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Abstract; In the study of particle detectors, based on digital signal processing, since the particle detectors for the
relatively low energy of the incident particle, the noise characteristic of the circuit impact on the ultimate
performance of the circuit is very large. Particle detector readout circuit noise model created in MATLAB Simulink
environment, including thermal noise, shot noise and low-frequency noise. Simulation of the three types of the
power spectral density of the noise on the basis of the model in this article a good fit to the three noise power spectral
density function curve simulation results with the theoretical analysis of the curve obtained with the relationship of
the input signal frequency changes. Further, the results are consistent with the simulation results with noise
sequence of the three noise power spectral density function curve obtained by the power spectrum calculating, in
order to verify the generated noise sequence model is correct,

Key words: particle detector; readout circuit; noise model; power spectral density; noise sequence

1 5|8

BLFHRNGRIE N RERB R TEFREEN—
KRG, BIERBOR B EHRUR N BATES Bl
BEASTRTREER A EFR FNES T
— R A5 S AL B B, R TR I R R RE AR E S
R FAN AL 2 v B LR AR S D BB AR 7E
FM RGP RER LB THRERT.

FER TR AR E BB P RS R =

W EE: 2012—10—12; {EEHHE: 2012—11—27

B3 SRS ORI MR S AR SRR 75 , A HIRZ R a
WarE , b MRS, c MRS, a MRS B AR FS hFR 0 RS
BRH RIS , B T3S R — N b RS ED
BORE S ARV B IR RS, B D R 5 AR
HI- 5 R B ¢ eSS, 4l 1/ f 1
FyEHMREEES 1/ REK. o BEF 1.5
BB ABTHABTN T L URSHRBE X &
SCH) FE BB RAEXT R T BRI 2552 ) o B Xy MR A e
PR RE 2 F MATLAB 9 Simulink 335 2

E£TH: BRARB¥EE4(60236020) ;b1 BRBHFES (4112029 ; b E AT HEA B m LI H (KM201211232018)



14 P TS5 THE L

2013 &

SEALT BRI AR ) P B R R AT O AR R, HE
X IR P T R IR A7 LR IR A R ) P RE.

2 FNRSEEFRERRER

B R GAERY D R T R B BRI
WASSh B OIERRFS , B B HORAS , HABE RIS
Bk ¥ 28 (Analog-to-Digital Converter, ADC), {
FAF S AL BRES T 4T PR 4 A B 4 S AR, i 1
B,

%
A L8
o {38
L o—{8rm e BE
LR B A

(i |

1 HFRUARGTEE

WA 1 WRREEIFR, REHEH a,b,c 1
EFIRALMRR, a,b, c WS R 45 IR H T 14 75 A0
CSA 7 %33 CSA Ha i I i R 75 , BEAL MR A
T ADC W E/E BT E RS, BRA
WA, TLRAY a AR E T %, B
3 A PR TR I AR Y R B R MR
A =28 IARTE ORI S RS AR 7S, Bl 2 BRAS, b
WRFT o BRAE. BRI a RS, b BRAS, ¢ IR
IXLEWRTS , ST TR A S B IR A i H e A Bk
IR BE AR T B AT AT R G AR B,

3 EHBERHREER

3.1 alREFIIRER

a MRS Bl MR O ) SR B — AN RO
eI EUL, B RS A = ANEIE A SERHE] N 0, 3F
W REFEEMSYEERILR. (B2, £%5k L,
FEARFEAEX R e, PR, RN S A R4
LI /NF R G B/ B 8] 50 R AT AR R A
WeFE. BT LA, 7R B A Y A%, 3 A — N A e
(B /N T 2R G B S B T B B BT 51 RS 4L 1 e
75 ,simulink B £ source FLIR X LRI, BP
Band-Limited White Noise f5t,

Band-Limited White Noise #3t4H =13 %,
Noise power A M 5 f#) B2 3f) Ty K 3% % $; Sample
time A 3CHT [H] ; Seed A BEHLIF 5 A B 28 B FF 4G F
T HE—NRGEH, A [F] B M A IR UK [6] B Foh 7 5 sl
RAFRE A, a M 7S FF 3 B AR AR RGN 2
s,

a2noiseseq

i

Band-Limited
White Noise

a2 noise sequence

2 alEFEFYIRERER

3.2 bRREFRIIHEE

b BpstS) gy TR 55 4R I BUR L
XFF CSA FFRH A BB LR UL, b M7= P50 1] LAGE
it MRS et — AR A 2 AR B, X T SR AR L Y
1ETE » b W75 0] LIE o —A>— Hr R B IR B #5453
T8 I 2% AR A 0T L B BN ] B o =Rp % Cry b IR
PR3 M A AR AL AN 3 BT,

Iiw 1
s+1/taof

Band-Limited
White Noisel

b2noiseseq

Transfer Fenl b2 noise sequence

B3 CSAEZHBFHT bREFIMNERRE

3.3 cRERFIIKEE

HT U/ 3BT E R HRE RS
TSR » AH X B s BRI , BF LA ZE AR Y R S AR A vh R 0
AIMA L/ fBETR. fEE TZRT AWK, 1/ f
MBAETERMIRAE ST W BEORRE, LHE
0.18 ym RUUTLEF 1/ fBELA G 1 SR
#9 40%6~50%. Bk, 1/ f Me7E RV AR, 20 BT &R
GLSHO 1/ f W7 B 5| B BUE 48 S 8 Bk ol i B2

1/f AR RE R EREE 1/ BIE, v
B—NEEETF 1 EE Bk, o MRS ok T 1 M
FEEEHAT R , MRS 751 Y AR X Lh A R M. EX
B, BAMEKHT SD toolbox HJ Coloured Noise 1
B, SAMEHAT DIAR $E FH P B B SO DD 5% % B A
FRAHR B ), HRBE A IR A E B — &
FIEZAFS MBI, B — N E5X 0 B IR R R
T B I X, AR BBV, SRR E
N ThRER, HS %4 . Number of Sine Waves,
RO RIESZ R B8G B, BEEE, £ RS
PP T3R5 % B 5 R P ORI ARG 3 B i
M. Number of Folds, B % & JF 4 B Th 2R i 2% 0
BT B, Ne= fou/ [ XD TERBAF
R SCH TR B S5 KA R FEOR B E , ¢ RS
73 A B RL N 4 BT,

M

Colored Noise

B4 cHBEFIINERERE

c2noiseseq

c2 noise sequence



55 8 34

YR » % BT BRI A5 3 o B R P P 5 S R SO AE 15

4 WRFEFFSIRERBIINIE

R T 56 UE MR A R B A TR ) TE B RO B, RS
FELE REBIEEMNIREEE RSS2
Wi g RS B0, B EMR S R TR
W, AT RMEA FET g o8 8, e X B BT R H
K2 MATLAB $#24it#) pwelch pR%K, &R —MFE1y
AR KT .

B 56 A Spectra SR HMA R EERBETH
123 230 B RTBE RS 5 5 R 7S T 3RS B
PR BT BE AW BE a,b, c A KR
T A R BOHE T B 2 X B R B R R TSR
B AR BOE T b A R TS B 8 R TR A M R
¥, )5 @1t pwelch BEK H 7 7 31 1 D R 3%,
ELEE M spectra 193 B Th F8 3 % B il 28 A e 75 7 5
HEB BRI 2k o] AR R A B M e
RSB MES R E 5.8 6./ 7 B,

— Mapectx BRI M }

G
-110 — T HERRG W BN R
MR Voliitibin & L 3 )

e 10' 10 10 10* 10° 10° 10 10 10’
S %f/Hz

B5 aRAEFFSIRThERIERIE

‘ (— émecmwm#mxwum

- 2502 7 ) (Kb P 5t B il A 1
LYl SR )

TH 3 §#% W BF 10%10g 10 (Psd)

A1L02 l(I)’ 16‘ 16’ 10‘6 10; 10; 10°
83 #f/Hz
B 6 bMEEAFIIRTHEBEIE

ME 5. 6.8 7 Al LIE R, B e, =g
B Th A B PR B £ K45 R S EIS 0 BTG 2
H MR ARG 5350, =R AT % B o
Both 2 B R 5% E FFES I REHT R RN
GRS, TSI T BT A 3 e 7 i B AR 2
RIEFHN, FEHBELE R FERAN— SR, 5L
PrER FERIM ARG , FFE S MRS R ELT

100 10

-40

— HopectraMHRORMHE AL
60 ——— EORSLARB MR W KW W
M BRI N

ThE % # [ 10*10g10 (Psd)
53 55 58

o
=4
3

N
2
S

Y
=
3

T A

W#f/ Hz

100 10

B7 cBREFIIHIIEFRIE
DA IX SO A YRR S ARG, BT LA, X BB 7R
WA AR R P 1 B AR A R, B T AR
MR A AR, 3T LAl o B AR AR 2 R RE AL A A 1

5 #RIF

A MATLAB ) Simulink 3R F &8 T
LRI AS L ) F B IR A AT O AR R, 3% T X
A ERIE T =R E IR EERAR
SRR TARER. FELEREY . = MRS WD Rig
P R R G R 5 TR BB 2R 1R
WG, THREFEE R R RS R SRS T
PSR EA WS R -8 REAA XS
IEET MATLAB ) Simulink 3R F &7 TR T
PRI BF 52 ) H B RS AT A BB A A PR F IR
2552 Y v BB AL R ) HE

SE LWk

0] T8, EXERHR.%. —®ATF 16 KL ADC
B LA T DAC KRB HE T LT ], B T¥5
HEL,2012,29(6) . 172—176.

(2] BR¥OG, W . RIS L s B B IR AR
BIHT). BFr=ah R ,2010,10(1) :29—32.

(3] #AH, LR mRik & CMOS B4 4 8 A H1 6t
IR T] BB F¥E5IHENL,2011,28(11):18—22,

(4] #&F, XA 2T DSP B4k % 18 Bk v 08 BE 047 2%
BT AR, 2007, 30(6):532—536.

[5] Drndarevic V, Ryge R, Gozani T. Digital signal pro-
cessing for high rate gammay— ray spectroscopy[J].
Nucl Instr and Meth, 1989( A277).532—536.

EEH

BRRIE 4, (1981, [t YW, BF5er i AR A S
gt

FAF F,Q077), [\t BIHER. BTN SOC RE
Bt B T,



