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Status on FATALIC project

Overview

© Introduction

© The Clermont-Ferrand Test Bench

© Study of The Photomultiplier Output
© Study of The Shaper Output

© Study of The Digitized Ouput

@ Summary & Outlooks
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Status on FATALIC project

Front-end ATIAs tiLe Integrated Circuit

FATALIC microscop view
7 E

FATALIC chip embedded in
the "All-in-One" FE board
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ADC 12b
: ADG 121 -.-{ Gain selection
N FATALIC
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Conveyor

Data_output
,\I (126@80 i)
7

ALL-IN-ONE

Main characteristics of FATALIC:
- A 3-gain PM-signal analog processing (current conveyor + 3 shapers)
- 3 embedded 12-bit ADCs (one per gain)
- An auto gain-selection (MEDIUM and {HIGH or LOW})
- A 12-bit data output bus with the data of the 2-selected gain multiplexed
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Status on FATALIC project

FATALIC strengh: low noise

Noise Requirement :

"the smallest signal of interest from the detector, expressed in terms of
equivalent input charge delivered to the front end electronics, is 24 fC.
The intrinsic noise of the electronics, as measured through the digitization
path, expressed in terms of equivalent input charge, shall not be greater
than 12 fC rms at pedestal.”

FATALIC noise measurement
Medium Gain : Std Deviation = 1.23 LSB - 42 fCrms

High Gain : Std Deviation = 2.74 LSB - 9.4fC rms
12000
c
@
E 10000 - Medium Gain
2 Why a low noise chip ?
£ so00 - Thanks to the digitalization of the
analog signal inside Fatalic
8000
FATALIC ouput (a) no sensitivity to the noise induced by
o | without input signal the main board
(b) no sensitivity to EMC properties of the
2000+ interface-flat cable
3 290 300 310
ADC counts
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Status on FATALIC project
The Clermont-Ferrand Test Bench

The CF Test Bench

Computer/interface to Low voltage
drive the tests power supply

Scope to measure
analog signal

LED driver (emulate the
light produced by the tiles)

High voltage
power supply
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Status on FATALIC project

The Clermont-Ferrand Test Bench

The CF Test Bench

LED + PM + very Front-End
= g

very Front-End

\
|

Possibility to follow the
signal through the whole
chain (see next slide)

3 LEDs to simulate a realistic physics conditions:
- incoming particle = pulse
- out-of-tim pile-up = second pusle time-delayed
- in-time pile-up = constant light

LED + PM

For the discussed studies : only one pusle
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Status on FATALIC project
The Clermont-Ferrand Test Bench

How to follow the signal ?

High Gain -
SpRPer ‘Gain flag
ADC 12b y -

Medium Gain

12
oy Current shaper ADC 12b F
Conveyor " N\ 40 Ms/s L4

Low Gain
Shaper

Data_output
(12b@80 MSs)

ADC 12b
40 MS/s

PM Shaper ADC

1. FATALIC input

2. Analog signal

3. Digitized signal
(shaper output)

(ADC output)

All-In-One with additional
access for the shaper

direct readout getting the PM
ouput through the Active Divider
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Status on FATALIC project

The Clermont-Ferrand Test Bench

How to follow the signal ?

High Gain
shaper

Gain flag
Gain selection o

Medium Gain 12 Data tput
ata_outpu
L_PMT Current shaper (12b@380 MS/s)
Conveyor s
Low Gain
shaper
PM signal ADC signal
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Status on FATALIC project
Study of The Photomultiplier Output

Overview

© Study of The Photomultiplier Output
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Status on FATALIC project
Study of The Photomultiplier Output

PM signal quick look

1. Analysing the shape of the
PM response for different HV

0.07

2. The PM : absolute charge source 0
(Scope impedance = 50 Q)

0.05
t) 0.04
scope t
Q= [ = T
scope . o244 LED1 1V, -0022Y. G100 pC. M (e gan
\ V10 LEDY B850 0100 pOL NPTt s
0.02 R 8-37.4 LED' 4, -850V 31005 Tt e

- useful for calibration test
(complete charge injector tool) 001

PM signal is made
positive by hand

80
time [ns]
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Status on FATALIC project
Study of The Photomultiplier Output

PM as absolute charge source

6.5

In(Output charge/ pC)

5.5

slope = 6.87
offset = -39.71
QI[pC] = 118.6 x (HV / 650V)**

6.3 6.4 6.5 6.6 6.7
In(HV/Volt)
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Status on FATALIC project
Study of The Shaper Output

Overview

© Study of The Shaper Output
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Status on FATALIC project

Signal shape comparison

Comparing the shape of the analog
signals for different injected charge.
Essential for the optimal filtering
(using the charge injector)

Intgrel=9.4 Chargeinjector (G1=3.276C), SHAPER (i gsin)
Intgrle75.7 Crarge njctor (Ci«50.426C), SHAPER (igh g
Intgral=78.1 Gharge njctor (G1=60.676C). SHAPER, righgan)
Intgrale1.7 Crarge rector (G1-0.425C), SHAPER (high gsn)
Intgrl=22:3 Charge njctor (C1=3.425C), SHAPER (tigh gain)
Intgra2.7 Crarge rector (C1+-0.015C), SHAPER (igh gsin)
Integral43.1 Grarge njctor (G1+19.676C), SHAPER, (righgan)
Intgrl-5 2 Crarg recor (C1-1 25C), SHAPER {igh gain)

Intogal=59.3 Gnarge scor (C1=29.5290), SHAPER gh ga)

_ Foozs 7
i i 3 ooas|
H H £
£ £ oo~ H
§ oo ’
g Z &
ool
0008
o~ =
s . | |
e 1

TS0
o (o]
Intgral«120 Chiage nfctor (C1-40.176C). SHAPER (med gai)
Integral=21.9 Charga nfcto (Ci=81.17pC). SHAPER (mod gai)
Intorel=31.0 Charge necto (C1=122.175C). SHAPER (med g
Interal=38.1 Charge nfector (1= 163.175C). SHAPER (med ga)

Intogral=428 Chargo nfcto (C1-204.179C), SHAPER (mod gan)

70
time ns]

Intogral=12:3 Chargo nfcior (C1=408.176C), SHAPER (lw gain)

Iniegra22.0 Charge njecior (C1=B18.1750), SHAPER (low gain)

Integrale26.5 Charge nector (1 1229.175C), SHAPER low gan)

Intogral«217.7 Chargo nocto (Gl 1639.175C), SHAPER (ow gan)

Inteqra-5.9 Charge Inctor (C1-204.175C), SHAPER (ow gain)

high gain

medium gain
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Status on FATALIC project
aper Output

Signal shape comparison

Comparing the shape of the analog
signals for different injected charge.

Essential for the optimal filtering
(using the charge injector)

Sragar tigte, rormalzsal

vl Cmrraiee]
F

Shape distortion at high
charge — non linearity,
necessity of the next gain !

i N

IPIS3-£9 3 Crangs e 101-20 90501, SHAPER g 51

i .
o e T S e
L L
o 0 w i T
o170 g s (-4 150, EHAER s e

S aI=21 8 CFargs et (Cimb 1IpC, SHAPER: s gy

Vi 11-31 0 S s WCle (612217081, SHAPER e i)

egrI-a8 ¢ Crangs e

(6738, HARE e ger)

burl 428 Sl it (6204470, SHAPE i)

——— ez CRaga e

il
Good point: In the right
regime, the shape
deformation is quite small

——— evel=* 23 Chare o (1400 17001, SHAPER (0w nel

gl E20 Charge injsto (C1-18.1 5, SHAPER (o sir)

R 55 Charge infstor (Ci=1269.1 51 SHAPE. (ow g
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high gain

medium gain
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Status on FATALIC project
of The Shaper Output

Calibration with the Charge Injector

Calibrating each gain and — :
estimating when the linearity breaks R HR e | [ o s oo | IS
(using the charge injector) et mamenn || D )
- working quite well in each ] -
validity domaine
Calioraton gain Calioration gain M Calibration gain L

e

E

) slope = 1.92 slope = 0.23.
) offset =353 el s " slope = 0.03
o offset = 1.02
* Toput cherge (o] 400 @ e0 1000 e 0 te0 Do o AT el el R
Inguat enarge [pC| 200 a0 00 HOC 1000 1200 1400 (DD
Phoctage )

Gi'[:n r_aglg: Important caution : the input charge is simply an estimation
" MIL - 7‘ p since the Charge Injector not precisely calibrated (non linearity).
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Status on FATALIC project
Study of The Shaper Output

Calibration with the Charge Injector

To overlay the response of the 3 gain on the same plot:
- remove the offset for each data point

_ scale the slope by the gain ratio This is an illustrative plot

more than a physics one !

g *F g E
S a0f- == high gain B zoom for low charge
5 [ =~ medium gain £
3 msf = lowgain N * H
& F ;
7 eE Non linearity of the
o low gain is the
F important one ! A
sE E
o £ £ & = L T
N Estimaed ncied Chare o€ N ectmatd roted Charga o1
2 o
B O -
B e
B B a
BT %

T T L]
Estimated Injected Charge [pC] Estimated Injected Charge [pC]

Important caution : the input charge is simply an estimation
since the Charge Injector not precisely calibrated (non linearity).
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Status on FATALIC project
Study of The Shaper Output

Calibration: Charge Injector VS LED+PM

Important caution : the input charge is simply an estimation
since the Charge Injector not precisely calibrated (non linearity).

Calibration gain L Calibration gain L
EOF TV
s . ER
S | Charge injector . 5 [ Absolute charge
Eaf NL: 30% fwl  from LED+PM .
i FRE p
Eal | S Q:a(LV ) " NL: 25%
F HV et )’
20 a0l *
200~ : 20 i
I slope = 0.03 F slope = 0.04
na offset = -0.54 m; offset = 0.72
L. | | L | - E. '
200 400 600 800 1000 O 200 400 600 80 1000 1200 1400 1600

Input charge [pC]

If the charge injector has some non linearity, this measurément
is biased ! Use a well calibrated charge source, like LED+PM)
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Status on FATALIC project
Study of The Shaper Output

Linearity improvement: FATALIC4b

For high energy events, the input peak current reaches tens of mA. In FATALIC4, this current
induces a 200mV-voltage drop of the power supply, limiting the input dynamic range.

This problem has been fixed in FATALIC4b with larger power rails.

©

. - FATALIC4
Dynamic range -

»
8

8

Py
8

Chute max = 187mV

g

IR drop simulation

E

—= — Simulation now

—»— Data (LED+PM)

--e-- Simulation after
correction

Tension max signal sortie bas gain (V)
w
8

8

Good understanding
based on simulation !

g

°

o 400 800 1200 1600
Charge (pc)

Comment : this problem was not presented in Valencia because
it was only seen in a dynamic regime (pusle), tested later.
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Status on FATALIC project
Study of The Digitized Ouput

Overview

© Study of The Digitized Ouput
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Status on FATALIC project
Study of The Digitized Ouput

Calibration with the Charge Injector

G e

Jinis Joe] ]

3500 2500
3000 f(x)="148,77% + 234,04 2000 f(x) = 21,55 - 7.47
R2=1 RE=1
2500
2000 1500
1500 1000
1000 High gain Medium gain
500
500
0 T T T 1 o
0 5 10 15 2 25 0 20 2 0 80 100 120
3000
2500
2000
1500
1000 =
Low gain
500
0+ T
o 200 400 600 800 1000 1200 1400
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Status on FATALIC project
Study of The Digitized Ouput

Non linearity: residus

g 35.00% i . . . III
. !l cCaution : very preliminary !!!
:5 )
w0
& s —m—deltal =% deltaM

| —+— deltaH

T
1 10 100 1000

Q [pC]
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Status on FATALIC project
Summary & Outloo

Overview

@ Summary & Outlooks
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Status on FATALIC project
Summary & Outlooks

Summary And Outlooks

Summary
@ Performed deep tests to characterize FATLIC4 in a dynamic regime
@ Scrutinize the signal at each step: PM, shaper, ADC
@ Very good signal-to-noise results

@ FATALIC4 has an overall good response (linearity) over the three gains

Main progress: reveal/improve weakness visible in dynamic regime only

@ Identification of a non-linearity at high input charge, only in dynamic
@ Very well understood with the simulation and solved — FATALIC4b

Outlooks
@ Currently: linearity precision limited by the source calibration

@ A new test board, with an embedded 14-bit precision ADC, has been
designed to calibrate input signal of Fatalic with high precision

@ Test FATALIC4b (currently under production)
Romain Madar (LPC Clermont-Ferrand) Tile Upgrade week — 10/06/15 23 /26
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Summary & Outloo

Backup Slides
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Status on FATALIC project
Summary & Outloo

Low gain shape distortion: CI vs LED+PM

0.025F

o
=
R
T T

0.015|
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0.005|

o

150
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Romain Madar (LPC Clermont-Ferrand)

Shaper signal [normalized]

0.02

0.015

0.005

=)

L L 1 Il L 1
20 0 20 40 60 80 100 120 140 160 180
time [ng]

Tile Upgrade week — 10/06/15

25/26



Status on FATALIC project

Non linearity precision: discussion

13/04/2015 16:19

From Frangois Vazeille

A precise calibration subject Linearity of the CIs
_ of the charge. To tang@edg uchicago.edu <tang@edg uchicago.edis
injector linearity is a
key point to properly
characterize the  Dear colleagues,
in the design of our Main Board, we have implemented your charge injection system that works well.

(:h\p Mnear\ly We would like to know its limearity.
Did you perform this study, and if yes, could you give us the results?

. Kelby J Anderson <kelby@uchep.uchicago.edus<,

Tags

With our best regards,
Romeo and francois

20 .
From Valencia presentation : L |
Chicago FE readout
1600 T 1
// ‘é 4 adc count ~ 0.5 %
)f}/ B I N I I I A
- P =
z S 80
5 i <
8 00 - G 1 fay
g - = .
< e Per mille precision requires
an excellent calibration of the 1
charge injector i
0 . -20 .
0 10 20 0 7.5 15

Injected Charge (pC)

Injected Charge (pC)

https://indico.cern.ch/event/335721/session/0/contribution/7/material/slides/0.pdf
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