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Radiation-Tolerant Design 

• The dominant effect of ionizing radiation on CMOS 
electronics is the shift of device thresholds mostly 

due to the accumulation of positively charged 

holes in the gate and field oxide 

• It has been known for a long time that the 

electrons can tunnel out of the oxide from a thin 
surface layer and consequently it was observed 

that the upcharging is significantly reduced when 

the oxide becomes as thin as ≈12 nm 
▫ Modern “deep submicron” (DSM) CMOS technologies 

with gate lengths of 0.35 μm and below have even 

thinner gate oxides 
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• Parasitic NMOS transistors with thick field 
oxide can, however, develop thresholds low 
enough to open up parasitic leakage current 
paths 

• The current path can be interrupted by p+ 
guard rings [217], so that a design with 
enclosed NMOS devices separated by guard 
rings can make the chip radiation-tolerant 

• The W/L ratio of NMOS devices with enclosed 
layouts cannot be decreased below ≈2 [216] 
because the effective width of the device 
increases with increasing length 
▫ their noise contributions must be taken into 

account carefully 
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Single Event Upset 

• If the charge happens to be deposited on a 
storage node (DRAM or SRAM cell, latch, flip-
flop), this node can flip such that the stored 
information gets corrupted 

• If such a “single event upset” (SEU) occurs in a 
state bit of a state machine, a wrong behavior 
with possibly serious consequences may follow 
▫ If the state machine enters a “forbidden” state, a 

permanent lockup may completely block the 
system 
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• A fairly simple and efficient approach to reduce 

SEU in a standard SRAM cell consisting of two 

cross-coupled inverters is the addition of a 

capacitor between the two storage nodes 

• The capacitor slows down the cell and so short 

transients on the storage nodes cannot easily 

flip the cell. 
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• a temporary flip of one node due to an SEU 

does not permanently flip the cell 
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Cross Talk 

• Pixel electronics is particularly affected by cross 
talk from the digital to the analog section 
because these are densely packed in the active 
area 

• A voltage step of 1 V, for instance, injected 
through an extremely small parasitic 
capacitance of only 1 fF generates a cross-talk 
charge of 1 fC or 6,250 electrons, which is 
much more than the noise and typical 
thresholds 
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Shielding 

• A metal shield should cover the chip so that signal 
swings do not couple capacitively to the sensor. A 
capacitance of 1.8aF/μm2 between chip and sensor 
has been measured 
▫ This value depends only on the distance between 

sensor and chip, i.e. on the height of the final bump 
connections 

• The shield must be connected to a “clean” net 
because voltage spikes on the large area would be 
detrimental 

• The connection of the shield must have low 
resistance and low inductance because its large 
area is itself prone to pickup from the signals 
below. 
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Power Supplies 

• Separate power supplies for analog and digital 

parts and possibly also for large buffers and 

CMOS output pads are commonly used 

• Low inductance supply traces and multiple 

bond pads are standard techniques. 

• On-chip voltage regulators  can be used to 

provide clean voltages and to compensate for 

voltage drops on the supply cables. The CMS 

pixel chip, for instance, uses four regulators for 

two analog and two digital supplies 
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• The injection of switching noise   from the 

digital supplies into the substrate can be 

reduced if a separate net is used for the bulk 

and possibly the well connections 

• Spikes on the digital supply  are generated by 

the charging and discharging of capacitive 

loads during signal transitions, but also by the 

short circuit current during transitions 
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• While slow rise times would decrease the 

magnitude of capacitive spikes, the DC-

currents would become unacceptable if ratioed 

CMOS logic were used 

▫ It may be sufficient to use low noise logic at 

particularly critical places, like in the PUCs. 

• A reduction of the switching noise is achieved 

by avoiding the simultaneous flipping of 

signals with large loads . Less (more optimized) 

logic produces less spikes. 

• Periodic signals   may be less dangerous than 

intermittent activity because their effect on the 

analog part is constant 
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Testability 

• The large number of channels on pixel chips 

makes it very time-consuming to perform 

precise analog measurements for every pixel 

• The injection of known test charges into the 
preamplifiers must be possible 

▫ The simultaneous stimulation of several pixels, 

preferably in a freely programmable spatial 
pattern 

▫ Simultaneous injections can also be used to 

characterize several pixels simultaneously 

▫ Using voltage step or current pulses 
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• A leakage current injection into every pixel is 
useful to verify the correct operation of the 
leakage compensation circuitry. 

• The injection of digital test patterns can be 
valuable for quick tests of the digital section. 
This feature can also be used, for instance, to 
quickly fill data buffers with known contents 
and to study overflow conditions 

• Monitoring of internal DC-levels, of bias 
currents, supply voltage drops, etc., can be 
useful 

• The observation of analog waveforms can be 
accomplished by multiplexers in the pixels 
which connect selectable buffered signals to a 
readout bus 
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Ease of Operation 

• an iteration of threshold scans followed by a 

change of the trim DAC settings 

• The continuous injection of the desired 

threshold charge is then sufficient to correctly 

set the thresholds in all participating pixels 
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