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Main points 
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 Define technical requirements 

 Present possible technologies 

 Propose tests to qualify new technologies 

 Present possible architectures 

 Present options for the electronics readout, 

connections to central services, powering 

 

 ..for pixels and strips 

 



Requirements 
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Discussed in 4.1 

 Start from layout used in chapter 3: 

 7 layers 

 Radii from 22 mm to 430 mm  

 Assume running scenario with 8 kHz Pb-Pb interaction rate 



Requirements 
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 A very light mass detector (0.3-0.5% X0) 

 Especially important for the innermost layers 

 With excellent pointing resolution 

 Pixel sizes ~20-30 um  

 Low power density 

 0.25-0.5 W/cm2 

 Consider longer shaping times (O(0.5-1 us)) 

 Readout time <50 us 

 PID information (and/or from strips and pixels) 

 Radiation resistant to ~2E13 neq cm
-2 and 1.4 Mrad  

 

 



How to achieve this 
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 Discuss technologies, architectures and designs 

which can meet the requirements 

 

 2 distinct parts: 

 Pixel technologies (4.2) 

 Strip technologies (4.3) 



Pixels 
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 Start with general considerations: 

 Present concept of hybrid and monolithic detectors 

(4.2.1) 



Pixels 
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 Discussion on the technical implementation (4.2.2) 

 

 What is state of the art (LHC pixels…) 

 What technologies are being used in ALICE like 

environments (STAR upgrade) 

 What new developments could be of interest 

(Tower/Jazz 0.18, INMAPS, LePix) 

 



Pixels 
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 Finish 4.2.2 with a summary table of possible 

technologies for pixels in the ITS 



Pixels technologies for the ITS 
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 Distinguish between hybrid and monolithic pixels 

 Presented in two different sections 



4.2.2.1 Hybrid Pixels 
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 State of the art, used in all LHC experiments 

 Challenge: build a low mass hybrid pixel detector 

 Comparison table with other LHC experiments of sensor 

and ASIC 



4.2.2.1 Hybrid Pixels 
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 Sub-sections: 

 Sensor options 

 FE chip architecture 

 TSV 

 Bump bonding and thinning 



4.2.2.1 Hybrid Pixels 
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 Sensors 
 Discuss the options to produe 100 um thin sensors 

 Epi wafers 

 Standard wafers with supports 

 Expected radiation induced leakage currents  

 Edgeless layout option 

 Prototypes 

 Epi wafers 

 Testbeam 2010 results 

 Outlook for 2011/12 

 VTT thin sensor run 

 FBK edgeless epi sensor run 

 



4.2.2.1 Hybrid Pixels 
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 FE chip architecture 

 Discuss the general architecture of a standard hybrid pixel detector with BC 
tagging capability 

 Option to use also rolling shutter architecture for hybrids 

 How can the power consumption be reduced to minimize the material budget 

 Which parts of a circuit consume how much power 

 Which S/N (taking into account lower sensor thickness) 

 Present a simplified schematic of an architecture 

 Development strategy 

 



4.2.2.1 Hybrid Pixels 
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 TSV 

 Introduce concept 

 Common effort with Medipix to develop TSV process 

 

 

 

 

 

 

 

 Bump bonding and thinning 

 General problems 

 Present tests carried out with iZM 



4.2.2.2 Monolithic Pixels 
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 Divided into 3 sub-sections 

 

 Sensors with rolling shutter readout 

 MISTRAL 

 Sensors with in-pixel hit discrimination 

 INMAPS 

 Drift based sensors in very deep sub micron CMOS 

 LePix 



4.2.2.1 Monolithic Pixels 

14/11/11 Petra, Angelo, Mino - CDR Ch4 

17 

 Sensors with rolling shutter readout 

 Present concept (reference to MIMOSA) 

 

 

 

 

 

 

 Prototype development for ALICE 
 MISTRAL 

 Which technology to chose (0.18 um Tower/Jazz) 

 What are the prototype plans (submissions of test structures and 
chips, etc.) 

 

 



4.2.2.2 Monolithic Pixels 
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 Sensors with in-pixel hit discrimination 

 Present option to use deep p-well for the design 

 INMAPS or quadrupole well technology 

 Discuss possible architecture to achieve low power circuit 

 Prototype developments in 0.18 um CMOS by Tower/Jazz, 

i.e. test structures for evaluation of radiation hardness 



4.2.2.2 Monolithic Pixels 
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 Drift based sensors in very deep submicron CMOS 

 Present sensor principle of LePix 

 Discuss architecture, keeping in mind to minimize power 

 Prototype developments - plans, first results from 

radiation tests 



4.2.3 Pixel Module and Interconnection 
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 What are the sizes needed (ref. to chapter 5) 

 What are the reticle sizes in CMOS production (mention 
stitching here) 

 Hybrids: single chip assemblies vs. multi-chip assemblies 

 How to make the connection to the outside world 

 BGA connections to flex 



  
Introduction 

1. Sensor Design 

1. Layout Options 

2. Performance in simulations 

2. Front-End Electronics Development 

1. Requirements 

2. ASIC architecture 

3. Development program 

3. Aluminum-polyimide µcables for Interconnections 

1. Cable Layout 

2. Assembly test plans 

3. Hybrid circuit layout 

4. Module design and Assembly 
21 
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4. TECHNOLOGY OPTIONS FOR STRIP DETECTORS 



4. TECHNOLOGY OPTIONS FOR STRIP DETECTORS 
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 Introduction: 

 Well known technology 

 New requirements 
 Experimental conditions 

 Layer position 

 Low momentum PID 
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 Sensor Design  

 Half-length strips 
 Smaller cell size 

 Better ghost hit rejection 

 Lower capacitive noise 

 Higher power consumption 



SENSOR DESIGN 

 Options for the layout 

 half-length strips 

 two options for the track 

inclination: 

 35/40 mrad stereoangle 

 Geometric precision 

 Dead area position 

 

 Improvements on point 

reconstruction and resolution 

of ambiguities are estimated 

in simulation: 

 Ghost hit rejection power  
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@Trieste 
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Miljenko Šuljić,  

Stefano, Giacomo 



GOOD AND GHOST POINTS - PRESENT CONFIGURATION 

Simulation: 

• present SSD layout 

• 500 MeV/c pions 

• normal to the sensor 

• realistic signal-to-noise ratio 

• 2D points with only geometric considerations 
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Miljenko Šuljić,  

Stefano, Giacomo 

(figure not included in cdr) 



GOOD AND GHOST POINTS - NEW  CONFIGURATION 
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Miljenko Šuljić,  

Stefano, Giacomo 

Simulation: 

• half-length strip layout 

• 500 MeV/c pions 

• normal to the sensor 

• realistic signal-to-noise ratio 

• 2D points with only geometric considerations 

(figure not included in cdr) 



STRIP FRONT-END ELECTRONICS DEVELOPMENT 
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Front-End Electronics Development 
• Requirements 

• ASIC architecture 

• Development program 
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Requirements: Table 4.7 
 

 

ASIC architecture 
• On-chip ADC 

• 10 bits 

• low power  

• also ToT considered (large integration time) 

• 1 µs peaking time 
• Adjustable to accommodate trigger latency 

• Sampling/digitization in 100 ns 

• Transmission of non-ZeroSuppressed data in 10 µs 

• Technology node  0.13 – 0.18 µm 

• Chip geometry  6mm x 6mm 

• CM correction & Zero-Suppression 
• Off-detector FPGA  + bandwidth, programmable 

• On-chip 

 

Development program: 
• To be started after upgrade decision 

• 2 years expected time 

STRIP FRONT-END ELECTRONICS DEVELOPMENT 



ALUMINUM-POLYIMIDE MICRO-CABLES 
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MICROCABLE SPECIFICATIONS 
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Chipcable layout 

 

 

Cable-to-hybrid 

bonding area 

Cable-to-Chip     bonding 

area (output pads)  

Cable-to-Chip     

bonding area (input pads)  

Transmitting 

area 

Cable-to-sensor       

bonding area 

Trace pitch, um 136 136 44 47.5 47.5 

Trace width, um ~ 80 ~ 50 ~30 ~22 ~30 

Trace quantity, pcs 43 43 128 128 128 

Bonding pads one row one row two rows (staggered) - two rows (staggered) 

Technological area 

(electrical test pads, bond test 

elements) 

Work area 

Work area 

• Technology features: 
• Flexibility 

• Low material budget 

• Chipcable developed for assembling to ALICE 128 dummy chips 
• Material: an aluminum-polyimide adhesive-less foiled dielectric FDI-A20  

• Thickness: Al 10um, Polyimide 10um 

SE SRTIIE - Karkhov 
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MODULE DESIGN AND ASSEMBLY 
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• Several options for the assembly of chips, cables, 

sensor in the module: 
• folding configuration 

• hybrid layout (flex to accommodate the chips) 

• bonding procedure 

 

 

 

 

 

• Assembly test plans 
• Dummy components productions (@FBK) 

• Sensor with new layout 

• Chips with different input pitches 

• Ready for next spring 

• TAB bonding plans with different pitches 

MODULE DESIGN AND ASSEMBLY 



4.4 READOUT ELECTRONICS 
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 Off-detector electronics 

and interface to ALICE 

central systems 

 

 Expected data throughput 

 Powering 

 DC-DC converters 

 Serial powering 

 Power consumption 

estimates for ‘all-pixels’ 

scenario 
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4.5 IRRADIATION AND TESTBEAM PLANS 
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 Short description of the 
irradiation plans 
 evaluate TID damages on 

electronics (X-rays) 

 evaluate NIEL damages on 
sensors (hadrons) 

 

 

 

 Description of testbeam plans 
 MIP beams @PS-SPS 

 Estimate point space accuracy 

 Two track resolution 

 dE/dx capability 
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Chapter 4 – additions for V 2.0 
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 1. Add one paragraph and table in 4.1.1 to list the two scenarios 
(8kHz 50kHz) and discuss the implications. Rework the bullet list in 
4.1.1 in accordance with that 

 

 2. Add one sub-section at the end of 4.1.1 to discuss the possibility 
to make the innermost layer 0 with 0.1% X0 

 

 3. Add a paragraph (bullet) in 4.1.1 the option of having 2 layers 
with high time resolution 

 

 4. Add one sub-section in 4.1.1 to discuss in short possible read-out 
architectures in view of the two scenarios. Check the other sub-
sections which mention architectures for inconsistencies and 
redundancy 
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 5. Table 4.3 Add a column with the yearly radiation values, 
eventually add a table only for layer 0 and layer 1 with the 
yearly values 

 

 6. 4.2.1 state that test-structures are being submitted to 
Tower for irradiation and functional tests in 2011 

 

 7. 4.3.3 Define the foreseen assembly tests on dummy strip 
components and describe the hybrid layout 

 

 8. 4.4.2 propose a powering scheme and present for 
example the one developed for ATLAS 
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