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PANDA @ FAIRPANDA @ FAIR

FAIRFAIR

Darmstadt, GermanyDarmstadt, Germany

FAIRFAIR

Strong Interaction Studies with AntiprotonsStrong Interaction Studies with Antiprotonsg pg p

open charm productionopen charm production

t ft f h l ih l i

charmoniumcharmonium spectroscopyspectroscopy

glueballsglueballs and hybridsand hybrids
γγ‐‐ray spectroscopy of ray spectroscopy of hypernucleihypernuclei

hadrons in nuclear matterhadrons in nuclear matter
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Antiproton BeamAntiproton Beam
H d P ll t T tHydrogen Pellet Target

p p

Center Center ofof mass mass energyenergy: : √s = 5.5 √s = 5.5 GeVGeV

L i itL i it M tM t R l tiR l ti ((δδ / )/ )

HESR = High Energy Storage RingHESR = High Energy Storage Ring
Momentum: Momentum: 1.5 1.5 GeVGeV/c /c -- 15 15 GeVGeV/c/c Luminosity Luminosity MomentumMomentum ResolutionResolution ((δδp/p)p/p)

High luminosity High luminosity 
modemode 2x102x1032 32 cmcm--22ss--11 ~10~10--4  4  (stochastic cooling)(stochastic cooling)

High resolutionHigh resolution
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High resolution High resolution 
modemode 101031 31 cmcm--22ss--11 ~10~10--5  5  (electron cooling < 8 (electron cooling < 8 GeVGeV/c)/c)



The PANDA The PANDA apparatusapparatus

p

4m

p

12m

Target SpectrometerTarget Spectrometer

•• Surrounds the interaction regionSurrounds the interaction region

ForwardForward SpectrometerSpectrometer

•• With a second magnet provides coverage With a second magnet provides coverage 
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Surrounds the interaction regionSurrounds the interaction region g p gg p g
for the angular region below 10for the angular region below 10°°..
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Micro Micro VertexVertex DetectorDetector
h h l d hh h l d hTarget SpectrometerTarget Spectrometer The MVD is the closest detector to the interaction pointThe MVD is the closest detector to the interaction point

Primary function: Primary function: vertexingvertexing..

Additional task:Additional task: dEdE//dxdx information forinformation for dEdE up to 2 3up to 2 3 MeVMeV

Target SpectrometerTarget Spectrometer

Additional task: Additional task: dEdE//dxdx information for information for dEdE up to 2.3 up to 2.3 MeVMeV..

Four barrels:Four barrels:

‐‐ Two Inner layers: pixelsTwo Inner layers: pixels

‐‐ Two outer layers: stripTwo outer layers: strip

Six forward disks:Six forward disks:

‐‐ 4 pixel + 2 mixed disks.4 pixel + 2 mixed disks.

ReadRead‐‐Out channels and area coverage:Out channels and area coverage:

Pixels : 11M channels, 0.14 mPixels : 11M channels, 0.14 m22..
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Pixels : 11M channels, 0.14 mPixels : 11M channels, 0.14 m ..

Strips : 70k channels, 0.5 mStrips : 70k channels, 0.5 m22..
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Specs for the pixel detectorSpecificationsSpecifications forfor the pixel detectorthe pixel detector

Pixel cell specificationsPixel cell specifications ASIC specificationsASIC specifications

Pixel SizePixel Size 100μm100μm x 100x 100μμmm

Noise LevelNoise Level < 200 e< 200 e‐‐ rmsrms

TriggerTrigger Self triggeringSelf triggering

Active areaActive area O(1cmO(1cm22))

Linear dynamicLinear dynamic rangerange Up to 100fCUp to 100fC

Power consumptionPower consumption < 20μW< 20μW

Data rateData rate O(0.8 O(0.8 GbitGbit/s)/s)

Radiation toleranceRadiation tolerance 10 10 MradMrad

InputInput polaritypolarity SelectableSelectable

Leakage compensationLeakage compensation Up to 50 Up to 50 nAnA

Simultaneous time stamping andSimultaneous time stamping and
chargecharge measurementmeasurement

Good time resolution 6 ns Good time resolution 6 ns rmsrms (at 50 MHz (at 50 MHz 
clock) with 2 10clock) with 2 1077 annann/s/s

A custom solution for the readout of the pixel detector is motivated by the high A custom solution for the readout of the pixel detector is motivated by the high 
track density (up to 12.3 M hit/(s cm²)) and the absence of a trigger signal.track density (up to 12.3 M hit/(s cm²)) and the absence of a trigger signal.

clock)  with 2∙10clock)  with 2∙1077 annann/s/s
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TechnologyTechnology: CMOS 130nm: CMOS 130nm
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Time Over ThresholdTime Over Threshold
TheThe TimeTime overover ThresholdThreshold ((ToTToT)) techniquetechnique permitspermits toto measuremeasure aa chargecharge byby
measuringmeasuring thethe timetime neededneeded toto dischargedischarge itit withwith aa constantconstant currentcurrent ((IIdisdis))..

Since the charge injection time is 103 smaller than the discharging time:

OUT FROM THE AMPLIFER OUT FROM THE AMPLIFER 
TheThe ToTToT allowsallows toto achieveachieve goodgood linearitylinearity DYNAMIC RANGEDYNAMIC RANGE

ToTToT
V o

ut
~ 

VTheThe ToTToT allowsallows toto achieveachieve goodgood linearitylinearity
andand excellentexcellent resolutionresolution eveneven whenwhen thethe
preamplifierpreamplifier isis saturated,saturated, thusthus makingmaking
roomroom forfor anan highhigh dynamicdynamic rangerange..
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time ~ μs

ToT2ToT1



Analog FrontAnalog Front‐‐EndEnd
The Analog FrontThe Analog Front‐‐End generates a pulse whose width is proportional to the injected charge by the sensor.End generates a pulse whose width is proportional to the injected charge by the sensor.

ToT

1.2 V1.2 V

0 V0 V

ToTo the the 
digitaldigital
partpart

0 V0 V

partpart
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Front-end amplifierCharge sensitive amplifierCharge sensitive amplifier

Input stage:Input stage:

•• integrator realized by a direct integrator realized by a direct 
cascodecascode amplifier with amplifier with 

Output stage:Output stage:

•• source follower with selectable source follower with selectable 
polaritypolarity in order to maximize in order to maximize pp

capacitive feedback.capacitive feedback. the output dynamicthe output dynamic rangerange..

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.

Current: 2Current: 2µµA in the input device, 1 A in the input device, 1 µµA in the source follower.A in the source follower.

p yp

TWEPPTWEPP‐‐09, 22 September 2009, Paris09, 22 September 2009, Paris 99T.KugathasanT.Kugathasan



Feedback circuitFeedback circuit
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‐‐typetypeAt the equilibrium At the equilibrium 
provides an provides an 

equivalent 8Mequivalent 8MΩΩ
feedfeed backback resistorresistorfeedfeed‐‐backback resistor.resistor.
Discharging current: Discharging current: 

IIdisdis = 5nA= 5nA..
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Compensation current injected directlyCompensation current injected directlyCompensation current injected trough current mirrorCompensation current injected trough current mirror



Leakage current compensationLeakage current compensation

ToTToT signals can be very long (up to 20us)signals can be very long (up to 20us)

ItIt hashas toto bebe compensatedcompensated toto avoidavoid anan
outputoutput voltagevoltage offsetoffset..

InIn orderorder toto preservepreserve thethe signalsignal aa veryvery lowlow

The leakage current may be up to 50nAThe leakage current may be up to 50nA

ToTToT signals can be very long (up to 20us)signals can be very long (up to 20us) pp gg yy
cutoffcutoff frequencyfrequency (≈(≈ 1010 Hz)Hz) isis requiredrequired..

PMOS PMOS thatthat injects the injects the 
compensation current compensation current 

at the input nodeat the input node

Main issue: implement compact filtering Main issue: implement compact filtering 
resistors with very high value.resistors with very high value.
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Linear mode and Linear mode and SaturatedSaturated modemode

Core amplifier  Signal charge integration

Non saturated on the feedback capacitor Cf
Saturated on the input capacitor C

CCinin = 200 = 200 fFfF
CCff =   24 =   24 fFfF

Saturated on the input capacitor Cin

Charge gain in linear mode:Charge gain in linear mode:
VVoutout/Q/Qinin = 1/= 1/CCff = 41.7 mV/= 41.7 mV/fFfF

V

Non saturated

Saturated

voutvs

vin

Vref

Vin,DC
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Saturation and cross-talk (1)SaturationSaturation and Cross Talk (1)and Cross Talk (1)
Due to the interDue to the inter‐‐pixel capacitance a voltage signal at the input of one pixel capacitance a voltage signal at the input of one 
channel induces a spurious signal at the input of the adjacent pixel.channel induces a spurious signal at the input of the adjacent pixel.
When the preamplifier saturates the input node is no more a virtual When the preamplifier saturates the input node is no more a virtual 

ground and the crossground and the cross talk effect turn uptalk effect turn upground and the crossground and the cross‐‐talk effect turn up.talk effect turn up.

Pixel MatrixPixel Matrix

XX
X Hit event

No hit event
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Saturation and cross-talk (2)Saturation and Cross Talk (2)Saturation and Cross Talk (2)

Simulation done by a interSimulation done by a inter--pixel pixel 
coupling capacitance:coupling capacitance:

Qin = 90fC

coupling capacitance:coupling capacitance:
CCcc = 100fF= 100fF

Pixel readout channel outputPixel readout channel output
-- Hit signalHit signal

S iS i i li lQin = 5fC -- SpuriousSpurious signalsignal
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ComparatorComparatorComparator

ComparatorComparator

5 Bit DAC5 Bit DAC CMOS invertersCMOS inverters

h h h ld d l l f b dd d h l llh h h ld d l l f b dd d h l ll

Folded Folded CascodeCascode

To mitigate the threshold dispersion a local five bit DAC is added in each pixel, to allow To mitigate the threshold dispersion a local five bit DAC is added in each pixel, to allow 
a fine tuning of the threshold on a pixel by pixel basis:a fine tuning of the threshold on a pixel by pixel basis:

DAC can sink or source current to a low impedance node: 4+1 bit operation.DAC can sink or source current to a low impedance node: 4+1 bit operation.
DAC full scale range depends on external biasing.DAC full scale range depends on external biasing.g p gg p g
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PP‐‐Type sensors Type sensors ToTToT LinearityLinearity
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Qin (fC)ToTToTpp= 188 = 188 nns/s/ffC C QQinjinj + + 300 300 nsns



NN‐‐Type sensors dynamic RangeType sensors dynamic Range
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ToTToTnn= 17= 1711 nns/s/ffC C QQinjinj + 252 ns+ 252 ns Qin (fC)



DigitalDigital ReadRead OutOut
II hh i li lIn In eacheach pixelpixel

The control logic receives the signal from the
comparator and stores the value on the time
stamp bus at the rising and falling edge instamp bus at the rising and falling edge in
the 12 bit le and te registers. It is present
also a 12 bit configuration register.

SEU tolerant logic (based on the DICE cell)

Each column

The readout logic made in a fixed priority
scheme to read the timestamps of the pixel
cells and to read/write the configuration bits.

Master clock @50 MHzMaster clock @50 MHz
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Pixel LayoutPixel Layout
AnalogAnalog DigitalDigital

E h ll i t th l dE h ll i t th l dEach 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.

00
 

00
 μ
mμm

1010

Single Pixel Power dissipation of 15 μWSingle Pixel Power dissipation of 15 μW
from a 1.2 V power supply.
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Chip prototypeToPixToPix 2.02.0
ToPixToPix 2.0 is a reduced scale prototype chip for the hybrid pixel sensors.2.0 is a reduced scale prototype chip for the hybrid pixel sensors.

It has been designed in a CMOS 0.13 It has been designed in a CMOS 0.13 μmμm technology technology and successfully tested.and successfully tested.

31 0
32 63

31 0
31 0 It has It has 320 pixel cell 320 pixel cell in four columns:in four columns:

•• Two short columns with 32 pixels.Two short columns with 32 pixels.
•• Two folded column with 128 pixels. Two folded column with 128 pixels. 

31 0

32 63
95 64
96 127

•• Simplified endSimplified end‐‐ofof‐‐column logic.column logic.

•• Sixteen pixels with wire bonding pad.Sixteen pixels with wire bonding pad.

32 63
95 64
96 127

TheThe finalfinal versionversion ofof ToPiXToPiX willwill consistconsist ofof aa matrixmatrix ofof 116116xx110110 cellscells withwith
aa pixelpixel sizesize 100100 μmxμmx100100 μmμm,, thusthus coveringcovering aa 11..2727 cmcm22 activeactive areaarea..
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ToPixToPix 2.0 2.0 –– Layout and PhotoLayout and Photo
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Across chip ToT variationMeasure: Measure: ToTToT uniformityuniformity

1515

))

1010

ΔΔ
To

T
To

T//
To

T
To

T
(%

)
(%

)

55

ΔΔ

4n 6n 8n 10n 12n 14n4n 6n 8n 10n 12n 14n
Discharge current (A)Discharge current (A)

The discharging feedback current The discharging feedback current 
has no implication on the uniformity has no implication on the uniformity 

5nA

ToTToT uniformity may be improved by reducing uniformity may be improved by reducing 
the mismatch effects of the leakage the mismatch effects of the leakage 
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between the different channels.between the different channels.
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compensation stage input transistors  compensation stage input transistors  



Measure: threshold dispersionMeasure: threshold dispersion

300

250

Topix2
 Before correction
 After correction

200

150
5 bit DAC 

100

50
C t

Compensation system in each pixelCompensation system in each pixel

0

0.820.810.800.790.78
Baseline (V)

Comparator

To mitigate the threshold dispersion a 
local 5 bit DAC is added in each pixel, to 
allow a fine tuning of the threshold onallow a fine tuning of the threshold on

a pixel by pixel basis.
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Measure: Calibration with Am sourceMeasure: Calibration with Am source

Calibration with 60 Calibration with 60 KeVKeV γγ (Americium source)(Americium source)
Standard Floating Zone pStandard Floating Zone p‐‐type sensor 300 type sensor 300 μμm thick, size: 50m thick, size: 50μμm x 425 m x 425 μμmm

400
Topix2
Am241 (γ 60keV)

ch 019
300

200

 ch 019
 ch 020
 ch 023

200

100
d ld ld ld l

0

0.200.150.100.050.00

Expected value: 111 mVExpected value: 111 mV
Good responseGood response

Expected value: 111 mVExpected value: 111 mV
Good responseGood response

TOT (clk) * tail slope (V/clk)
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First spectra with an First spectra with an epiepi‐‐sensorsensor
Epitaxial sensor 50 Epitaxial sensor 50 μμm thick, size: 125m thick, size: 125μμm x 325 m x 325 μμmm

GaussianGaussian FitFit PeakPeak SigmaSigmaGaussianGaussian FitFit PeakPeak SigmaSigma

ToTToT 622 ns622 ns 34 ns34 ns

ChargeCharge 2.67 fC2.67 fC 0.15 fC0.15 fC

ElectronsElectrons 1670016700 915915

Signal to noise ratio is limited by parasitics capacitance due the external 
connections: Bonding pad + wirebonding + protection diodes
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ConclusionConclusion

Tests show good agreement between specifications and measurements.Tests show good agreement between specifications and measurements.

An upgrade of An upgrade of TopixTopix 2.0. is currently under design:2.0. is currently under design:

‐‐ ToTToT uniformity has to be improved (< 10%)uniformity has to be improved (< 10%)ToTToT uniformity has to be improved (< 10%).uniformity has to be improved (< 10%).

‐‐ A more compact  leakage compensation stage.A more compact  leakage compensation stage.

‐‐ Compatible with 160 MHz Clock.Compatible with 160 MHz Clock.pp
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B k SlidB k SlidBackup SlidesBackup Slidespp
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Digital and analogue outputTopixTopix 1.0 1.0 –– AnalogAnalog Output (1)Output (1)
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ToT for 1fCTopixTopix 1.0 1.0 –– AnalogAnalog Output (2)Output (2)
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Reconstructed pulse shapeToT measurement
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Discriminator time walkTimeTime WalkWalk

24 Calibration points 5 Calibration points24  Calibration points 5  Calibration points
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a) b)



Jitter contributionJitterJitter

Leading edge jitter Total jitterLeading edge jitter Total jitter

a) b)
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