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A L1 E_ Quick Reminder on MAPS
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Calorimeter for LC

e Monolithic Active Pixel Sensor : based on CMQOS
technology,

* Really small for an ECAL, large for a standard
MAPS : 5050 pm? pixels.
e 10!% pixels = digital readout.

* Noise objective : probability of above
threshold = DAQ has to handle ~10° hits per event!
Output will be a simple list of geometrical indices
of hits above threshold.

* First design of sensors submitted to foundry 2
weeks ago !! Will be back in July.
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9 L1¢ E\ Outline
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Salorimeter for LC -

e Overview of the designs submitted and how the
pixels work

e Sensor simulations : how the is

* Geant4 simulation and digitisation : how to go
from the ideal Geant4 energy deposit to a
realistic digital output

e Plans for this summer
and longer term plans
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THE Design5

Calorimeter for LC
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AL (E and pretty pictures...

Presampler Preshaper

same comparator+readout logic
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type dependant area
with capacitors, and big resistor or monostable.
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THE Design5
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Calorimeter for LC
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[ 1d E What's eating charges : the N-well distribution
Calorimeter for O in the pixels

Presampler Preshaper

purple = nwell (eating charge)
blue = deep p-well added to block the charge absorption
INMAPS process

mmmmmmmmmmmmmmmmmmmmmmmmmmmmmmm

..............................................
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CALIE The sensor test setup

Calorimeter for LC

1*1 cm? in total 5 dead pixels
2 capacitor arrangements for logic :
2 architectures -hits buffering
6 million transistors, 28224 pixels (SRAM)
- time stamp = BX

— (13 bits)
> ) .
s - only part with
S 7 * 6 bits pattern clock lines.
§ per row
™
P
S Row index
g
m
“ Data format

' + 13 + 9 =31 bits per hit

MM
Pre-Sample Pre-Shaper
Architecture Architecture
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CALIQE The sensor simulation setup

Calﬂorimeter for LC

Using Centaurus

TCAD for sensor Simulation for the final design is still running
simulation + (~3 weeks to do the 21 points !)
CADENCE GDS file ]
for pixel description )

Electronics Diodes

21

Adjacent
Diodes o - N

Cell size: 50 x 50 pm?

Whole 3*3 array with

neighbouring cells is

A ,_ simulated, and the

Bias: iay| - initial charge is inputed

“Diodes: 1.5V on 21 points (sufficient
to cover the whole pixel

by symmetry)

Epi-Layer

Substrate (left floating)
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Calorimeter for LC =

* Diode size has been
optimised in term of
signal over noise ratio,
charge collected in the
cell in the worse

S/N

Optimisation of some parameters

Signal over noise

scenario (hit at the
corner, point #21), and

== 0.9 um
= 1.8 um
— 3.6 um

T T T T T 1
0 1 2 3 4 5 6
Distance to Diode (um)

Collected charge

collection time.

* Diodes place is
restricted by the pixels
designs, e.g. to minimise
capacitance effects
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Calorimeter f 5

e Geant 4 simulation is
currently done with
MOKKA for LDCO01
detector, with 15 um
epitaxial layer thickness.

e plans to use SLIC for SiD
as well....

* One issue with small size
is observed when adding
up the energy to big

size...
2>bug ??7??
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Geant4 simulation and digitisation

Geant4 energy of Sim hitsin ECAL | —2.5um
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CALI(E Digitisation procedure

Cal'orimeter for LC

Geant4 E. ., Apply charge spread| o p o F - 0/ E |
. 5 E ! (_) it — /OLijpjt | /OLnit
mn 5X5 Hm Cells after Charge spread N N A P O e I T 9%+
. - R " =
Register the position and the number N A P %E. .,
. init \_:—
of hits above threshold CHH dm@ﬂ T fr;qi“li?: EEEEEES T Q
""lﬁl‘ilb 151?131903 16-17-18- 192021
+ noise only hits (pessimistic scenario)' - %E ;f %Elnlt - %Ehnit ]
inrnlha 1TN5 2D - 1N7 lhita 35 Hlha warlkalas Aata~bne L e i
PlUUd 1V 4 14U 111Ud 111 U11IEC Wil dcCclcCluUlL . Z}LE?; ;g.‘;, {1 llz—lﬁi-EEjL‘; i : 1&1;1 - 10
BUT in
a 1.5*1.5 cm? tower : ~30 hits.

i

Add noise to signal hits
with 0 =120 eV
(1 e- ~3 eV =» 40e- noise)

Sum energy in
50x50 pum? cells
E

sum

Thursday, May 10th, 2007 Calice Collaboration meeting --- A.-M. Magnan --- IC London 12



Li( E Effect on the energy resolution

Calorimeter for I_C ;

 Example for 20 GeV electrons, step by step, in
function of the threshold :

VERY PRELIMINARY, with a simple pixel description for the
charge spread simulation

Objective is to update for LCWS with detailed simulation of the
submitted sensors.

1- Ideal case : geant4 energy
2- after charge sharing

3- after noise adding ( currently pessimistic : 40e-)

4- Simple clustering based on closest neighbours

5- after removal of dead area (5 pixels every 42 pixels)
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Li€E Energy after charge spread and noise
CaonmeisrTor LG without any threshold cut

VERY PRELIMINARY

20 GeV e, diode 1.8um

B —— E initial (geant4)

— Eceliony after charge spread
1 06 = EneighboursContrib after charge spread

- ———————  Egjeateq from charge spread

— — E final after charge spread

B E final after adding noise 6=120eV
10° &

= Constant 4.344e+05 + 260

- MPV 8.992¢-07 - 3.448e-10

- Sigma  2.816e-07 + 2.154e-10
10% £

3

10°E

B 1

0 2 4 6 8 10

Thursday, May 10th, 2007 Calice Collaboration meeting --- A.-M. Magnan --- IC London



e
S
e
4
I [l
! E
]
L L X
e
I

Calorimeter for LC i

[ Ideal case : energy of Geant4 hits

x10

8795 .0.05
8790 =

i —0.04
8785 u E = -

’ - —0.03
8780 ol | =

Tl - -
8775 .

- n = |
8770 | 0.01

C ™
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A quick word on the clustering

After charge spread
Number of neighbours per hit above threshold

8795

8790

8785

8780

8775

8770

8765

(1,

600 eV thresh

Ill.

10865 10870 10875 10880 10885 I'I

* Loop over hits classified by number of neighbours :

e if <8:countl (or 2 for last 10 layers) and discard neighbours,

0890

11 I
10895

e if 8 and one of the neighbours has also 8 : count 2 (or 4) and discard

neighbours.
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Calorimeter for I_C ; ]

after each step
VERY PRELIMINARY

o(E)/E vs Threshold, electron 20 GeV
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L1 E Results on the energy resolution vs threshold
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Calorimeter for LC i

In terms of number of hits

VERY PRELIMINARY

Mean number of hits vs Threshold, electron 20 GeV

n12000
=2

<N,

10000

8000

6000

4000

2000

Thursday, May 10th, 2007

F-F-3--I--F -

optimal threshold
~500-600 eV

20 30
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+charge spread
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-dead areas
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threshold (keV)
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Lalorimeter 101

* Done using GuineaPig

e 2 scenarios studied :
¢ 500 GeV baseline,
e 1 TeV high luminosity.

| 1TeV High Lum distribution of Hits on the ECAL endcap pos xy ECAL
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»E C Mean x 12.92
E Meany  16.36
E 19000 RMSx 4284
c = RMS y 431.6
.9 1000—
=
g C
Q. 500—
- C
o=
500
1000—
“1500— P T
Co b v by v v b v v v e B e b by
1500 1000  -500 0 500 1000 1500

X position {mm)

Thursday, May 10th, 2007

Percentage of Pixels Inactive

Beam background studies

purple = innermost endcap radius
500 ns reset time =» ~ 2%o inactive pixels
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IQE Power issues

* Baseline ECAL target value : 4 yW.mm?
* Current design v1.0 : 40 uyW.mm

e BUT v1.0 has been designed for proot of concept
and technology = not optimised for power
consumption, and not the final product !!

e Options:

v' 50 2100 um : factor 4 reduction

v'longer integration time : up to factor 2 reduction
v' lower operating voltages : 10% additional reduction
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¢ Sensor has been submitted to
foundry on April 23rd.

e Will be back in July : need to be
ready immediately for first tests.

e Charge diffusion studies with a
powerful laser setup at RAL :
* 1064, 532 and 355 nm wavelength,
e focusing <2 um,
e pulse 4ns, 50 Hz repetition rate,
* fully automatized

rovide by Birmingham and
mperial respectively.

* Work ongoing on the set of ’CBs
holding, controlling and reading

the sensor.
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LIGE Conclusion and longer term : sensor v2.0

P S r &
Calorimeter for LC

e Looking forward to have the sensor back, and we will be
ready to have results ASAP !

* Design is far from being optimised, but we will learn a lot
from it : charge spreading and ,
cosmics (and testbeam at Desy ??) and
studies.

o After detailed studies of the first setup, and careful
comparison of the charge simulation and digitisation
results with reality : will design a second round, with
optimisation of parameters, e.g. sensor size, diodes
placement, and issues like power consumption addressed.

e Size of the second setup : 2*2 cm? (no stitching yet)
* Timescale : summer 2008

Thursday, May 10th, 2007 Calice Collaboration meeting --- A.-M. Magnan --- IC London 21



LIQE

Calorimeter for LC
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Thank you for your attention
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CALi(E Influence of dead width

Cal'orimeter for LC

o(E)/E vs sensitive pad size, electron 20 GeV

w- [
= - Basic clustering,
w ] o 2120V, E » 600 eV
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