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Partl: PMM2 collaboratlon (ANR)

XP1812"- IPNO IPNO:
P Integration Board

v new shape ) el N,
w ’ glass thickness| [~ GF E===aas i) LAL:
'!', NN L Photonis B PARISROC

realization
12" 10b

10bars water pressure
R

Hyd ro.cai;iiqf-_f 7)

Triggerless Front-End
from preamp. to Q &
T digitization
[Common HV \
b % submarine cable
power + data

) LAPP Submarine Card

5Mbits/s
5kHz/PM dark current

Hydrocable

Integration Board

r DC/DC Transfo
. 48V/3.3V E

RS485 _

2 twisted pairs

e poard [ e OOk
FPGA 5= Data bi-direct.

Power + Decoding Board i B =W 30w/48v) over
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Partl: PMM2 & PARISROC 1 overview

e 16 PMTs independent channels

- Analog F.E. + charge and time digitization

- 1/3 p.e. 100% trigger efficiency (50fC @ 10°)

- Charge dynamic range 0 to 300p.e (50pC @ 10°

- < 1 ns time stamping resolution

e Each channel has a variable gain

- To compansate gain vs HV spread for the 16 PMTs

e Triggerless mode & autonomous :
- All the PMTs signals above the threshold (1/3 p.e. )
generate a trigger and are converted in digital data :

Internal read

VARIABLE

DELAY

Threshel

Discri.

[

4-bit DAC
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Part2: PARISROC 1 limitations (charge)

Complete chaln Autotrlgger+T&H+InternaI ADC
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Good overall performance of PARISROC1
- Good analog signals
- Good chip uniformity vs channels
- Good complete chain results

BUT, some extra noise observed
- Low frequency noise
- Clock noise
- Coupling signal

Trigger limited to 10 o due to discriminator
coupling (Noise 13 fC)
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Part2: PARISROC 1 limitations (time) 7

e Hit rate = Parisrocl has too high loss rate (up to 16%) for our physics (de@t
on PMT)

Taux de pertes

Parisrocl‘ 5 kHz 2 12 10 MHz 16 +12

0.1 kHz 2 12 10 MHz 0.008 + 0.6
S kHz 2 10 10 MHz 6+10

e Time measurement: Delay box jitter (max 300 ps) in time measurement

Ramp Trigger

| Littl || ¢— Dela . .
TDC 1 j ittle Ce Y e Time measurement: 30% blind zone due to

Hold ramps multiplexin
StartRamp $ >~~~ P P g

— StartRamp
Ramp \ — E—

TDC 2

Trigger [ |

Trigger
delayed ]

Ramp 1

-

Slow
shaper

Multiplexed
TDC

ap
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Part3: PARISROC 2 analog 2L

Added blocs

SCA fine time
Depth 2

SCA low gain
Depth 2

Adjustable gain amplifier
Adjust = 1-4

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

SCA high gain
Depth 2

VARIABLE

"DELAY

ig,
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Part3: PARISROC 2 digital (1)

SCA management of 16 channels independents Channel #
SCA management with depth of 2 for time and charge Coarse time
SCA management like FIFO (ping-pong) Extra Coarse time
Timestamp 24b +1b counters @ 10 MHz (1.67s) Gain used

40 MHz clock for ADC + SCA management + readout Fine time (ADC)
Ramp used

Charge (ADC)
. Total 52 bits | 51 bits
FIFO management 32 Register S‘L

SCA1Chn | Read/writ
ol e of SCA of 24 +1 bits

State Machine

riggered 24 bits Timestamp

Counter + 1 bit Counter

Top Manager < Readout
End module

Conversion T
\ 4

10-bit ADC 32 Registers
Counter of 10 + 1 bits

ADC Ramp
<
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Part3: PARISROC 2 digital (2) 2N

Reset
Acquisition

16 Regs of 24 + 1 bits
for depth 1

24 + 1 bits <

TS Counters Start

16 Regs of 24 + 1 hits

for depth 2 16 FSM

Write chn
Q 1 channel hit

!

1FSM i 16-bit Reg
> Global RO Hit channels

/ A
Channel
Wilkinson

Selection
/ RETE
/ \ 1 FSM

Global ADC 10-bit

ToTS ToADC / \ Counter
Regs Regs Active al the time

16 FSM except idle state O
Charge

! !

16 Regs of 16 Regs of
10 + 1 bits 10 + 1 bits

' '
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Part3: Hit rate improvement 2N

e Parisroc2 must be faster than Parisrocl (gain of 4 minimum)

r Taux de pertes

g Nsca Nbits RO EO{)E

Parisrocl =» 5k 2 12 10 MHz 16 +12

\ 12 10 MHz 0.008 + 0.6

10 10 MHz 6+10
40 MHz 0.24 + 3.1

40 MHz 0.007 + 0.7

2
2

Parisroc2 =»|__3k 2 8
4 '~

e Conversion 8-9-10 bits by selecting ramp slope
- 8-9 bits is enough accuracy for time and for charge
- Internal counter now 10-bit
— Max conversion time : 25 us @ 10 bits
e Readout @ 40 MHz
e Max readout time 25 us

chistnlost

PARISROC1

PARISROC2

Conversion

103 us

26 us

Readout

101 us

25 us

Total

204 us

51 us

Worst case: 16 chn hit + ADC Ovfl

21/06/2010
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Part3: Fine time improvement 7

e New fine time (Measurement = Talk S.DROUET) Trigger
The 2 ramps are stored in a capacitors Trigger
Overlap around 40ns between ramps delayed
Separate hold for charge and time (jitter issue)

Need a signal to know which ramp is active and linear
= StartRamp delayed by 20ns

In overlap zones, coarse time counter has already TDC
counted “+1" as delay > clock tree latency + clock
skew

TDC
rampl

ramp2

Slow

shaper

Little Cell
Hold
N

Ramp ™ StartRamp |
TDC1
|
~ StartRamp
StartRam
_Api A\ delayed — |

\\\\\\\\\\\Q\\
ANRARRRRRRRANS

/)

7/,
X
/7,

7

IIIIII YD

—_— — ARl el N o —_ —

Ramp
TDC2 Ramp 1

|
—&

IIIIIIID
I IIIIIIIS

I IIIAD
IA1P7 4SS SIS

ONANANNNNNNNN
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Part3: Coarse time (1) 2N

e In PARISROCI1, possible error in TS for triggers synchronous with clock
e Inv2, 2 counters are implemented:

- A 24-bit gray @ rising edge of 10MHz (same as v1)

- A 1-bit @ falling edge of 10MHz

CIKTS J

Counter TSy N X N+1 Y N+2

couer YO L1(N"Isb)  } O('N+l'Isb) Y 1

StartRampJ

StartRamp |
delayed _1_

1 2
| -

Valid
zones |

s » |
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Part3: Coarse time (2) 20 7
(/

e Thanks to overlap, we assume that converted fine time is always good (sel€ction
made with 1-bit reg in analog part).

CIKTS /—b— For trigger synchronous with counter =
| Data stored = (N or N+1), Cptl1Bit and Ttdc

CounterTS N (e.g. 110) p<j N+1 (e.g. 111)

Counter

Lbit j . 0 ("N" Isb) 1

e For trigger synchronous with StartDelayed =

¢ Data stored = N+1, Cpt1Bit and (TtdcRampl
| or TtdcRamp2)

Recover real time =
If (Ttdc > 90 ns) then
If LSB(BIN(CptTS)) = (Cpt1Bit) then
Time = CptTS + Ttdc

else

Time = (CptTS-1) +Ttdc
else
Time = CptTS + Ttdc
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Part4: First results (charge) 2 C

Improvement in noise low noise; no clock noise

No coupling signal e _

Trigger improvement@ 1/3 of p.e. " o -
(50fC @ PMT gain 106) e = /

“u»» -

[F——__R Y\

Minimum threshold
880 UDAC (1936 mV)|

90

80 —

Curve
Trigger efficiency % vs Threshold (UDAC)
70 Untill 3pe

Threshold (mV)

60 —

50 —

Thrigger efficiency %

40 —

30 —

20 —

10 —

Trigger (@ PMT gain 10°)

N (o) i se 7 fc ; 750755760766770775780785790795800805810815620825830835840845850855860865870875860885
Threshold (UDAC)

0 f f J L
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Part4: Charge linearity (full chain) 2N

il

1w Shaper vs Dielay linearity

SSH waveform reconstructed with internal delay Box

jiﬂ __ | B8 HG chain linearity is correct up to 10 pC (60 pe)

220 - | &= LG chain linearity is correct from 8 pC to 96 pC (600 pe)
gm: . _. = ; PA HG coupling SSH output for high input

| w Shaper Charge linearity

240-88 2| SB < Res< 02 SB [memas
-0.7% < Res < 3.2% i

| 0 T
25 30 35 40 45 50 55 60 65|
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Part5: Conclusion & future

e PARISROC2 up to now:
Auto-trigger + chn independent OK

No clock noise
No Trigger coupling

Noise OK to see signal 1/3pe (50fC)
Digital part speed up OK
New TDC integrated (see S. DROUET Talk)

e PARISROC is evaluated by other experiments:

— DUSEL (large water cerenkov)

— LENA (liquid scintillator)
- IHEP Beijing

e PARISROC for the future: Presen

— Improve rate capability

— Need move to pipeline ADC and multiple

data lines

21/06/2010

wilki < Chips

10-bit Pipelin
40MSPS

{

PARISROC

Hit Rate
(KH2z)

V1

5.4

V2

21.4

2V1 (80 MHz)

42.7

2V2 (80 MHz + 8 SL)

83.1

3V1 (40MHz + 8 SL)

216.2

1

3V2 (80MHz + 8 SL)

432.4
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