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Introduction

The OMEGAPIX circuit is the first front end protiy ASIC designed at LAL using 3D technology for &¥.AS upgrade SLHC pixel project. The microelectics team from LAL focused its efforts on the sfie@pproach of sub-micron
circuit dedicated for innovative high granular dapixel sensors.

This circuit has been submitted on May 2009. kudd in a two tiers IC stack: one analogue layat ane digital layer. The same 0.13 um Charteredi@amductor technology has been chosen to desigifiadomicate the two stacked tiers; the
vertically integration process from Tezzaron Semarartor Corporation performs the wafer thinning #ddonding.

OMEGAPIX embeds 64x24 readout channels that haga developed to match the following requiremers. hoise (100 e-), low threshold (1000 e-), very mower consumption (3W/ch) and a very high pixel granularity (50X50 um).
However, the mainly goal of this chip is not to deectly a functional system for the future SLHIGmar pixel sensors, but, with requirements closhe¢ likely SLHC ones, we want to explore all éeat and significant benefits provided by
3D integration technology for HEP and in particutar 3D readout IC system for advanced sensor arfhy get this, OMEGAPIX has been designed in sualay that various flavours of transistor type Wwel able to study; the expected
reduction of substrate coupling between analogdedaqtal parts, which is currently the main lintitan to low efficiently the pixel signal thresholjll be verified.

VITESSE (Vertical Integrated Technologies for Electonics and Silicon Sensors): a Analogue Part
new consortium to explore vertical integration bengts for pixel arrays

The analogue front-end structure: charge prearepllﬁhaper and

What is the 3-dimensional (3D) Integration ? | | || || || || || || e .
It is “an emerging, system level integration aretitire wherein multiple strata (layers) of planar ‘ ‘ “ “ “ “ “ “ L (Sﬁgsorerpmmpnﬁer . Shoper i Discriminator
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Three technical keys are necessary to controtéielsnology: (1) TSV formation, (2) thinning of | : : :: :: :: :: :: :: ilikiikikikik G _ —L I L i To dgrl ir
] i ] . - re YRl !
the wafer up to 12 um thin, (3) Alignment and borgi [ g g Minimize global capacitance: ~ — el |
Main benefits: better electrical performance (iobemect delay diminution and better latency), UL Lk G G L L i - the most little size 77 T :
] ) ] ) ] ) ) - A . . cd= 80-100 fF 1 61 :vl/if =86060rrr1\1\<//ke— : 2 | hree digital mverters
lower noise, form factor improvement (less matenadre little device size), more functionality I l H H H H H H iliiki i b li il - current minimization - :;j:ﬁ: b L P B e
(several technology in the same global device). : : ” HAH A AH A A
| | | o 8 (10 (LN CE (O (L R Paraphase structure is described beI OW.
Why ? to explore the range of options available and weunstand which applications can best 0N 0 R A |
benefit from this new technology. The consortiutteids to bring together resources to investigate Chl Size dailnn i sl - Preampllfler
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h leads to make Cgd value to vary

SLHC: Sma” pierS deSIgn i ” ” ” ” ” ” ” ” ” ” itk the preampllfler DAC fixes the output DC voltage

Alternative approach use 3D possibilities to: R A A R R Variable gain + DAC 5 bits —e gl s
v Minimize pixel pitch: study smaller pixels (50xf@n instead ililibi bk bbbk bl Input o the \
of 50x250) 0GR CENCEN GGG ""H |

v' Match new MPI Munich pixel sensor matrix

v Target 3uW/ch: 2uW/ch for the analogue tier, W/ch for the
digital one

v Design analogue tier with low noise (100 e-) lowe#hold
(1000 e-) low power including shaping + threshol

v’ Study coupling between digital tier and analogee ti

v’ Study variant of blocks
Contact pitch: 50
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B Digital part
i i g i ki
i :: :: :: :: :: :: :: :: :: :: i g Digital tier has been designed by Yixian Guo from LPNHE. Each channel
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includes a 24 DFlipflop register: main tests will focus about the noise study
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TCJ R%RN _l_L > > r—p 1536 channels, 24
% CLK (40 MHz) |- |- : > columns, 64 ch/col
S CDK_ ok
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© SR Flipflop 24 DFlipflops , e : |
: _ : : rom tofihe ) P i 1 oo nly one channel output
Dedicated test chip Simulation results = Rzlrm S O can be viewed on the
cu<(40MHz)|—I> |- |- = same time
Analogue tier: i — ol
-Probes after the preamplifier, the shaper andligeiminator Several column types have been designed allowirg sigidy 24 columns
-Masked discri capability various flavors of transistor types (normal, low 8p3), noise,
-Integrated test capacitance oscillations. ..
BiE ((j:_(#umntsellectlon. . : v'Column 1 to 10: reference channels 3D process
—difierent colimns. variable components v'Column 11 to 18: various preamplifier transistqrety have E
been integrated ‘Sensor
Digital tier v'Column 19 to 22: without variable gain Pixel
-1 RS FlipFlop v'Column 23: discriminator has been removed ! { { ¢\
-24 DFlipFlops v Column 24: shaper has been removed o Analogue
-One global readout e I S * Tier
: . k AP == =
= noise influence studies @% £ L D%; }?ﬁ?ﬁiﬁfiﬁiﬁiﬂ
= thelgh* | o I s | and electrical bonding.
24 columns, 64 channels/columns -> 1536 channels Simulation conditions: Qinj = 1000 e- B ” T R ‘@ D B
14 SC bits/channel -> 21504 SC bits — e— DAC: 1000 (only 2.5/0.5 nmos_1p5_Ivt as shaper),¥800 mV
2 SC bits/selectColumn -> 48 bits — . .
Transient response Noise at the output of the shaper i Dlgltal One ana|ogue Channel
1000-{ 7VauT _shaper : —VN20 = Tier
Shaper | : 1072 - S
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(theoretically 100 mV for .1 | . B | v’ transistor fab, Digital part
24 columns 1000 e-) Em olheicc | | o v TSV
heoto Tau=RC=03Us 7ol —— M il B R e i v’ Complete back end of line process
discriminator = 3bits is=: isssss m=sssssssssanss e e Tezzaron - -
Egi{ﬂ%:xgﬁ?';3;‘@”:14;1“5 SR S PRORC DR i (|) e v bond two wafers (Cu-Cu thermocompression bond) Plage If[)gltc, addressmg, ot
e v' thin one wafer up to 12 um to expose TSV readout storage, service into
v Add metallization on back of this wafer for bump ~ another layer: only I/O pads
bonding or wire bonding overshoot the sensor plan.

LAL (Laboratoire de I'accélérateur linéaire) is a ysics laboratory in Orsay (France), 20 km away frBaris. 350 people including around 100 physicistsknon many experiments in cosmology, high eneagirge physics and
accelerator. Several technology groups such asrtéehanics or the electronics group work on appiored to achieve physicists expectations.

The LAL electronics group (50 people) is divide® ianits : digital design unit, analog design umihd automated equipment design unit. Teams amved in many large physics experiments such asAHmnck, Auger and FLC.
The group can work on project from the manufactystandard to the production and ensure maintenance.

The analog team has acquired a sharp knowledgallktdistom analog ASIC design. Its specializatiofiocused on low-noise high-speed front-end chib@anhigh-precision calibration devices. Its knoawhis evolving to system-
on-chip designs that embed front-end electronitp-amgger system, calibration devices and digtahverters.

thienpon@lal.in2p3.fr




