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Fig. 1. Structure of the P+/P-well/deep N-well SPAD
device with polysilicon field plate.
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Fig. 2. Main front-end process steps.
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Fig. 3. Micrograph of the devices.
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Fig. 4. I-V characteristic curve of the devices.

150 |

100 |

HHE/mV

50

0
10 20 30 40 50 60 70 80 90 100
i8] /ps

SRR SR
Fig. 5. Avalanche pulse voltage signal.
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Fig. 6. DCR as a function of excess bias voltage at room

temperature.
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Fig. 7. DCR of SPAD 2 as a function of (a) temperature at
different excess bias voltage, and (b) excess bias voltage at
different temperature.

SPAD 2 fif T #E— Mo PERE MR, PRANLEE HAE
ANTr 3k A R T s T RE.

K 7(a) JB/R T SPAD 2 78 AN Al i KT Y
DCR B X R, MR H 25 C Bz
65 °C B}, DCR 1, R T IR XHZERF1
s, UL DCR A EZORIEAJE BTBT, i
S BAEMICHIRE IS, SPAD 2 TEAMIRE T
1 DCR. Bt R AR SLAnE 7(b) FiR, 65 °C
A A SR AN 4, 3R R R 2 BB 7R 37 19 e e T
FEN 65 C Zedy, EIRIRE T Rrek TAE—Behl a5
A TC TR TAE. WAL T 55 °C B, 70 &
01V EFZE 35 VIR, SPAD #1419
DCR % ¥ 34 in, B & 55 A il & BE 3258 T 1
DCR W34 e 1722, 34K FLT 10 kHz. £
FiR 25 CF, fEdwIE 1.5 VB, #5411 DCR
3.7 kHz. M 45 3R WI7E 28 14 P+A J5 X
STI Z [AlyE FL 2 fb kit A v] LU W 20 SPAD ##
Ry mE T EcERE. RIBERATE 55 C K, e T 24
REMRE SPAD 2 RIS THECMERERRE TR Tk
A Z iR SPAD 1.

3 DCR#H# 5 TCAD (7 &

WK CMOS T. £ F SPAD #5141 % 11
A M= A-E A (SRH) . B4 BIRE 28 (TAT) M
Wb 2 (BTBT) = £ = A pL| 1920, W€
K6 &ZB, fEEIR 0.1 VidmET, LLmEER
VEFLERR DCR ik #] T 4 kHz ££47. BTBT #L
il RAE S A R e B 2 T A X (AR & T
7x10° V/cm) X W L (% 57k A 0 3% 2, SRH
ML B9 52 1 = phy 38 FBR B s, 1T TAT ML
B T 32 BNELERZ I A1, B TAT P2 i
T EH R, 7RO A% A R BRI,
TAT HLEI B0 = A4 5 2 S 4EH. SPAD #%
PRSI IX B TR, & BRIy 2 X
B AR Y 1 B B A DR P DX Sl R S R 2 B AR
) STT X3k, B LAORAF 3R X S i T TAT AL
FE A B ROR BE 200 . R HH [R5 jE SRH A
TAT ML FIRON 8RR SRH B 55 Sl AH e
PRI T 7 A 2R AT LA T AR
n;-(1+ 1)

2.7

Forp ny BAMERGR TR, 70 2R T340,

G~ (1)

148501-4


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

Y] 32 2 3R Acta Phys. Sin. Vol. 69, No. 14 (2020)

148501

1
- xXr .
Nt'vth'an

(2)

70

3oky-T

*
ml’l

X HL N, ARG L, vy, SRR T, kg B
IRZE S TR, TRAIS L, my AR T Uk
. 534h, T2 TAT ML AH 8955800 14 i 5
B, Fomh

F:2\/§%exp [(E)2], 4)

: (3)

Uth =

Er

* 3

Er = V2 mqt . }_EkB o (5)

K, EARFEHTE08, h kb w5, ¢ 2

R, mp (CRETFREA R, SRS
Bhmr = 0.25myg, mg /& F A PRI,

2 8T O ER DX R A i Tk, )

PR BEEASE DCR AT R A
DCRyap = GaPaA W, + G PA W, (6)

Hrh G, 1 G, 43512055 3 DX R4 208 DI i) 2
TIAEH, Py, Py Ay, Ay, W W, 23 5EPIAN X
S5 i M | AT BRI JEE B

J T fEAERA S E) DCR B! b i 56 B S5
T fil & ME SRR L Y o A, AT T T TCAD
fiE. |/AEET SMIC 0.18-um T. 2w fe,
SILVACO Athena T HX} PHATRX HAHN 10 pm
) SPAD 1 #1SPAD 2 47T T2, &
JE RS T 205 ELARA W 28 R 25 R N 2% B o A1, Pl
A SILVACO Atlas T H#Ff7 T 35 A1) —4E 8%

45 B 75 TCAD fjj 5}, B& T 7E SPAD_2 1y
P+ J5 X STI Z (8] & T £ ke sk, A
SPAD # A S5 I B AR A A FLAR 10 pm
F) P+HATRXFEALE— N P B, 85208 2.2 pm,
WEAEHEZI A 6 x 1017 em 3, % N BFEZSER 1.5 um
AR HIEAEHE BE 29 2 x 107 cm 3. FE g PR
T Conmob F1 Fldmob iF £ A K SRH 2 i
F e A A L | Selberherr Bilf 1 HL B AR A A
Geiger BB 55 DI RS 28 R O HEL 22 5 1, XT L T
SPAD 743 UL S RES AT 5 1 B 4340

1 8(a) A& 8(b) 434 SPAD_1 fISPAD_ 2
) 2k 305 A AR I, X STT M AR 3R & hi X
B A R T T R R, T LU
PRI i X L7 LA ], S50R29°0 1.5 pm,
JEREZ R 0.8 pm, WEHHIAS] 4.7 x 10° V/cm.
AR X I, WA Z ekt SPAD_ 11
HL R B, A0 F 10° V/em B2 M T
Z AR SPAD 2 R4 A DX I8 17 I {E L 7
SIAT STI NFR, #ERIT T 0.5—0.7 um AR
B F AL, AP I XU R4 [k SPAD 1
AR T 25%, PTG A50H 55 T ST BRI il o AH ¢
)= 2 U 1 Bl F 3 1) DR A B i PR AS o
ARG TR R . 35 50 TCAD i Bt —25 48
/R SPAD _ 2 #4413 3R X I A 4 I 55 T LA
A, DRI X80 25 i & MR AL BH R B AIR, 7E
0.4 V ifwET SPAD 1 #1SPAD 2 ¥ P, 533l h
0.07 A1 0.01. BRILZ AN, BIASRAF 0 HoAl Y DCR
BANTE S HE—FE, 2 150 TiRER 0.4 V
(N E-tT R NIOBERIP S 74 RV 2

0 0
0.5 0.7
1 1
2 2
3 3
4 4
5 5
6 6
0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 14 16 18 20

Microns Microns

Kl 8 TCAD —#km Kl (a) SPAD_1; (b) SPAD_2
Fig. 8. TCAD simulation of 2D electric field: (a) SPAD_1; (b) SPAD_ 2.
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Table 1.  Summary of the key parameters for model-
ing (T=300 K, Vgx =04 V).
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Fig. 9. Calculated DCR as a function of excess bias voltage

at room temperature.
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Abstract

To suppress the effect of dark count noise on single photon avalanche diode (SPAD) detector, the
mechanism and method of reducing the dark count rate (DCR) of SPAD device by using a polysilicon field
plate is studied in this paper. Based on the 0.18-um standard CMOS process, a polysilicon field plate located
between the P+ active region and shallow trench isolation (STI) is deposited to reduce the dark count noise for
a scaleable P+ /P-well/deep N-well SPAD structure. Test results show that the DCR of SPAD device decreases
by an order of magnitude after the deposition of polysilicon field plates, and its dark count performance at high
temperature is even better than that of device without polysilicon field plate at room temperature. The TCAD
simulation further indicates that the peak electric field in the guard ring region of the SPAD device is
introduced into the STI by the field plate, and the overall electric field in the guard ring region is reduced by
25%. Finally, through modeling and calculating the DCR, the polysilicon field plate weakens the electric field of
the guard ring region with high trap density, hence the trap-related DCR is significantly reduced. Therefore, the
dark count performance of SPAD detector is effectively improved.

Keywords: single-photon avalanche diode (SPAD), dark count rate (DCR), polysilicon field plate, trap-
assisted tunneling (TAT)
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