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Abstract: The electrical characteristics of Silicon Photomultipliers(SiPMs) were analyzed on the basis
of the behavior model of a micro plasma electron in the SiPMs, and an optimum design scheme for the
SiPM front was proposed. The working principles of SiPM arrays were introduced, the electrical be-
havior model of a SiPM was given, and the advantage of SiPM for the underwater three-dimensional
depth sounder was discussed. Based on the echoing characteristics of the underwater depth sounder, a
high speed, high bandwidth preamplifier was designed, and an alternating current analysis and a tran-
sient analysis were performed. Results show that the preamplifier circuit has much high gain flatness
in the bandwidth and the phase margin is more than 60°, which ensures the integrity of signals and the
waveforms of laser pulse signals. Analysis and test results indicate that the SiPM arrays and the cir-
cuit design can satisfy the requirement of underwater three-dimensional depth sounder, and can im-

prove the target acquisition performance of the laser underwater imaging systems.
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Fig. 1 Electrical behavior model for single microcell

of SiPM
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Fig. 2 Electrical behavior model for SiPM
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Fig.3 Micrographs of design layouts of two SiPMs

PR 2 19 26 FHOCR -
N,, * PDE

N ’
H . PDE 2 SiPM BG40 2, PDE 52 $| A
SR A A i L S B ) B ) RN AT R U4

PDE(V,D=n(D V)« F,  (13)

Forbr (0 2 BE WY 1 F280% 5 « (V) J2 5 1 I 1R A
R F o SiPM RN T,

7 B 5 — R ORI B L Ok 0
I AE %R

Ny + PDE

Ntol -~ Nph.' PDE -~ ‘Vph - PDE

P( X:O):O—!e Nt =€ Niot

N= 12

(14)
LM H Ny DB FASE, S5 No i
ot kAT ROTE H A .
Nf;red:Nm(l—P(X:o)):Ntol<1—ej’%—fm) )
(15)
2 (15) AT LA 52 SiPM i w137 2 285 7
LI Ny =3 600, PDE=15% Jy il , fe /Iy 0] £ I (1)
HEFECR 7, F KT B O FHOR T 20 J1, 8h
FOS(EN =B NG 7 S o i I A W D
SiPM i FH T 7K T 10 3 1 98 422 o i LA 4
2.4 EFESHESEE
SiPM [y i5f ] 43 B4 1 3 232 3 2 A S50
AU 0 7 ST M L 1 B ol 1 I T A )
T RERTT] trecovery s FEHT tone 4
fonset = 2. 2R, (CHCL) . (16)
trecovery FT VR K FELBHL 27 AR FRLZS L S 25 HL S
SiPM 43 Aii 25 TR 8 AN

brecovery 2. 2R (CHCp) . a7

X P A B (8] A 7E — 7€ £} 3 AT 52 i SiPML Y
SE I AEE
2.5 %

— AT LAOE SiPM A TOT DG ELIX

PR — AN T2 N B 2 AN T RO T
iz gy b B v Rl 4 7 AR T 2 L A O AT 7 A
AL, SIPM 3 45 AT | R 25
= CTCO VA=V (CHCIAV
q q
2.6 MRAEHMH
SiPM [y g 5 B2y 185 31450 R 3RS ik ol .
WA T A, SIPM N 2 i T 30 & i
FEA LA O O Bl R S LR S SO
B, TRINES Y R AL By Mo B R I
I F B3 F, BRPR AR F I RHOTZ
) J& B & A 35 095 19 B0 s ) T 7 AR SRR U, o
P KN 3z S04 o6 =22 (8] 18] B 1) 52 W), 24 540G 8] B
U/ IN ST S 2 B IR R R e R A BROC R Y
e kb 5 H I RICR 2 AR A R
TERR TS A 0 45 DX B 1 & 0 L L 38 RSB
5 14 5 Jk b 0 IS T R R ik of B H 22

(18

3 & AL

SiPM H A7 5 0 [ 58 50, w7 0
R AE W 2RO 0 BB PN L O HLEL A AR = 1 I 43 B
REPE B T K B AE B A P AR SCi
T 3T SiPM BESI ) =24 RAL . R G0 R
SEAE H 48 S G UR , i SIPM. B 51 AE R K R 3k (8145
A OY B U AR 38 S AR IO Y i 5 B bR
PHES | S S A R R T AR AR R S UK R H AR B R
W5 A AR, Hodr, SIPM R Rif I BT 22 3% 3T
W Ry T, T AL AR — AR TE T Y R
SiPM 1% A5 5 3547 2tk B — B o, B,
AT SensL A H B SPMAarryd YEN RG I =
0 [ 3 Hz WA

SPMArray4 j—3k 4 X 4 ()£ FH#% SiPM [
F1) . BB B 0 25 3 R R T B TE] R 800 ~ 900
ps MG SensL 23 A 45 H 1 B AN TLITC 19 BN T OT
R h 4R, 24 AV=2 V I, 325y 1 X10°, itk
it C+CL.=80 fF,R,=4.8 kQ ., HAthh
SensL A E] 45 9 BCHE 0 R =400 kQ, G 2k H
L H 20 pF. SPMAarryd & MR EE WK T
3 6004 » B MG FE 11 Wi g 3h 2SR e ik 4 A
B g, IR T I RS ECR A 8 MHz,

MR 5 8 A 57 () SiPMLHL AT oM R f 1k



5% 8 3

e Hi 7 5 4 - SIPM 91 L -4 4 AR = 4 00 PR AN 3y HL 24 0 1 1665

Wit T SPMArrayd (5 & K 25 4k, JE AT T
WAL /KR R0 R [ 55 450 3 0 s 3k L
H MHz, K T i S st Y i K &% AD8009
HBETHHE — FOR L i, AD8009 & — 3K i 4 H
TR B R A, W35 2 i ANME AN
700 MHz, KA5 5 #7 56 N 440 MHz, &% 5k
5500 V/ps, A8 H T @ M55 ik, it
R 2R — SRR L B AN BT 4 TR

Vbias

SiPM

€4 SiPM A& HORS R 2K
Fig. 4 Circuit drawing for one channel of SiPM pre-

amplifier

FIH Multisim #4737 7 SiPM B H, F 17
Shy R R R B K HRL % I X AR ROK H R AT
T A4 AT RN R 2 43 A H e 38 3 4 B an TS I

4.0
2.0
I
'5 1.0
‘g
;05
=
0.25
0.125
0.062 5
M M ™ 40M 70M 400M 16 4G 10G
e Frequency/Hz
3
£-40
~
—60
1k 4k 7k 40k 70k 400k 1M 4M 10M  40M 100M 400M 1G
Frequency/Hz
HWX) H3)

5 SIPM Hij & H B A4 58 i 7 T
Fig.5 AC Analysis of SiPM preamplifier circuit

. B V8D e FE ORI  E V5)
Ee NG N N SR AN T S\ QDR T RN
B ml DL 2 R R I B 6% 7 AR B 1 A
WX SIPM Y i A5 5 BEAT ROR A AL AR
KT 607, 0] LA 7K R [ 9% 45 5 A9 R T 220k
AT E BOK AR 5 R ) Balun #4508 22 00 15
ST

I BOK L B A RS A A an il 6 s, BT
(iR 28 A SIPM Y BT A7 S A5 R R L 1Y
SiPM i 15 5. b TE Al 2R Ok mIE R K
SiPM {555 #E 47 UK Ja 1 4 A5 5 I B 45
A DU Y 32050K H B 58 4 T LA R K

Voltage/V

50 100 150 200
- % Time/ns
&6 g'®

Bl 6 SiPM R A B A B

Fig. 6 Transient analysis of SIPM preamplifier circuit

4 LR

SiPM ¥4 71 1 i B 0O L B AR AN AT 7 B

[§ 7 SIPM Rl il K F B AR R
Fig. 7 Circuit boards of SiPM preamplifier

BOGA A NG AT A4 Nd = YAG B0
e I KN 532 nm, Bkib SN 8 ns. fER
W X SIPM. ¥ 51) R B 7550 P, B Bl R AT I . SR
Al TEKTRONIX TDS2024 BRI 7 174678 Ik o5 ic
s B I A 5 A Balun % A9 6705 L 30 S 45
R 8 iR,



1666 b e

K TR

5% 20 &

TDS2024 fEAE I PTE R W UCR BRI 45 5L . B
T kg A8 I R 580 BE T TET ) U SRy ARSI BT RS Y L
SRR A 5, 5 T U4 S AR I ST 208 P4 1) it BE F
SHES . PN B A e 06 8] B T 5545 4
5 R BE G [A] B 43 591 R 30 m A1 12 m, 5 S BR
R R = SO S 11138 A | NI 5 R W= Y B
Bl WO A 2T IR X 7S U A% R H B T L AE S
B 7 FH v oR] SR T 48 R A =X DA B

R amov
RefD 1.00v 100ns

CHT 100V

B8 SIPM % i 5 5 22wy RO o i
Fig. 8 Output signals of SiPM preamplifier

SiPM J2& — RV BLAT o R B v AR L R
R BE g IR )20 B RE 0 L AR AR R Y T 2 AR
i ELX RE G i G AU KRRV BB A2

S & UMk :

[1] BUZHAN P.DOLGOSHEIN B. Silicon photomultipli-
er and its possible applications [J]. Nuclear Instru-
ments and Methods in Physics Research,2003,504 ;48-
52.

[2] GOLOVINA V,SAVELIEV V. Novel type of ava-
lanche photo detector with Geiger mode operation
[J]. Nuclear Instruments and Methods in Physics
Research,2004,518:560-564.

[3] STEWART A G, SAVELIEV V. Performance of
1 mm?* silicon photomultiplier [J]. IEEE Journal
of Quantum Electronics, 2008,44(2) :157-164.

[4] FINOCCHIARO P,PAPPALARDO A. Character-
ization of a novel 100-channel silicon photomultipli-

er-part I:noisel J]. IEEE Transactions on Electron

BE B B I 1K 45 R A A5 e R aT ol e Al
BEASFHIE 2 A B 1 0] Bk 4515 Al 41 A 9 I
FE— L, AU [RDE 2 00 25 B 31 A1 45 ] — A~
PRI 5 B 51 AT AR B 22 A I AGE (K TR K
S5) NI R AL R GE 454 . 6 1 ) 1o 3 285 91 R 3k
AP R AL SR FA SN, S HEE
S HL A A R L T DL R IS R G A A R A
3BT AR 25 S W, SIPM 58 42 RE % 1 T K
T =400, AR B AE#, SiPM Arrays B4 BT i
HL 2 BT R A R R G 4 MR 1) A
53 KT AR 5 9 el 9 X 422 W 2% 8 i T AR
AR . AR SCAT TR SIPM R B K L % 7R AR
Pt (015 5 D)L AW 7 17 i 7 — S50 R A o 4
FEARGRUE 75 5 10 58 B M 0 B0 S S e 17 06
ik bk R e R A 22 R R I R A R DR R T
WOCHK 55 T . 2B R 58 P A8 200K H it
Z UMY VC G U I R DL BR R e 5E L
ERFELEAPOR I ON 1Y ORI 3 2 & X A&
W TGS, DR HE— 20 0B I (B M VBN 43 A
FFAF 5 HURD = 4 T A
KOG T F B P AT AR O R R
SR T-Br 2 — . SiPM i 1 9% K 98 [ o8 4 5
TR e 1 AR B L 58 A RE A
JE T PRI AN 5 A T 2L K AR B K .

Devices, 2008,55(10) :2757-2764.

[5] FINOCCHIARO P, PAPPALARDO A. Character-
ization of a novel 100-channel silicon photomultipli-
er-part 1I: charge and time [J]. IEEE Transactions
on Electron Devices, 2008,55(10) :2765-2773.

[6] PETASECCA M,ALPAT B. Thermal and electri-
cal characterization of silicon photomultiplier [ ] ].
IEEE Nuclear Science Symposium Conference Re-
cord, 2007,24(124):1275-1278.

[7] STEWART A G,GREENE O’ SULLIVAN E, et
al.. Study of the properties of new SiPM Detectors
[J]. SPIE, 2006,6119:61190A.

[8] RENKER D. Geiger-mode avalanche photodiodes,
history, properties and problems[J]. Nuclear In-
struments and Methods in Physics Research 2006, A
(567) :48-56.



5 8 3] e H AN A SIPM B 51 H 4 M AT R — A DU R AT v F 2= Ak 1667
[9] GEORGIEVSKYA E A, KLEMIN S N. The solid- rays_J]. IEEE Electronic Components and Tech-

(10]

[11]

(12]

[13]

[14]

[15]

state silicon photomultiplier for a wide range of ap-
plications [J]. SPIE, 2003,5126:37-42.
ERAERDS P, LEGRE M. SiPM for fast photon-
counting and multi-photon detection [J]. Optics
Express, 2007,15(22) :14539-14549.
OTTE A N,BARRAL J. A test of silicon photo-
multipliers as readout for PET[J]. Nuclear In-
struments and Methods in Physics Research ,2003,
504 :48-52.
LLOSAG,NICOLA B. Energy and timing resolu-
tion studies with silicon photomultipliers (SiPMs)
and 4-Pixel SiPM matrices for PET[J]. IEEE
Transactions on Nuclear Science, 2009, 56 (3):
543-548.
PESTOTNIK R,DOLENEC R. Silicon photomul-
tiplier as a detector of cherenkov photons [ ]].
IEEE Nuclear Science Symposium Conference
Record, 2007, N41(3):2093-2096.
DHULLA V,CHENG L. Silicon photomultiplier:
detector for highly sensitive fluorescence signals
[Cl.

Quantum Electronics and Laser Science Confer-

Conference on Lasers and Electro-Optics/

ence and Phonotic Applications Systems Technolo-
giess 2008.
SON K T. LEE C C. Multiple-target laser range

finding receivers using silicon photomultiplier ar-

EE R

BEA985—), 55 g =T A,
WA EENFHOLKT =48R
TN AR A5 5 515 B A 3 Jr m i o
5% . E-mail: niruijie08 @ mails. gucas.

ac. cn

[16]

[17]

[18]

[19]

[20]

[21]

[22]

-

S
. A
-_

L

nology Conference, 2009:2131-2136.

HAITZ R H. Model for the electrical behavior of a
microplasmalJ]. Jowrnal of Applied Physics,
1964,35(5):1370-1376.

COVA S,GHIONI M. Avalanche photodiodes and
quenching circuits for single-photon detection[ J].
Applied Optics,1996,35(12):1956-1976.

CORSI F,DRAGONE A. Modeling a silicon pho-
tomultiplier (SiPM) as a signal source for opti-
mum front-end design[ J]. Nuclear Instruments
and Methods in Physics Research, 2007,572:416-
418.

SEIFERT S, SCHAART D R. High bandwidth
preamplifier for SiPM-Based TOF PET scintilla-
tion detectors[J]. IEEE Nuclear Science Sympo-
sium Conference Record, 2008, NM1 (2): 1616-
1619.

STEWART A G, SAVELIEV V. Performance of
1-mm® silicon photomultiplier[J]. IEEE Journal
of Quantum Electronics,2008,44(2) :157-164.
DUNTLEY S Q. Light in the sea[J]. Journal of
Optical Society of America. 1963.53:214-233.
GILBERT G D. Deep sea light attenuation meas-
urements at 2 000 m depth [J]. NOTS Technical
Publication, 1965.

BEE Q967 —), B, WS AL BT
YO B AR R, B 5K 863 1R IR
BEHEALRETLURA, FENE
55 505 B AL FRDG R S AT oE
E-mail: xzy158@163. com



1668

e KW TR

5% 20 &

FHE (1966 —), 5F . &M AR
WFEE 01, EZENFOCR RN 55 54
By #F 5%, E-mail: wanghuachuang @

163. com

BOE£A986—) . H IR EN B+
oA, N FWOL T 5 B E 54
T AR B HFFY . E-mail: cheng610a@

163. com

SUmE A

KR (1950 —), 55, IWIDR#ERAN L BF 5T
GO LA, E K 863 1R L R
il T S A TR 5L, FENFO
AR, HAR R ER G R M58 T
f£. E-mail: qhzhang@ioe. ac. cn

@ THTE

S FE S B A &R SPPs HS kB

(BlhA¥y RAIRFER. T4 REH 066004)

AT BENE AT S R S A PR AR R4 B TR (Surface Plasmon Polaritons, SPPs) (&, i1 T —
FROCHAR G i nT 4E B SPPs S 3 B . /W T 8 8 SPPs L8k 1 i 0 Re e, R JE — 2540 T 45 A8 X S 5
ZAF G BB 1 43 BT A5 1 254 B 1 — SRR PE . S5 AR R T OIS S 454 19 2k 7 A 1) SPPs U
HAT I 25 00 5 ) U P T A ) 2 T e A o U S L RO AT RO YT SPPs BV L R TR G IR
K 710 nm Ze A7 (090 WG I AE S2 BLA Ak Y SPPs 4%, X — 25 B (10 BF i % T b 25 88 1 B0 o i
FNGH A G 27 B I 5E B AR U A 2 3L



