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PMm? Project (I) Om

» PMny :[Innovative electronics for array of photodetectors
used in High Energy Physics and Astroparticles/ .

» R&D program funded by French national agency for research
(ref. ANR-06-BLAN-0186) (LAL, IPNO, LAPP , ULB Bruxells and
Photonis) (2007-2010)

» Application : large water Cerenkov neutrino detectors
(more generally: exp. with large number of PMTs)

TWEPP 09 Selma CONFORTI DI LORENZO 3
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PMm? Project (II)

> The project proposes to segment the very large
surface of photodetection in macro pixels made of 16
photomultiplier tubes connected to an autonomous
front-end electronics.

> Replace large PMTs (20 inch) by groups of 16 smaller
ones (12 inch) with central ASIC :

— Independent channels

— charge and time measurement

— water-tight, common High Voltage

— Only one wire out (DATA + VCC)
» Target:

1pe efficiency ‘ .‘ .' -
. . i |

Triggerless acquisition - e 4

1ns time resolution

High granularity

eCommon HY for 16 PMTs
¢ Common electronics for 16 PMTs
*Front-end closed to the PMTs array

scalability

Low cost:/

TWEPP 09 Selma CONFORTI DI LORENZO 4
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PMm? Project (IIT) Om

The general principle of PMm? project is that the ASIC and a FPGA
manage the dialog between the PMTs and the surface controller

/ Integration Board 10 bars water pressure\
r "ﬁ” ‘[’ :.‘!l Al Triggerless Front-End for ( \
l“l Charge and Time digitization
s (9 (8 ‘ é
. ol
kL
K [Common HV] )
100m cable
LAL/IPNO Power + DATA /
e

TPC/IC

[ uControler ]

S
LAPP
Power + decoding board

TWEPP 09 Selma CONFORTI DI LORENZO 5
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L PARISROC architectur
Complete front-end chip with 16 independent auto trigger channels p . 7,
Technology : Austria-Micro-Systems (AMS) SiGe 0.35 pm Read/Writ¢ |  FIFO managament

12 bit fat;r; 132 register
Its State machine of 24 bits
TDC Ramp ADC Ramp
24 bits Timestamp
> Counter ‘———1
17 Top Manager peec it
] Lo _»] 32 register
. f 12 bit
Q Counter 9 i 4///
Dy k
e}
83
o
c
o - DIGITAL
- 1 MUX charge
output { PART }
(e W
output
16 Trigger
outputs

TWEPP 09

Bandgap

DAC
10 bits

Selma CONFORTI DI LORENZO

Area:17 mm?2 (5mm * 3.4mm)

Power Supply: 3.3V
Package: CQFP 160
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One channel analog part Om

Internal read

" Ramp TDC, Ramp ADC and 10-bit DAC
common to all channels

Variable Cf
1pF;0.5p;
0.25p;0.125p;.... 7fF

Adjustable values
................................. for each channel
Variable Cin i to adjust PM gain
1p;2p;4p variation

P on 8bits

.
..................

: Common i
: adjustable value :

---------------------------------

VARIABLE
DELAY.

..............................

Adjustable and
variable gain
amplifier

..........................................

TWEPP 09 Selma CONFORTI DI LORENZO 7
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Digital part architecture(I) ~ (Y,

FIFC mana geament

] . 32 Registers
SCAL1 Chn Read / Writ +
g il uf SCA ™ of 24 bits
| | State Machine
SCA i 4 [T TS RS el -
| | ﬂh 24 hits Timestamp
Conmter

‘

32 Registers
C onniter of 12 hits

ADC Eamp < Start Ramp

16 channels managed independently
2 state machine dedicated to handle one channel: Write and Read

SCA depth of 2 for time and charge measurement
SCA management like FIFO

24bits Timestamp counter @ 10 MHz (1.67s)
32 registers of 24 bits to save coarse time for each depth of SCA

32 registers of 12 bits to store converted data: 16 charge and 16 fine time
40 MHz clock for ADC + SCA management
10 MHz clock for Timestamp + Readout

TWEPP 09 Selma CONFORTI DI LORENZO 8
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LNL . :
" Digital part architecture(II)
o o, . T op Manage:
* 4 modules: Acquisition, Conversion, Read / ...................... )
Out ﬂﬂd TOP mﬂﬂﬂgef. :Acqmmtmnl C otrversiog
. .. BN Switched |} oo
14 AchISltlon: Analog memory , /\Kp Capazitor
: sty L .
* Conversion: Analog charge and time into 12 | iSlow sheper sgnal = uulogio Digial | |
bits digital value saved in register (RAM) _/__/—P —_— |
¢ Read Out: RAM read out to an external :'.:I'Dﬂ.rlarr.p signal l
system '_'-_-_-_- _____________________________________________________ il
Registers
Shift 1001
D) Regster ‘ 0iil
; : 0101
\ """" ReabOw .

Selective Read Out

Only hit channels are readout

® Readout clock : 10 MHz
® Max Readout time (16 ch hit) : 100 us
® 52 bits of data / hit channel (all gray)
® Readout format (MSB first) : 4 bits channel # +
24 bits timestamp +
12 bits charge +
12 bits time

Selma CONFORTI DI LORENZO
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Technology :

AMS SiGe 0.35mm

Size : 5SmmX3.4mm

Package :
CQFP160

TWEPP 09 Selma CONFORTI DI LORENZO 10



Measurements
TEST BENCH

TEST BOARD

L7
¥

CAO/LAL/ORSAY
09/08 _n ey
JL SOCHA L]

AVDD

. TEST_PARISROC

G.MARTIN CHASSARD
BERNI

o «
5 |

input signal : I1= 0 to 5mA

i
15ns
sl Mu" lem V"\['"WAW'\ J"A‘VWWR‘ “"\l-_WU'VWW “v“‘w'«qf VAWNM_ O to 300 pe 9 0 to 50 pC
N PM's Gain=1(¢ (Ipe=160 fC)
5n. \ R\ / [ Sns o o
SRR A PARISROC submitted in June 08
. and received in December 08
Selma CONFORTI DI LORENZO
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Linearity pa for 10 pe input signal

Cin=4pF); 100 pe input.

Residuals in % | -2.5 <Res% <1.35
' ] P - ®
g - -

24

551

50 —

[~ £ B
@ o @
| | |

Vmax_pa (mv)

N
wn
|

20

15 —

10 —

Linearity pa vs 1/Cf|
Input 10 pe

® Vmax_pa
— Fit

B Res%

Vmax_pavs 1/Cf

2% on 8 bit

Gain adjustment linearity of

0.2 04 0.6 0.8

TWEPP 09

1 I I 1
1.0 1.2 1.4 1.6
1/Cf

I
1.8

I 1
20 22

Vmax_pa (mv)

PA_GAIN Mean(mV) Rms (%)
8 609.94 05
4 353.19 14
2 183.69 1.2

650 5

600 —

550 —

500 —

450 —

400 —

Tl T O e, L IS - S (R LSS . SR -5 A M

300

250

200 —

150
T

Gain uniformity
100 pe inpul

0 p t
=varial
all
i
£ all

in=
ean = 809.94 mV , rms = 3.11mV )
ean = 353.19 mV, rms = 4,85 mv)

@

= s 83— "= = s » 5 g, g § 5 =

Selma CONFORTI DI LORENZO

8 9 10
Channels

= Analog measurements: Preamplifier
. ; Input: 10pe G_pa=8 .
LExeamphiticny)|fMca= | =t ApuEpe wmv/div | High speed : tr=5ns
RMS NOISE ImV 468uV 10ns/div
without USB cable 660uV |
Noise in pe 0.2 0.086 IF
without USB cable 0.132
m Adjustable and
Vout(1pe)(G_pa=8) | 5mV 5.43mV variable gain
SNR 5 11.6 amplifier
without USB cable 7.6 . ; ;
Gain uniformity for all channels (Vmax_pa vs Channels; CF var;

12



I

\
N

|!EE

Slow Shaper

1. Slow shaper (50n8) | Meas. | Sim
RMS NOISE 4mV | 2.3mV
Noise in pe 0.3 0.125
Vout(lpe)(G_pa=8) 12mV | 19mV
SNR 3 8

Extra noise sources:
-10 MHz Clock : doubles the noise
- Low frequency noise

Res%

V)

Vout_SSH

08
0.4
0.0
-0.4
-0.8

Held sig

nal

. mer«-w%rw# P

L b T | ok el R P b A
g RSy U L T

Slow

shaper signal

1,00 Vidiv

-3.110% ofst

TWEPP 09

15
1.4
1.3
1.2
1.1
1.0
09
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0

G_pa = 8

Lin_SSH_until 100pe_Gpa=8
m  Vmax_ssh Measurements|

—— Linear Fit
B Residuals

10

20

30 40

SSH Linearity better then 1%
at high preamplifier gain.

Slowr Shaper

Selma CONFORTI DI LORENZO
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Fast shaper and disctiminator (g,

3. Fast shaper (G_pa=3)

RMS NOISE

Meas.

2.5mV

Sim

2.36mV P g o i

0.06 Fast shaper

Noise in pe

0.08

Vout(Ipe)(Gpa=8)

30mV

39mV

SNR

12

16 .
1gger

uuuuuu

Pedestal spread better than 0.1 pe.

120 —

1104

Overlapped

curves

100

90

70 —

Trigger efficiency %

30—

20—

10 —

=T Trigger efficiency
0T Pedestal spread: 1 UDAC

(LSB DAC=1.78 mV) so of 0.06 pe.

S-CURVE PEDESTAL |
CH1:CH16 ;

10 pe input
Spread: 0.4pe

Trigger efficiency %

— CH1
— CH2
CH3
— CH4
— CH5
CH6

S_Curve all channels

INPUT 10pe
—— CH9

CH7 -
— CH8 -

—— CH10
—— CH11
— CH12
— CH13
CH14
CH15

CH16

T T T T T T 1 3 : :
300

S T L

194 195 186 197 198 199 200 201 202 203 204 205 206 207 208 209 210
DAC_unit

TWEPP 09

DAC units

Selma CONFORTI DI LORENZO

14



I

\
N

|!EE

Trigger efficiency Om

*Trigger down to 100 fC and up to 5pC )

\", Threshold vs Injected charge
\ —— 0 pe —> DAC =217
—— 0.32 pe —> DAC = 217

® N i 10 fC 7 0.4 pe —> DAC =217.5
N — 0.56 pe —> DAC = 217.5
Olse 80— \ —— 0.79 pe —> DAC = 219.5

—— 1pe —> DAC =222
—— 1.26 pe —> DAC = 226
1,78 pe —> DAC = 232.5
—— 2.5 pe —> DAC = 246
—— 3 pe—>DAC =256

®Limited to 10 ¢ due to 70
discriminator coupling 1 50% Trig. Eff.

50 —

40 —

Trigger efficiency %

30+

20 -

=
b

-
E 0 T T T T T 1
7
e 100 180 190 200 210 220 o gfﬂnils 240 250 260 270 280
e
E ad 100 | .]
L 90 - ; ‘
m Threshold vs Injected charge| |
'l]' E"D 80 < ——300pe |
- | e |
32pe
£ 70 < " : . ;gge |
—25
ﬂ'{] ;;i 60 — —1.7533 1
2 —1.26pe |
| — |
§ 50 —0255?;2 |
20 | — |
L —Oi:ue i |‘
i Bl fen sles B e g B e f w e 20 |
0 100 200 300 404 200 o | \ |
in (fC) | |
G1 n i\ 10 - m | ¥
L \
0 " L

I I I 1 I I 1 I I | I I I I .I I 1
150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
DAC_count

TWEPP 09 Selma CONFORTI DI LORENZO 15
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10 bit DAC Linearity

Om

Residuals(%0)

DAC1_Chip1l

: ) .
20.1t0 0.1 Linearity at 0.1%

DAC2_Chipl

-0.1t0 0.1

Res%

2.5

put

DAC1 out

0.0 —

DAC1_LINEARITY_CHIP1

Res%

2.5

CHIP1
DAC1_linearity
Residuals%

put

DAC2Z_out

0.0

DAC2_LINEARITY_CHIP1

0.10
0.05 0.10

0.00 — 2 0.00

-0.05 — -0.10

0.10 -

CHIP1
DAC?2_linearity
Residuals%

T | | I

TWEPP 09

0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10001050

| T T I I | | I | ] I 1 | | | I | I I

DAC_count

Selma CONFORTI DI LORENZO
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DAC2 count
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Internal Wilkinson ADC (I)  (Dgma

DAC=500=1.4523V 12 bit ADC (LSB=269u.V)
Number of acquisitions: 10000 ADC_UNITS=1961

AADC_units=5

Window Evernt

M ‘Windows_acquisition Channel
Min - u
IMe:an-mir-max charge FWBf'a_Q?_ i Byte choice Timestamp
Progress 100 :’_J]}D } 0
......... 1964, 0 - mmm— F_ine Eirre:
o
L
ONESHOT = Charge
= jo
- 5 '
nb acquisition Single channel distributian 1 CH Stat E ]

2 10000
op

Channel

S
il
,

Rms charge Courbe 0 ﬂ_
1,0- D EEEEEEEEEESEmES = § i i B 2 A

Zustom Evenk

Channel

: .

Amplitude

Timeskamp

!80320

LLLLL

amplitude

Fine ke
slllceditas
| 1962

a5
4

|

|

|

|

|
A

Charge
{1951

0- 1
1959 19595 1960 1960,5
Charge (ADC count)

Channel number
Tab Carnriand e

TWEPP 09 Selma CONFORTI DI LORENZO 17
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Internal Wilkinson ADC (II) Om

e The ADC is suited to a multichannel conversion
®Very good uniformity and linearity

1.0

I
E 05—

Q 004

{ _05 — i 3 :
g' 104 ‘|Residual_min= -1.47643;
£ 45 Residual_max= 0.912548;

110 bit ADC_ transfer function|.
ALL CHANNELS PLOTTED

BOD0 b s

ADC_12bit_linearity_CH1

£
E : i : i i i 25 isit
-------- | 2000 bbb 25 2CAUISHHOR
Q 2000 ; : : Mean values plotted
< —— ADC measurements
b L e e B e e b —— Residuals_ADC_units

: i : 5 : f
g i f |' T T ] 09 10 11 12 13 14 15 18 17 18 19 20 21
1.0 1.2 14 16 18 20 DAC_Voltage
Input_Voltage

Uniformity of 10 bit Wilkinson ADC
16 channels superimposed!

Linearity at 1%
of 12 bit Wilkinson ADC

TWEPP 09 Selma CONFORTI DI LORENZO 18
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Overall behavior (10 bit ADC) Om

* Complete chain: Autotrigger + T&H + Internal ADC
¢ Linearity : 1% ; Noise 6 UADC (10 bit LSB=1.06mYV)

howmoao
| I |

Res ADC unit

.........................................................................................................................................................

i : : : H : : : : i 1 ¥ T 5 i i Charge measurement 10 bit ADC
H ; ; : : : ] : : H : i £ ; LSB=1.06mv
EUD _._ ........ (e . I TRRNTE ._ ..... FRNATIE VSSRASS SRR SRR B PR, (W] R LI i SRR Seesiiianianniitasfieess GDEI=1‘¢
i i £ i I ! |DAC delay: b<0>=1 and beZ>=1
3 : f i Mean num events = 2746454
s =6

ADC count

@ ADC Charge meas (ADC unit)
400 — - s £ - SO SN SO O kT P B E Sk i Imin ADC meas = 13227 —= 3pe |}
; I ! i | : : : i i : : : £ i Max ADC meas = 989.01 —> 50 pe|

Fit ADC

@ Residuals (ADC unit)
i -5.9<Res ADC unit<14,38
e <G 24V <RES_MYV<15.24m\

50 it s o e ben et e 8 b et et it e e et et s e 8 T e e et e e 0 et sk e et et 4 A A Bt et m b R st g g g s

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Input_num_pe

TWEPP 09 Selma CONFORTI DI LORENZO 19
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Measurement with PMT [B.Genolini IPNOJ Om

® SPE spectrum with 10 inch PMT X

- Complete chain : outotrigger + 10 bit internal ADC
*Time measurement with 2 inch PMT (XP3102)

- Trigger output jitter : 600 ps

Oscilloscope

1AL

4/\ 7y ? Discriminator output
|
Probe
............. ] @ l \ PARISROC
PMT

h 4

Photonis XP1804 S5/N 1086

SER (1840 V) | NOR16 vs charge (scope) |
XP3102/osc., HV = 1200 V, th = 220, th scope = 3.2 mV

2 F 250

= C ADC - Delay = 06 DAC ch. 5 L

G’_.167 —— Oscilloscope E L

£t =45

F14f

IS
\o\\l

(2]
(3]
T

AT s e

0.02i i LL"LHL

] \r Ll L1l I L1l | L1 11 L1 1T L [ TT i - 2 7.\ Lol - L L1l L1l L1 11 I - I -
% 0 1 2 3 4 5 6 7 8 ® 1 2 3 4 5 6 7 8
Rescaled charge (x10 electrons) Charge (x107 electrons)

TWEPP 09 Selma CONFORTI DI LORENZO 20
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"= Conclusion and next steps (g,

|!L

® Good Overall performance of PARISROC.
- Autotrigger and internal digitization;

- Very good uniformity and linearity;

- Extra noise source :

10 MHz Clock double the noise,

Low frequency noise.

« A second version will be done in November 09.
- Possible PMT' gain increasing ;

- Increase dynamic range with 2 gain ;

- 8,9, 10 bit ADC to reduce dead time ;

- Double fine TAC.

® Chip being evaluated by several experiments:

Memphys, DUSSEL, LENA...........

TWEPP 09 Selma CONFORTI DI LORENZO 21
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Costs

I

\}
N

R

Size (Diameter) 20
Photocathode area 1660
Quantum efficiency 20
Collection efficiency 60
2500

Cost
12.6

20(17)
1450
24

20
60 70
2500 800
7.7 € /PE,/cm?

14 .4

Cost/cm? per useful photoelectron

TWEPP 09

Cost / (cm? x QE x CE)
12" provides a higher granularity

12" is better in SER and timing
But, the number of channels is increased

Selma CONFORTI DI LORENZO
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Noise

I

\}
N

|

Adjustable and
ENC Spiroc 1 HG Cf=0.4pF

variable gain

1 _
amplifier

| Sditde, Cf=0.4pF

Rt

Parisroc

_____________________________

'
_______________________________
] 1
__________________________________
' ] ]
[
""""""""""""""""""""""""
1
[

]
"""""""""""""""""""""""
]
e |

___________________________________
]
o
1

zw_cineze0x

-----------------------------------
'
e |

_________________________________
]
o
'

24
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Clock Noise

Channel 9
Without Clock With 40 MHz Clock With 10 MHz and 40 MHz Clock
Rms noise ssh Rms noise ssh Rms noise ssh
2.6mV 3mV 5mV
Channel 1

With 10 MHz and 40 MHz Clock

Rms noise ssh
10mV

0.4 mV of noise due to 40MHz Clock
And 2mV noise due to 10MHz Clock

* Rms noise is bigger with Clocks in particular with 10MHz Clock
*Clk noise is progressively smaller from Channel 1 to Channel 16

®Clk noise is smaller with smaller preamplifier gains

TWEPP 09

Selma CONFORTI DI LORENZO
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Input 10 pe channel 1 ™

Ly, Pl s, e Nl

Output

*?
Ji.
feh channel 2 |

Vmax=35rf\v (>1pe)

] - i
P1:pkpk(C3) P ampl(CH PImasiCIy

e e B B P AR g

Discriminator coupling

s B,

__r,.__;___._p.___,_____

Cin=4pF
Cf=0 5pF
Dac=250

]

valug 5T my S6.6 my 25.0 my

TWEPP 09

-316mY

Stilver P& man{C3) PiadeviCd) FPEmean(CH
walue &1 mv &1.0my 350 my <36 0wy BET my S
|
Input 10 pe channel 1 ... A U et
E | mm |
| 1 Inver'fed polarn‘y |
! 1 |
! x4 I
! e L |
- juny — W S—— ._‘_.....!;_‘ — - _f_{ et - i I B —+ j ;— |
I
- Qutput fsh = ‘?’ i ==
channel 2 ! : I
. 1

; Cin=4pF

! Cf=0.5pF

! Vmax 32mV Dac=250
L ] 1 L :
Stefer P1:pkpkiC3® P2 ampl(CS) PEmax(C3) Pé:min(C3) P&:sdev(iC3) PE:mean(Cy

5.96 my

113 mv

' [
Input 10 pe channel 1 r
! [
! o m.-.haq;'-»—f\--rs.-.l.g-\v.ul [
: ! {
' |
: [
= Oufpuf fsh p ww.am%v e f ~~ g i‘f"’f"'!'wm.i.ré.la-"m?:my.uwmw?mﬂui{
channel 2 | : ;
: Smaller Cin=7pF E
- Cf=0.5pF |

|
. Vmax=24mV Dac=250 |
StdVer P1pkpk(C3) Pz:‘a mpl{C3 P3:man(iC3) P4:min{C3) Pasdev{C3) P&:mean(Cy
valug 40 mv 39.8 mv 241 mv =157 mv 467 my 34T v
|
Input 10 pe channel 1 VH and VL changed
I oaehi M I
! y i | | | |
! [ \ |
a,;,.*v-ws,n-aq.ve-,_w.w.-n..l..\.-r..;'.-w-a-e‘,-mmw-.v&\,-wu.--f,'r. il s frouiigoimbcsfhin o e it AT B, r\-\--km‘».,q«j

+ i
5 -
o Output fsh & %
channel 2 : |
: C|n=4pF {
' Vmax=11mV Dac=250 t
StdWer P1:pkpkiC3) PE?ampI(CSJ Paman(C3) FP&min{C3) P&:sdevC3) PE&mean{CH
valug 17.2mv 17.2 mv 11.0 my -6.2my 282mv 961 pv

Selma CONFORTI DI LORENZO
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e Delay box to hold peak - FRREFEdN
- 6 bits, - o
- Span : 30-200 ns -
[

- step: 3 ns

10bit ADC measurements

- LiI'IEEII'it’f : 1% s Input=32pe: DAC=300
- Jitter 150-450 ps S B E

Variable delay

U I I | rTrreynrrTlirredlrrrerrrTrevnrirrertiiald
T3 3886870 B WHAZIIMIEIRITINISI0I 32 3004 3520 77 20 358 3337 33 20 5l 65 07 2N
& hd

[Foma_ delsy va bl mumbar

= /ﬁ-f’f
= ol

50 3 Doy brcaly #7a < o fts -
E s v Chebay aSEETHRS (5] i
. 23 M=debry_ra-301 T T H . ¥
E 1y Fit Deliy
10 = v Fesidabls (e FALR gttt
e 4 -\?Trl'-!u_nlril' s H
g 20— . 1..
T 178 sha ®
et 150
& 125
s -
1m_ T T T II I IIII\IIIIII I IIII'IIII I IIIIII.IIIIII |

o * U B | rrrrereteti
2 4 B B 1272018 T8 30 20 e 8 35 30 8 54 38 38 0 43 &4 4H 4B 50 B2 54 59 59 50 HE B4 T o4 B 8§ I0LF 1418 18 3032 34 28 28 50 XD %4 38 38 40 47 A4 45 40 S0 52 54 53 58 B £ Al
Fa s

FAAE ips|
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DNL (# LSB) ADC 10 bit

ADC DNL O

Differential non Linearity (# LSB)_ADC 10 bit

-1< DNL (LSB) < 0.65
Rms_DNL (LSB) =-0.27

Differential non Linearity (# LSB)_ADC 8 bit

-0.269< DNL (LSB) < 0.196
Rms_DNL (LSB) = -0.102

I I [ I I I I I I I I | I
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
OUTPUT CODE

Preliminary results
Differential non linearity (DNL)

from -1 to 0.65 for the 10 bit ADC
from -0.3 to 0.2 for the 8 bit ADC

DNL (# LSB) ADC 8 bit

I I I I I
75 100 125 150 175 200 225 250

OUTPUT CODE

TWEPP 09 Selma CONFORTI DI LORENZO



Fine TDC measurements Om

[S. Drouet IPNO]

\
N

R

e Fine time digital data output
e Rms of clean part : rms = 0.62 ns

///,?n

@
5

o

Ramp

Lpt FBn {remis anforme) n:

Mum brs de |'fvdnsmant

N y | f :
SV N A N Y

4] &0 ZBD

2 ¥ 2 8 o 2 2

A

| B} anm 113

[ 41 | Ei}

1451 124
Mumdre du [Tobervalle

29
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Digital part

*Top manager module controls the 3 other ones: Acquisition, Conversion, Read out.
*When 1 or more channels are hit, it starts ADC conversion and then the readout of digitized data.
*The maximum cycle length is about 200 ps.

*During conversion and readout, acquisition is never stopped.

TWEPP 09 Selma CONFORTI DI LORENZO 30



