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Monolithic pixels in vertex detector for future accelerator
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Our (short) experience on MAPS at RomeTre INFN group

Chip mimoromal Chip mimoroma?2
( TSMC 250nm technology ) ( STMicroelectronics 130nm technology )
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Mimoroma1 chip measurement results

RUN 423: sub-matrix0 calibration peaks

240§ 2 = l
_ x° /I ndf = 239.1/ 62 -
iﬁz i expo-back-const 10.54+0.10 m I m Or Om al C
expo-back-in  -0.06092 + 0.00111 . -
:::E_ | KC( =5.98 keV | | «onom 115.4+ 6.1 (fl r St M A PS deS| g
140 ;— '. ) k:c'r.-sigrﬁa 2.?1.;0.1.3 I N I: N Rom aT
120 k_B-norm 13.052.96
100 k_g-mean 1343204
:: ;: k_B-sigma 1.453t0.|254 Doubl e al fa e\/ent —
aof- Ky =6.49 keV Fes5 X | large pitch (34 um)
20 Xray ||, 32 x 32 pixel
oL ] e e — - —
90 source 00 | S R
Event 2766: Alpha event on the mixed matrix 1e00 .. B ,’f‘ di!* |
g Alfaevent || g I |1 || N
0 . 500 3 | =
=, Small pitch (;7 m) o g
§ 64x64pixel [ | o R

60
%0 ppixetl

Eleuterio Spiriti ILC Vertex Workshop, April 2008 5



Mimoromaz2 chip: main goals and constrains

« Characterization of the signal (epitaxial thickness and
quality) level provided by the STM 0.13 um technology

* Implementation of an on-pixel sparsification architecture
- digital and analog output

Only NM OStransistors. no competing n-wells

Small available area (pitch 20-25 um)

Common threshold for all pixelsin achip

Threshold voltage and curren mismatch in submicron CMOS
Noise:

Temporal noise

White and 1/f noise

Chargeinjection

Digital to analog cross-talk

g wbhPF

D000

Eleuterio Spiriti ILC Vertex Workshop, April 2008 6



Technology characterization from the signal collection point of view
Different parameters for the non sparsified part of the chip

Ten different matrix implemented
v Five 32x16 pixels arrayswith 20x20 um size
v Five 64x32 pixelsarrayswith 10x10 um size

Parameter Value 1 Value 2
Pixel structure 3T SB
Pitch 20 um 10 um
Diode dimension lumx1um 1.5umx 1.5um
SF transistor size Small gain Large gain
Power supply 2.5V 1.2V
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Proposed MAPS readout architecture

Column
“token passing”
to read only
pixels over
thresholds

Key point:
On pixel
sparsification

End of column ADC
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Conference”

California
(under review )

Paper submitted at the
“IEEE Custum Integrated Circuit

http://www.ieee-cicc.org/
September 2008, San Jose,

Abstract-The paper presents on pixel signal processing for
data sparsification In MAFS detector for High Emergy Physlcs
application. It includss correlated double sampling signal
discrimination and analog information storing on each single
pixel. A chip with the described architedure was submitted for
fabrication im 5T Microdectronics 130 nm CMO5 tachnalogy,

I. INTRODUCTION

Monolithic Active Fixzel Sensors (MAPS), originally wsed
for wisible light detection [1], have been proposed for particle
|racking detection in the High Energy Fhysics field [2]. Amn

On Pixel Signal Processing for MAPS Sparsified
R eadout | mplemented in CMOS Technology

1. Mlynarezyk":, E. Spiriti’
N ational |retitute of Nuclear Physics, Roma Tre Section
via della Vasca Navale, B4
00146 Roma, |taly
*Drepartrrent of Electronics, AGH University of Science and Technalogy
A, Mickiewicza 30
30-05% K rakow, Poland

CI c c IEEE Custom Integrated Circuits Conference

« .. Showease for Circuil Design in the Hearl of Silicon Valley

Join us atthe 2008 Custom Integrated Circuits Conference

Sepember 21 - 24

at the DoubleTree Hotel, San Jose, California

The paper submission deadiine has been extpnded o April 8 Click hose o

2007 Registered Attendees only: click here 1o download the Conference

Candarence varts
e |. submit a paper for review
T I Presentation Files.

Main constrains we had to deal with are

1] Cnly NMOS transistors allowed in the design: any other
rewell, o house PMOS transistors, except the
collecting the signal, would drain part of the cha
produced in the epi-layer.

2] Highly limited pizel area (25 mx 25 mi: small pitch is
essential for a good space resolution.

3) Common threshold for entire chip e for each pixel:
Faving In mind the member of plxels and thelr small anaal
it Is impossible to Imagine & threshold sstting speciflc woy
each plxel.

Eleuterio Spiriti
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Detailed
description
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Pixel architecture
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Pixel 3T n

oise simulation
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NAND logic Montecarlo simulation.

(used inside the Pixel )
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Autozero correction voltage simulation.

Autozero correction voltage versus external
bias autozero voltage fixed at 500 mV.
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Autozero correction voltage and external bias autozero voltage
produce a correction differential current to the discriminator
to compensate the two unbalancing voltage generators
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Sparsification logic Montecarlo simulation (100 runs)

Input signal
injected
on sensing diode
~22 mV (~ 350 e)

~ 350 electron is a
rough estimation
of seed pixel
charge in
STM 0.13 um

Treshold at the
minimum value
needed to have
zero false trigger
(“100% purity” )
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Conclusions

-~ Design effort was driven by the highly demanding
performances required by the vertex detectors for future
colliders

- The proposed architecture for the on-line data sparsification
was designed and simulated

- Simulation results of the on-pixel signal processing seems
promising, considering that this will be the first run in ST
0.13um technology. We had many unknows and we tried to be
prepared for the worst case

. Large room for improvements expected after feedback
from measurements.

The autozero correction technique could be a key point.

Chip submitted through CMP Service November 2007, testing
will start next week
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