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V444 PMm?2 Project >
(/

PMm?Z2: “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)
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A/ PARISROC architecture P

Complete front-end chip with 16 independent auto trigger channels

Technology :Austria-Micro-Systems (AMS) SiGe 0.35 pm Read/Writ FIFO management

Area:17 mm2 (5mm x 3.4mm) Of SCA

Power Supply: 3.3V Start 32 register

Package: CQFP 160 12 bits ramp State machine of 24 bits
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ADC schematics

12 bits register

12 bits register

12 bits register |

12 bits gray counter

start  stop reset overflow

12 bits register |

|

Ramp generator

Vtel start ramp

Qut_ramp_ADC
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4414 8/10/12-bit ADC RAMPS >y

10 bit ADC:
At=45.6us

12 bit ADC

500m\

K= 93376 P 1K= 9.6947 kHz

8 bit ADC:
" At=11.3us

- 12-bit ADC:
212=4096*25ns (40MHz clock)=102.4pus

- 10-bit ADC:
210=1024*25ns (40MHz clock)=25.6Hs

- 8-bit ADC:
28=256*25ns (40MHz clock)=6.4pus

W= -B032ns  AW= 113026 ps
K2= 10,6994 ps 1ix= 83475 kHz
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Va4 ADC characterization 2

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

10000 AADC_units=5 (1.3mV)

Ma
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Mean-min-max charge Average

Progress 100

OMESHOT

,'f't' acquisition mma) - ine! Single channe! distribution 1 CH Stat E
N '
o) 10000 /
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_Channel
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Rms charge
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;80320
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Fing time
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Charge NEENE A= : MERE L |

j1961 0- 1 I I I
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hannel number Charge {ADC count}

Tab Command
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N/ 12-bit ADC Linearity (INL) >y
7

12 bit ADC

25 acquisitions
Vref_ramp ADC=0.968V
Vmax_ramp_ADC=2.07V
LSB=269uV

Residuals: from -1.5 to 0.9 (ADC units)

Mean values of 25 acquisitions are plotted!!!!

1.0 5
0.5 —
0.0 —

-0.5 — : ! i i i
-1.0 — i i ‘|Residual_min= -1.47643;
1.5 — i - ‘|Residual_max= 0912548,

Res_ADC units

4000 —

ADC_12bit_linearity_CH1
25 acquisition

Mean values plotted

—— ADC measurements
—— Residuals_ADC_units

ADC _units

0= i '. i i r 1 1 '. '. i i !
0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1
DAC_ Voltage
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Va4V 4 10-bit ADC Linearity (INL) >y
7

10 bit ADC

25 acquisition

Vref_ramp ADC=0.980V
Vmax_ramp_ADC=2.07V

LSB=1.06mV

Residuals: from -0.5 to 0.4 (ADC units)

([ Residual_min= -0.506357; ||
| Residual_max= 0.430353; |~

Res ADC units

|ADC_10bit_linearity CH1

/|25 acquisition

‘IMean values plotted

| —— ADC measurements :
i| — Residuals_ADC_units

ADC _units

i ! i i i i !
1.4 1.5 1.6 1.7 1.8 1.9 20 2.1
DAC Voltage
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Va4V 4 8-bit ADC Linearity (INL) >y
7

8 bit ADC

25 acquisition

Vref_ramp ADC=0.980V
Vmax_ramp_ADC=2.07V
LSB=4.26mV

Residuals: from -0.5 to 0.5

Residual_min= -0.469953;
Residual_max= 0.4656086; |l

ik

Res_ADC_units

25 acquisition

Mean values plotted i
o) =—— ADC measurements |[..i..

—— Residuals_ADC_units| !

ADC_units

i 1 T 1 T f
1.1 1.2 1.3 1.4 15 1.6 1.7
DAC_Voltage
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/\/ 10bit-ADC Uniformity (I) 2 Y
(/

10 bit ADC_ transfer function|.
ALL CHANMNELS PLOTTED
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N/ 10 bit-ADC Uniformity (II) >y

Y(fit ADC)=mx+q Each channel
xmin=0.940mV (~vref_start_ramp) (DAC voltage input level)
ymin=21 UADC

Slope vs channels -
10 bit ADC e

25 acquisition

LSB=1.06mV
Mean=936.17
Rms=0.143=1%*%10"4

Slope_ADC units

l

Channels

i |Linearity ADC_10bit i
+--|25 acquisitions and mean values plotted|
- |Intercept vs channels i
¢ |Mean = -859.841

Intercept vs channels
10 bit ADC:

25 acquisition
LSB=1.06mV
Mean=-859.841
Rms=0.301=1*%10-4

Intercept_ADC units

Channels
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Va4 8 bit-ADC Uniformity (I)

2
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. [8 bit ADC_transfer function |...

ALL CHANNELS PLOTTED
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V4414 8 bit-ADC Uniformity (II) >y

Slope vs channels N O E———w%
- n E i 1 acqmsmons and mean values p otte

8 blt AD-C - i r TOREIR. reeet) _ Al s Egiﬁ::}%gzm:gls

25 achISItlon : T T . ]

LSB=4.26mV e |

Mean=230

Rms=0.056=2*%10-4

SLOPE_ADC_units

Linearity ADC_8bit
7125 acquisitions and mean values plotted|
Intercept vs channels
i Mean = -210.434
i RMS = 0.069

Channels

Intercept vs channels
8 bit ADC:

25 acquisition
LSB=4.26mV
Mean=-210
Rms=0.069=3*10-4

INTERCEPT_ADC_units

Channels
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Mt Overall behavior 2 O
7

Complete chain: Autotrigger + T&H + Internal ADC

J

e

5 e
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f o
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V — —

Threshold

Slow Shaper
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Mt Overall behavior (12-bit ADC)

Linearity : 1% ; Noise 23 UADC (12 bit 269uV)

G_pa=14 (Cin=7pF , Cf=0.5pF)
Slow shaper=50ns

.‘é’
=
&
o
<
o
i)
o

ADC_count

Charge measurement 12 bit ADC
i |LSB=285uV
i [Gpa=14
: |DAC delay: b<0==1 and b<2==1
.| MEEN UM events =1579.48
i [rme = 23.69

® ADC Charge meas (ADC unit)

i ilmin ADC meas =509.54 —> 3pe | |
¢ |Max ADC meas =3873 .49 —> 50 pe

i|— FitaDc

=1 & Residuals (ADG unit)
: |-20.96<Res ADC unit<54.4

| |-4.31mVv=Res_mv=<14.63mV

Input_Num_pe
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G_pa=14 (Cin=7pF , Cf=0.5pF)
Slow shaper=50ns

Res_ADC unit

Linearity : 1% ; - A O
Noise 6 UADC (10-bit LSB=1.06mV) - b bdldua bbb i NN O W
8-bit pa
Linearity 1% : e e 1 i e R
Noise 1.5 UADC (8-bit LSB=4.26mV) R R P o |

Max ADC meas = 241.62 —> 50 pef

DAC delay: b<0>=1 and b<2>=1

ADC_count

—— Fit ADC

® Residuals (ADC unit)
~|-1.76<Res ADC unit<3.36
7.49mV<Res_m\/<14.31

10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50
Input Num_pe

Res_ADC_unit

(Charge measurement 10 bit ADC
LSB=1.06mV

pa=14

DAC delay: b<0>=1 and b<2>=1
Mean num events = 27464.54
rms = 6

ADC_count

# ADC Charge meas (ADC unit)
min ADC meas = 132.27 — 3pe |
Max ADC meas = 589.01 —> 50 pe|

—— Fit ADC

@ Residuals (ADC unit)
-5.9<Res ADC unit<14.38
e -6.24mV<Res_mV<15.24mV

100

[ rrTr1r1rr1rr1T 1T 1T 1T 1T T°1 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
Input_num_pe
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Backup slides
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Vs V4 Digital part architecture(I) :

FIFO mam gemnent
SCAL Chn Read /Write of SCA
il

1 1 State Machine

SCAi d
| | ﬂh 24 bits Timestamp
Counter

'

Top Mam ger

End
Comversion T

L 4

12 hits ADC
C onniter

ADC Rar
T e

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
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4 modules: Acquisition, Conversion, Read
Ollt 311(1 TOP mﬂﬂﬂg@l’. ::_ CqL :_"'. : : . _'-,‘ C onversion

Acquisition: Analog memory

Conversion: Analog charge and time into 12 i Anlog to Digtal
bits digital value saved in register (RAM) -

Read Out: RAM read out to an external E vamp s i
system -

Regster

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
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