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Obligatory Pileup Slide
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Rate

Particles / Hits

LHC HL-LHC

* Store full time sequence of drops until trigger (not collect in a bucket)
* Can quantify rate as memory bits / area / time 

(note: no mention of pixel size)
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Radiation

FCC
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Readout Chip Evolution
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10 yrs ago today HL-LHC

<1 Gbps/cm2 5 Gbps/cm2 40 Gbps/cm2

(looks more like commercial chip)

Another way to say memory per unit area: Logic Density. 
We follow Moore’s Law.
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Collaborative Design
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(looks more like commercial chip)

Single 
institute
team

2nd RD53 meeting. Oxford 2014
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Digital on Top

digital 

HL-LHC

(looks more like commercial chip)
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Concept Slide from Pixel 2012
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One RD53A Chip Core

One flat synthesized circuit
Each pixel is different !

Whole block is stepped
and repeated

~ 200k transistors
Size chosen so it CAN  
be SPICE simulated
(ask Dario how long it runs)

(routing dominated re: metal stack)
(both A and D substrate isolation)
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Rad Hard Logic Density Scaling

65nm

130nm

0.25um
ELT

Not quite minimum size due to pesky radiation damage

28nm ? 
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STI, Gate, Spacer

Gate oxide (thin)
STI
(thick)

Spacer (thick)
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RINCE: STI damage

Radiation Induced Narrow Channel Effect

Wide Transistor

Narrowest Transistor

1Grad

PMOS

NMOS
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RISCE: spacer damage

Radiation Induced Short Channel Effect

Long Transistor

Shortest Transistor

NMOS PMOS
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Temperature, Time, Dose rate, Process

It DOES work up to 1Grad

Analog circuits no problem. Several test chips irradiated this high and work fine 

Digital (small transistors)
If you operate cold, you don’t heat it up under power (just like sensors), 
low dose rate is not worse than expected, and you don’t get unlucky with process

We will have RD53A chips working 
after 1Grad (if it works at all), 
but we only guaranteed specs 
up to 500Mrad. See  Sandeep’s talk

Radiation damage must be simulated
and treated like other design corners 
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New concerns: 
Low dose rate is not so low

Retuned at 1 Mrad

Effect from temp 
increase to 20°C

1 Mrad per run at HL-LHC !   But dose rate here was ~5x higher than at HL-LHC

Threshold Dispersion vs. Dose



15HEPIC 2017  – M. Garcia-SciveresOct. 5, 2017

SEU

● Traditional approach of SEU hardening is dead
● Upset rate gets too high even with hardening  

● That was something analog chips needed

● A digital chip does not need SEU-hard storage

● Continuously reprogram everything

– Plenty of bandwidth, plenty of processing power to handle triggers and 
reconfiguration at the same time

● Interestingly, ATLAS pixel operation already trying to do this as best we can. Not the 
way operation was envisioned, but reset/reconfigure everything one can every 5s 
gives most stable operation
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Other points (not rate or radiation)

● Single pixel gets “easier” due to smaller capacitance
(eg. no timewalk)

● But total power budget gets more challenging
(capacitance per unit area goes up- scales with perimeter, not area)

● At what point should we go binary?
● High bandwidth data transmission. Data compression.  
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Where next?

● Higher logic density
● Higher radiation dose
● Smaller pixels
● More functionality

28nm to 1Grad

● R&D into smaller 
features

● Followed by another 
collaboration to make 
next gen. chip
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Conclusion

● High rate needs high logic density
● Digital on top needed to make working chips of this scale
● Design collaboration model probably here to stay
● High radiation needs high radiation tolerance- 

● Some tension with high density- small transistors are most 
vulnerable, but how small is small depends on process. 

● High logic density comes with huge functionality potential- have to 
keep thinking of what to do with it  
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B A C K U P
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Single Pixel Perspective

Pixel size

HL-LHC

Today

Pixel output

time
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Hits ~50 kHz 

● For 50um x 50um HL-LHC pixels up to 3Ghz / sq. cm. In ATLAS / CMS
● Need to save these hits FOR ENTIRE TRIGGER LATENCY (12s up from 6s)
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On-Chip Storage and Trigger
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Readout
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cable limit

Storage of all 
individual hits 
W/ ADC value
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IC Electronics Radiation Damage

● Change in effective doping is insignificant, because doping levels 
in CMOS transistors are very high. 

● All radiation damage effects to CMOS are due to parasitic electric 
fields form charge trapped in oxides and oxide-silicon interfaces

● Meet the oxides:
● Gate oxide

● Field Oxide

● Buried Oxide (only for SOI)

● Shallow trench Isolation (STI)

● Gate Spacer


