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2011 Beam-Test

Measurements performed at DESY 22 electron beam

BeamCal module contains :

GaAs sensors

kapton foil

front-end ASICs (32 channels)

multichannel ADC SoC ASICSs (32 channels)

data concentrator implemented in FPOAQ 1C

power pulsing circuit and digitally controlled and monitored biasing and powering circuits.
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Goal - behaviour of the complete multichannel BeamCal module in electron beam
available at DESY

The collected data allow to determine the performance of the whole readout chain:
sensor pad uniformity

gain

offset and noise

readout electronics channel uniformity

crosstalk between channels

charge sharing in area between sensor pads

response to electromagnetic shower development generated by tungsten plates included in
front of tested module. 3
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My objectives

= Estimate SNR using the integral of the recorded signal

= Fit each signal with signal shape function - extract baseline, amplitude, shaping time,
starting time, peaking time (parameters of the signal shape function)

= Calculate the integral of the signal and estimate SNR:

Signal MPYV. — mean
S/N — g _ Spectrum Pedestal

Opedestal Opedestal

Results obtained for:
- Channel 9 (Pad 10) — high gain (asynchronous and synchronous mode)
- Channel 5 (Pad 6) —low gain



Signal shape function

In root: p[0] + p[1] * (x =p[ 2])/ p[3] * TMath :: Exp (=(x = p[ 2]) / p[3])

— p[0] : y-offset -> paseline

— p[1] : norm -> VO * amplification

— X-p[2]: relative time -> p[2] = time when signal (fit) starts
- p[3] : -> time constant (t ), shaping time

Fitting parameters

> Maximum:;
{=1

» Amplitude:
A=s(t=1)=Vyexp(—1) = Vy = A*e—V,is “Norm” = Real Amplitude * e

» Area under the curve (integral):
F(a)=Vo(exp(—a/t)(a + 1) — 1)

Feos = Voali_)rg(exp(—a/‘[ Ja+1t)—T1)=Vy*T1T (MPV_Norm*Mean_r)



Fit Procedure and constraints

CMN + Pedestal subtraction included
Then, fit if:

Signal > 5 * opegestal

Relative Parameter Error < 50%

Search for fit_start (mean over 7 samples > 5 * 0pegestar )
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Parameters distributions after the fit
Channel 9 — Asynchronous Mode
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Integration window — graphical solution

Range: (Start time (from the fit) ; Start time + a)

"a" = integration window: when area under the curve reaches 99% of it's

(theoretical) maximum

Graphical solution -solve:

(0.01*tj (
In = —
a+t

a~370 ns:

« Integration window ~7 samples
« Same window used to calculate pedestal

a
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Parameters distributions after the fit
Channel 9 — Asynchronous Mode
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Calculate SNR

1. Extract “Norm” and t for each event
- Build the “Norm” and t distributions and extract MPV_Norm and Mean_t

Fla)=Vy*T

S/N — MPVNorm * Tmean(ADCcounts * Sample)

Opedestal

2. Calculate integral for each event
F(a)= Vo(exp(—a/t)(a + ) — 1) ("a” is the integration window)

MPV ADC * sample
S/N _ Integral ( counts p )

Opedestal

3. Calculate SNR for each event, build SNR distribution:

S/N == MPVSNR
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1. “Norm” Distribution
Channel 9 — Asynchronous Mode
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[S/N = 289.67/4.27 = 67.83 ]
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2. Integral distribution
Channel 9 — Asynchronous Mode
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3. SNR distribution
Channel 9 — Asynchronous Mode
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Parameters distributions after the fit
Channel 9 — Synchronous Mode
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SNR: Channel 9 - Synchronous
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number of events
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SNR: Channel 5 - Synchronous
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Integral [a.u.]

Correlations
Channel 9 — Asynchronous Mode

10
200~ | =00
[ —500
150
[ I-4DU
100 1300
i 200
501
i 100
: ‘| ] 1 | ] | | | 1 1 | 'D
0 500 1000 1500 2000

Norm_Fit [ADC counts]

Integral [a.u.]

100 200 300 400 500 600 700 800

>_<1EI3

i ‘Imnn
200}

[ 11200

. 11000
150}

: [ —{800
100 —600

50}
| .-":. |..|.| Lo d g g aadaaaa by aaa baaaa
L 0

Maximum Signal [ADC counts]

17



Integral [a.u.]
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Conclusions

Using the integration method, the SNR has been evaluated for two of the
BeamCal module pads

* Pad 10 (Channel 9) - high gain

« Pad 6 (Chanel 5) - low gain

Channnel 9- two cases:
« Asynchronous mode
« Synchronous mode

SNR~67 for Channel 9 in sync mode
SNR~59 for Channel 9 in async mode
SNR~62 for Channel 5 in sync mode
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Parameters distributions after the fit
Channel 5 — Asynchronous Mode
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Integral [a.u.]

Correlations
Channel 5 — Asynchronous Mode
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