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Outline

• Displacement damage effects in detectors
– Damage distributions, hot pixels 
– Electric field enhancement of leakage currents 
– Dark current dependence on temperature

• Hot pixel mechanisms, introduction rates, and 
annealing
– On-orbit HST measurements
– Laboratory measurements (HST WFC3 CCDs)

• Conclusions
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Background
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Heavy Ion Test of Commercial ROIC
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– Dewar windows for both the 
beam port exit and the dewar
entrance consisted of 1.5 µm 
aramica films.
– Internal shields used for 
thermal, light and noise 
control were 1 mil Al foils.
– Beam alignment was 
verified using internal markers 
in the dewar as well as the full 
frame data showing particle 
induced transients in the ROIC 
unit cells. 

Experimental set-up for heavy ion LU test. 



• Description of LU test conditions

• Description of LU test conditions
– 5 voltages and currents were 
– Electric field enhancement of leakage currents 
– Dark current dependence on temperature

• Hot pixel mechanisms, introduction rates, and 
annealing
– On-orbit HST measurements
– Laboratory measurements (HST WFC3 CCDs)

• Conclusions
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Ion-induced LU Signature at 40 K in 0.5 µm ROIC

LU observation at 19.5 K for incident Ar ions with
LETeff = 12.4 MeVcm2/mg and a projected range of
189 µm. A sharp transition was observed in the
current on VPD. Once the LU protection circuitry
limited I(VPD) at 4 mA, VPD dropped below 4 V and
I(VPD) decreased to ~2.7 mA. Notice that the serial
reset commands sent to the device after each
frame did not affect the LU condition.

Time resolved oscilloscope trace of the
LU initiation observed on the digital logic
supply voltage for the LU event illustrated
in the prior figure. Note that the 10,000
sample record length covers a time period
of 4 ms with 1 ms pre-trigger.
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Plans for Upcoming TAMU Test

• 0.5 µm ROIC Measurements
– Similar test set but extend temperature range from 20 – 300 K with more 

intermediate temperatures
– Make holding voltage measurements
– Improve statistics

• Characterize SCR test structures at 130 nm and 45 nm
– Test structures represent a range of anode-cathode spacings, hardening 

techniques and geometries.
– Electrical LU characterization underway using JEDEC57 and IBM 

standards for positive injection at anode and negative injection at the 
cathode

– Results follow expected trends
– Plan to perform LU measurements at TAMU over 4 – 300 K

– Will monitor displacement damage effects via measurements of 
bipolar gains in vertical and lateral parasitic transitors.
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Electrical LU Test on SCR Test Structure

CMOS SCR has 
inherent cross 

coupled parasitic 
bipolar transistors 

subject to a 
regenerative feedback 

condition.  This low 
impedance state can 

lead to thermal 
runaway, and 

destruction of the 
device.
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Electrical LU Test on SCR Test Structure
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Electrical LU Test on SCR Test Structure
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Temperature Dependence of Key LU Parameters

130 nm IBM SCR 
Test Structure

Note changes in behavior at 
~50 K where impact ionization 

becomes important.



Temperature Dependence of Key LU Parameters
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Hardening Techniques for Electrical LU

Deep Trench (DT) isolation and use of n+ subcollectors 
prevent latchup conditions.  (130 nm IBM test structures.)  
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Electrical LU Characterization of 45 nm TI SCR Test 
Structures with Different Anode-Cathode Spacings 

Larger anode-cathode spacings lead to higher holding and 
trigger voltages, which indicate less vulnerability to LU   

1X 2.15X
Holding Voltage 1.84 V 1.94 V
Holding Current 11.8 mA 13.6 mA
Trigger Voltage 3.8 V 4.38 V
Trigger Current 3.26 mA 4.13 mA

Anode-Cathode Spacings 

Substrate 
Contact Cathode Anode

Well 
Contact

Anode-
cathode 
spacing

Well 
contact 
spacing
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Conclusions

• Cryogenic latchup is indeed possible and represents a new qualification concern
• Commercial ROIC tested in this work is a canary device

• Bulk CMOS process on lightly doped p-substrate for performance 
optimization

• No RHBD considered for LU performance
• Good TID performance due to design tailored to accommodate large 

temperature range
• Shallow-level impact ionization is thought to provide a source of carriers 

below roughly 50 K
• Very little data exists for ion-induced LU below room temperature

• Most of the existing data are for DoD ROICs that would be expected to have 
incorporated RHBD hardening for LU

• Present data for a commercial ROIC is the first observation of cryogenic LU
• Data for applications above 50 K are also needed to characterize LU in the 

classical LU mechanism regime
• Must consider that the LET threshold not only decreases as the temperature 

is lowered due to the decrease in the beta of the parasitic transistors but also 
due to the change in the resistance of the base-emitter junction of the 
transistors.


