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Specs for the pixel detector
Pixel Readout Cell SpecificationPixel Readout Cell Specification
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SimultaneousSimultaneous time stamping (12bit) and chargetime stamping (12bit) and charge measurementmeasurement

Good time resolution Good time resolution ≈2 ns rms (at 155 MHz clock)  with 2·102 ns rms (at 155 MHz clock)  with 2·1077 ann/sann/s

TechnologyTechnology CMOS  8RF 130nm CMOS  8RF 130nm 

Pixel Size Pixel Size 100μ100μm x 100m x 100μμm m 

Input charge Input charge rangerange ≈ 1fC 1fC toto 50fC 50fC 

NoiseNoise (ENC) (ENC) < 200 e< 200 e--

PowerPower consumptionconsumption 15μ15μWW

Input Input polaritypolarity SelectableSelectable

LeakageLeakage compensationcompensation Up Up toto 50 nA 50 nA 

AverageAverage Hit Rate Hit Rate ≈ 10103 3 hitshits/s/s

TriggerTrigger SelfSelf triggeringtriggering

RadiationRadiation tolerancetolerance 10 10 MradMrad
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Time Over ThresholdTime Over Threshold
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Constant Current Feedback

With Idis = 5nA and fc = 155MHz the resolution in charge digitization is dQ = 59 e-

TheThe thetheTheThe ToTToT allowsallows usus toto achieveachieve goodgood linearitylinearity andand excellentexcellent resolutionresolution eveneven whenwhen thethe
preamplifierpreamplifier isis saturated,saturated, thusthus makingmaking roomroom forfor anan highhigh dynamicdynamic rangerange..



AnalogAnalog FrontFront--EndEnd
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The Analog Front-End generates a pulse whose width is proportional to the injected charge by the sensor.

Input current signal
(~ ns)

To the digital To the digital 

circuitcircuit

ToT
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AnalogAnalog CellCell UpgradesUpgrades

• Increased gain by 2x (Cf = 24fF -> Cf = 12fF)

• Reduced size of the analog part (70%->50%)

• Cut-off circuit for large signals (>50fC)

• Improved Baseline Holder for a better stability

• Test charge injection circut bug corrected (charge up to 35fC)
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AnalogAnalog Cell LayoutCell Layout
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1. Test Pulse Injection

2. Preamplifier

3. Constant Current Feedback

4. Baseline Holder

5. 5 bit DAC for the threshold correction

6. Comparator

7. Large charge cut-off circuit

8. Bump bonding pad
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Post Layout Post Layout -- Monte Carlo Monte Carlo SimulationSimulation
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Min Max Mean Sigma

ToT (ns) 136.9 259.8 197.0 22.1

Qin = 1fC
200 Simulations



BaselineBaseline dispertiondispertion
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Min Max Mean Sigma

Vout_DC (mV) 695.5 707.7 700.1 1.9

ToPix2 - Threshold tuning on 

pixel by pixel basis
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TransientTransient NoiseNoise SimulationSimulation
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Qin = 1 fC

Ileak = 0 nA

Vnoise,rms = 1.6 mV

Signal to Noise Ratio = 45

Equivalent Noise Charge = 138 e 



NoiseNoise dependencedependence fromfrom leakageleakage currentcurrent
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NoiseNoise and and BaselineBaseline
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Comparator ThresholdComparator Threshold
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Qin

― 0.1 fC

― 0.3 fC

― 0.7 fC

Vth=15mV

Vth=30mV

Baseline + Noise < Comparator Threshold



LinearityLinearity up up toto 50 50 fCfC
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Comparator Threshold

· 30mV

· 15mV



DeviationDeviation fromfrom linearitylinearity
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Comparator 
Threshold

Minimum 
charge

Error

· 30 · 30 mVmV 0.6 0.6 fCfC --0.12 0.12 fCfC

· 15 · 15 mVmV 0.30.3 fCfC --0.11 0.11 fCfC

Comparator Threshold

· 30mV

· 15mV

< 1%

< 0.1%



Clipping CircuitClipping Circuit
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A clipping circuit has been designed in order to protect the front-end when a large 

charge is presented at the input node, thus avoiding long dead times.



ConclusionConclusion
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• Based on Time over Threshold readout

ToPix3 - Prototype chip for the hybrid pixel sensors in CMOS 130nm.

• Increase of the CSA gain (1/12fC) and 
improvement of the loop stability

• A more compact  leakage compensation stage
• Key Features:

• Analog Cell Size: 50μmx100μm
• Power Consumption: 15μW/cell

• Equivalent Noise Charge: <200e-

Features
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Analog Cell + Digital CellAnalog Cell + Digital Cell
50  μm + 50  μm50  μm + 50  μm



BACKUP SLIDES
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First PrototypeFirst Prototype
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P-Type sensors ToT Linearity

Reduced scale prototype chip 

(320 cells)

Each cell incorporates the analog and Each cell incorporates the analog and 
digital electronics necessary to digital electronics necessary to 

amplify the detector signal and to amplify the detector signal and to 
digitize the charge information.digitize the charge information.
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12-bit dynamic range



Front-end amplifier

Selectable source follower: 1 Selectable source follower: 1 µµAA

DC level fixed by 
transistor bias:
0.2 V

Output DC level regulated by 
the leakage compensation:
0.3 V for n-type sensor,
0.7 V for p-type sensor.

CSA SchematicCSA Schematic
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Triple WellTriple Well

1.5 µA 3.5 µA

5 5 µµAA

CCff=12fF=12fF
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Baseline HolderBaseline Holder
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PMOS PMOS thatthat injects the injects the 
compensation current compensation current 

at the input nodeat the input node

In CMOS technology in an area of few hundreds of μmIn CMOS technology in an area of few hundreds of μm22

it is possible to implement a capacitor of few pFit is possible to implement a capacitor of few pF

R: Gate-Source shorted MOSR: Gate-Source shorted MOS

C: Source – Drain shorted MOS C: Source – Drain shorted MOS 

ToT signals can be very long (< 20us)ToT signals can be very long (< 20us)

InIn orderorder toto preservepreserve thethe signalsignal
aa veryvery lowlow cutoffcutoff frequencyfrequency
(≈(≈1010Hz)Hz) isis requiredrequired..

TheThe leakageleakage currentcurrent dependsdepends
onon thethe TotalTotal IonizingIonizing DoseDose..
ItIt maymay bebe upup toto 5050nAnA..

Compact LowCompact Low--Frequency Feedback FilterFrequency Feedback Filter
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Feedback CircuitFeedback Circuit
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It keeps the output at the reference voltage, discharging the charge deposited on the input node.It keeps the output at the reference voltage, discharging the charge deposited on the input node.

This stage provideThis stage providess also the injection of the leakage compensation current at the input node.also the injection of the leakage compensation current at the input node.

pp--typetype nn--typetype

Compensation current injected directlyCompensation current injected directlyCompensation current injected trough current mirrorCompensation current injected trough current mirror

Discharging current: Discharging current: 
IIdisdis = 5nA= 5nA
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