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IntroductionIntroduction

Medipix2 Medipix2 
65k channel pixel readout chip65k channel pixel readout chip
Window discriminator per pixel
Each pixel counts photons (particles)  while shutter open

TimepixTimepix
65k channel pixel readout chip
Single discriminator per pixelg p p
Each pixel measures either

Arrival time with respect to shutter
ToT while shutter openToT while shutter open
Number of photons (particles) while shutter open



Recent (bad) news from Recent (bad) news from TimepixTimepix( )( ) pp

Recent tests using ToT mode in Erlangen show excessiveRecent tests using ToT mode in Erlangen show excessive 
fixed pattern of noise on spectroscopic data.
Effect only present at low thresholds (< ~2000 e-)



Motivation for Medipix3Motivation for Medipix3
synchrotron pencilsynchrotron pencil beam at pixel centrebeam at pixel centresynchrotron pencil synchrotron pencil beam at pixel centrebeam at pixel centre

8kev plus harmonics….Increasing threshold



Motivation for Medipix3Motivation for Medipix3
–– synchrotronsynchrotron 1mm1mm22 beambeam–– synchrotron synchrotron 1mm1mm beambeam

Increasing threshold



Energy Window Energy Window (→ MPX3)(→ MPX3)
16.1-19.6 keV 21.6-25.1 keV 29-33.5 keV

36.9-40.4 keV 43.1-46.636.9 40.4 keV 43.1 46.6

W-Röhre 50 
kV
2.5 mm Al

ΔE=3.5 keV



Medipix3 Medipix3 –– charge summing conceptcharge summing concept

The winner takes 
all

pp g g pg g p

all

• Charge processed is 
summed in every 4 
• The incoming 
quantum is assigned as 
pixel cluster on an 
event-by-event basis 
a single hit   

5555μ



MedipixMedipix 3 Simulation3 Simulation

6

7
x 10

-3 Si, 55μm square x 300μm, 10 keV
 

6

7
x 10

-3 Si, 55μm square x 300μm, 10 keV
 

i l i l 100 -

pp

• Simulated Data

5

6 single pixel 100e-

5

6 single pixel 100e

2x2 summing 200e-

• Simulated Data

• Si 300μm, 55μm pixel

• 10keV

3

4

[a
u]

3

4

[a
u]

10keV 
monochromatic 
photon beam
• Charge diffusion 

2

3

2

3 produces “charge 
sharing” tail

2 4 6 8 10 12 14
0

1

 
2 4 6 8 10 12 14

0

1

 

• Threshold variations 
produce fixed pattern

2 4 6 8 10 12 14
energy [keV]

2 4 6 8 10 12 14
energy [keV]Threshold



MedipixMedipix 3 Simulation3 Simulation
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Medipix3 prototype Medipix3 prototype –– pixel block diagrampixel block diagram
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4 DIGITAL CIRCUITRY 

4. Control logic 
(124)

5

(124)

5. 2x15bit counters 
/ shift registers 
(480)

6 7
6. Configuration 

latches (152)

7. Arbitration 
circuits (100)( )

Total digital 856

ANALOG CIRCUITRY

55μ

2

ANALOG CIRCUITRY 

1. Preamplifier (24)

2. Shaper (134)

3 Discriminators2 3. Discriminators 
and Threshold 
Adjustment 
Circuits (72)

Total analog 230

17 October 2006 Michael Campbell
1 3

Total analog 230

55μ



The Medipix3 prototype chipThe Medipix3 prototype chipp p yp pp p yp p

• 0.13μm technology

• 8 metal layers
2 mm

8 metal layers

• 8x8 pixel matrix

1 mm



PrePre--amp and shaper measurementsamp and shaper measurements
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Medipix3 Medipix3 –– charge summing measurementscharge summing measurements
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Medipix3 Medipix3 –– charge summing measurementscharge summing measurements
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Medipix3 Medipix3 –– charge summing measurementscharge summing measurements
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Medipix3 prototype Medipix3 prototype –– electrical measurements electrical measurements 
summarysummary

Front End Operating Front End Operating 
ModeMode

Single Pixel Single Pixel 
ModeMode

Charge Charge 
Summing ModeSumming Mode

summarysummary

ModeMode ModeMode Summing ModeSumming Mode

CSA Gain (CCSA Gain (CFF)) 11.4mV/Ke11.4mV/Ke-- (C(CFF=14fF)=14fF)

CSACSA--Shaper Gain Shaper Gain 65nA/Ke65nA/Ke-- (High Gain Mode), 30nA/Ke(High Gain Mode), 30nA/Ke--
(Low Gain Mode) (Low Gain Mode) 

Non linearityNon linearity <5% 9Ke<5% 9Ke-- (High Gain Mode) , <2%(High Gain Mode) , <2%Non linearityNon linearity 5% 9Ke5% 9Ke (High Gain Mode) , 2% (High Gain Mode) , 2% 
22Ke22Ke-- (Low Gain Mode)(Low Gain Mode)

Peaking TimePeaking Time ~~100ns100ns
Return to baselineReturn to baseline <1<1μμs for 4Kes for 4Ke-- (nominal conditions), (nominal conditions), μμ ( )( )

<300ns (tuning R<300ns (tuning RFF))
Electronic noiseElectronic noise 72e72e-- r.m.sr.m.s.. 144e144e-- r.m.sr.m.s..
Analog power Analog power 
di i tidi i ti

16.216.2μμW (nominal conditions)W (nominal conditions)
dissipationdissipation



Medipix3 full chip Medipix3 full chip –– pixel block diagrampixel block diagramp pp p p gp g
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Medipix3 full chip Medipix3 full chip –– pixel featurespixel featuresp pp p pp

Accepts positive or negative input polarity
Preamp rise time 50nsPreamp rise time 50nspp
Selectable gain shaper  (shaping time ~ 120ns)Selectable gain shaper  (shaping time ~ 120ns)

Linearity 1 Linearity 1 -- 10 10 kkee-- @ ~@ ~70e70e-- rmsrms noisenoise
Linearity 5Linearity 5 -- 2525 kkee-- @ ~90e@ ~90e-- rmsrms noisenoiseLinearity 5 Linearity 5 25 25 kkee @ 90e@ 90e rmsrms noisenoise

Single pixel operation or charge summing
Power consumption 9μW single 15μW charge summing
Configurable counterConfigurable counter

2 x 1bit2 x 1bit
2 x 4 bit2 x 4 bit
2 x 12 bit2 x 12 bit2 x 12 bit2 x 12 bit
24 bit24 bit

Continuous or sequential  R/WContinuous or sequential  R/W
Possibility to bump bond only 1 pixel in 4 to create superPossibility to bump bond only 1 pixel in 4 to create superPossibility to bump bond only 1 pixel in 4 to create super Possibility to bump bond only 1 pixel in 4 to create super 
pixel with up to 8 counters/pixel.pixel with up to 8 counters/pixel.



Counter

M dMode 
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Medpix3 full chip Medpix3 full chip -- floorplanfloorplanp pp p pp

Fully compatible 
with TSV 
technology
e.g. RelaxD



IO proposed strategyIO proposed strategyIO proposed strategyIO proposed strategy
The IO pads will be done using the The IO pads will be done using the 
GPIO MA CM0S8 Artisan library GPIO MA CM0S8 Artisan library yy
This library includes full ESD protection This library includes full ESD protection 
circuitrycircuitry
DoubleDouble passivationpassivation opening in eachopening in eachDouble Double passivationpassivation opening in each opening in each 
pad for probe card testing and wirepad for probe card testing and wire--
bonding.bonding.
If the chip is diced the chip guardIf the chip is diced the chip guard--ring ring p p gp p g gg
will be discontinued… unknown will be discontinued… unknown 
consequencesconsequences
This proposed scheme apply for top This proposed scheme apply for top 

d b tt dd b tt dand bottom pads.and bottom pads.
We could fit up to ~200 IO pads of We could fit up to ~200 IO pads of 
7070µmµm……



Summary of Medipix3 statusSummary of Medipix3 status

First large photon First large photon counting pixel chip with counting pixel chip with colourcolour
imaging potentialimaging potential

y py p

imaging potentialimaging potential

Submission foreseen May/JuneSubmission foreseen May/June

Around 10 man years of  design effort (including Around 10 man years of  design effort (including 
prototype)prototype)

Readout systems already under developmentReadout systems already under development

Compatible with TSV technology permitting developmentCompatible with TSV technology permitting developmentCompatible with TSV technology permitting development Compatible with TSV technology permitting development 
of 4of 4--side side buttablebuttable tilestiles



Basic requirements for a general purpose gas Basic requirements for a general purpose gas 
and semiconductor readout chip (Timepix2)and semiconductor readout chip (Timepix2)and semiconductor readout chip (Timepix2)and semiconductor readout chip (Timepix2)

Clean hit information Clean hit information –– good separation S/Ngood separation S/N
Low and uniform thresholdLow and uniform threshold
High spatial resolutionHigh spatial resolution
Analog information Analog information –– ToTToT??
Precise time tagging (<= 25ns)Precise time tagging (<= 25ns)Precise time tagging (<= 25ns)Precise time tagging (<= 25ns)



Timepix2 Timepix2 -- Front endFront endpp
Single pixel operation onlySingle pixel operation only

Suitable for semiconductors and gas readoutg
Positive and negative inputs
Shaping time 25ns
Noise ~100 e- rmsNoise ~100 e rms
Minimum threshold ~750e-?
Power <1W/cm2

Very precise timestamp (~2ns) needed for gas detector Very precise timestamp (~2ns) needed for gas detector 
readout readout –– depth of depth of ionisationionisation

Possibly use GOSSIPO solution (TDC per pixel)
Use TOT for energy measurement and/or Use TOT for energy measurement and/or timewalktimewalk
correctioncorrection

8-bit TOT precision 



Timepix2 Timepix2 -- ReadoutReadoutpp

Fast OR outputFast OR outputFast OR outputFast OR output
Maybe fast multiplicity?

Hit pixels store timestamp (Hit pixels store timestamp (cfcf Alice/Alice/LHCbLHCb pixels)pixels)
All hit i l d tAll hit i l d tAll hit pixels read outAll hit pixels read out
OnOn--chip zero suppressionchip zero suppression
Fast serial busFast serial bus
4 side 4 side buttablebuttable
0.130.13μμm process m process –– moderate radiation tolerance, no (few) moderate radiation tolerance, no (few) 
special transistors shapes special transistors shapes 



Conclusions and remarks Conclusions and remarks 

Medipix3 is in full developmentMedipix3 is in full development
Will be first large pixel readout chip in 0.13mm Will be first large pixel readout chip in 0.13mm 
CMOSCMOS
Timepix2 type chip requested by:Timepix2 type chip requested by:

Gas detector community
Medipix3 community (exotic semicondutors)Medipix3 community (exotic semicondutors)
sLHC detector groups (thin and  3D Si sensors)

Can a common set of specs be reached?Can a common set of specs be reached?
C ff 1 ?C ff 1 ?Can enough effort be pooled to make 1 chip?Can enough effort be pooled to make 1 chip?


