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Microelectronics at in2p3 2N

e Large force of microelectronics experienced
engineers (~50)

e Expertise in detectors, chip design and test

e Experience in designing and building large particle
physics detectors (trackers, calorimeters...)

e Common Cadence tools

e Actions :
— Building blocks (SiGE, 130nm) c

- Networking -'
— poles
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Motivation for poles

e Continuous increase of chip complexity (SoC, 3D...

e Importance of critical mass
— Daily contacts and discussions between designers
— Sharing of well proven blocks
— Cross fertilization of different projects

e Creation of poles at in2p3
— OMEGA at Orsay
— Strasbourg
— Dipole Lyon-Clermont
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Orsay Micro-Electronics Groups Associated 2N

e A strong team of 10 ASIC designers...
- = 20% of in2p3 designers
- = 60% of department research engineers

— A team with critical mass : pole created in
2007 = OMEGA

— Expertise in low noise, low power high level
of integration ASICs -

— 2 designers/ project
— 2 projects/designer
— Regular design meetings e
ARDROC
e ..Within an electronics departmt of 50
— Support for tests, mesaurements, PCBs...

e A steady production
— A strong on-going R&D
— Building blocks SiGe 0.35um

MAROC 2

SKIROC

SPI ROC
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Orsay micro-electronics team 2N

e 8 research engineers (1 IR0, 2 IR1, 5 IR2)
e 1 phD student
e 1 visitor from China IHEP Beijing
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Recent chips 2N

il

(/

e Several chips developped for ATLAS LAr, OPERA, LHCb, CALICE
in BICMOS 0.8um and installed on experiments

e Turn to Silicon Germanium 0.35 pm SiGe BiCMOS technology in
2005

e Readout for MaPMT and ILC calorimeters
e Very high level of integration : System on Chip (SoC)
e Parallel activity of building blocks

MAROC 2 HARDROC SKIROC SPIROC
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MARQOC for ATLAS luminometer

Absolute measurement of the luminosity
Roman Pots:
- 0.5mm? scintillating fibers
- 1RP=10*64 fibers in U + 10*64 fibers in V
- 240m from the Interaction Point
Multi Anode PM Tubes
- 64ch Hamamatsu H7546
- HV = 800-950 V

Rioman Pots gL

21 may 09 C. de La Taille : PARISROC FEEO09 Montauk

S : !I . ¢ ol
h !
T "-"- : R ——
upper ard lower B e
L



MAROC : 64 ch MAPMT chip for ATLAS lumi

Complete front-end chip for 64 channels multi-anode
photomultipliers
— Auto-trigger on 1/3 p.e. at 10 MHz, 12 bit charge output
- SiGe 0.35 um, 12 mm2, Pd = 350mW

Hold signal
. 1
. » Variable S&H Multiplexed Analog
64 inputs Slow Shaper charge output
20-100 ns S&H
Photons 64 Multiplexed Digital
Variable Bipolar Wilkinson 12 charge output
PM Gain T > bit ADC

64 channels Preamp. Fast Shaper .
/. .
v o
§1
Gain correction > Unipolar o [ 80 MHz 64 trigger outputs }
64*6bits Fast Shaper encoder (to FPGA) -
3 discris 3
thresholds = 3 DACs .
(3*12 bits) 12 bits |
LUCID :}
-
i
S
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Active board pictures 2N

T e

64 ch PMT

MAROC side Lattice side
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MAROC Efficiency curves
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The front-end ASICs : the ROC chips 2N

SPIROC
Analog HCAL
(SIPM)

36 ch. 32mm?
June 07

HARDROC
Digital HCAL
(RPC, umegas or GEMs)

#64 ch. 16mm?2
| Sept 06

SKIROC
ECAL

(Si PIN diode)
36 ch. 20mm?

21 may 09

(/

Technological prototypes :
full scale modules (~2m)

EUDET EU funding (06-09)
ECAL, AHCAL, DHCAL
e B=5T
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PMm?2 project (1)

> PMm?Z : “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
and Photonis) (2007-2010)

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

ECHERCHR
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Cost approach [Photonis NNNO5] nm,ﬂﬂ/z,

C. Marmonier, NNNO5, France, A 2005
LIGHTO6, Israel, January 2006

Size (Diameter) 20 20(17) 12 Inch
Photocathode area 1660 1450 615 cm?
Quantum efficiency 20 20 24 %
Collection efficiency 60 60 70 %o
Cost 2500 2500 800 €
12.6 14.4 7.7 € /PE,/cm?

Cost/cm? per useful photoelectron
Cost / (cm? x QE x CE)

12" is better in SER and timing 12" provides a higher granularity

But, the number of channels is increased
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PMm? project (2)

» 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") by groups of
16 smaller ones (12") with central ASIC
- Independent channels
- charge and time measunementoject
- water-tight, common High Voltage
- Only one wire out (DATA + VCC)
» Target:
- 1pe efficiency
- Triggerless
- 1ns time resolution
- High granularity
- scalability
- Low cost
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PARiISROC description (1) 2

e Characteristics :

16 preamplifier inputs

e Variable gain :1 > 8 (3bits) (common on 16 channels)

e PMTs gain adjustment by a factor 4 (8 bits) (channel by channel)

e Input dynamic range : 0 - 300 pe (0 = 50pC) with 1% linearity
16 trigger outputs:

e Fast shaper (1=15ns) + low offset discriminator

e Threshold provided by common internal 10bit DAC (1/3 pe)

e "OR"” of 16 triggers output
1 digitized and multiplexed charge output :

e Slow shaper with variable shaping time (t=50ns,100ns,200ns)

e Dual Track & Hold + multiplexed analog output or internal ADC
8 to 12-bit internal ADC (Wilkinson) for charge and fine time
measurement
Internal TDC : 24 bits counter (coarse) + fine 1 ns

One serial output : 2channel number + BCID + Charge + time
Dissipation : 5mW/ch

21 may 09 C. de La Taille : PARISROC FEEQ09 Montauk 15



One channel synoptic

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

Internal read

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

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

®000000000000000000000000000000000000000000000000,

: » input signal :

: . 0 t0 300 pe > 0 to 50 pC
i . PM’s Gain=10° (1pe=160 £C)

.
oooooooooooooooooooooooooooooooooooooooooooooooooo

VARIABLE secssecccssssssscccsssssssccned

Discri.

50 Q-
F Adjustable and

2 variable gain 4-b|t; DAC
amplifier Threshol
G: 1_5 .............................................................................................

Adjust = 1-4
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PARISROC architecture

16
charge P
inputs

21 may 09

A
100ns TDC 12 bit ADC / Digital part
il ramp T&H management
Channel 16 Q‘T
24 bits | = .
/Channel 1 Read ; = counter reglsfers
1 | Track ADC 10MHz
& hold diseri) == l12bitaDC | [
vref - conversion T
SSH CRRC2 ADC m—)>  40MHZz
—> UEELS discri k /
ariable Gai low Shaper 2 hold I
Amplifier (50, 100, P—
(1-8) S Hold charge output
I variabl > R
output
Gain Correction Fast Shaper delay
(SbitS) Vref (15“5) o 16 Trigger
A g Discri » outputs
\ — !
Vref .
SSH il Serialized data
\ 1 Threshold / out (dlgltlzed
| charge and
DAC time)
Bandgap 10 bits
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Digital part architecture

FIFO mana oanent
: - T 32 Registers
SCAL1Chn Read / Writ y .
o N of SCA i of 24 hits
State Macline
SCA i it i i i Lt
il 24 bits Tinestamp
Conniter
Fy ¢ ¥
Analog Top Manager N ® Readout
Comversion T
' T
| e [
ADC Eanop > Start Ramp O el of 5

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

Timestamp 24b counter @ 10 MHz (1.67s)
40 MHz clock for ADC + SCA management

10 MHz clock for Timestamp + Readout

21 may 09
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Selective Read Out 2 &

7

e Only hit channels are

readOUt // ''''''''''''''''' TDPMWE“\ \
e Readout clock : 10 MHz Tt e rroras H SR
e Max Readout time (16 ch fg:’ .

hit) : 100 us _/__/—p = [ L7 1
e 52 bits of data / hit channel | e s l

(all gray) P s, W
e Readout format (MSB first) EI vy ] S 1-55 ;Tﬁ

- (MSB) 4 bits channel # + 24
bits timestamp

— 12 bits charge + 12 bits time
(LSB)

................
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[|52==

Bias + SUPPI\/

Technology :

-

s
i

[ =

I Dual DAC
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AMS SiGe
0. 35um

Size :
5mmX3.4mm

Package
CQFP160

20



Measurements 20

TEST BOARD TEST BENCH

|| =% sy pamisroc caorcaLsorsay. R, 3 e
|| x5y o MARTIN CiksSAno " osios i s

LE AT JL SOCHA

Rk i e e ol LU gLz
-

Wl ame
153 Ly 4]

«— input signal : Zi= 0 fo 5mA
O to 300 pe > O to 50 pC
PM'’s Gain=10% (1pe=160 fC)
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Internal 10bit DAC linearity 2

Residuals(%
DAC1_Chip | -0.1 to’0.1
DAC2 Chip | -0.1to 0.1

0.10 |
0.10 —
= 0.05 = 1
l:(é 0.00 — é’; 0.00 —
-0.05 — -0.10 —
-0.10 - 1
2.5 2.5
20 CHIP1 %0~ CHIP1
DAC1_linearity DAC2_linearity
Residuals% Residuals%
E 1.5+ g 1.5 -
= -
CS N
e o
< 2
o 1.0+ o 1.0+
0.5 — 0.5
0.0 I ] | | | | | 1 I | | | | | | | I | | | | 0.0 | I | | | | | T T T | | | I | | T I | | |
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10001050 0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 10001050
DAC_count DAC2 count
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Preamplifier measurements 2

e High speed : tr~5ns T ——
10ns/div
Preamp G=8 |G=14
Vout(1lpe) 5mV 7.3 mV
Rms noise 1 mV 1.2 mV
Noise in pe 0.2 o6 | |
SNR 5 6.2 e g B O e N - R e v

1122008 6:04:00 P

EHC Sphiroc 1 HG CF=0.4pF

e Extra noise sources

— 10 MHz clock : doubles the
noise

- Low frequency noise

1k

ParisrqQc

10n 100N
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Preamplifier measurements

e Gain adjustment linearity : 2% on 8 bits

1 P
It - =
= 0 — B
: 9
e -1 .
i e | +
55 —
=
50 —
Vmax_pa vs 1/C
45 —P f
- 40~ Linearity pa vs 1/Cf
g Input 10 pe
- 3 B VYmax_pa
Q — Fit
é 30 — B Res%
E
=
25 — iil |
20 — 50 Q Adjustable and
variable gain
15 — - amplifier
10 = :
| | I I I | | | | | |
0.2 0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8 2.0 2.2

21 may 09

1/Cf

C. de La Talille : PARISROC FEEO09 Montauk

24



Fast shaper and discriminator >

Fast shaper G=8 (G=14
Vout (1pe) 25 mV 35 mV
Rms noise 2.5mV | 2.5 mV
SNR 10 14
Rise time 7 ns 7 ns
120 4
- Overlapped
curves
100 :
90 4
80 4
2 CH1:CH18 o
% 60 = %
% 50 T 'ié»
40 Tr‘igger' :
»4 efficiency :
20 Pedestal
v1 Spread < 0.1 pe
0 T T T T T T T T T T |
194 195 1$6 1E|i? 1$|38 189 200 201 202 2(‘)3 2(‘)4 2(‘!5 206 207 208 208 210
DAC units

21 may 09

120 —
110 — S_Curve all channels
INPUT 10pe
100 —— CH1 —— CH9
—— CH2 —— CH10|
CH3 — CH11
80 — —— CH4 —— CH12
—— CH5 —— CH13
80 — CHe CH14
CH7 CH15
—— CH8 CH16
70 < i
60 —
50 —
40 — .
. 10 pe input
| Spread 0.5 pe
Noise 0.1 pe
10 —
0= | | T |
280 285 280 295 300 305 310 315 320
DAC_unit
25
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Trigger efficiency 7

e Trigger down to 100 fC and up to 5 pC
e Noise ~10 fC

e Limited to ~10 o noise due to discriminator coupling

100 T T v} o 120
| = [ . . | .
90 ! | E I : : I |
Threshold vs Injected ch e U SO N S
= _rezozpevs njected charge | N 100 _ ! : : :
100pe | 1 1 1
— 32 3
70 I 10pe | E i
;- | o T R 1 i Sy Rt i il
2 al | —1.78 4
o 1 26pe . L 2 w ! !
8 ‘ ﬁép?eg | (1] - O i d_ i : '
= —0. e 1 1 | 1
5 %07 ' o560 Q) 60 [ B
L —0.40pe ‘ - - t} 1 — | : :
= | —0. - \ \ I :
Fol | = | = o baol ’ ’
0 | o " - S
201 | | S ) i | |
| ‘l 20 ot oo
10 |I | : : : : :
| 1 : 1 1
———rr1TTTTTTTT— 0 L
150 200 250 300 350 400 450 500 Ds:(o: soot 650 700 750 800 850 900 950 100 0 100 200 200 400 SO0
_coun

Qin (fC)
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Discriminator coupling

e Coupling around 25 mV < 100 fC
— Couples to the mput through Vss or Vdd _pa

Input 10 pe channel 1 1" g r ‘ Input 10 pe channel 1 |
! ! { | | r : | [
: } ‘ ! - frbs iy et by ..:gh-v.\... t
. e R [ R W e L '...:x‘&'v i s . gt e I A L Sy g i ...,{ ‘ | r
i I I
+ \Q'I*Pu‘l. 'E:" ‘% e OUfpuf fsh ol "'%’”"W‘:’f’f\} X C S .“ W it e sm
fsh channel 2 | : i ‘ channel 2 i ¥ M r
| . ] 1 | | !
: : C'P 4PF ‘ | Smaller Cln 7pF E
. Vmax=35mV Dac=250 | - ISR Dac-250 |
! ! ; 1 | i L L i 25 i — | =E i B
Stelder P1.pkpR(CT) Pz.‘amnl[CJ'l PImasCd) P mmnic3) PEsdevCI) PEmean(CDn StdVer P1:pkpk(C3) P2 ampl(t‘:a P3:man(c3) P4:min(C3) PSsdev(C3) P&:mean(C3)
valug 81 miv 810wy 8.0 My 26 0mY BT my S84y value 40 my 398 my 241 my AST mv 4.67 mv 37y
I | ! I
Inpuf 10 pe chunnel 1 wan | NS P o - Input 10 pe channel 1 VH and VL changed
: - i | | : : o ik 500 myiay
1 / , e | !
| — Inverted polarity | ' Tt |/ \
I ..', - l AN AL ‘"“"“I%’\wlﬂlmm W R L AP i «\-v.-uuw«-c'\f,wﬂhlr.j
1 (% I l |
| Muskwis | :
| PP WP S— ‘..4 . - - ] o t ——t—t—
: i -
. ! | | Qutput fsh & —
O_ufp_uf T —— i? — el 2 e i
channel 2 ! | . |
: | -
| _ Cin=4pF . C?na‘*apFF
. Cf=0.5pF e . Cf=0.5F
' Vmax 32mV Dac=250 " Vmax=11mV Dac=250
L ] ! L ! ! | L
StdVer F1i-pkpkiC3) P2 amuiqC&n PAImaicy) P& mMin(C3) PS:sdeviC3) P&:mean{C3) Stdver P1.pkpk(C3) PZampl(C3) P3:max(C3) P4:min{C3) PS5 sdeviC3) Pi:mean{C3H
57 v 566 my 25 0 my 31 By 506 my 113 my value 17.2 my 17.2my 11.0mv 6.2 mv 282my 961 pv
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Slow shaper

Slow shaper | 50ns | 100ns
Vout (1pe) 21 mV 13 mV
Rms noise 3.3mV | 2.6 mV

SNR 6.4 5
Rise time 28 ns 50 ns

Low frequency to be understood and removed

(power supply noise ?)

500 mividiv
-860 mb ofst

500 mvidiv 1.00rdiy

120 my ofsd -3.110 ofst

21 may 09
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Internal 12bit Wilkinson ADC 2

Input signal : DC = 1.4523V (middle scale) AN[\)eCanL;IiI?Z?'IS

Number of chuisi‘rions: 10000 per channel with spr'ead of 5 LSB

‘Window Exvent

Max Shfindoiaacquisition Charinel
e E - :

Mean-min-mazx chargs: Average Falg Byte choice Tirmestamp:
Progress 00 1965,0 - ! ! ! ! ! ! ! tio 2
| 7.
-........ 1964, 0 — e Fine Eirme:
SU
L}
ONESHOT E Charge
- E e
b acquisition Single channel distribution 1cHStat E 4

fjliooon

Charinel

i ’ | | | | =
._,'E'l ; 2 g 9
Channel number

- Courbe 0
Zustom Everit Rms charge _ Lourbe @_

— == 'I,D.—
Chanre|

h
Timeskarp
|80320
Fine time
1962

Amplitude

Amplitude

Charge
| 1961

| |
I I I 1
1960 1960,5 1961 1961,5
Charge (ADC count)

o
1959 19595

|
|

1 I I 1
7 ) 1962 1962,5 1963
. Chanrel number
Tab Command St

21 may 09 C. de La Taille : PARISROC FEEO09 Montauk



Internal Wilkinson ADC

e Wilkinson ADC well suited to multichannel conversion
e Very good uniformity and linearity

1000 4

900

4000
3500
000

800 -

ADC_units

2500
2000
1500
1000

500

..[10bit ADC_ transfer function
ALL CHANNELS PLOTTED

00y

. i ; .‘ ; -15

21 may 09

1.0 1.2 14 16 18 20 -3
Input_Voltage

Uniformity of 10bit Wilkinson ADC
16 channels superimposed !

indf 7478/

P -
Pz 3648,

q
-rl:-||

s *.w*v“""""ﬁ.;w

;m Wf

1.2 1.4 1.8 1.8

Linearity of 12bit Wilkinson ADC
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Delay box measurement 2

700 4
650

e Delay box to hold peak

550 —

- 6 bits,

450 —

— Span : 30-200 ns e

350 —

- step : 3 ns

250 —

—— ADC_10bit_meas|
Input=32pe

DAC=300

Variable delay

ADC_unit

. . 10bit ADC measurements
—_— " o 200
Linearity : 1% Input=32pe; DAC=300

150 —

— Jitter 150-450 ps wrESHIGNS
=+ Variable delay

0_IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
12345678 91011121314151617181920212223242526272829303132333435363738
# bit

500 —

e, Rms_ delay vs bit number
o 2 ... o 475 - — |
E‘ et gente Teen 'y * GG L | e S
2 0 At 28] ! %L 455-]
o [ T I TS i ‘e
2+ T 425 —
400 —
200
190 375 4
180 350 —
170
160 = 325
o
150 = 2004
140 =
w 130 Delay linearity o 975
< 120 * Delay measurements (ns)
F 29.38<delay_ns<201.7 250 —
o 110 —— Fit Delay
9 100 *  Residuals (ns) 225 —
90 -2.7< Res_ns < 3.1
a0 200 —
70 175
= 150
50
40 125 —
30
U WL Y ) T LD N e ol U ) (R SO D AR B ) N4 I R el M B L I 2 e A 1OU_WWWWWWWWWW
2 4 6 8101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64 2 4 6 8 101214 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50 52 54 56 58 60 62 64
Bit Bit
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Overall behaviour in 10 bits

e Linearity : 1%, noise 6 UADC

15_ . ,. . saannignanes ‘ fro wannig ; . -

sy
(=]
]

Res_ADC_unit
on
|

600 —

ADC _count

400 —

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

200 - g

100 —

[N S W I WIS TSSO PRS- W WSS NFS S I WS- S SIS - WU - W - O— - —

0 —

e Complete chain : autotrigger + T&H + internal A

Charge measurement 10 bit ADC
LSB=1.06mV

Gpa=14

DAC delay: b<0>»1 and b<Z>=1
Mean num events = 2746454

ms =6

#® ADC Charge meas (ADC unit) i

min ADC meas = 132,27 —> 3 pe

Max ADC meas = B89.01 —> 50 pa|!

— FitADC

@ Residuals (ADC undt)
-5.5<Res ADC unit<14.38

LB 24mV<Res_mV<15.24mV

Input num pe

21 may 09

I .,I .i A E I:.. ..I. .r .i s I i I.. i. |
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
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Overall behaviour 2N

8 bit ADC 12 bit ADC

6_pa=14 (Cin=7pF , Cf=0.5pF) 6_pa=14 (Cin=7pF , Cf=0.5pF)
Slow shaper=50ns Slow shaper=50ns
DAC_delay: bit<0>=1 DAC_delay: bit<0>=1

bit<2>=1 bit<2>=1
LSB=4.26mV LSB=269uV
Min ADC count=33 at 3 pe Min ADC count=509 at 3 pe

Max ADC count=241 at 50pe Max ADC count=3873 at 50pe
Residuals: from 2 to 3 ADC unit Residuals: from 21 to 54 ADC unit

Res_ADC unit
S,
11
°

Res_ADC_unit
L)
=]
|

i [Charge measu
i |LsB=289uV

: |Gpa=14

i |DAC delay. b<0==1 and b<2>=1
i-|Mean num events =1579.48

i [ms = 2369

(Charge measurement 8 bit ADC rement 12 bit ADC

LSE=4.26mV
Gpa=14
DAC delay: b<0»=1 and b<Z>=1

-
N
&
|
N
=
S
(=]
|

Mean num events = 28624 61
rms = 1

ADC_count
ADC_count

| ® ADCCharge meas (ADC unity| |
i |min ADC meas =509 54 —> 3 pe
| Max ADC meas =3873 48 —> 50 pe|

® ADC Charge meas (ADC unit)
min ADC meas = 33.69 —= 3 pe 1500 —
Max ADC meas = 24162 —> 50 pe
— FilADC = TRADC
¢ @ Residuals (ADC unif)
-20.96<Res ADC unit<54 4
-4.31mV<Res_mV<14.83mV

® Residuals (ADC unit)
-1.76<Res ADC unit<3.36
7 49mV<Res_m\/<14.31

R S s U R N N S B H B E R E S R S 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 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 Input_Num_pe
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Overall behaviour
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Time stamp measurement [E. wanlin IPNO]
10000 events

1 ¢/
L/

Input signal=-20mv; Time stamp_10000 events; without reset

Rising edge 5ns;
Falling edge 5ns;
FWHM 8ns.
DAC=256
Cin=7pF

# Time stampp counter

Time stamp_10000 events; without reset;
One cycle.

40 4 d v E. uudd 4 i L E. o 20‘00

20 i / ] ! I I

Il I Il (L i A
wi e i i .

& Res (s)

=20 |
ng'g T 1} L+

.. i - : Time stamp measurement_onecycle]
1.6 ; ?

; ; i Channel 0
154 : : 10000
1.4 g (Without reset - ;
1.2 -
1.1 — o
1.0
0.9 = 5 :
O s S : i i :
0.5 - _

e _B4<Res (ns)<54

Time stamp (s)

02 :
0.0

. i . ! i ; i
0 200 400 600 800 1000 1200 1400 1600
Trigger (ms)
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Fine TDC measurement [S. Drouet IPNO] z

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

Rampe #
60

o
o
|

L]
c
~
0
£
£
c
]
.2
]
1S
e’
=
il
L
o
v

Numéro de I'événement

¥

160 180 200 220 240

Erreur en ns

Numéro de ['intervalle

cld —
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Fine time: two ramps scheme 2N

= 2 separate ramps to avoid glithces

= Need to have a signal to inform which TDC is active and linear. This signal will be sample
during “Hold” of TDC (asynchronously) => need overlap to solve metastability.

StartRampTDC
from digital part

Select good TDC =
StartRamp delayed

21 may 09

|
T

«—L—> ramps valid zones

/)

\

Valid zones
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Fine time: Result...

Little Cell

Hold
Ramp ~Ne
TDC 1 ‘ Read

StartRamp —% i } i
Ramp ~L_ ‘
TDC 2
Select good TDC
SCT stored
Select good TDC
> D
Hold —pp> Rt
O
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Measurement with PMT [B. Genolini IPNO] 7

e SPE spectrum with 10" PMT X
— Complete chain : autotrigger + 10bit internal ADC

e Time measurment with 2” PMT (XP3102)
— Trigger output jitter : 600 ps

_SER (1840 V) | ' NOR16 vs charge (scope) |
,ﬂ . -—-50 XP3102;’ ..... HV §= 1200 V, th = 220, th scope=3.2mV
E A —— ADC - Delay = 06 DAC ch. g : : : : :
_9;'15: o e [ Threshold = 220 DAC
F1af 5:45:— channels
0.12f 40:
0.1" FFDEL B
0.08" rﬂjﬁ t[_ B,
o.os; i Ll:‘ .
0.04f| | N S N
B bLL AT RS  S e,
0.02/-{| . 25 R
0_; Ill—o‘“‘1""2""3"II4I“‘5:IbTI‘6IIII7I“I8 2 :.I \."L':I LIIII \E\'.:W I- L1 L1 1 | - L1 1 | -
2 L ® 1 2, 3 4 5 6 7 8
escaled charge (x10° electrons) 03 { e Charge (10" electrons)
pe
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Conclusion and next steps 21 O

e Good overall performance of PARISROC
— Autotrigger and internal digitization
— Good operation with PMT
— Demonstrator being built in Orsay for tests with detector
— Complex chip => long measurements

e A second version will be done in sept 09
— Possible PM gain increase
— reduce dead time for Water Cerenkov needs : 8-9 bits ADC
— Increase dynamic range with 2 gains 8-9-10 bits
— Double fine TAC and reduce clock noise

e Chip being evaluated by several experiments :
Megaton, DUSEL, LHASSO...
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