,.\ SuperB-DCH séfl? Servizio Elettronico

(B Laboratori Frascati

Superb
e/

DCH FEE

28 chs DCH prototype FEE
&

DCH readout chain development status

G. Felici

G. Felici LNF - SuperB Workshop - April 2011



[ Laboratori Frascati

,.\ SuperB-DCH sé:p Servizio Elettronico

SIIIIEI'B -
.7 Outline

=  DCH prototype front-end and HV distribution

=  Requirements

=  Feedthrough lock board

=  Field wires GND boards

=  HVdistribution board

=  Signal extraction (decoupling & protection) board

=  Preamplifier board

= Cluster Counting update
= Cluster Counting scenarios
= Cluster Counting based on FADC
= (Cluster Counting based on derivative circuit

= Derivative circuit — Simulation result examples

= Readout chain update
=  Readout chain including derivative circuit

=  ADC data readout example

= Conclusions
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Signal amplification requirements
= BW2>250 MHz
=  Amplification 25 mV/fC

=  Noise <2000 erms

On Detector FEE boards
Feedthrough lock board (2 boards required)
Field wires GND boards (2 boards required)

Signal extraction (decoupling & protection) board (1 board required)

1
2
3. HVdistribution board (1 board required)
4
5

Preamplifier board (1 board required)
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S‘IIIIEI"B 28 chs DCH prototype FEE - Feedthrough lock board
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S‘IIIIEI"B 28 chs DCH prototype FEE — Ground board

— GND connectors

The board is used

* To connect field wires to GND by means of
female connectors soldered on the PCB itself.

* Holes in the board allow for signal extraction and
HV distribution by means of appropriate boards.

NB: the same approach can be used for DCH.
Dedicated connections will be required for some
field wires if we plan to measure wire tension from
time to time.
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&3 |ﬁw |ﬁw |ﬁw

e Y e Y gy

‘ ‘ ‘ ‘ Guard wires
) R79
'ﬁ — = d 2PN 1 1M
Hot ==
o
1_&]--
35T
Sense wires
»JJ1 11?12 11'E12 , 3|0
[ 7 ® AW AN AN C
HU_TIN1 ,“l
oW
The board provides HV filtering and distribution to

ey bE gy Y N sense and guard wires

Ium Ium Ibm

G. Felici - SuperB Workshop - April 2011



@ ~) Servizio Elettronico
, \ SuperB-DCH sz"F Laboratori Frascati
N S e A meffors FEE — Cimmal avhartine P

] 28 chs DCH prototype FEE - Signal extraction board
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The board is plugged into sense wire feedthrough
and GROUND board GND connectors.

It includes HV decoupling and spark protection
circuit
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S‘IIIIEI',B 28 chs DCH prototype FEE — Preamplifier board
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Cluster Counting based on FAST (1 GS) sampling device

Pro
= Flexible data analysis (software/firmware implementation)

Con
= Huge data throughput

Cluster Counting based on derivative method

Pro
= Easy tointegrate in a readout chain (requires a multi-hit TDC)

Con
=  Sensitive to channel noise
= Low flexiblity
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Data throughput (1 us @ 1 GS)

8 bits (FADC resolution) x 1000 (samples) x 10000 (channels) x 0.1 (occupancy) x 150
kHz (average trigger rate) = 1.2 x 102 bits/s (= 600 links @ 2 Gbits/s)

- FPGA implementation of a fast algorithm required for cluster detecting (= loss of
accuracy in peak detecting)
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Studies to verify Cluster Counting capability by means derivative circuit are going on.
The method will be extensively tested by means of the 28 chs DCH prototype
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e Pspice simulation
* Signal acquired with DRS digitizer (
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Trigger Latency Time + n samples

ADC : 32 — 8 bits words

TDC : 20-30 words (cluster

\:DU3|'p0rt memory) arrival time)
A DATA RO SM
b > N 210 —> (FEX)
C Pushing mode
Sl 'T / I A 1;
Analog
signal
Derivative , g L I1n 1111919
Circuit C 511 >11°)1

5 = max number of
cluster in a ADC
sampling period

Sampling
clock —_—

DISTRIBUTED RAM
10 bits— 16 words immS

L1 (synchronized

by sampling clock)

Fine Address

1
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DISTRIBUTED RAM
16 bits — 4 events

(128 words)
RO buffer/
EIE/EE Triggered Data
—> Vv V.V V Bus OL
4321

\

Possible event structure

- 1 (or2) status word

- 1 ADC data word (charge)

- 20-30 TDC data word (cluster
arrival time)

(counter value @ L1) - Latency

A
T Read ADDR «

ADDR

COUNTER (0—n)

ADDR |
FiFO Empty
FiFO Read
L1 FIFO <+

Data (counter value @ L1)
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ADC data readout example

SAMPLING CLK
L1

SAMPLED

READOUT CLK

READOUT ADC
DATA
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= DCH prototype front-end and HV distribution boards have been already designed.
Boards production will start within one week.

= DCH prototype will be used to verify cluster counting implementation both using fast
digitizer and derivative circuit.

= A new version of derivative circuit has been designed and simulated using (as stimulus
file) data acquired by means of DRS digitizer. Simulation with Garfield data are going on
to tune circuit parameters.

= Readout chain requires large use of programmable logic (FPGA), then both accurate
study of background radiation and radiation tolerant design are required (in our design
off-detector readout chain is located near the detector)

= Up to now we focused our attention on off-detector front-end electronics, nevertheless
we need also preamplifiers to amplify wire signals ...
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