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Abstract

Abstract

Readout electronic system is an important research project in high energy physics
experiments. A reliable and capable readout electronic system plays a key role in the
experiments.

This dissertation demonstrated the research of photomultiplier tube (PMT) readout
electronic system for Daya Bay neutrino experiment. The Front End Electronic (FEE) system
for Daya Bay experiment had been developed based on ATLAS and BESIII FEE. The design
scheme of FEE is full introduced in this paper.

Comparing with other similar Front End Electronic systems designed in Europe and USA,
our system has a larger dynamic range and a better resolution for small signals. The
conclusion with FEE tested in DAQ. Prototype and Dryrun show that it is feasible to achieve a
more accurate charge and time measurement resolution and a wider dynamic range when using
our FEE board. The board design is successful and can meet the requirements of PMT readout
for Daya Bay Neutrino Experiment.

Ringing was found in the PMT signal test, which was an important part of the PMT
readout electronic study, and the piezoelectric effect of ceramic capacitors under high voltage
was found as the cause of the ringing. That was the first time to find and solve such ringing
signal problem in high energy physics experiment home and abroad.

The FEE data analysis which study the FEE readout time window. check the performance
Flash ADC. analyze the LED event trigger efficiency is a effective way to improve the design
of FEE.

The basic design of PMT readout electronic system for Daya Bay neutrino experiment
has been completed. The final design of FEE system has passed the experts’ review in 20009.
FEE was applied successfully during DryRun experiment in 2010, and the results of the
experiment showed that the capability and reliability of the FEE could fulfill the demand of
Daya Bay experiment.

Keywords: Daya Bay Neutrino Experiment, PMT Readout Electronic System, FEE, PMT
Signal Study, Data Analysis;
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2.2.1 FIRMEE
BRI T WAL S D (AD)IRIN S« IK USRI 25 A1 BH PR (RPC) R 25 3 Fh

I B, 0 2-3 PR, ESERIT N E 2 A AD LA, SR TCE 4 A
AD.

"
FOREREE SUEEE N

B 2-3 SWXT GEFF) T~EE
2.2.2 Hul (AD)IR M 25

ORISR B — A AR 5 K. 5 OKETIIN AT B As 10 R 1B 2-4 P

I11. Oil Buffer

II. y catcher

§:9:-9:9

Tie-
Y
Fyd
ol
Py
i
It

B 2-4 £: \RNB[EEE, MHREEEMNZERENRRE: A: ZREANATEE. REEAE
B, hEAKER RINBEATHHE.

[8)]



R 5250 PMT 52 H #1225

BARINERAR GBRIND A0 37 IS AL T i BUZ (D, )z A ISERER SO
AR N ER AR R, BANE QD P he iz, FIOR BERSORIR O P HE AN o

2.2.3 REFEFRNzE
FH SRR b R T S 1 R AR R IR . R U N IX AR )
TR Es A A E . BRI 2 &2 TUA AR 1 v )67, AR R OERI
A T 7K DB AR > B i /N

DAYA BAY MUON SYSTEM

—CAVE

= WATER

ANTI-NEUTRING
3 DETECTORS

B PMT s —a

B 25 SWATMRE. FiRARESREMIRERT, SFEAHREA PRCHFMEE, 2.5m BaKkRE
REMAR 8 THX B IEHE.
2-5 JE 4 RAT A RGARETT KT B BRSO SRS B R B A
WA KRR, A T Z RPC #R A, 57K B SRR I B T e w
THISERELRI

2.3 KILERFFRE

KA [ L, T2 R 484055 PMT Readout Electronic System, RPC Readout Electronic
System, Trigger System, DAQ System F1 DCS System. Hi J-2% RS54 R i Bk Adi 45
BT ERMES R A £ O — B3 H KRG H P47 Readout Electronic System. Trigger
System 11 DAQ System.

2.3.1 PMT Readout Electronic System [“”
PMT Readout Electronic System, =% Fk F T #3028 6 v 38 4 1045 5 et 78
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o5 2 B RS S N HE Py S

RS S5 R A5 PRI AR AN K L UG R R BRI 38 PN B 22 B PMT . #% IRE 50 AT PR X
P45 Readout Electronic System B AH R AN L 2l ff isevt, HFR 258 & AN
FPGA & H T e de sl & T HR M 23 1K) % 71 H A5« PMT Readout Electronic System 1) 2 A& ¥
THRAE G S 5 1T 4 41

2.3.2 RPC Readout Electronic System 1

RPC Readout Electronic System, {FX 7 &7 ST FE B 74, H T 25
LT NI T B .

FECO0

FlatCabk

FEC01 <—||—>
Filsx
EoadCht Imawcs e
EsadTnt 5
Mo dnk g
- I
FEC14
FEC1?
—
-—

[E 2-6 RPC %K B FFRFLEMIEE

RV s N HE 7~ s2 3, BEAEARCER I 25 11945 5 4% Module 2, H Module Hij i
(1) FEC ffifF- K5 k. [FINYE FEC fiff & 5 hk 32 T8 (5 5 (WA 4 . 7€ FEC #diff Lt
A il K AL BRI D) RE, WK BEAS M (1) Trigger 185 45 v 8 Hotls U I Al A A5 5 50 O (1) 3k
Hl. 7E External-Trigger #i:0F, ZilIA [ FEC {5532 N FIFO, ZEff4sJRfuh kA% R4
(A 5 EAT B 38 18 AT 56 B e 1R

2.3.3 Trigger System 2
2-7 A Trigger System #E & . Trigger System H & & 1-fil & 2 G p, Hu4% AD
DRI B 245, RPC I 28 i %2 22 48 FH/K i P AN B M A R G5 o [] I A0 s 345 Y
BB A —ANAS H ik K AL ST LA A J5 AR Trigger Efficiency AFST IS bk R 401 Cross
Check it % -
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PMTL Time slampL AD — = Cross trigger
ki ] = === Cross trigger reguest
Co— Multiplicit; /"—: >
I FEE :lg"_} Local R, /VME * Local trigger
Trigger | . L _ . _ . _
| ; :
'  ERereySum L hoard #—— | .
i i | Time stamp
PMTn — & | | E——E———
i Cross Tr#ﬂ'bmml
_________ i
Time stamp MD L
PMTL L U™ FPoA - VME
o—» Multiplicity A i | A
| | FEE F—= TL'.‘“lr \,_;> VME \1—::>
! EnergySum | 82 - f oo ok =
!
Time stamp l REC i
RPC | . .
e FEE with < > VME | | Calib. trigger
Self-trigoer ———— e e e

B 2-7 R RGHEE

527 IBD Fffilfilk, AD HrO4RIIZE TriggerSystem i B F T+ JLAH o Ath 25 8 () fih
Ko W LED Bk R G040k, RS R I 25 MR I A K, R 8 BE B RO R BRI 2%
M [ fipd 2, B ATLAS JEC R 30 i % o

2.3.4 Clock System [**]

FUSTIE) DAQ /NR SR LTB AR S5 T4 4> AD H R 2R AN w AR INER , X Fh s vt 75
T8 MAEE T AR G R [ 2D LUK BRSO 1 SEBUOR IS SEA6 i W] H Ax, et
FORI RGN KT RGBT ok b4 Ja O BEEIN 8] o 75 2 Zedictls ol n] LU
11 (Y ERF TRD B85, KX 4l R 2 I AT 12 Wi R 20 HT o Clock System H A= MF4h JRisgi 4,
IS PR AR A TA] et H DU 23 BT 4 B

2.3.5 DAQ System 14

DAQ System =% HA5 LA N DhfE:
® i ik A 4 AL HL A A AR
® CRErh S B AT A T
® AT R g 2 flh i )k



5 2 B KOS R NIHE P T SE

® GBI IR R T BRI T . PRAT
DAQ MZEM BT 2-8 Fion. KV N HEF I RSk 3 & DAQ 41, /T
AT T S HHA — &,

DY B Site

Remote Data Logger &

r DAQ Control Consale
.
[~

Switch
—  pticsl Fiber

= Twisted Cable

2-8 HUBIRELARFHESR

DAQ B A R AM T VME BEZ T SEHLARSE. D BPFHEZL A48 BESHI 32
A FEAAHERS, B FE KRBT TR

2.3.6 DCS System [*°]

DCS System HIAfi A SE il B o & BRI 281 R GENTR) 12 %%, DCS System #iil4#
FH RS W REEAR R, WG R W ARG U
HNEZ PR S BRI 2R A . [FE DCS System &5 WIHLAR P4 RN PRI B8
SR Y. DCS System A8 5 MY AR AT i HEEUHE SRIObR RSk T R A T R AR #3 7)N
., iy G KA

B 2-9 KT RGHER o i s AR IS A AR R R, I8 N LV IE A5 PR B AR,
B . A I B2 7 RAE B L BT SCADA R 48 [R]85 rh

KMo
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HOST T JkPC
A
RS232 or TCP/IP or USE
Y
HEfaEflad OrdEED
A
CAN Bus or TCP/IP or R5485
h
A 'Y A
AD L ERMER R Hfbzhie
LAB LAB *f'el !
7| Monitor 7| Monitor
P .
| L Y

B 29 BERGER
2.4 KB IG

AN KIS 33 S o BRSSO, AR TR B IR+ Oaa (R SURIT
W H bRAHEAE E, R T RN S (X R A A 5 S L IR AL 122 R G
U L oA I A R, B R S R R R NIRRT, AR

o P A PR B Y L TS AT R AN KA 2
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3% KW SEL PMT i3 o 1 2%(FEE)

$3E ATESIE PMT iEH B FZ(FEE)

DRV 5 6 P D00 P AL AR I 3 AL 7 22 AN B 20 I ik, i i, KA s
6 (R R RS P IR 2 Vv T 7 SR 8, 7 B2 R L 1A 9 PRI 45 HC 5 1 135 e v
FRG, BT EMBRHER ERGE R BEA SIG  EAS . R, HIRORAR AR
HIA R DL T8 SR o AR 4 PMT B2 HS o3~ (FEE) B TH i ok . IR T S v
BB

3.1 K& PMT i BB FEBIRITEK

PMT i HH L 722 R 48 BRI PMT OBl s 5, f s Hifiws
BRE S EMEEAD RS

A, DIEREASG F St R ey R, DSRS0 R FE WS TR R A4 1) RE BT
Blo IXal A B BATIC > h il - 28], 0 R P AR, R S it 1 e

B. #efithi4~ PMT {55 BARREHAM 5, Befs E al DU 3800 &% i b i 1
F S N T P B A, RIS ) USRI FEAR SR I 25 3 A TR IR 5

C. Mfilk REFEHLIAT B CRBERAE BRI PMT o th &5 20, 15 4 S48 0 4B

HIEABHRIRE S I PR

% 3-1 PMT iZH B F 5 (FEE) i iHHE+R

Item specifications Justification

single channel signal | 20-50KHz at threshold of 0.25 p.e.

(noise) rate

charge dynamic range | 160 pC-1800 pC Large enough to cover up to 2000 p.e.
for coarse range when PMT gain is set to 2E7
charge dynamic range | up to 160 pC Cover all antineutrino events

for fine range

shaping width 325ns down to 1% peak value
sampling rate 40 MHz accurately determine PMT pulse shape
ADC bits 12 for both fine range and coarse range

11
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resolution(RMS) <0.16 pC sufficiently fine to resolve 1 p.e.

distribution for fine range

noise <ImV at input of FEE electronics should not contribute to
overall noise

discriminator 0-16mVv corresponding to signal amplitude at the

threshold range input of FEE

time range 0-1.3us allows for trigger latency and photon

propagation

time resolution <0.8 ns reconstruction of event vertex
channels/module 16 can fit each AD into one VME crate
NPMT outputto LTB | YES every 12.5ns, LVDS level

3.1.1 BfEME
o FH fiy Y00 2 Y [

RGP BLEESR, DRI S ZER I N5 5 AR IE A E A S g™
PSS R R RE T B ™ AR RS . R R R T A O A R SRR, RE T
L2 DN B (45 5 B AV B N B R A AR H 2GS LRI 45 (1 520 DR EE R,
G B OMC RIS, A PMT S BIK f SO6 78400 50 4>, 5 18 AR E
THOT USR] 2000 A, W 3-1 TR T BRI B AT R B I TUARN O BTk,
ATV L Anr U Y Dy 1~4000 M6 HL

T T [
B * L3 . .
. L4 . » & 9
wEe LonoLos 3
B :’ :‘ L L
oy * .
Al Y m\ o % ‘*w N" A
10°E = @+ s o E
F co -9 Q:,
Fe ki 0 . o0 a0 =
o ¥ o d
El @™ @ a @ =3 o
2%, Sy Lo @ o ®
Fe T W E c%‘ e b0 o °
105_ & %Q [ ¢¢ I{f
E R{muon)=165cm ¥ W %’W %% %
—+— Total
B —&— Cerenkov only
L S RS ST ARSI R R S R

=

50 100 150 200
PMT index (0=bottom, 200=top)

B 3-1 LIRS PMT RIS 895 BB FRIEV RIS

R Y25 SIZ 5648 FHVEE A7 (Hamamatsu) 23 7 (1) R5912 #5115l Eﬁﬁi%ﬁ(PMT) kR
FE2*107 , $ 015 PR fE - K H LT 1R 3.2pces PMIT [ 4 58 it 47 2K i) RG303
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%35 KIS PMT i3 T2 (FEE)

S 2] FEE #6155 OE AT e o in 7 50 B4R (¥ DEFC Ha B,
IR L AF FEE B N3 () W far 542 1.6pe; LK) 10 AN HL PRI AAS 576 PMT 825
1*107 IS R 3-2 R, JLIE(EZN 40mV, $2 B PMT M2t 5, o
HLFAE 2*107 8 25 N IR Y 1% 0 8mV.

la 109
L e

L —
L : 1 . £l .2|’\s
F o T o 2
- T J o a sn J

/ e .
Ampl iR 36.33mY
u 38.331252m

m:38.33m M 38.33n)
. 0.0 1.0

fIIII et \II\K‘(’\\Ili\lllillll:lll\ L I A B o B B B B

+DwrshifR1)! 2568%
|w 2.5680744

m: 2 568 Mi: 2 568
s 0.0 no10

Scale: 200mV, 10 ns
PP IR R B | P
M 40.0ns SOGSE IT 80 Opsiat

Rell  200m¥ 10.0ns

B 3-2 BRI 10 MR B FMAESEL*I0 @i TN ELER

PMT i A L 25wl tH H AT IR DG R B R BTz, AN 3RATTRT LU B PMT AL
L~ 290001}, ikt Hifig 5 251800pe;  7E R WPV SLaGh,  F5 ZEEAT R 4000 = 1Y) h - =
191 1) 't HL - ORI AR Hh 710~50, 7] I Y Muon =R 451 7= A8 (R DR AR 5t 75 2R AT M0 & s DRI ol v
A (R B BT R IR AR, KRR ) TE H 5 1.6pc~160pc(EP1~100p.e.), L)
AVu A 160pc~1800pc.

| Hamamatsu 4324 @ Gain of 10’

1.8

1.6

=
FS

:IIb!III‘I\I‘I\I‘III!III!III:IIII!III!

-k
L

Charge {nC)

o s
=] 0 a

1 2l 1

e
S

e
)

3 4 5 [ 7 a8 9
Photoelectrons {10%)

o
T R S—
N

3-3 PMT B1E PMT BIAL B FERE (G H1*107)

« HLr il LA AR
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RV 25 S 564k FH (I PMIT ) 5 1 75 7K ST KM ok 173~ 174 B 7, TR I P T2 RMIS R 75 2
AL T 10%@p.e., G753 HHEEKIA 2]20%@p.e.; X T L 70 K 1300.2p.e. 6 W 1-0.32pc,
DA MK A R A 0 FE T H b o 2910.16pe BAH A2 223K

3.1.2 Bt [E =
o I ] 0 Y

ST T 00 18 0 L B ke T fl A S 38 5 g 7 R0 g G 381 32k s v 9 A 1) D1 A5 TR s K I [
Z . HH ADCI1 it /K 28 AR U8 R A 45 i A S SR ANRE /I T-550ns, - 25 18 31 W) #1451 1)
i SRS BE VL. 2us2)) 25 U (0 I 1) R ] I Tl s AEIX AR e T IR PMTAE 5 213K 1]
UANIE], Rl DUORH s T g 6 A B A 2 L, RIS It 17 AR AN S AL SR 36 AT A
HIRT S A SN iR A2

o IR E)0 RS P
HEAS RGO IN TR R KRS BE AR P T T I A 32 e o PMT Sl i el 23,
AR TSI ZE . R PMT R8s 0, AR LAl —4
OGN TR 68K 1~2ns, IXHGR TG UG D0 AR SN R S22 e 1 (10
T A LA K S s PR I TR Sl N o R L AR R I TR RS R vl AL
0.8ns, XS HEAN ] 7 A M AR /N o

32 BEMERE

3.2.1 BRI AR
N il T SR R, A PMT RIS 5 (B8 10~20ns) 2 tRJBCK i 73 1
PHERIFATIZAN R CR-(RC)* MU LR, bR A OB 2 210 19 1% 12bit 1)
ADC XA RS 5 AT SEN AU A, B4 R I% I 40M I BT R IX 1) FPGA,
TFAEFC A BB SN 58 R AR I 308 M Bl A S A A P T A
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Peak Value = PMT output charge

High speed T /
Ampifier CR-(RC) -
PMT1 shaper for |—»| 122'5/?:0'\/' — >
fine range
FPGA
CR-(RC)* ,
12bit/40M
shaper for |—»| ADC —
coarse range

E 3-4PMT B FERGERETNERE

3.2.2 &R AT B

MHITEBOR st A9AT FA 5 T TR ARG M AT, DEBRIE F g K> FL AR
P2 e PR B R T e AT L, AT ARG A o [ INRE i B TBOK s HE R e
JRIE A HE I s A 5 HERR, A 5 AT A W IR TOUE 45 5 M 58 (1 P A 0

i Y H P OB K IR 5 AT € IR R o 2 AR GO T IR AR5 RBORTERE,
T AR G HL A M (R 7 o BT DAAE FELBR T I, SR AR A L AR It CR o) vl
A5 ) RC AR LR 2 i CR-RC JERRIE 2% o SR IR AT LR, AT AT BR
FT IR, RO AE S TR, BRARHERRAE R

NG vt A BASUBOR BB FLE 5 EAR A, B A SR O HL I RS T e
MME TR R A A 5 34T 4 X RC Bk . W&l 3-5 o,

b
L]
o

3-5 MAAMAMF BT EZE
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. BT I3 8
W OTIT4E R, Y R CR-(RC) MM OB %, RC MM UM MO, 56T
v=RC, G FIILKANIRS, ChSi IS A T4k

S, 68 RN 5 PSSP AR R P DRI FL R 3L oh 77
HHIE, WP AL, OR-(RC)* VB UE M 4 (ks 320 5.09 7, A
o, (ST RC I VR0 25nS, 2ol G EORUE,  J36/MP 1) 36 e o 5 1 56
TEH, BGRBIGE S T B2k,

3-6 R il 1 B B 25 CR-(RC) JEI BN 4R i (R . & nl LU 3,
EJW(ERZE 0 1% W5 5658 4 13.32ns, IR 70 4% (MU 55N 26.69ns.&(H, 5%
K BE U6 55 Ky 29.9ns. R, W1HSRHH 40MHz (25ns) [ESKAESIE X R T JG 1045 5 E 4T
KFE, W ADC RFEAS 5 515 5 HIFLSEE(E BN 2/ T 4%, 8] T 2K,

o, A

T T
] .
v r P
H
i

Po. Pttt [

Pos P i

] ' i

(o V
s

L

- The peak wadth of 1% resolution is -
ini. 109.20-05.07=13.32ns -
.iwi. The peak width of 4% resolution is .

" 116.43-89.74=26.69ns -
- The peak width of 5% resolution is ]
- 118.11-BB.21=20 9ng

' 1080 20rs 300 T, 5otan £0dcin Todna Bd=a
a s s

3-6 CR-(RC)* R J5 Bat& 0l H i s

3.2.3 FlgiZiE

AT R B FPGA T, A BT R IR, T ROR RS, 95
AR IR . AR 2 30 WMCEAE ADC {i/h T 4095 (ADC HiLfl
i), WMEERSN AR, R4S, 0. 4R ADC {145 T 4095 (ADC I
VIR, TIRE R “ AR, S ARgiD o 1. 0ER T “#720heR” [ ADC Hofith
B IR IE AT AP 22, AR A S O AT A ]

I T35 40K 25 119 F3 T H B L T 936 N T2y 100ns, {35 253 2 300ms.
T ARELE hit £ 55134 U5 Y 300ns S B 11 4 BEbs He S, 264008 4 B T
K AR I I, 0 HIT £35S M4 s L2 L. B ADC 3 R, ADC
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EEAU T 200ns, TR HIT £ 5 FIKJE 75 BEAE IR 200ns FEFFAA FUBRIE. th HIT 35
AU, LRI T hit (S DR, TR 8 BRI,
HRJE 200ns, SRJFTE 300ns G I B 11 P T4 LA

- rrion
. Pieak
ATZ Pipeline !
laterey 8 CLE cwcls

%

Sampled Signal

1
1
M 1
_h x
I
FIAT hit I 5
Peak Finding ™| ! I |
Time Window . : 1 :
- 1 1 e
Q 200 250 300 350 400 500 t{ns)

3-7 HFIIEFE

R U AT R 45 € I BMEAH LERS, QR T BIE, PR Sl I br S Ar A A7 3 1,
TG VA S Kl T A b s 2 5 A7 A M T R AE AR G 4%, St Bt

3.3 HfEMERE

3.3.1 BfENE4En

AT S8R 28 R R IN KA R B AR RN, FEAEIER TR, EHR T RAER
B N S K TS S S AR, e Ak S s N R ) Gd sk, O
3 8Mev KT FFIBALE A — AR, XANERES S5 IER T ES/H5E)G,
SRR R IR EAS 5o DRI A R I RE AR B R 2 B A0 A7 1) — AN R S 4

WM s A5 52 — N A — e RraEnal, WREA KANERBHE, 84 LER ] [a]
Bl &I, I T AT A I ZIAREZRAT 5 11 2K B 21t 75 22 0 AR RN o o RS A 1140 s 1] ] i
I DA ZRF T AR5 5 FMEE 1 A5 5 I B IA I Z0BEA T RS A ) e i, Wt RS 5 1 e i 2
TEATRE B A TR) T) 5 00 2 ) 28 ) A

3.3.2 Bf () & P E R 77K

TV BIE BT 5 R IEIEIL ) TDC (45 5, BERE K HBLIN 2 5oE oy o R 45 11
IS 2 BE R A AT N o SR AR 25 5 BE NS B A Lk 2 1), A i LR LA
PR

Ry A~ g gt (0 I %D g5 S5l l NZIHIUES) W ¥
FHERE AL B OBOR. JRIEAE) — I r s 4G H A5 38 I I [ 5 20 A v T 5 H
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A (107 WMZIIHIUES), W FEPTR:

far F o5 = = A S5 i L
T EEPNES B 3 12 =
- ~h".II.cu T rt
B} e BB, PR H1S S
e T
tI:I’

3-8 FEfEEMNENIETEE

MERIN 5t PR LA 5 A B LA s

ot AR to A7 RYSEIR I [A] 5

© KBRS S € T, ARy

G T REBENLE, A EKVE, JFH(t - ) B —DRENLE .

PRLHEAE I 1) 5 S0 225 B LA BN ER SR R it s N ) 583l e — IBERE )
TSR AT E I T E N, W AT b T R S A o e i R IR T
BRI, 51 A58 IR 2R 1 O AU o T IR BE e s RN, R B ke BT
I PR 2 285 1T O PSR _E I T R IR CARC) v [7) I Ak e JEE R L T B )5 2 2N

3.3.3 & F FPGA YRt [a)N &

WRE TR, S Gl PO a8 N B A i — AN NG, BB 5 — i\ i
AN B AT RS I B P o IXAS ELUR H PRI B S 1 B, 12 {7 DAC @it
VME S8 kaasil =2, BeME) skl B mde e B . REHOAR 1) 16 /N0 538 1 K AH BBk
37 DAC K=z, nf LIARSE 5N PMT (118 25 25 AN 7] 2 H50K B 5 AN A (P B 00 AR o S 31 2%
S S I TV 2 B FPGA SKSEERIK TDC NS, VE R ITFUA S 5o il FIk A7 234
5 Ik R TDC 05— Mt AN, 1Eh TDC 5 1045 5 o

18



3% KW SEL PMT i3 o 1 2%(FEE)

______________

high performance
FPGA

PMT1 ~20ns width

i

— ™| stop

start

|
1

1

|

|

|
TDC |
|
:
delay line (640 MHz) |
1

1

threshold

Vap.e.

& 3-9 PMT Bt 8 == E
o FJ ) 0 2 1) A B[]

FEIS RN & P TDC Joidk 73 # A BA I (8] (] BE L NS 5, £ FEE It R ILsE
I 1) 2y 50ns.

3.4 FEE @&t

HLEE BT 1 Je B IR IR A e, AN LG PMT B2 B i sk 22k, 5k
W N AR
WA 2B TDC; --Time Digital Convert—Inf i) % 5 4
WA AT BRI 5
T H o T U
UrAnT S B (1 B A T AT
Anar o) A A T AL B
U S VME [R5

3.4.1 FEE R {K4EH#

FEE W74 9U VME FRvERIHGLEES, SR 10 )2 BRI, A 16 % PMT {5 Sili,
L S ARG A B FE LU R LA A5 5 BOBIOR . BEUME S B i % . AD H4e. o 4
ALPREL . e B E ) . BSRUAE D RCHEZI B HL . VME #li . HYRE HE,

75 HL % T — 7 XILINX 2 7 1) Virtex 4 FPGABOSE ji T 47 18 % s 1l R B Ab 781
1B, HIhRetdh: &8s B, TDC 528, ADC il 5 5144, ADC Hdis 1) i
FEERE S Yt i 20T S0 Wi RN, 16 JEE I (R 274 4 (TDC). 200 Tfb
W R 2247« VME £ 28l thag; LR BE W PR,
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R AT SE 5 PMT 32 L 722 00F T

& 3-10 PMT i B FZRIBEE

AR, A PMT SIS S EB A0 =%,
T TR

'fFlj?’

— % FH SR AT Ha A 0 5
SRS TR FEE M b BSAT InHL g, 1531 16 X5

I3 Ak a5 fil A H 1k RGN EE ADC A
TERATII RSy, B SR S AT ARy, BEJSUET CR-RCH IR UL, ¥155
J§E 2 300ns B FOHE TR, I TR H B 25ns. B R IS 5 o i s, el
10 fEIRBOR 285 ﬁiﬁ&;@jz ADC, Ji4h el iias y 0.5 R AY S
X2 RS ADCo AN EERE (1 18 2 22 31 20 A5, P4~ ADC it (1) 3 47 Hdiik 21 FPGA
WRREAT B IR h R, AR B (R ) ARV a L, B RS ADC fH 0
Ox3ff, AR HE gt b, A5 BB L 1 Bl

—

“ KA

/

FERT TN LI IS, K5 5 8 N B 3 10— N N\ i, 53 2% 04 o) — S N e —
AN B T R I EI T o XA BT R B S (e, 12 f7 DAC it VME
SR IR A BEAMCR R B e AR o TR 1Y) 16 AN I 1 R A AH BT DAC
ﬂéﬁ@ A DUARTE A PMT [ 25 45 2

BRI [R) SR 1 52 AN R P 0 B {8 . 80 1) 2 4
7 IRV IL 2I7E FPGA P SEILT) TDC B AN, 1ERIFMaES . Ml AIEAE S
%3] TDC 5 — N AN, 1Eh TDC {1k 45

==

BRAUUAE S AN HL R P I T 16 MR 5 BEA T DRt AU AR N » 45 2 (K45 55 D A1 I 1)
ZER AT PMT Sy th kb 10 B o XM 5 et AR R R P 22 045 5, 20 99l3k
Bk A RS A ik ADC il USO8 B RERARAAS 5 B MM s 5 e i
ADC KHf e, n) U5 S 4 o

3.4.2 FEE S HMIRHRE S &

TRM PMT i H 22 RGN FEE $6i 1 R AL S 4G 1 2 ] A5 5 ik He e X-
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& 3-2PMT iZHRFFRAGAZEHZEMIES REEEX

Signal name From To Number | Characteristics
of signals

Clock LTB FANOUT |1 LVPECL, 40MHz, 2-wire LEMO

Clock FANOUT | FEE 16 LVPECL, 40MHz, 2-wire LEMO

trigger LTB FANOUT 1 LVPECL, 100ns wide, 2-wire
LEMO

Trigger FANOUT | FEE 16 LVPECL, 100ns wide, 2-wire
LEMO

trigger check LTB FEE 1 TTL, 100ns wide, VME reserved
bus, pin P1D23

trigger type[1:0] | LTB FEE 2 TTL, VME reserved bus, pin
P1Z19 and P1D25

BFULL FEE LTB 1 TTL, VME reserved bus, pin
P1Z13

read request FEE LTB 1 TTL, VME reserved bus, pin
P1Z15

nPMT[4:0] FEE LTB 5 LVDS, 20-pin DSub connector at
FEE end and 96-pin DSub
connector at LTB end

ESUM FEE LTB 1 Differential  analog,  2-wire
LEMO

ESUM FEE FADC 1 Differential analog, 2-wire
LEMO

analog input PMT FEE 16 Single ended analog, BNC
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R 5250 PMT 52 H #1225

3.4.3 FEE EP%I#R

FEE X % 4 340mm [¥) OU VME FbrvfE, XH 10 2t istl, Hb 5 E NG5 EL
5 )2 A, H PCB KA 10 EHAER R Fros:

Top layer {layer 1) 1.9l
271080 5.6mil
Internal Planed {layes 2) o 1.2mil
thin €org - T0mil
Midlayer? (layer 3) 1.2mil
10 layers board, i

Internal Plane2{ layer 4] wmmcisinnans 1.2mil

5 power planes, thin core -

Midlayere {layer 5) —

T628+2° 1080

5 Sigl'lﬂ| |ﬂyEl‘S. Midlayer3 (layer B) —

thin corg

Internal Plane3 (layer 7} -

TE2E+ 21080 -

Midlayerd (layer B)

thin cora -

Internal Planad [ laye
21080 5.6mil

Bottom layer [ layer 10) « e 1.9mil

----- 1.2mil

VME SR

Backplane -

----- 1.2mil

1.2mil

= Total thickness, 58°0,0254=2.5mm

3-11 FEE #f14 PCB B (£)# 10 RIRIEE
3.5 RE/NE

AEE N R A, BFST T FEESRAT A A DS AT IS TR IR A% D N TR Al T
FEEMREMT it FEERIZRENE REMLUR AL )R JLE R ETT, RIRFEEBL U Z 1T & fi Ko

22



¥ 4T PMT B H B T24(5 55T

#1415 PMTIZEHETZESHR

YT PMT S 227 %, 78 FEE DhfetERe A Aiiii 5T FEE i
i S A A EEE X, 7] LU FEE Frit i s & PP MT) R B8 5 it ik
(Decouplen) (It fE, o5 —J7 RN T FEE A i e it 7 —Fh 7 %, AT E 2
4 PMT B2 H HL 22BN PMT 52 H 72445 S 05T

4.1 PMT iEH B FE4EHL

411 BFFRBHEN

AEML TR o T B U B 07 1) £ R A T — s ol T2
SR 10 B LT 01 OR PR REAT SN B0, ML SR I, R
MBI s W TN T LUK S IORHE, FINBR S5 B0 SR ] L
PR MO 2 RUR IR, BRI R A R R 523, S B AL
i

4.1.2 BT RGN A

7 L - 2 AU v A ) 5 B0 3K F 2 152 ) 7K FF 2~ ] (Linear Technology Corporation)
HEH ¥ LTSpice IVE2, 41—k SPICE s () L4, LTSpice IV A& 4RTIIIA £
W RZ AL BEES FA T3 M B vh (0 2 SRR A%, [IIHZ KA e N B T8 8 SPARSE A Fi:
KA o

XIT SPICE i 4815, JHATARBE — I IHAAAE k%, LTspice IV 12 T &
(518, XSRS TAT 45 R RO AT AR B, [RII LTspice IV b HHA 4 pk i % P il 3
R TE WM T HE -

4.1.3 S BEEEESIRY

AT A BRI 2% N 3 (R0 F A A, oA R S JE ek 50 AR [ %l Hi 2 21 FEE

AU -2 ARSI 7 SO ], R SIS FH P v 205 [) A% 3 1 v R A

23



RAEVE 192 PMT 32 H i 122 5T

2 T o AR R A P 0K o PR A iy PMIT, AR PMIT 1M S A6 B FEE; IEINCA
RV 52 9 R Y R i At A, DAL A (1 i ) s 17 el 20 0 P oK 20 et T

F{5 5 (Decoupler), AR E U1 E iR,
finagisgue el
RG142BIU DecoupleriSignal Splitter

FEE 8 |
Electronics Board BNC 50 B BNC
52 CONDUCTOR 15nF [ ]
CAEN HV CUSTOM CABLE ASS\; Film = RG303 PMT Base
Pawer Supply ! LPF I
MPC MPC -
J <TdB/30m P
100 k_ MAX .
- X7R
50 _

13M_
160uA @ 2 kV

4-1 FOIRMBFABEEE (PMT) S B ERIERE
KB SRI K T H AR FA 2 7] (Hamamatsu) 4= 7 1) R5912 R VG HLAEGET, % R 5]

J6H A A RGBS A, B ar (i Ta) . FAT A, 5 H IR 2R DA A AR P
M 75 A1 /N (R i ol (pre-pulse/after-pulse),  HCAMNULE AN AFs ;

bty ey e =

[TTTT] Fud -

] . 3
| {1 2
WA R B A A S T e Y

- 4
$10 A0 i% X 18 ae
=10
iin Gl T e T

4-2 JEHR/A T R5912 KB FIEESNUE (Z£)FA Base [RIEEE(H)

3

R5912

T SE I ' PR I AR AN i) B FH T oy I 0 AR 5 5 % 125 L YT P D 4 ) L 4-3
fli7n. Cl. C2. C3 Myedi %, mEZ4it R1. R2. R3 JiM J1 fii A\ Base, {5 5 i@id
C4. C5. C6. C77F J2 iiiffiHt. C4. C5. C6. C7 iy P B v 2 HoAE B K v IR B
B, ik PMT BHER St R15 5 B8 71 J2 vk th 1) FEE; 78 S50 Hh I8 T 1R R 25 L
FEFRZ N Splitter L%, Z2IWIE KRR & E IR L 24> Splitter FLER I EINFRZ A
Decoupler HL% .

24



%45 PMT 3 H L T 2445 ST

c7
3.3nF / 3kV

J1 ]”[
KINGS 1704-1 SHV ce

3.3nF / 3kV

cs
3.3nF | 3kV
If

R1 R3 R2 c4
3.32K 332K 332K 3.3nF / 3KV

J2
N It (:) 315640
To 52 pin MT _L & _L - _L a3 j Ré BNC
Or

Connector AOnF AGnF AGnF L GND CONNECTED
BUT NOT SHOWN
HY_GND ¢ =

| bias = 160uA
V drop = 1.6V

LPF Attenuation Response: Capacitor
-6dB @ 1.35kHz (Vin= 1V, Vo = 0.5V) Discharge
-20dB @ 10kHz (Vin=1V, Vo=0.1V) Resistor
-87dB @ 200kHz (Vin = 1V, Vo = 0.45mV)

B 4-3 KB FEESEEBFESIEE B ER—Decoupler/Splitter B 3% [RIEE

ER =P OLN 4 T PMT 552 RIBOR 8 2 5 70 s s 3 A, FEh
FEE MRl mfR LR s, Wi S e CR-(RC)* HUE FLE P I AR

UL, REIE: FEE BT

fine range shaper

AD)

to fine rangg|

4 8V/4000pe

.;»,(4\,/‘__ 1

- ™
ez — e
o [ Pecal
= faczs

‘_{"fﬁ P
ms T coes i
g . - s
aidll = to coarse range ADC
[ av X PR N thas ‘
T T G v s s
e ]
v
|

VR
Gain=1.59

4-4 FEE #i@85/K 2% CR-(RC)" Bift s BT [

414 {FEBE

F O R IS E T 1 » 1E PMT 2 tH LT 22 s R A L, i 2 v Rl 2k
—/N PMT $itb {55, #E43L Decoupler HiE% 2 JE1E N FEE i Afi5 . #Hi Base Al
Decoupler [#J5EEE], PMT 155 MBI AL BB W R P, vV, 9 FURIE,  Jdask FR G He

PH R, 25 G, #e it ik, G, J&— i ks Ry L e iBith F SR 4540, PMT Base; 54 Decoupler
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R AT SE 5 PMT 32 L 722 00F T

BRI, V, A FE R, T L i RN £ B B . RG303 H1 4% Base VUL HEPH R, 45 PMT

Base $2fit i Ik, PMT {55383 C, 1 Ry fa i 21 FEE (HT 0, 5 aeIF 20y i AR Pz o

-model RG303 LTRA (len=154 R=0.01 L=73.5n C=29.4p)
o1
e
RG303

C5

13.2n

RT Ra R5 RE 78
10k
3.32K 3I3IZH 332K 3.32K
vz ca c1 c2 c3
10n 10N 10n 10n

1300
Aran 0 2000n 0n 0.1
dib ad&014lib .

lib ad8§132.1ib
lib ad8137.1ib
-lib ad8066.lib
-lib ad8610.1ib
lib adad841.lib

4-5 PMT {5 SHRHI=4 ik
K PMT A5 S B0 A gt £ C S U ™ 2B S S a0 F P, 2B 5 5 R 5

K2y 500mV, W LA & BLE MO T IS, rTEAED PMT St 5 S48 .

Vin044]

120ns 180ns 240ns 300ns 360ns 420ns 480ns 540ns

4-6 PMT (SR E B EAERF

Y IR 4-4 R FEE I 3 % 1 J5 BRIKIZE LT Spice FRABCHIAS 2 1 s B8, Wi
J3 P 4-5 FroR i) PMT 5 SR8 = 28 v i, T 280 oA 4 40 1 v B Dt ] ) B 3O R R T v
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45 PMT 3 2505 S5

IRFEREEIE, o2 8 0H2 Bt [/ o8 v s 78 st BE B o 1 2 50— 2
[]

4
Q e

G®

MK b T
PMT1& 5 ERIIEE

B 4-7 FEE 2B 5K 212 CR- (RC) B BB E IS E

A b A 5 e A\ i A 28 e RS HL I AT 3 T a1 i PO 7 BT T R BTz,
D7 ERAE AR i (A5 2 1 BEARRE 5, DT R P HL A e v LB s £

V(n044)

120ns 180ns 240ns 300ns EiEIjns 420ns 480ns h40ns

4-8 FEE B BT B B
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R 5250 PMT 52 H #1225

4.2 PNT i HH B FFIESHAR

PMT {5 S FEAE PMT B2 HY L2 R G R — AN TR, PMT 15 5 AR5 W
HIGHI LR 45 5L, 6t PMT {55 AT a7 IR 9T A 26 SL 0 B0, AN T4 PMT 32
H A RS ST .

4.2.1 PNT {553t K38

Sz s S Ak 28k 1Khz, 10ns AN A () kb5 5k 953 LED &%, 4t

7EEFE T PMT e LED 110/ R i3l i [ 25 1 U HL i (Decoupler) 3R 75 1450v 115

J, PMT #i {5l id 45 K1 RG303 HiZif% 43l Decoupler/Splitter, 4R J5fE /R #s N
AT PMT (55007, HIUZsR - T .

& 4-9 PMT {55 MK 1%L 50 &

4.2.2 PMT 55 HIDIRE MK

FEMRSLIG TR FATARBL, AE— DR B PMT (55 R kit (K 4-10),
R PS5, Muon 1EF T PMT Z G &7 AR R M ik (55, i ik 238 14
PRt FEUB PRI A A, R SRR AN o DA AT T B TR A ) it
N, AR B AR R B 1R IR

28



o 4 T PMT B HL 7245 ST

(a) 500mV /div, 40ns/div (b) 2 mv/div, 2 us/div

& 4-10 PMT X155 R&FAIRE
423 PMT KIRBESFERERS T

EXEMRARG T, BE T 97744 . LED.PMT.RG303 H14i . Decoupler/Splitter.
B IRIEAS ST, AT TR AR RG303 ASLE Y 5, Fk
IIHERR 7455774245« LED. RG303 M4, myMible, 7Ripeds EIREL I T felE, RIS
ANTRJHC B2 1R HL 48 V52 A 5B B A% 1A F SR AR S 1 S O e B HR A% PR PT E P

T LR P B AR A B Ly C JUAF A B 1 e P S i 1 v 2 v A7 A
JERRIE St AR rb A P i b IEANAEAE SO AT, R R E S U5 ) Pl g

F T 0% FL B L R A B AN SO R AR 1 R, DR HE R T e S ) 0 AT H K
FIGE 2 ELR L 2% (Fig.3 C4. C5. C6. C7)ZH Jlitsie v e 1 ml ek

S0 R AN [ Y R 1 LU R B A A AN [ R 4 8 J) 391, SEE R ABLT S s B 8 LU L
KRG T L. C iR H .

W AT ENIE, P REIR B AR e A Ly C BUIERLER, S AELEZ
Wi B L2 () s W ZBOAY: s >4 P 8 A it o v PR B W FL R I FRUSOAS B 25 Bl A I HL
Wi R, XA AT e, JFA ] A B A R AL

HH 3R 23 B AT TEAT T LUR 1 A AR 0] L S5

4.2.4 PMT KRR IESBIRER G X

HHL 258 2 i 0t LU SI2 5625 T 6 PMT Base 1 Decoupler H R FLZSHEAT T B 45286
FESEEG 1 HoKs Splitter (¥ 25 B HEL2Y HH JEUR 1) B S A8 B g RN IG 2%, AT T
SfHE Sz s 7 HA S — SRS UL R, DG Splitter K )52 13.2nF Fr 8 B9 B 0 M 4 L 2
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R 5250 PMT 52 H #1225

(/4 4-3 i) C4. C5. C6. C7), ifj HEP1 Splitter i FH ()& 10nF (1) k6 25 B 58 A 45 Fl 2%

(Kl 4-3 F1[f) C4. C5. C6. C7), H&EH(K 4-11)FKWLE Splitter {2 A AR 2 JEH

BA T WENDN, XHER) TS5 2 (3T
benerator+LED+PMT+Cable+SpIitter+HV+Scope

Input:1kHz.10ns.3.8v/ HV:1450v

4-11 Splitter E¥R A Z R AYXS ELLIE

525 2 o Base (19 C5 H1Z8 (LI 4-2) W A O BN R 2 5, AT T
SLLS s AL SIS IR, PMTL ¥ C5 Haz¥ (/& 4-2) R A M2 4.5nF [ARE &
EPEEE AT, i PMT2 19 C5 (&l 4-2) R HIH2 10nF MR & BRI i, 18
AR (8 4-12) P n] LUR BIHR B 58 40H %

Generator+LED+PMT+Cable+IHEP+HV+Scope
| Input1kHz.10ns.3.8¢/ HV:1450v | | Input :1kHz.10ns.3.8v /HV:1450v |

( With PMT1 | :

N |

i
i -
i, \

T it e AN e

\
-l |

il

IHEP1. Splitter ﬁ o

NN

ES CHEP™. Spitfer gl

WA NI

& 4-12 Base Bt Az EAIAT LEILIG
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%45 PMT 3 H L T 2445 ST

4.2.5 LGN

M bR S AT T A P B L ARAE LU v T 7 2 R s RSN A L AR AR 1
EEJ AL UM A AR 2 2 T PR T S [ %Y, 24 e 8 8 it e e P A9
RIS, A B SRt A s i g, X PR A TSR, AT AT RE S
BOLR KRG R, oA B 2 A N Ul s S, SRR AN T DL SZ 1

AR S0 e RE) BRSO IR B AR R s N A IRER LS, IRBSLZL)
I AR Al R T IR T RIS m e s et T — 2%,

4.3 KB
T B SIS T PMT S P22 R T A b, IR T, 4%

B TR AER RN, ABEER T IRE, AR AR S LA L ) DAIE Y AR,
SRS TR il S 36 20 H R AT 2 R R 3

31
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5 5 7 PMT B H L 14 R (FEE) LBl it

E5E PMT it B F i 4 (FEE) AR M i

et Rk, FEE PR ORI 8 FUK UMSREER BRI #5372, 28R4
Yy EE A5 () P A £ BRI TR) 5 5 L R [ fi AR B AL 22 Tk h A (nPMT) A 16 45 5 Sk A
& (Esum), DAL Ih BERIE B 300 R A S U 45

FEE PEfEdbs 124 ADC (& FERue tE . HmrE R B ARgrE . I [R)KS B R i
IR R A, S THEA G AT 7 S U A 2 R G B R, B> FEE #614
B AT RS HEZI B i, mT LLP= A — R AR 5 ] AREE (A HEAS 5, 16 N FEE [¥ifr A i,
SIS AN ZR G 1A B B A A

7E FEE 4 s pscilik rfr, 32 B8 445 16 3818 PMT 32 H o724 4 1, 78 [% WIENER
A ) VME 9U A6, MVMES100PowerPC, LEMO HLifts , XU Hi 2, Lecory i Tektronix
PN e Il R Y et

5.1 E AT 48055t (555657 5]

5.1.1 NI

H TR 5E % FEE 1945 T, FeAT TR T Wiy B FEE M {55, —Fhe
5 kAR RAAL PMT % s 5 (& 5-1), %M FEE fERHEZ R R P2 A4 1)
H %% (I 5- 2)

Scale: 2mV, 10ns Scale: 1V, 20ns

[ 1 smaes

- A T L) I -
e T | . g T
ey et

LeCroy

i

(@) Input signal with input charge of 1.6pc (b) Input signal with input charge of 4800pc

B 5-1 ESREREREL PMT HiH{ES
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R 5250 PMT 52 H #1225

Scale: 500mY, 20ns Scale: S00mV, 20ns

s

L

Crov

P
|Petin e T |

(@) Input signal with Cal_DAC=32767 (b) Input signal with Cal_DAC=65535

5-2 ZIERN T FEE AR PMT 2IEES

5.1.2 a5l 25 Th ek
A T8 TE 1) Bl ) 2 B ] DA I 15 52 DAC I EUE R IH 1Y, DAC 1% H 4 AT DAC 18

(KX R R AR U R s

3 5-1 DAC RY%iH B0 DAC EX R &

DAC Value \oltage
0 Omv
26 32mv
52 64mv
105 128mv
525 640mv
1050 1280mv
4095 5000mv

EE SR R 5% (1 B (B AR 16mv, A8 H Ay N FHAS 5 kA4 2
FoaEAE S (N @), B S 0%m A g s a0 R E D) P
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% 5% PMT i H LT 2246 {1 (FEE) S AR ik

IN
ouT
Scale: 10mYV, 20ns Scale: 500mV, 20ns
ketray sapimsivurie  Lalroy
(@) FEE input of 50mv (b) Discriminator input and output

& 5-3 FEE INES I B[ AT R RN ALES
5.1.3 Bz S

A1 P 5-4 S0 5 O 2 R A {5510 L THE ) 100ns, {5 551 % 300ns,
33K [7) U SEADL ) BT L 2 SR AR 45
e R e T L W3 ]

Scale: S00mV, 100ns

P phpkiCT FIpanoail T F Fa i S faliC
FRLL. T Hdm AT Ll EE R

L & L L
Timeloma 10

Wz e Trigges
B 5-4 {FS R EH L IRR
5.1.4 Esum i h 557

Esum {55 & FEE16 B@EMBAHMMIE S, ZEMESIHIEAX —BEIX4 Flash
ADC ffifFib AT tH R DR s ir, [R5 4h—i%4%45 Local Trigger Board(LTB)#diff-1E 47 fik
Flik
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R 5250 PMT 52 H #1225

£ Esum (IR, W ZE s, 3ATTRA T A8 CHL A1 CH2 Fhi ASEIRAH % 10ns
IG5, EIRRHI R 7208 CHY HyARHmEk Lt CH2 HyfEHmEkIc 2 K, Esum fLixsy
Flash ADC I Local Trigger Board [ /& 25015 5, TATERIG 22 05 5 b — a0+ B4
M7~ ;s ] LA 2 Esum {55 K1 CHL R CH2 {555 1¥) 10ns QLR 17 AH AV (¥ e 5, 66 1E 4 ;

o = WS ME EN 4E EWIA W . -

SE ME ME BT ME ME SN 4% ZEIN W s WE WE B

x: 'S

CH2 input / Esum output

CH1 input = :
CHI1 input

Scale: 200mYV, 10ns
= Scale: 200mV, 10ns

CH  PémmsiCH  PSaeailD Fii v
28 Meaurs  Plomayid  FRF1FN  FIBGI  PAmeCH  FRaeaiis Pt F
it -
—— : . T
K= 20Bm A= 00 Al Ll |
o T R LT
e LeCroy [Watng tor Trggee

5-5 {5 S M N FF0 Esum Mg
5.1.5 nPMT #5155zt

NPMT {55 /2 FEE ¥ PMT Wy th (s BA%mes LTB, AL ot 80MHz, %
(1) ki3 2 DDR(Double Data Rate), nPMT &4 PUXHE 54 5l & 80M 15 55,
bit0_1, bit2_3, bit4_5; XTI nPMT Ik, KA T FEE it LR 77 ik,
5 nPMT 15 54 tH oA 70 &, L0 5 R

Scale: 500mYV, 20ns Scale: 500mV, 100ns
80M Clock out | bit 0_1 out
' 4
o] e e e sy S (s e G - - L il )
-mv e W p— .m

& 5-6 nPMT 55 &) 80M R4hif 45 SFn bito_1 iiES
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% 5% PMT i H LT 2246 {1 (FEE) S AR ik

Scale: 500mYV, 100ns Scale: 500mV, 100ns

bit2 3out bit 4_5 out

Ardior Pt L) s wC T - cH - ¥ PRmaEC ) FT oetage 1] PR npueRe T
v P e e - o e Aias  aWEm 10
s a ) . - a ) 'Y a -~ Ll -
\ECray Wl T

B 5-7 nPMT {55 /Y bit4_5 #itH{SS#A bitd_5 HiHES

FEREAT PR B RN B nPMT 4552647 TARGHEZIERL SR (I, ik Py
7~ b 757 FEE 7451 100ns 56 I ZIEAS 5, 1~ nPMT $inth /55, nILLE 2] nPMT
5T 0 AR 16, FERFEE 8 AN Bl (At E 100ns) 2 e i E 5 0;

0 1.oo0v/ ¢ 10608 50008/ Stop # JJ -650¢

T W™ g i’ P e o S g e e e e g e e g g e 8

Calibration signal  Scale: 1V, 50ns

Nigigigigigigigigigipigigipi Bgipigiylgh

LYl

u‘ + .

U‘._

o UUUUUULUUUUUUUUUYULUTU UUTULUUUUUUTULUUUUUUTUL Clock

o, UUUUUUy Bit4 5

n Bit2 3
Bit0 1

Channel 2 Menu

-~ Coupling ~  |mped
De 1M Ohm

5-8 FEE ZIE 550 nPMT IR ThHHES
5.1.6 {272 ADC & & RE MK

SIKE e — /NEEMRE, TR FEE EfMI AN KA 5 2 5 G 3EAE — g I a] Py ik &2 21
fHLLF ; 75 & 3 MR T FEE S b A5 5 R A28 7= 4 4800pc 1 KA5 5, K= FE ADC
P AG W N R ERTR, HEHAE lus Wk ;
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R 5250 PMT 52 H #1225

wE BE ME ME BT

Scale: 500mYV, 100ns

Low range ADC input

[
Measire P1daelayCl PZ{F1+F3) PItodp(C2) P4TmsiCZ)  FS:areaiC2) PE:--- Pr--= Pa:---
valug 15,580 nv's
L) L L

VWamng for Triggar

B 5-9 FEE iNESFI{KE7E ADC INES

S2 BETMERFE

5.2.1 BXBEFHHERE

HLAY ) B L TR 5 an i 5-10 o, (5 5 I ETHT KA A 4ns, NB#AT A 10ns,
SRR emy, (559 R4 20ns; FEE ZE# NIt UCHCA 50 RRARHP HEpH, o
JeHL T HLE N 1.6%107° pC, PMT K25 BB AF 2*107, [RILZER0 % FEE i N i (1] HLfif
B

Q.. = E*Gain/2=(1.6*10"°)*(2*10")/ 2=1.6pC

Scale: 2mV, 10ns

- [ C 3 [ i e e
ey e Vi ensin 18
jrowh - } .

LeCroy

5-10 FEE iNim BB FETES
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5 5 7 PMT B H L 14 R (FEE) LBl it

N ) FEE KBRS AVEE 1.6 pC F]160pC , = E LIS ATuF k160 pC

#1800 pC ;

522 8E N RMS M=

3 S R N\ i B S B N\ A M, MAS K % EE FADC A, e
FADC 7ETCHINAG &I &l [ He 45 s G HE— AN E AR, A 13
N5 5 IR B AR e AT, 1 ORI 2k, (R AN R w S K & 2548, TRt
/N T FADC R # (M ah A6 Hl; 75 FEE MBeih b, S TR % % & SR A B i — 3k,
o B WE A AR N

PR RAE & KR PRI — 20 B SR bR & & SR MRS T B 2 LI O R, AR BAR S Ol
RS S, T ARRE R R AL, L v s ] B A v AN 2, S0 ]
5 HL AU BB AU (B 5 T T, Bl PR AN R, JU R B, F YRR AN 145 B A
oW IR G I ATEE, LB R &5 H S BN A5
NI, ISR 155 A S I I F s R S, P R T B R e U R 1 A R A
I 5 BRI RS T DPAN LR TR R PSRRI . s AVD 784 354 (Effective Number of Bits)
(1) B AR AR

NI&] 5-11 /& FEE #diff 16 i ) & 3Ll 45 IR, RN IE ) & 55 F 2 F 20000
O RIGFEFETEMEM RMS {1, fE&EET, LA ADC & EikiE I T RIE N 1.8
A ADC 35, IR R (4095 4~ ADC %) 4 100p.e, 1.8 ADC ¥4 T
0.05 /> p.e, A% 0.1p.e ¥ HLfr i BK

ADC baseline
200
)
(=)
3 M
. 150
=
E coarse rage
S 100
S
~
2
o R — e o —
= fine range
-
0
0 5 10 15 20
channel's number(1-16)

5-11 FEE SR =72 16 I%i®E ADC 8 & 4|
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RAEVE 192 PMT 32 H i 122 5T

ADC RMS
2.5 r
2
M\Wﬁne range
1.5

1 ——-—-—H—-—-c-?.—Hcré‘I:-:-ﬁ

coarse range

ADC RMS value

0 5 10 15 20

Channel's number(1-16)

[E 5-12 FEE 5{kE72 16 i&i#i& ADC &% RMS &
5.2.3 B #il =

HL A7 0 S FRDRG B FEE B2 B4R I — TGRSR SR bR, 02 SEIRHE R a5 K IR — TR
bR, N 5-2 JEAEACHEZI BRSNS DAC IR R4S (1 FLfr fE 0 RMS {1, X A4 3
T S Bt FLAr  HE RORE E . TERSTIEZI S 5 DAC 451 75 I, BN oA A > T 1
ADGHT, NG 16 3 WA o B KB 1.5 4> ADC tH4: AN Hpm] DA FA far il
WRZE AE 5 FE R RS 0T 42 LG 3G I, 3X 2 B R 2 FEAS 5 F ADC IRERFEIN o P 5,
IEATETTRITA, 76 ADC SRFEE h S0 T 43 16 45 R R BLSE I A A — @ IR 22, T
R ZETE WAL 1) 4% 0 Bl A B A 5 A3 KT B K

% 5-2 BUEZIEER T FEE B E RMS &

DAC CHO CH1 CH2 CH3 CH4 CH5 CH6 CH7

150 90.1 | 187.1 | 121.3 | 99.3 | 118.0 | 83.9 | 144.5 | 104.2

200 97.8 | 196.5 | 129.2 | 108.0 | 125.9 | 93.2 | 154.3 | 112.7

500 | 144.5 | 254.7 | 176.7 | 161.0 | 174.2 | 150.1 | 214.9 | 164.9

1000 | 224.7 | 353.8 | 258.9 | 250.6 | 258.0 | 247.4 | 319.6 | 255.4

2000 | 387.2 | 549.7 | 425.7 | 427.8 | 428.4 | 440.3 | 527.4 | 437.1

4000 | 703.1 | 932.1 | 756.0 | 779.0 | 752.8 | 816.8 | 933.9 | 789.4

6000 | 1021.7 | 1321.1|1093.1 | 1135.8 | 1077.9 | 1198.4 | 1346.5 | 1145.9

7000 | 1182.2 | 1514.3 | 1262.0 | 1313. 3 | 1242.2 | 1387.6 | 1550. 4 | 1324. 5

8000 | 1341.8 | 1706.6 | 1429.6 | 1489.7 | 1406.0 | 1575.6 | 1753. 5 | 1502. 0
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10000 | 1658.4 | 2090. 1 | 1762.1 | 1841.0 | 1730.8 | 1951.5 | 2156. 3 | 1854. 5

12000 | 1975. 4 | 2463. 8 | 2095. 2 | 2189. 2 | 2054. 5 | 2320. 9 | 2547. 8 | 2202. 6

16000 | 2593. 1 | 3233. 7 | 2741.5 | 2878. 0 | 2685. 8 | 3060. 9 | 3356. 4 | 2886. 1

18000 | 2902. 6 | 3631.5 | 3072.4 | 3231.1 | 3011.6 | 3441.2 | 3771.9 | 3234. 4

25000 | 901.2 | 987.7 | 917.7 | 947.8 | 893.8 | 977.0 | 1003.3 | 942.5

30000 | 984.5 | 1106.5 | 1024.6 | 1054. 1 | 982.5 | 1092.5 | 1123. 4 | 1040. 0

40000 | 1170.5 | 1320.3 | 1218.8 | 1256.6 | 1170. 2 | 1304. 2 | 1340.7 | 1241. 4

DAC CH8 CH9 CH10 CH11 CH12 CH13 CH14 CH15

150 | 211.4 | 76.7 69.2 | 104.8 | 87.4 92.0 89. 4 43. 8

200 | 220.3 | 84.6 7.7 | 112.8 | 96.0 | 101.8 | 97.4 52.9

500 | 274.7 | 131.6 | 129.0 | 161.5 | 152.1 | 162.2 | 146.9 | 107.7

1000 | 369.5 | 213.8 | 218.7 | 246.3 | 247.8 | 267.3 | 233.0 | 203.6

2000 | 566.4 | 381.0 | 398.8 | 419.2 | 439.4 | 475.8 | 405.4 | 393.8

4000 | 948.2 | 707.2 | 748.7 | 754.1 | 811.4 | 876.6 | 737.5 | 755.3

6000 | 1335.9 | 1039.1| 1105.8 | 1094.4 | 1190. 2 | 1284.7 | 1077.1 | 1122.0

7000 | 1530.0 | 1206.4 | 1284.5 | 1266. 1 | 1379. 1 | 1487.6 | 1248. 2 | 1305. 2

8000 | 1723.4 | 1372.8 | 1462.4 | 1437.0 | 1566. 6 | 1689. 8 | 1417.7 | 1486.9

S |0 [O |

10000 | 2105.5 | 1702.6 | 1815.1 | 1776.6 | 1941.0 | 2091.6 | 1754. 0 | 1847.6

12000 | 2477.1 | 2032.0 | 2165.8 | 2112. 8 | 2310. 7 | 2484.7 | 2090. 3 | 2204. 3

16000 | 3219.1 | 2674. 7 | 2857.9 | 2773.6 | 3045.5 | 3293.6 | 2756. 7 | 2918. 1

18000 | 3599. 8 | 3002. 7 | 3213.3 | 3110. 8 | 3424.8 | 3705.8 | 3103. 7 | 3289. 6

25000 | 977.2 | 926.9 | 933.2 | 914.7 | 959.2 | 980.8 | 898.6 | 937.6

30000 | 1099.7 | 1011.2 | 1033. 1| 1008.2 | 1067.0 | 1109.0 | 986.9 | 1041. 4

40000 | 1316.5 | 1204. 3 | 1245. 2 | 1200.7 | 1299. 7 | 1342.5 | 1187. 8 | 1250. 4

5.2.4 FA4dELk N 2
TRy AR (Integral nonlinearity) &4 ADC )52 [on 6 s 1 b5 P AR AL e 11 22 TR )
KA 2, AL 0 B 0 Bk R R s O T BENS A3 21 A B2 H FAF AR A AR e Fa
FAMEH FEE 1) DAC PR HES 5, X 16 JiE ) ADC #HATHIE, 45 5840 F & 5-13 fr
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s RIS BATT R DR A 208 AR AR 2t sk 5-3 P, MRS R ATLE L, %
0

A AR AR T AR L ML S K AE
Ay U X e R AR K

4%, AR AR B E O 0.9%, AL H

ADC ___

4000,

3500.

3000.

2500,

2000.

1500,

1000,

500,

8] 10000 20000 30000 40000 50000 60000 70000

+ CHO
= CH1
CHZ2
CH3
® CH4
» CHS
+ CHB
- CH7
CH3
CH9
CH1O
CH11
CH12
CH13
CH14
CH1S

#* 5-3FEE fRHEZIE#ERT 16 @EmMAE. SEMiNaIEkt

DAC (input pulse height)

5-13 FEE 16 I 2@ B/ ZIE 4% R

KER R
WiES
#E ABEE | INL (%) | BIE BEE | INL (%)
0 0.1580 | 70.7 0.3 | 0.0168 | 486.8 0.3
1 0.1923 | 162.4 0. 0.0201 | 505.4 0.5
2 0.1658 | 97.2 0.2 | 0.0177 | 497.2 0.5
3 0.1755 | 77.9 0.2 | 0.0184 | 505.7 0.4
4 0.1623 | 100.3 0.3 | 0.0169 | 481.2 0.3
5 0.1880 | 63.1 0.2 | 0.0197 | 501.8 0.4
6 0.2028 | 120.8 0.3 | 0.0207 | 502.1 0.4
7 0.1757 | 85.4 0.3 | 0.0183 | 495.2 0.3
8 0.1902 | 188.3 0.4 | 0.0197 | 509.7 0.6
9 0.1643 | 53.1 0.2 | 0.0170 | 512. 0.6
10 0.1762 | 45.7 0.2 | 0.0189 | 473.1 0.4
11 0.1687 | 81.5 0.2 | 0.0182 | 463.5 0.3
12 0.1869 | 64.2 0.2 | 0.0204 | 467.0 0.5




5 5 7 PMT B H L 14 R (FEE) LBl it

13 0. 2020 67. 1 0.3 0.0211 489. 4 0.9
14 0. 1686 65. 4 0.2 0.0182 449. 1 0.4
15 0.1814 25.7 0.3 0.0188 | 484.8 0.6

5.3 FEE RtailE A E

(5] R PSR ABL, AR I TR LI, AR EE R 1000 Vil 7] — A HEA 5 1197
2 ORI ELURNFIYER RMS {8, 78 F& 5-4 Fh3RATa] LUE 2B E ¥ RMS

s KA 054> TDC %k, BP 0.78ns, i & it/NT 1ns HE K,

% 5-4 FEE B EU & TDC B RMS {&

DAC | CHO | CH1 | CH2 | CH3 | CH4 | CH5 | CH6 | CH7
4000 0 0 0 0 0.5 0 10.48] O
6000 | 0.1 [0.2710.04| O 0 0 0 0
8000 0 0 0 0 ]0.13 0.04| O
10000 0.38| 0 0 0 |0.14| O 0
12000 | 0.18 | 0 0 10.49| O 0 0 0.4
14000 | O 0 10.03| O 0 0 0 0
18000 | O 0 0 0 [0.37] 0 |0.08] O
25000 | 0 0 [0.35| O 0 0 0
40000 | 0O 0 0 10.4510.32] O 0 0
50000 | 0O 0 0 0 0 0 0 |0.46
DAC | CH8 | CH9 | CH10 | CH11 | CH12 | CH13 | CH14 | CH15
4000 0.2810.47| O 0 0 0 [0.45
6000 0 0 0 0 0 0 0 0
8000 0 0 0 0 0 0 0 |0.06
10000 1 0.33{0.080.48| 0 [0.43| 0 [0.36| O
12000 | O 0 0 0 0 0 0

14000 | O 0 0 0 0 0 0 0
18000 O ]0.33/0.48| 0 [0.15| O [0.47| O
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30000 | O 0 0 0 0 0 0 10.26

50000 | 0.31 | O 0

0.4 i@iE 8] B MR

THIE (7] 4042 FEE B SEIRAR, EIRAE Rl K IERUEZ S 5 i AN AR IE 18 &
FEAH AR 1L &
DRIy, R A E T R, FH—MElE CH2 JlIEYE CHL A CH3 liEf/

TRAF SRR GHMAAL, nf DR RIE CHL Ml CH3 Hrii A KAE (A~ Ps),
CH2 [f 5 FIEABAT A o

T il = g
| cH1imcH3fE Y |
Scale: 1V, 100ns
;le-su P1adel c3 P2 (P1+P3) P33 op(C P4 rms(C2) PS5 area(C2) Pe PT P8
----- — 820 51 pVvs
STatUS a a v
e
-200 mV of si]
LeCroy

& 5-14 CH1 #1 CH3 % CH2 By &k

o
||i | 1 i
i v ¥
Scale: 1V, 20ns
Measur P1:ddel C3 P24P1+P3) P31toip(C2 Parms(C2) PSarea{C2) PE- -~ PT--- P&~ -~
walu =
statu - -
— 20.0n - 280w
200 S 1.0 ge
LeCroy

& 5-15 #i\ CH2 BB HRIE S
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% 5% PMT i H LT 2246 {1 (FEE) S AR ik

5 M7 SR A CH2 tha e N RS 5 (K] 5-13)%F CH1 Rl CH3 & AL (1)5%
Wi, Ul E 10000 ¥ CH1 A1 CH3 7 CH2 /6w 5 I IKEE ) ADC {8, JfR43IH-F31H
M52, WEHCEIRINR 5-5 M1 5-6 s MRS RATAT LA 2], CHL M1 CH3 7F CH2 i
ARG 525 G BUAKR, BRIIEIEEL N 0.3 4 ADC 114, FF& ik,

% 5-5 CH2 Zi5S#i A\ CH1 #1 CH3 i&i& ADC BYF15{E(av)FAF Z (stdev/sdev)

measure times Chl_av Chl_stdev Ch3 av Ch3 sdev
1 1.2 1.79 40.6 1.77
2 51.1 1.79 40.6 1.77
3 51 1.76 40.6 1.75
4 51.1 1.8 40.6 1.77
5 51.1 1.79 40.7 1.75

F* 5-6 CH2 HES AR CH1 #1 CH3 i&i& ADC ByF-141E (av)FAF Z (stdev/sdev)

measure times Chl_av Chl_stdev Ch3 av Ch3 sdev
1 509 1.85 404 1.83
2 51.0 1.84 40.5 1.82
3 311 1.83 40.6 1.81
4 51 1.83 40.5 1.81
3 51 1.84 40.6 1.82

5.5 RE/NE

DA TGRS RAEW],  PMT B2 i 7223 A F RENS A 20t S BE T 2R (145 T 1)
e, ARt B ARGt eI RV RESR b R B R EOR,  BEARL
SEI PMT i A 5 (10 f fr S TIN5 5% . DRIk, PMIT B HE L 24 AR IR e A2 e 2
(1, LUK ] T PMT B2 H 722 R G
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o5 6 % PMT 5 H 12/ R AU

$6E PMTIZEHEFF/NRGEKIE

FESERET PMT B AL 7oA I BACINR Z J5, PMT B 727/ N R GRS A2 15
FL S A I TR RN s 1R 0 L B, AR TE AN AN R GEHR

6.1 PMT iZH BB FZNRSG

6.1.1 NRENE

PMT i M T %% /N R 4 i PowerPC MVMES500 . FEE i {1 . filt & # 1
(LTB/MTB/Clock System). i 4 {1 F iy i i B R AF A £ (FADC) A s 18] 6-1 /N R4
(gt il BB R THREE VME WU AR 7, B0 SR IdfF i B A
B B 6-2 A/ RGNS K

ra N
v = F
o 1 F IS F F F F A
" G = E E E E E
= G = E E E E E iy -
s ! = = = N N I N
s L= ™~
o ” N IEC IR n n || na .
o © o || o o o || o Py o
™ D D D D D D = o
(&3 U U [¥] 7] 7] U o b
D L L L L L L g
U E E E E E E =
L
E

o VME Crate

B 6-1 NARFEHTEE

6-2 /NRGIIHNIRE
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KA 7 S2 50 PMT B2 H 12205

7E PMT B LT/ N R G, FEE Ffil kA 4 AN e B 2 (1) Dh e, A5 5
N EBTR, LTB %45 FEE (015 5 A 55 BT A Lemo k(& 4% FEE 1) 40M I 85
SRR S, BLAGEI VME T80 Gt 3 (1) L5 2bit il 8745 58 bit )l i
15 (check)& %5 ;s FEE {4845 LTB {5 56L& HATIIAR Lemo Zef&fft) PMT b4 H
5 B (Multiplicity). & 115 B (Energy Sum)LL iRt VME AR £k 4633 (K] BufferFull
{55 F11 ReadRequest 155 5 -

Clinclk

=  Clogh - = ——— el - -
> I ﬂn!l a0 = — -] %
Manzer Trigger " = = —— Ak — w l_'_' .
P A AR L, . i "
= B Ml.lllf"l(l‘wll"‘ ]
(<] -
" ; E A boogg Fat =
v
|
0 A
5 ¢} N F
3 LI: 3 3 p F ¥ F F ¥
b £ T I |/ E E E E E E E
E E E E E [ L

] mm
| mm

6-3 /N&R % FEE #0 LTB (5 S @&

6.1.2 /MR %t DAQ

NEDE PMT B H 722 N R ST DAQ 7n R, RIS AT B IR L0 Dy 3 H R HRUAT
FELEHAF AR5, R EUZ4T7E PPC 5500 T & I, #ELk#{Fi2174E PCHLLE, i
Figif VME B 2 R Gl ANl BUK M S 7E 2 AT BEAT 3 R

NRGHE RS, NG DAQ MILIRE C BN 763, FARSIIL T il N D RE
K, REWSSE PMT ML P24 IO TICE, PMT B3l e . U35 DL A7 At die
PRI DR DA SE W, BATVIP IR SR AR, ™ 5 R4

48



o5 6 % PMT 5 H 12/ R AU

ADBRBNSS B FERZE [

| | WME L 2R

DAR

e R B A

6-4 /NR % DAQ ~EE
6.1.3 /hRFEHIEEN

/NERGE DAQ & KA 58 BB A% SN 6-5 P, — A Se 4R =491 2k B
RSP BrAT ROM(ReadOut Module) 1) %ds v Be 4, B4 ROM (¥t v Be i o
TR A B AR SRR R B N ALK

Event Header
ROM Fragment 0 ROM Header

\ ROM data

ROM Fragment n

& 6-5 DAQ Ef1E=

*F 6-1 NRFEBRTZEHEERR

31] 30] 29] 28] 27~23] 22~20] 1916 1548 | 70
Module Header | o o] 1lx [ 6o | |ModuleType
Trigger 1 |Header | 0 1] 0X Status Check IﬂfuITﬂggel Num
Data 0] of ojX
Data 0 0f 0)X
Footer | 1] 0 1x | Event Length
Trigger 2 |Header | 0] 1] 0]X | Status Check |Tnggel Num
Data 0] of 0%
Data 0 0f OX
Footer | 1| 0] 1% | Event Length
Trigaer N
Module Foater 1) 1| 0X | GEO I | Module package Total Length

AR A% X SRR A A, Pl 72 i A U T e ashile
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% 6-1 It~ . GEO &4/ (1 BEHb AL, Module Type & 4f@ifF25%4, status Check Info /& FEE
] LTB [AI>P{5 K., Trigger Num f&fili/& %5, Event Length F1 Total Length 3% T Fr{E 454
SRR #4 DAQ 12 8tk N2k, FEE MR X% 6-2
ProRe

F* 6-2 PMT % B F3(FEE)AUEIE X

CBLT Module Head+

31d 30 20 38 27 26 25 zad md md ad o 1ed 13 17 d 1ed 15d 1ad 13d iz udad ee [ se ] 7ol ge ] se [ ac] 3e] 2o 10] 00 e
go o] 1o 00 GA[40]1e e 0o 04] Module Type's e o
134 VIME Module Geographic Address ‘M odhile Type: is 0x01 for PMT FEE hoarde

Dawa Head+

31 30d 29 28 27 6 25 2ad Bd md ad 20 19 18d 174 16d 15 1ad 13d 12 ud ] e[ sere] e 5o [ 30] 20 1] 0o e
0¢ | 19| 0¢ | B¢ | Data format wer®s 0e Trigger Type’e Check info[7.0]' Trigger mumber[7:0]°¢ e
9 Data format version: now is version 1, should be 0001.7

*Trigger tyrpe: 0000 — local trigger, 0001 — cross trigger *Check info: bit[1]: 1-check, O-no check. Jit[0]: l-error, O-no error. Bit[7:2]: not defined.+
“Trigger roamber: E-bit loop integer statts from 0.+

Charge (@)

31 a0 2o 28 2rd 6] 25 zae [ a3 22d 2 w19 s 174 16 15d 1ad 13d 12d 1 o o] se] 7o 6o se[ 4] 3] 2] 1] 000
0¢ | 14| 14| Channelid[3:0]¢ | Fange's] Pedestal[11:0]2 Charge[11:.0]¢ -+
Range: 0 — low range, 1 — high range+'

Time (T}

31 30 294 28 27 26 25 2ad Bd md adwd wd 1sd 17 1ed 15dad s v i wd ee[se [ o] se] se] 0] 3o 2o [ 10 ] 00 e

1¢ | 0¢ | 0¢| Channelid[3:.0]¢ | Peaking eyleE0]. | Hit Count[3:0] Time[16:0] + Gl
‘Hit Count: When there are mote then one hit per trigger. The first hit count is 1 and the 2% last hit count i= 2, and so on Masimom Hit Count is equal to
Mlax Mum_ Of Hit Per Trigger Register (address 0x52000+

Data Foot+

314 30 294 184 274 26 25 24 23] 3 214 30 19 18] 174 164 15] 1ad 13 12 11 10 we [se 7o se [ se a0 30 2o 10] 0o
1¢| 0] 14| 0+ 0¢ Trigzet mimber[7:0]< 0+ Data transfer length[3.0]7¢

"Data transfer length: Mumber of data bytes from Data Headto Data Foot.+!

CBLT Mbdule Foot

31 30d 2 28 27 6 25 2ad Bd wd i w0 1w 18d 194 e d 15 ad 13 12 ud w0 we e ] 7o s 50 40| 0] 2e] 10 ] 00
1#| 1] 0| 0¥ Ga[40]e 0e | 0¢ | 08 0+ Data transfer length[15:07%

“Data transfer length: Mumber of data bytes from CBLT Module Head to CBLT Maodule Foct.+

+

+

=]

)

6.2 /NR % FEE IEI

NS FEE & 75 &0l 1) TARE BRI RE RN, 75/ R AR AR E AR
AT, FEER R PRI T B, B 7222 Wi sU S G i s,

L2 WU (2 AR )2 ik FEE P B2 G SR G 5, B i
A EREESE AN ER=A PSP/ vl of = =ie S SR R S i BER Ol S M (B S Ui LS WA P QU b i
AE SRR, FEE 28 B 5 L g K

6.2.1 FEE B FZFiZ2HiER

FERL A2 IR, R 1000 bR RIS 5, 2o f 1Al P AR HS 73 B AH Y
M5 s, MRS ERmA LR g, Wk 6-6 Pron, n LA SRR
[P a0 EE KL 20,
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output mean ADC value

inputDAC-
outputADC_FEEboard0_channel0
3500 -
3000 =0.8182x - 227.5 v=0.0409x + 112.26
Hz = 09993 Hz = 099‘85

2500
2000 N
1500 - ™ Eﬁfi
1000

500

0 T T T T T T

0 10000 20000 30000 40000 50000 60000 70000

input DAC value

6-6 FEE ADC/DAC (& E=HE

T 6-7 4 12 Bk FEE W22 Wi H 7 K, TLAE B 12 Pt FEE 1Y 192 ANEIE ) TAE

P £ P e
TEIEH DI , A LiE S L e T
QH_AD 0 h_QH_A1 h_QH_A1
|__| Entries 192 I;I Entries 182
Mean 8687 s Mean  086.52
E RMS 54 85 _g' RMS 55.43
24 oggaz
g!l.'l 5 i
"
g .!us
%1" n%:m
v i
o n-ws
1
100 0.04f
80 0395
a0 L . AP I
20 40 sJi- 80100 120 40 160 50 20 40 60 B0 100 120 140 160 180
FEE channel Index FEE channel Index
Ih_f.‘u__nn h_QL_AQ h_QL_A1
Entries 192 Entries 1
= I mn. 98.6 Mean 86.31
?00_— RMS 5608 _5‘9" AMS 5535
a5 - w
E I &
& of gea
El: &
2.r 0.8
Soof
20k 0.78
I 0.76
-300(-
[ 0.74
400 . ! , 1
20 40 &0 B0 100 120 140 160 180 20 40 GO0 80 100 120 140 160 180
FEE channel Index | FEE channel Index

& 6-7 FEE B FZi2WMEHE

TSI E T FEE & T3 TARRA, RN Gt T s

IR TR A T A

TE 5 o
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6.2.2 FEE &MiEzk

AR UR B E B O DL R, SR BN A & e SR I UK A FEE %18
(ML AR TS . FERAERNAR DL, S R e M, iU
febr A MR XL

& 6-8 i FEE FRAHIE [ HE L S p A O, %018 ADC HIEEZAE ol 79.63, T
i RMS i 1.55 4~ ADC iH4: &Mt 2k FEE fth{E S 40 4~ ADC HEO N T
1p.e(PMT #2524 2*107 ) Bl 4 4~ ADC 1%k, Atk FEE 2018 (1M 75 AT FF A v 22K

18
==
):El

|  Charge_bd0 ch0 | Charge_bd_chd
Endries GAEIT
-E C Maan 7963
o RIS 155
1@‘,0-_ Underflow L
C Overflow L]
14000 Intigral 6, SEde+0d
12000(
10000
8000~
6000
4000
2000~
n:III|IIIIIIIIII|IIIIIIlIIIlIIJII

20 40 60 80 100 120 140 160
Charge

[ 6-8 FEE Bj@EIEREiL

P 6-9 7~y 12 B FEE $fiff 192 8 (3L Mg i K H o K, B FEE 461410
16 ANIEIE IO BT BREFA, X5 B eFmIEAE FEE AR _ERHE R VME PLAE
P RS P A G, MLAELE T =iy, FEE il %F&%zﬁ%ﬂmM%ﬁ

[_h_FEE_allChn_ADCMean | e ==l [h_FEE_allChn_ADCRMS |
EI“— Mean B496
- Bms 19
g : Undeifiow ! o * 63
=] Srenriiow L] U
ol intagral 10480004 E 1.6
w f I ~
2100~ i,

b L W ,ﬁ |
{ LY J L an|\h 1'" Al l] ‘MW

1 L 1 L | I 1 I 1
20 40 60 80 100 120 140 160 180 20 40 60 80 100 120 14-0 160 180
FEE channel Index FEE channel Index

6-9 AMERT FEE B FFBERELSEEKTE
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BER AL T FEE 4T IEH TARRES, RN AR 2 R AE B 4 5 20 Hodle 32
T EEAMSE; RN G IS RIS L S M R TR D S (N R bR, S
A R = prgtia] v WO PRSI s A 10 AR 19 SYEN ety A ciak 7/ B X7

6.3 NARGE

E5E /N RS FEE IR Z 5, A/NTTBH N RGO TN 4.
6.3.1 FEE 5 LTB Mi®t

525 PMT Bt B2 RG2S (F, LTB R FEE 20T 5 fil A kI
AU FLr IS TR0 B () T ST 5%, ARG HESE W RS PMT B2 i 72 R
TARIRSL

W'~ &l 6-10 frasch LTB Al FEE (M4 -, AP FE A HG T LTB HI{E
W, LTB R E, LTB /&K, FEE BI{H K & FEE iR B PR, HIKG )
REM AT H Wik 6-3 .

Configure

ST mTBIACU TN
: configure. .. S

Open Trigger
Source: Start

6-10 LTB/FEE #1#&ki2i2E
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% 6-3LTB 1 FEE iR B &

Data Status
LTB trigger mode FEE configure FEE
LTB
Low High
Manual self calibration Ok Ok Ok
Period self calibration Ok Ok Ok
(total / Low) Esum generator Ok 0k Ok
(low) ESum ADC generator Ok 0Ok Ok
nPMT generator Ok 0Ok 0Ok
NPMT +ESurm + ESum ADC generator Ok Ok Ok
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8-9 IBD RERIE(Z)/1.2us BB MR HIEL(h)/1us B B E W EGIE(H)
THEAAE, V5AE lus-1.2us BEHUE TN K 1BD 0%k 54, HPT Y IBD S EE
N 0.1%; AR LIRS FEE (I K 1.0us 0% 1.2us, I IBD S HMIA K,
T AN BR A3 AT AT R (0 A B, SEAT 1) T I i) K K 19 1.2us IR HH B T o

8.3.2.2 Muon =456

U1 8-10 Fror AL Muon S 61, Muon & FIEE61 %0k 527676, F1 1BD 44
i, FIFERBLL T LE 1.2us 152 H % N = A2 =549 () Muon =451 54 an 14 8-11 Jfr7x, Muon
7 1.2us 772 1S90 IO S BUR R 18126, £E dus 72 T4 (1) S5 B Rk 17466,
739 &7 Muon s 1515 3.435%411 3.310%:
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* Enties 527676

0 100 200 300 400 500
Time(us)

8-10 Muon EE15%5

L g i

— | Entries 18126

40 ey

300

200

100

002 04 06 08 10 12
Time(us)

8-11 1us-1.2us iEH & O A Muon E451%]

THECATAY, lus-1.2us B2 H B A YA 7SR ) Muon S0 %504 660, FLif 1.2us
FEAE T HAI I Muon S5 BT LG 3.64%, H Muon st SRR EE AR 0.125%; PRIk
FEXTT FEE 1152 B IS ) B K kit , S BN 1.2us IS TR B K, % Muon S5 52 M AN K,
B R TP 4T

8.3.2.3 I ET I EHI

IBD il Muon S5 R8RS 5 R BEHLAT & TSR0 A 5L
Al * AZ *T %9
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o5 8 PMT i3 HY 7 2/ AR SR 4 A0 i

Forbr ATIA, 73 5 N BERLAT G 301 1S5, T DI a) T K

(1)I1BD S5 F TP A5 (P BE LA A
IBD S4B K A ME 2 800 A, DAL L4515 0 800/86400 (/MFL), T 45l 1)
HH N 50Hz, FRIE KB N1.2*10°%s, KA oS a4 1BD 540 A B =5 4]

FRIBEALAT £ T 208 -
(800/86400)*50*1.2*10°*2=1.11*10"°

24 /NI TRURT P =451 A0 1BD 451 B AT LAY & 451 2 £50F 1BD =545 502 800 /M) (1) ELAEL A -
[(800/86400)*50*1.2*10° *2]*86400 /800 =1.2*10™

(2)Muon I AUBUR PEFHB I REYLRT &
Muon FHI I FGIHR 20 30Hz, JEURPESE GRS 50Hz, FER R Ay
1.2*10°s FUNEHL T, Muon SRS 1 S0 FBEHLAT & T8R4 -

30*50*1.2*10°*2=3.6*10"°

B RV AT SN, £E 1.2us [RIHE B B, RO TS A 1BD Z5491 % Muon S48 1)
BEWLAT A VR A AL, Rk Bk 1.2us [N TR 2 KB, SBENLAF ST
AN K

8.3.2.4 FEE i H & O £l sh 3t 432 =489 220

FEE W 2K T 40mHz (Bl RIS T 1.2us (B & kU0, BES LA7AE
F AN 25ns (K580, WMEUR I T 1.2us M & O, ATRER AR AN
&S 1.175us B 1.225us, AN H 5 1L 3i00) 40 B =48] 1) 5% i >k
JEIF 51T

FEE 32 H % 11E12)) i ] BE Ay SR 40 B2 35481 1 52 m 1] 8-12 BE4UUT /R, 04 ] GBI 52
BlIx [A] 1.175us #| 1.225us P, 1BD FH1%k 13, Hi Kl 8-9 Priiftlif) 1BD &4l B AL,
HPT & IBD BRI e R 0.024%, ST B 24K 4t 5L AR /)N o
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capTime {capTarget==1 && capTime<1.225 && capTime>1.175} | htemp
Entries 13

C Mean 1.21

2 1 |RMS  0.01466

185
160
1.4
12
0.8
0.6/

0.4

0.2}

1.18 1.19 1.2 1.21 1.22
capTime

8-12 1.175us~1.225us Ff[E & A IBD E451%1
8.3.2.5 Ih&E
T 1IBD 5. Muon SR SRR S BEHLAT G v FECR TS, vl DA XA

MIghiie, X5 FEE A H IR R B RER U, KEHK 1.2us MO TR B KRE, 0201 A 52 i
AR

8.3.3 FEE 1.2us i% & O AL FB
KREh 1.2us 1) FEE 2 H B 1, CBRise H i 1 IR A 0 B A EL S #5549 1) 200ns 2

AT (P 8-8 JITR), XK EL S FE T4 Bk 2 /iy i LR S BERAAE N s ELSEW B 2 Jo
(4] 1000ns, ANEEFRFGICEAEN, L& PB4 )5 i 1K Ringing A1 After pulse.

8.3.3.1 FEE it & M Al
W& 8-8 frow, FATTAT LA 21 H B Rk R0 BAE AL T SL S 4 22 Hir ¥y 200ns,
A A B A A 5 T 1) B M s B S e L B A2 N SRR R T R PreAde 43174
A 5 T o 1 e R
X1 Hit (B TEAT S, i 8-13 flras, fE TDC I H% b, 1E+EAE Hit>1050 >k
O3 HTHE RS RN s P3G e 7 o B T 1) AR Ak FRATT P LAAE ] 8-14 5 215
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8 PMT etk 1 BOMHEI A0

Events
a 3

2

5
ﬁf] f :lTl T III|I|I| T IIIIIII| T III|I|I|

|
Tl vl vl ol

-

i I | i i
400 600 800 1000 1200
& Tdc

Time goes this way

8-13 & Hit By TDC % &

Dark Rate average

N T T T T
T
2 : 1
= - :
= .'...
g 4DDD‘.
] | | -1
. | | g .
[ [ ]
I..- —— 1
[ |
360D |- = L —
™ ]
."'_- .. -
[ | N
l'.. '..II -
[ | = -1
o= . . v . oo oo .=
0 20 40 &0
Time {hour)

8-14 FHREIE A FERT BRI T4k

XFF 2 Hit (KI5 F1 5 (K] 8-15), 7726 IXFE I B L, BIARSEH A Hit AHEEARI
XAEHT—A Hit 5 5 R R G —A Hit (5 5 a0 8, SEmE A Hit 55
() PreAdc i1 ADC; 731K E, J5—A Hit {5 5752 Hit 128 TR r, nlfe
HILERT— Hit {55 55 TDC #% BT ER, FEknr LUH 2 Hit FH 4 5 —A Hit
w7 I PreAdc {E >k K ER AR Hit {55 B8, Wik 8-16 FkATA] LI 2| PreAdc {HHiliik
KRB Hit 55 BB Z G BT, X ARG BRAT A A 3 5 0 B SE A S 44t 7 —Fh
HAT
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35000
30000
25000
20000
15000
10000
5000
000 500 600 700 800 900 100011001200
Tde
8-15 M Hit A {5IA% Hit-TDC 537 E
| Delta TDC vs. pedestal (delayed) | %
oo - &
sl &
3005—
E 2505_—
150
wn?— g
B e L

8-16 % Hit =4f5 Hit B9 PreAdc
8.3.3.2 FEE i & O Fim

4l 8-8 1421 1200ns (¥ FEE B2 %, BEAL & LS B f ) 2 Hy ¥y 200ns, (05
YEL S 2 J5 7 1000ns, X FEA ORI S0 AL S A Y, B2 R a5 ) B S A S o 11
Ringing £ Afterpulse.

Afterpulse 1 Ringing 1E 4 6 ARG S S 1—5 7, W E(F % 251 Ringing 1
Afterpulse G AT T MG A GBS S0 58k, B ik 3055 2 5 bk S5 72 .

Wi Kl 8-17 AT LUE 2], a5 KM External trigger BixCRE TRk, P/~ External
trigger [N [ [A] B ) 3, 82 n] DAORAIE S —AM il A #2538 B LED 7= A LA I 05 5
(I8, 5 ANl R BARAT A5 5 2 5 1) Afterpulse AT Ringing £ ; 78 S5 ok i 42 1)
K% 7 LA lus AOSEIE A Lus B9 0% 10us, W LLFE BI{E TDC i fa) i ()&l 8-18), LED :f5%5

i
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8 FE PMT i3 H L T 2A AR AR 4 S8 11E

{3 830 1 900 12 1], 7 /e T EMI T Afterpulse FI Ringing 155

Trig'd

External triggers

M 400ns A 5 740mVv

8-17 External trigger 3XEX A&R #IE =

| EL)
.
'ﬂ,rTﬁchtHbuﬁunfDr L
E primary triggers |
: |
10tk )
- 1
i |
- I
10° 3 i
i | dark noise
| e
i | ! 1 . ! ! | !I " | ! ! LIl
400 600 800 1000 1200

& 8-18 TDC 550 H~=HE

Afterpulse F1 Ringing 155 [ B far AT LED 4555 10 s & (6] Eh 1] 8-19 B,
A LE ] 8-20 BATTATLLE R, E315 5 /50T 3us P A&R [ RESIUR LL i TS TA) P 1)

RIS
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Average Q.,

i

8-19 A&R [G] LED Hfar 2T b [E

Eas
S 3,55_ Horizontal slide, Q,;,,=5 PEs
& 3fF (= average Q,, vs. time, for
KFY: Q,;»=5 Pes)
o 2.55— prim

1.5

0.5F

ANy Ll T

Ly
7 8 9 10N
Time (us)

—
o
A
N
!
[=¢]

& 8-20 A&R A [E) 7 THT=E 4 EFE
8.3.4 INEE

FEA/NT T, A FEE B DA R, BECT FEE B2 & o0 Ty s il 1%
Wi, [ SO AT TR DR BT N, LT FEE BHE IR 1ER
FEE 3 H1 % OWEGT I — 458, @ AD Dry-run "R 1.2us ) FEE 32 H 7 KB .
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o5 8 PMT i3 HY 7 2/ AR SR 4 A0 i

8.4 DryRun 5236 FADC 4 #7%d

A RN S 56 S I e R AR AN s b, FADC fifH /2% FEE Sl thi v 16 %
SRAME 5 A1 LTB $ifi P-4 1) s BE SRS 5 REAT PR, IFRERI BB A5 B2 B AL
PLREAT PO S Bt A B AEAT ELARAO R, DR G AR K4 R C /e 6-20 i

Zl—\‘o
8.4.1 FADC Bt

FADC (4 L2 PMT it i 725 R eeh 11—, oI5 01T 0 s

USRI AKIBIER LA A 1 TR, B FADC By 5 2 — A B BEFF 17
P  DryRun 5% FADC JEHT N AMIER i ALIE, 72 b0 8 465l T

0T 1) 120 A-RAE 200 KR, 17 BRI 2 JEUIRRESOR b 5% T FADC [ 1E 8 TARIRAS.

-
300 300

250 2501
= i

150/~

I S

[Fanc ]

8-21 FADC Xi@i&Enmi N NMIIBEEMaYAE

8.4.2 FADC #74STEE

FADC i T 8 fri) ADC HahZs3[H N 0~255, MM FEIRTLLE R, A/
{55 HILLHAE 110 BT, XFEXTT ADC I St se T AR sh &JaH, Kk
SIS WG FEE it f1 FADC it AT T L2k M.
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| Channel 5 | [
= Entries 120
= ‘Meanx 505
%125__ . i Meany 1583
3 [ - b RUSx B4
0 e 250 RHSy 8454
2 . [
8120 - L
-] - 5
E 00—
g ' [
g [
- L
§ 15 — 1801~
- 1Il|]f_—
- . - - - .
& - . - - sm'_
105 seee -'
[ | I I | N IR T . ) .
0 20 40 60 g0 100 120 I R R

time[ns]

8-22 FADC BB £ kLA E

8.5 £F DryRun S2I& Bfl & =M 5

8.5.1 IRAIEX
OREAE T f3~ 5 56 DL £ 6, O FL R, SIS0 A PRI PR v Bl 490 e ) e e 280 3 D) AT
I, DRI R AR TR AT O, 1A S L o S v i R 20 R o S0 o A A T 3 1)
Py R [ PR BN AR i A 2 rh B R R LU (6 = N g / Ny )» X HLIRIERIN S Y
PRI DIAE

8.5.2 LI /L

£ DryRun SR, filA 8CR OS2 0 LED FHBIRE T (1, As kI A b
Xz AT AD RN g LED A0, AD RN ES I PMT 2RI Y. OGS 5 T 80K
ZJa, PGSR XN PMT i BCs: i 722 3di 11 (FEE), FEE KR AH N FL 5 B
Esum LA PMT [ 4005 B (Npmt)i% 4y LTB Jifl/a , LTB i fHR 4 fih & 25 L 5 fid 4 180
(LB E ST AR (R A I, S5 2 AT IRAT 280 AR K sh B 2 1, DAQ 2 Ki 3k
PR AT A A

H B3 S 6 A A ) B A mT LUHORBIEST LED 01 A s, IX B sk ik
LED A& AR (8] YRR EIAT RO 6 (5 Bs 528 LED ANREIE S 11 70 FT I AOE %),
DI LED YA GIR BN RO AR TRl (R 2fe R O TR LED RYAOGIREL, 2K
MEHE ST U] BEIRHERR A RSB 1) T, SR PRI S LED H41 % H .
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8.5.3 il A M EHITE /%

HTAEREA run H AL LED A6 TOWiE A 400HZ) 40, Kk ] BLKHE LED Z5451]
(4] s e ) g o SR i e R, Hv DB R

1.

1E run S ARG I AR b, AR G SIS A 1R
ZAH PR LED K06 T AR IR IO AR H e (b 0<t <T), W h AR
tn;ﬁ—)t'(od <T)
MBS — AN TLSE ) LED S SIAR R4 t, (0<t, <T), UL fih LED 451 SIA )
[ AT AR Mty +nT(n21), 3 MR D IPH5070%, Pl LED HFpifE 0-T
FY B T i P9 AT HH LA € I 2, B A b (IR, 2 PR
t,+nT t,

t
>24ino>22 5t (0<t, <T
T T T o(0<t <T)

St A A b 45 B 3 RS P fl e Hp O F B ) i P KA — AN AT R o0 A

16 BRI 71 R AR 20 45 B an &) 8-23 s, iX [A Tl ) LED S5 4F O-T B i) &
WA 220 EOK, AT UG Bt 75 O-T IR TR & N LT-Hh 1385 7341 o

| Run712 Time Distribution in one LED period (trigger : Nhit>=6) |

e 712
0001,

-l N
& 100— paisid nasgent
o L
% N
E i
o 80—
0 L

so_

40_

20—

a_...l..l...l...[...

0 0.0005 0.001 0.0015 0.002 0.0025

trigger time (second)

[& 8-23 LED El7£ O-T BHE & NEI > W El

2% LM LED WMPERE T, FRAMR B LED WA OEHERIFA KRG 400HZ, 1
SEAFAER AT (38 ahia], 2D9R 2 (S S A A o~

—t°+n(1+AT) —>t—°+—n$T —>t,+nAT(0<t, <T)
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I AT EVE 2, DN SN TR AT (AFAE, Rt ZJ5 (t,+nAT) <T ) LED 3

BILE IS ) 5 P AL B L, -T i, [N ATAS (t, + nAT) >T () LED I @ T 2 )5

M O-t, #ERS, IXHEm 1S LED 4041 MR SG  QUEAR B T 34 51 734 o

AT AT BRI, X T—A run Hr ) LED =41, W UL — AN 2 5
FLISTTE] t (bt 1s ) LED SHEIER], AL 0< (t, + NAT) <T , IBA/EEFmhnl

LAE 3] LED =451 S At (U RETE , 6 RE 58 At 5 t N [a] BT N A LED 45 1) SE B I [] AT

PRy, LS 2 W b pror o

W& 8-24 /T4 run708 [ 6 b AR (1%, 2" ) K LED S 4E O-T I i) & iy S 3R
(At TR, A BT 6 B0 LED S50 76 I i) %1 S B e i 5

| Time Distribution in one LED period Run708 (NHit>=2) |

Counts/2.5us
I

10(—

} il

0.0005 0.001 0.0015 0.002

M 1 second
I 2 second
W 3 second
4 second
1 5 second
6 second

ol |

0.0025

trigger time (second)

| Run708 Time Distribution in one LED period (trigger : Nhit>=2) |

htime708

Counts/2.5us

0.0005 0.001 0.0015 0.002
trigger time (second)

Entries 5149
Mean 0.001287
RMS 0.0005437
Underflow 0
Overflow 0
Integral 5149

0.0025

[El 8-24 run708 B 6 #&E# LED E18Y At BB (X)F08T 6 # LED EHgy At EREE

fE A EL il 8-25 JiFr 4 run708 & 1. 10, 20, 30. 40. 50 Fbf¥ LED Ffl¢E 0-T
T A L A, FCIR 8-24 /(1 4 ARG 4

| Time Distribution in one LED period Run708(NHit>=2) | (Bl second |
o 25 B 10
& - Il 20 second
%'n - 30 second
S 2o P
3 :
15—
10:’—
si—
ity P M
o1 | ol i ol 1 ]
0.0005 0.001 0. 5 0.002 0.0025

0

001 i I
trigger time (second)

8-25run708 & 1. 10. 20. 30. 40. 50 # LED =4 At BE=[E
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o5 8 PMT i3 HY 7 2/ AR SR 4 A0 i

o At T
oz R _E IR 3 b A0 Sz 86 AT DAAS H SRR 4518, kAN ] t N ) LED S 11 At 2 58
KRSk TS LED RS shis 1] AT, HAt 504 208 LED WA GRIAT 25in ~

AT :%(O<At <T),T =T +AT
20 2 IRTHE R A LED HISEBNINTR] AT 4924 131451*%10°" s, AT 1&1EHT G run708 26 1

PPN LED ZHI7E O-T ISR % (nf LB an 8-26 Fizw, AT & 1E J5 45 21 (1) fish 2 2k %2 th 2k 4

8'27 F)T ZR o
| Run708 Time Distribulion in one LED period Irigger : Nit>=2) | htime708 | Run7oa Time Distrbution in one LED period tigger ; NHit-=2) | htime708
. Enries L) Eniries L]
é [ Wean 000124 é r Mean 000124
g r ANS 0000553 ls b S 00008835
g 20—_ Underflow 0 'g Underflow (]
g L Ovarflow 0 8 I Overllow o
ot gl 810 © ml- Weal
5 L
H 150~
10_— ~ I
r 1001
r sof-
°_o 00005 0001 00015 0002 00028 Rewse the /_\T cI» T TR T T
' llibgsrtime(!ncond) ' lli‘ggsrtime(!lcorld)

& 8-26 AT {&IERIfE run708 % 1 #A LED ZHE4I7E O-T B (81 & A9 X L&

| Single LED Trigger Efficiency (LEDrun708_T25) trigger type : Nhit |

1

0.8

Trigger Efficiency

0.6

0.4

0.2

III]IIIIIII]III[II[]T

NHit

& 8-27 LED &k EHA AT 1EIE /5153 Ao fih A& 3R #h 2
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8.5.4 E2Nnfh & M EHE =

FEX) Dryrun SERCEAEHEAT LED S0 fil e RO RIETTRIIE AR o, S0 fu A R0 11 2 2
f:

« LED (fThfE: LED MIPEfRE HREE MG LED F0If A SR, HARERER. et
s He b g Ay SR IR

o R AR il BRI T T AR A 2 LED SRS AT PMT 38 25 115 B0 T 1) i 4
TR, T v A A 11 i i o] (L #5447 5 i A ik A 35

* PMT HPERE: PMT BIVERE A A R ARG, HHIA LED Jtsi M AR m i) PMT
1 53 B4R i A R

8.5.5 il A XM R/

FEMABCRDIGE, SRt T Ml BRI 507k, HHE M T LED (388 Ta],
RAG T BIE R AR th 2k, IF HAS 172 mafh A 8eR (1 3 2 =

8.6 RE /L

AF M Dryrun SEE A K, IR T FEE $6{H7E Dryrun s 8B N, Ok JE e
R EGEAAT R 7R, R PMT S 2 RGEHEAT T it sE, dsxt FEE
AL & DT TOTSE, oM T FADC ST IIPERE, LA LED 41 1 I fis A%
HABIEAT T AN TS
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FIFE 25

WA T T S 75236 PMT 32 o 724 (FEE) IR ST, K0 PMT
BEH A AR RS T ATLAS 55 BESHI L3-S B vk B A, B0 RS S 56 f) B A4 22
SKIEAT TR RN LD DAQ. BN AD HLO BRI A&, AT PMT
PRGN, RS B EAT A I

KIS PMT B H T2 ek Jy S AT AU T . Bed s A BEOTAT B vy LR
RS R RISTERZEEZI A mTEfE FPGA 51N, fif543 16 WAl & 4 F1
H A U P ) s AL B 4 LA S VME B2 R0 AE — - FPGA N 5E i, £ PMT i3
HH A P N 3 58 OB (K B A B A7 AT R (I LT — I TR B T e, kb T A
RE B AL, AR T VME £ H 2% 50 b 21 4

RAETS PMT B2 H 124 55 [ N A RIS s ER AR LG, B AR, M RE R =
HEI 1) B A5 AR A FEE (MR SE SRR, PMT i3 24 I B v 2 iy, SEol 1 g
SEVCUE H R, BERSI L KL SEEG X, PMT (55 82 tH 2K, [RIN X FEE Hifdm{s 5 PMT
ST, R T B AT MRS IS, I A A R B S o OR
LIk e B s IR R I3RS B s T0AE FEE (W8 200t b B N BE A1 RIS T FEE
(52 BN T B 1A T B S0 (5, SO P24 T A 0 Fade F 2RI REREAT TAG
B FT LED FH] NI R RIS L FEE (N2 —, ot 384N K75 5256 i 2%
I HE EENSHEH .

ARICHE LN R SEEG PMT B2 2 Ol 7L KA M EBIBTrdr, SR
XFPMT B2 LT 27 D RE R T K4 R A — Nk I I B, ORES PMIT 32t L 5~ 259K
AR, 752N 2 (N S e 8 ) 5835, AT R ORIV S 46 (K38 AT
R HE LA
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DYB FEE VME Interface Descriptions

FEE board is standard 9U VME (340mm deep) module, using 24-bit address bus and
32-bit data bus. 16 channels two range ADC (12Bit) and TDC are housed in each FEE board.
ADC peak and TDC data are packaged together with channel ID and event number and can be
read out by PowerPC through VME bus using Chained Block Transfer (CBLT) which is
defined in American National Standard for VMEG64 Extensions for Physics and Other
Applications (ANSI/VITA 23-1998).

The module address, i.e., card address is given by the geographical address of VME
backplane (GA [4:0]), which means FEE board will get individual module address when the
board housed in different VME crate slots. The base addresses of modules in different slots are

shown in table-1. For example, the module base address is 0x200000 when inserted in slot 4.

Table-1 FEE module base address in different slots

Position Base Position Base

address address

SLOT3 0x180000 SLOT11 0x580000

SLOT4 0x200000 SLOT12 0x600000

SLOT5 0x280000 SLOT13 0x680000

SLOT6 0x300000 SLOT14 0x700000

SLOTY 0x380000 SLOT15 0x780000

SLOTS 0x400000 SLOT16 0x800000

SLOT9 0x480000 SLOT17 0x880000

SLOT10 0x500000 SLOT18 0x900000
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Data including trigger number, charge, ADC range, peaking cycle, TDC data and hit count
can be readout using CBLT. CBLT base address is 0x01000000. For detail CBLT readout data
format please refer to DocDB-3618.

The address and function of each register are listed in Table-2. VME controller can access
these registers using standard VME A24/D32 read and write operations. The VME address of

register=module base address + bias address.

Table-2 List of registers, bias addresses and functions

Register name bias | operation | Function
address

Reconfigure FPGA 0x2400 W Start Reconfigure FPGA. After
this command, need to wait until
configuration done (4 seconds)

Reset IdelayCitrl 0x3400 W Reset IdelayCtrl unit for input I/0
delay. Needed once after
reconfigure FPGA.

Reset Idelay 0x4000 W Only for FEE debug purpose

Reset dcm320m 0x4400 W Only for FEE debug purpose

Reset dcm80m 0x3c00 W Only for FEE debug purpose

Delay adjust 0x4800 W Only for FEE debug purpose,
adjust input delay for one step
according to relative enable
register

Channel delay enable | 0x4900 wW Only for FEE debug purpose,

register 32bits enable individual 32 data
input channel from FADC

FCO delay enable | 0x4A00 W Only for FEE debug purpose,

register 4bits enable individual 4 frame
input from FADC

Power On Reset 0xA000 W Module reset, only needed once
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after power up before start any

other operations

Reset 0xA900 W Reset all state machines and clear
all buffers and reset trigger
counter, etc

Control and  Status | 0XA100 | Read/ | 19-bit for setting the mode of

Register (CSR) Write | FEE board and read back the
status of FEE board. See table-3

NPMT test pattern 0xA200 WI/R Low five bits only D[4:0], using
these generate NPMT test output

Trigger delay 0xA300 W/R Number of clock cycles for
trigger delayed on FEE board.
Typical = 0x14
Effective when CSR[6] is 1.

FEE board version 0xAAQ00 R 32bit, higher 8-bit is PCB
version. The next three 8-bits is
the date of firmware written,
YYMMDD

Number of event for | 0x5000 WI/R When  number of triggers

read request buffered in FEE board is greater
or equal to this number, FEE
boards send to trigger a read
request

Number of triggers for | 0x5100 WI/R Typical : 1

each CBLT readout

Maximum number of | 0x5200 WI/R Typical : 1

hits  recorded  per

channel for each trigger

Number of wun-read | 0x5300 R Number of un-read triggers in

events /triggers

readout buffer
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Check Number register | 0x5800 W/R When FEE board in Test mode, it
generates trigger check by itself
every 256 trigger. In order to test
this function easily, this register
can be changed. Typical: Oxff

Threshold DAC1 | 0x7000 WI/R Command word for DAC1 (for

command register chl to ch8). Details are shown in
figurel

Threshold DAC1 | 0x7100 W Execute the command for DAC1

execute register

Threshold DAC2 | 0x7200 WI/R Command word for DAC2. (for

command register ch9 to ch16)

Threshold DAC2 | 0x7300 w Execute the command for DAC2

execute register

Test DAC Regl 0x6000 W/R Low 16 bits. baseline value for
test signal

Test DAC Reg?2 0x6100 WI/R Store the data2 for calibration

Test DAC Reg3 0x6200 WI/R Store the data3 for calibration

Test DAC Reg4 0x6300 WI/R Store the data4 for calibration

Test Start Register 0x6800 W Generate one calibration pulse

Test Channel Enable 0x6900 WI/R 16-bit  register.  Each  bit
corresponding to one channel on
FEE board. Bit[0] is channel O,
bit[15] is channel 15. When bit[0]
is 1, test signal to chO is enabled.
When bit[0] is O, test signal to
chQ is disabled.

Test Trigger Delay 0x6A00 WI/R 8-bit register, b[7:0], should
be >=7

Typical value 17.
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CH 1 | 0xB000 Read the ADC output data of
CH 2 | 0xB100 both ranges at current time (D
ADC data|CH 3 | 0xB200 [31:0]).
Reg CH 4 | 0xB300 Each channel has 2 ADCs, low
CH 5 | 0xB800 range ADC (L [0:11]) and high
CH 6 | 0xB900 range ADC (H [0:11]).
CH 7 | OxBAOO
CH 8 | 0xBBOO D[31:0]={4’h0, ~ H[0:11],4°hO,
CH 9 | 0xCO000 L[0:11]}
CH 10 | 0xC100 D[31:28],D[27:16],  D[15:12],
CH 11 | 0xC200 D[11:0]
CH 12 | 0xC300
CH 13 | 0xC800
CH 14 | 0xC900 Caution: the data H [0:11] and L
CH 15 | 0XCAQO [0:11] is LSB first, needed to turn
CH 16 | 0xCBOO to the right bit order.
Time Counter 0x7B00 Read current value of 15-bit 40M
time counter
CH 1 | 0x8000 Each channel has a CBUF,
CBUF data|CH 2 | 0x8010 Data readout from the CBUF
Reg CH 3 | 0x8020 register data is DJ[31:0]. Data
CH 4 | 0x8030 format is the same with charge
CH 5 | 0x8040 word and time word defined in
CH 6 | 0x8050 DocDB-3618.
CH 7 | 0x8060
CH 8 | 0x8070
CH 9 | 0x8080
CH 10 | 0x8090
CH 11 | Ox80A0
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CH 12 | 0x80B0
CH 13 | 0x80C0
CH 14 | 0x80D0
CH 15 | Ox80EO
CH 16 | Ox80FO0
CH 1 | 0x8100 Show the buffer status of
Buffer status |CH 2 | 0x8110 individual channels.
register CH 3 | 0x8120 D[9:0] is number of data stores in
CH 4 | 0x8130 event buffer. (event buffer length
CH 5 | 0x8140 is max 500)
CH 6 | 0x8150
CH 7 | 0x8160 D[19:10] is number of hits stores
CH 8 | 0x8170 in pipeline buffer. (buffer length
CH 9 | 0x8180 Is max 511
CH 10 | 0x8190
CH 11 | 0x81A0 The CBUF is dynamic, when a
CH 12 | 0x81B0 data in, the length increases, and
CH 13 | 0x81C0 a data out, it decreases.
CH 14 | 0x81D0
CH 15 | Ox81EO
CH 16 | Ox81F0
CH 1 | 0x8200 Read the dark count of each
PMT dark CH 2 | 0x8210 channel in 0.104 second
count CH 3 | 0x8220
register CH 4 | 0x8230
CH 5 | 0x8240
CH 6 | 0x8250
CH 7 | 0x8260
CH 8 | 0x8270
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CH 9 | 0x8280

CH 10 | 0x8290

CH 11 | Ox82A0

CH 12 | 0x82B0

CH 13 | 0x82C0

CH 14 | 0x82D0

CH 15 | 0x82EO

CH 16 | 0x82F0

CH 1 | 0x8300 One individual 32-bit FIFO for
Waveform CH 2 | 0x8310 each PMT channel. The FIFO
fifo CH 3 | 0x8320 length is 420 words.

CH 4 | 0x8330 Waveform data for one PMT

CH 5 | 0x8340 channel for one trigger has 42

CH 6 | 0x8350 words, one data head, 40 data and

CH 7 | 0x8360 one data foot.

CH 8 | 0x8370

CH 9 | 0x8380 Head: D[31:28]-0x86,

CH 10 | 0x8390 D[19:16]-channel id,

CH 11 | 0x83A0 D[15:8]-trigger number

CH 12 | 0x83B0

CH 13 | 0x83C0 Data: D[29:24]-count

CH 14 | 0x83D0 number(1-40), D[23:12]-coarse

CH 15 | 0x83E0 range ADC wave, D[11:0]-fine

CH 16 | 0x83F0 range ADC wave

Foot: D[31:28]-0x9,
D[19:16]-channel id,
D[15:8]-trigger number
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Table-3 CSR (Control and Status Register) Bit definition
Lower 16 bits CSR [15:0] are control bits. VME master can read and write these bits.

Higher 16 bits is read only status bits.

Bit | Op. “1” definition “0” definition Typical value
0 W/R CBLT Enable CBLT disable 1
1 W/R CBLT First Board NOT CBLT first|1lor0
board
2 W/R CBLT Last Board NOT CBLT last|lor0
board

3 WI/R ADC pedestal using one | ADC pedestal using | 0
sampling data the average of four

sampling data

4 WI/R Not defined Not defined -

5 WI/R Disable all  triggers | Enable triggers 0
including local trigger,
cross trigger and trigger

for FEE self test

6 W/R Trigger signal is delayed | No trigger delay Oorl
in FPGA for number of
clock cycles defined in
trigger delay register
(0xA300)

7* WIR Enable Test DAC clock, | disable Test DAC |0
Self test mode clock,

Online mode

8 W/R ADC (AD9222) outputs | ADC ( AD9222 ) |0

the debug data 0x800 outputs the normal

data
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g* W/R Connect analog switch, | Cut off the Test signal | O
connect the Test signal | from main signal
into main signal path. path.

Self Test mode Online mode
11,1 | W/R CSR[11:10] set nPMT output format : 00
0 when 00, output real time nPMT
when 01, output looped number from 0 to 31
when 10, output data set by register “nPMT
test pattern” (0xA200)
12* | W/R Self test mode external trigger | O
mode
Online mode

13 WI/R Generate Self Test signal | Generate Self Test | 1
for individual FEE board | signal when FEE
through individual VME | board receives
command when in Test | trigger from LTB
mode. (only when FEE in

Self Test mode).

14 W/R Wavefifo full out to LTB | Wavefifo full outto | O
enable LTB disable

15 W/R Trigger number  check | Trigger number | 0
disable check enable

16 R Threshold DACL1 is busy Threshold DAC1 is | 0

ready

17 R Threshold DAC?2 is busy Threshold DAC2 is | 0

ready

18 R Calibration DAC is busy Calibration DAC is | 0

ready

19 R Unread event greater or | Unread event less |Oor1l

equal than N

than N
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20 R Buffer Full Event buffer not|0
full

21 R Buffer Almost Full Event buffer length | O
(flag to LTB to block | less or equal than
trigger) Event buffer length | 398
greater than 398

22 R WaveFifo full WaveFifo not full 0

23 R IdelayCtrl not ready IdelayCtrl ready 0

(*) bit 7, 9, 12 have to be set the same number

Table-4 Flash Access VME Commands

Register name bias operation | Function
address

Reset CPLD OxFCO00 Reset all state machines in CPLD

Reset flash | OxF400 Reset flash address to 0

address

Flash  address | OxECO00 Increase flash address by 1

plus 1

Flash access | 0xd400 Only bit[0] is used.

control register bit[0]: 1-VME bus access flash

0-configuration logic access

flash

Set flash | 0x4CO00 Set flash address to Ox3FFFFO for read

address to and write board_id.

board_id Address for board serial number
register is Ox3FFFF1l. one Flash

address plus 1 command can be used
to change flash address from

Ox3FFFFO to OX3FFFF1
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Reset flash 0x0400 Flash Reset
Write to flash 0x0CO00 Write a byte to flash current address
CPLD csr 0x1400 3bit CSR
bit[0]: O-flash busy, 1-flash ready
bit[1]: O-ldelayCtrIReady, 1-
IdelayCtrlError
bit[2]: 0-Dcms ready, 1-Dcms error
Read flash 0x1C00 Read a byte from flash on current
address
CPLD version | 0x2C00 Bit[2:0] shows the current version of

register

CPLD
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FEE CBLT Data format

CBLT Moduie Head

31 30 204 28 27 264 25 24 23] 22 21 20 19] 18] 17 16 15 14 13] 12 11 10 9 [ se | 7o [ 6o | 50 40 3e 20 1o 0a o
0o | 0| 10| Qe GAl4 0]l 0o Do| Oo| Module Typeto O E
LG4 VIME Module Geographic Address Module Type: is 0x01 for PMT FEE boards

Daig Head-

31 30 294 28] 27 26 254 24 23 22 21 204 194 184 174 16 15] 14 13] 12 11 10 9+ [ 8e | 7o [ 6 [ 5] 40 3e [ 2] 10 ] 02 |
O | 1o | Do | 0o | Data format ver®s 0o Trigger Types Check info[7 0t Trigger number(7:0Fe E
? Data format version: now is version 2, should be 0010.¢

Trigger type: 0000 — local trigger, 0001 — cross trigger “Check info: bit[1]: 1-check, 0-no check bit[0]: 1-etror, 0-no error. bit[7:2]: not defined.»
STrigger number: 8-bit loop integer starts from 0.¢

Charge ()¢

31 30] 20 28] 27 26 25 240 [ 23] 22] 21 20 19 18] 17 16] 15 14 13 12 11 10 9o] 8e] 7o 0] 50] 4e] 3] 20] 1o] 0o
0o | 1o | le| Channelid[3:0]¢ | Range’s Pedestal[11:0]% Charge[11:0] E
SRange: 0 — low range, 1 - high range 10Pedestal[ 11:0]: updated on versions, new pedestal value is 14 of the forrer one.v

Time (T)»

31 30 20 28 27 267 25 24 23] 22 21 20 19 184 17 16 15 14] 13 2] nf od 9o [ 8o [ 7o [ 6o | 5o [ 4 [ 3o [2e ] 1o 0o )

le| 0o | O | Channel id[3:0] | Peaking cycle[3:0]¢ | Hit Court[3:0]8¢ Time[16:0] # o

8Hit Count: When there are more than one hit per trigger The first hit count is 1 and the 2% last hit count is 2, and so on. Maximum Hit Count is equal to
Max Nurmn Of Hit Per Trigger Register (address 0x5200)

Date Footo
31 30 204 28 27 264 25 24 23] 22 21 20 19 18] 17 16 15 14 13 12 11 10 9o [8e [ 7o [ 60 |50 [ 40 [ 3] 2o [ 10 ] 0o ]
le| 0o | 1| Qe Qe Trigger nurmber(7:0]¢ e Data transfer length[9 077 e

"Data transfer length: Murnber of data bytes from Data Head to Data Foot. «
CELT Module Foot-

£

+

31 30] 20] 28] 27 26 25 24 23] 22 21 20 19 18] 17 18] 15] 14 13] 12 11 10 9o T8 [ 70 [ 6o [ 5o 4 30 [ 2o [ 1o ] 0

le| 1o | Oe | Qo GA4:0) Oe | Qe | Qe Oe Data transfer length{15.0% =

®Data transfer length: Murnber of data bytes from CBLT Module Head to CBLT Module Foot.«
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