, Yin H. Research progress of cubic boron
nitride[J]. Journal of Synthetic Crystals, 2022, 51(5): 781-800.
Deilami S, Abbasi K, Houshyar A, et al. Study the effect of
temperature variation and intrinsic layer thickness on the linear
response of a PIN photodetector: a finite element method
approach[J]. Results in Engineering, 2023, 17: 100810.

MR RS T, AL DL, SR Ingg Al As £ 3T R R
In, ,Ga, ;As/GaAs T i 6 BB 25 10 F5 PEE ma (7] D% 40,
2023, 43(4): 0404001.

Ye W, Du P F, Quan B B, et al. Effect of In, g Al ;As
multiplication layer on characteristics of In,,Ga,,,As/GaAs
avalanche photodetector[J]. Acta Optica Sinica, 2023, 43(4):
0404001.

SE, AR, ARRE, . 2T PY/GaN/AIGaN 55 45 5 1 L

(21]

[22]

(23]

[24]

[25]

[26]

(27]

[28]

[29]

[30]

[31]

[32]

[33]

2004001-8

e B AMR I AR [T]. D274, 2023, 43(3): 0304002,

Wu G, Tang L B, Hao Q, et al. Dual-band and high-
responsivity ultraviolet detector based on Pt/GaN/AlGaN
heterojunction[J]. Acta Optica Sinica, 2023, 43(3): 0304002.

JA Rk fa, TR, HEE, 4. p-i-n 454 GaN 6 it B0 25 M v 1 oF
FE[I). P E#OE, 2011, 38(1): 0117001,

Zhou M Y, Zhou L., Zheng N, et al. Investigation on properties
of p-i-n structured GaN photodetectors[J]. Chinese Journal of
Lasers, 2011, 38(1): 0117001.

JEIMG, ZEAR A, AR A RGN I B p-ion 54 GaN 4R
2% A9 i-GaN Ml p-GaN J& B 8231 [1]. & 62, 2015, 36(9):
1034-1040.

Zhou M, Li C Y, Zhao D G. Effects and design of i-GaN and p-
GaN layer thickness on the back-illuminated and front-
illuminated GaN p-i-n ultraviolet photodetectors[J]. Chinese
Journal of Luminescence, 2015, 36(9): 1034-1040.

Clinton E A, Vadiee E, Shen S C, et al. Negative differential
resistance in GaN homojunction tunnel diodes and low voltage
loss tunnel contacts[J]. Applied Physics Letters, 2018, 112(25):
252103.

BA, BB . p-i-n InP/InGaAs 't #3510 2% (4 HL 3 B oL 728 4%
PEWFIELIN. 241, 2021, 42(1): 1-5, 32.

Xia S J, Chen J.
characteristics of p-i-n InP/InGaAs photodetector[J]. Infrared,
2021, 42(1): 1-5, 32.

T RL . G T 2 S AR T A 5 SO A R T 25 1 B Al 5 (D .
K& HMHRY, 2014: 87.

Feng S. Basic research on semiconductor characteristics of boron

Research on current and capacitance

nitride and ultraviolet photoelectric detector[D]. Changchun: Jilin
University, 2014: 87.

ATLAS user’s manual: device simulation software: Version 5.
20. 2. R[M]. Santa Clara: SILVACO International, 2015: 96-
97, 154.

Xie F, Gu Y, Hu Z J, et al. Ultra-low dark current back-
illuminated AlGaN-based solar-blind ultraviolet photodetectors
with broad spectral response[J]. Optics Express, 2022, 30(13):
23756-23762.

Jubadi W M, Noor S N M. Simulations of variable I-layer
thickness effects on silicon PIN diode I-V characteristics[C]//
2010 IEEE Symposium on Industrial Electronics and
Applications (ISIEA), October 3-5, 2010, Penang, Malaysia.
New York: IEEE Press, 2011: 428-432.

L, AR, L A RS PIN O A BRI 2% 45 44 2 Bl L
PERREIRZ M [T]. 2 AL, 2013, 34(3): 379-382.

Wang W, Bai C X, Feng Q, et al. Influence of structure
parameters on performance of silicon PIN photodetector[J].
Semiconductor Optoelectronics, 2013, 34(3): 379-382.

Chen H, Verheyen P, De Heyn P, et al. Dark current analysis
in high-speed germanium p-i-n waveguide photodetectors[J].
Journal of Applied Physics, 2016, 119(21): 213105.

Zhao X W, Wang G L, Lin H X, et al. High performance p-i-n
photodetectors on Ge-on-insulator platform[J]. Nanomaterials,
2021, 11(5): 1125.

Wang C K, Ko T K, Chang C S, et al. The thickness effect of
p-AlGaN blocking Layer in UV-a bandpass photodetectors[J].
IEEE Photonics Technology Letters, 2005, 17(10): 2161-2163.

KB YR YE GaN ik LED (5 R 83+ 5 1 1 R [D].
BB IR, 2019: 9-10.

Liu M L. Study on design and manufacturing technology of GaN-
based light-emitting diodes with superior current spreading[D].
Wuhan: Wuhan University, 2019: 9-10.



55 43 3% % 20 H1/2023 £ 10 B /%324

Performance and Modeling of pin UV Photodetector with cBN-Based
Mesa Structure

Wang Jinjun’, Yang Jialun, Liu Yu, Li Ziteng, Duan Yubo
School of Electronic Information and Artificial Intelligence, Shaanxi University of Science & Technology, Xi'an
710021, Shaanxi, China

Abstract

Objective In recent years, there have been many studies on the preparation of high-quality hexagonal boron nitride (hBN)
materials and the application of hBN ultraviolet (UV) photodetectors. Cubic boron nitride (¢cBN) has a higher band gap
compared with hBN [¢BN: (6.4=+0.5) eV, hBN: (5.9£1.0) eV], and a higher hardness and melting point, which makes
cBN-based UV photodetectors more advantageous. However, on one hand, due to a large number of spontancous defects
inside ¢cBN and the non-uniform process, which result in poor doping efficiency of the prepared devices; on the other hand,
different doped impurities exhibit different optical and electrical properties, both making the poor performance of the
detectors. Additionally, different photodetector structures such as pin, APD, and heterostructure can also bring about
performance differences. Silvaco TCAD software is based on a series of physical models and physical equations that rely
on well-established solid-state and semiconductor physics theories or on some empirical formulas to accurately predict the
electrical, thermal, and optical results of semiconductor devices. Meanwhile, mesa pin photodetectors feature low dark
current and high internal quantum efficiency. Therefore, a numerical model of cBN-based mesa structured pin
photodetector is built by Silvaco TCAD software, and the effects of different doping concentrations and thicknesses of the

¢BN layer on photocurrent, dark current, and internal quantum efficiency of this model are calculated.

Methods The numerical calculation model of cBN-based mesa-structured pin is built by Silvaco TCAD software (Fig.
2). As the intrinsic layer is n-type by default in the undoped case, it is replaced by a n-type ¢BN with a doping
concentration of 1 X 10" ¢cm * and a thickness of 0. 6 um, and p-type and n-type background carrier concentrations are set
as 1X10" em™® and 110" em™? with thicknesses of 0. 1 gm and 2.0 pm respectively. Based on the constant low-field
mobility model (conmob), parallel electric field-dependent mobility model (fldmob), Auger recombination, Shockley-Reed-
Hall (SRH) recombination, and basic semiconductor equations of Poisson’s equation, carrier transport equations, and
carrier continuity equations, the effects of doping concentrations of each layer and thicknesses of each layer on the
photocurrent, dark current and internal quantum efficiency are simulated and calculated by the "control variate" method.
Firstly, the spectral response of the initial structure is obtained in the deep UV band (Fig. 3), which indicates that the
device has a strong response to deep ultraviolet. Secondly, on this basis, the doping concentrations of p-type, i-type, and
n-type layers are varied to analyze the changes in performance parameters and select the better doping concentration values
with sound device performance. Finally, the thicknesses of p-type, n-type, and intrinsic layers are changed to analyze the

performance and select better values.

Results and Discussions The doping concentration of p-type rises, and the photocurrent, dark current, and internal
quantum efficiency firstly increase and then decrease (Figs. 4-6). This is because the concentration of holes in the p-type
region is higher and the probability of recombination increases, resulting in fewer electron-hole pairs generated by
photoexcitation. The photocurrent and dark current decrease with the increasing doping concentration of the i-type layer,
while internal quantum efficiency is hardly affected (Figs. 7-9). The possible reason is that the intrinsic layer is replaced by
a n-type layer and the rising electron concentration increases the recombination probability, leading to the decreased
photocurrent. The dark current decreases with the rising doping concentration which enhances the built-in electric field.
The dark current increases with the increasing doping concentration of the n-type layer (Fig. 11), but the photocurrent and
internal quantum efficiency decrease with it (Figs. 10 and 12). The possible reason is that the heavy doping concentration
of the n-type layer increases the diffusion current inside the region, which causes decreased photocurrent and internal
quantum efficiency and increased dark current. The photocurrent and internal quantum efficiency decrease while the dark
current increases with the rising thickness of the p-type layer (Figs. 13-15). Many photogenerated carriers will be absorbed
by the p-type layer, which is too thick to allow carriers to diffuse into the electric field region and form photocurrent. The
dark current increases with the thickness of the intrinsic layer while the internal quantum efficiency decreases with it (Figs.
17 and 18). Differently, the thicker intrinsic layer thickness leads to a smaller photocurrent at low bias, but the
photocurrent is positively correlated with thickness at high bias(Fig. 16). Thus, the effect of bias voltage on photocurrent

should be considered. An increase in the n-type layer thickness increases the photocurrent but causes a little decrease in the
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internal quantum efficiency, without clear regularity of thickness and dark current (Figs. 19-21). The increasing thickness

of the n-type layer means rising light absorption area, and the rising volume/area ratio decreases the recombination. Those
could be the possible factors for the photocurrent increase, which causes the current crowding phenomenon, then local heat
concentration, and higher thermal energy obtained by electrons. Finally, Auger recombination is enhanced to reduce the

internal quantum efficiency.

Conclusions The increase in the doping concentration of the p-type layer makes all the parameters increase first and then
decrease, but the overall change has little effect. The increasing doping concentration of the i-type layer decreases the
photocurrent and dark current and has little effect on the internal quantum efficiency. The rising doping concentration of the
n-type layer makes the photocurrent and internal quantum efficiency increase, and the dark current greatly decreases to
around 107* A. Increasing the thickness of the p-type layer exerts almost no effect on the dark current, but decreases the
photocurrent and internal quantum efficiency. The rise in intrinsic layer thickness will increase the dark current and
decrease the internal quantum efficiency. The photocurrent change with the thickness of the intrinsic layer may also be
controlled by the bias voltage. The larger thickness of the n-type layer leads to larger photocurrent, but it has little effect
on the dark current and internal quantum efficiency. Since there are no defects in the material during the simulation and the
impurities are uniformly distributed, the calculation results are ideal. However, the actual experimental preparation of the
device is influenced by the process factors, and the various defects introduced in the material and the non-uniform
distribution of impurities make the actual value worse than the simulated calculation value. Finally, the doping
concentrations of p-type, i-type, and n-type layers are set as 1X10" cm *, 1X10" cm *, and 1X10" ¢cm °, and the
thicknesses of p-type layer, i-type layer, and n-type layer are 0. 1 pum, 0.8 pum, and 2. 2 um respectively, the performance
obtains the photocurrent is 3. 910X10"° A, with a maximum dark current of 8. 177X 10
efficiency of 98. 565%.

20

A and internal quantum

Key words detector; cBN; photocurrent; dark current; internal quantum efficiency
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