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Readout Integrated Circuits (ROICs)!

Infrared sensors use non-
silicon detector arrays 

bonded to CMOS ROICs"

Analog ROIC!
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Readout Integrated Circuits (ROICs)!

Maximum detectable signal "
set by CintVmax"

"
Reduces with technology node "

Analog ROIC!
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Readout Integrated Circuits (ROICs)!

Maximum detectable signal set 
by counter size, tint/tLSB"

"
Improves with technology node "

Higher integration levels allow 
for more compact sensors [1]"

Digital ROIC!
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Pixel Array

§  Photodetector bias set by VGS of direct injection transistor"
§  Source follower output set by VGS of buffer device"

§  RTN will cause threshold voltage shifts that change VGS, 
resulting in “blinking” pixels"
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Random Telegraph Noise (RTN) Impact!
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Large-scale RTN characterization is necessary 
to develop accurate circuit models!

Digital Timing [4]Imaging Applications [2] SRAM Reliability [3]
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Understanding bias, temperature sensitivity of RTN 
requires long, fast sampling" 34!
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§  Background & motivation"
§  Prior art comparison!

–  General methodology comparison!
–  Similar methods!
–  This approach!

§  Proposed design"
§  Test chip results"
§  Conclusions"
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RTN Characterization Array Comparison!
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On-Chip ADC Implementation: Prior Work!
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On-Chip ADC Implementation: Prior Work!
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§  No current measurements"
§  Limited bias sensitivity testing"

Voltage 
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Gain-boosted cascode enables 
drain voltage control"

On-Chip ADC Implementation: This Work!



On-Chip ADC Implementation: This Work!
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“Digital” interface for enabling/
disabling test devices"



On-Chip ADC Implementation: This Work!
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Structure enables bias voltage 
control and current measurement"



§  Background & motivation"
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§  Proposed design!

–  Array implementation!
–  Cell implementation!

§  Test chip results"
§  Conclusions"
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Characterization Array Implementation!
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Characterization Array Implementation!
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Typical detector 
array structure"



Characterization Array Implementation!
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Device Under Test + Measurement Cells!
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Test cells support 
multiple VT, size 
characterization"
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Results: I-V Characterization!
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Results: I-V Characterization!

Extracted threshold voltage follows 
expected trends"
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Results: I-V Characterization!

Random variation dominates spatial 
variation in 1 mm x 1 mm area"
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High dynamic range enables 
subthreshold I-V characterization"
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Relative variability in subthreshold slope 
decreases with temperature"
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§  NFET RTN amplitudes are 
typically larger"

§  Doping level has little 
consistent effect"
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Mean τC, τE estimated from 
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§  Background & motivation"
§  Prior art comparison"
§  Proposed design"
§  Test chip results"
§  Conclusions!
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Outline!



Conclusions!

§  Conventional CMOS readout IC platform can be modified 
for device characterization purposes"

§  Compact array incorporates >80,000 HKMG test devices; 
subset of 6,000 devices measured across VG down to 
cryogenic temperatures"

§  Measurements support previous studies of RTN bias and 
temperature dependence"

§  Complete RTN measurements require high dynamic range, 
fast sampling capabilities"

§  Array enables highly parallel subthreshold current detection 
and detects RTN time constants under 10 µs"
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