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A Design for total dose
Y Total ionizon dose TID
Y Displacement damage DD

A Design for single events
Y SEU single event upset
Y SEL single event latch-up

A Take home message
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Introduction

About us
Background in Radhard CMOS design
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About us

Founded 2006
Mechelen, Belgium
17p

Mission
and business model

Supplier of
Custom designed
Beyond nState
Image sensors
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Caeleste radhard backgro%ﬁic? leste

Where we come from

Y Historical contribution to radhard and cryo design for space
(ISOPHOQOT..., OISL, STAR250, HAS...)

Y Background in design for particle physics and X-ray
Integrating and photon counting detectors

Y Close relationships with foundry technologists
Y Expertise in circuit & device physics & technology

Present
Y Routine radhard design (TID, TnID, SE, SEL)
Y Proton & SE hard pixels
Y ROICs and image sensors
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Disclaimer

This paper focuses on design countermeasures,
while understanding the damage mechanism itself

This is not a design course. Details of actual
designs are not shown

A

A

A Technology countermeasures, temperature effects,
annealing not treated

A

No guarantee on effectiveness of techniques, nor of
IP freedom
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Introduction

TID total ionizing dose

DD displacement damage
SEU single event [upset...]
SEL single event latch-up

Take home message

TID
total i1onizing dose

also referred to as IEL ionizing energy
loss
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Radiation:
Y Primarily X, 9, but essentially all particles

Dominant effect :

Y Creation of positive space charge in the SiO2 (SiN) dielectric
layers

Y Also: increase of interface states at Si-SiO2 interface

Effect on CMOS circuits:

Y Moderate shift of Vth, £ degradation and 1/f noise increase

Y Parasitic S-D leakage via STl/field in nMOSFETS resulting
In large dissipation and malfunction
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Effect on CMOS pixels:

Y Moderate offset shift and 1/f noise increase
Y Lateral shunting between pixels
_ower gain and increased PRNU

ncreased average |4, and DNSU
Most publications are describing this last effect

< < <
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Design countermeasures

A Buried diodes as the general way to reduce
dark current

A Avoiding the parasitic source-drain leakage in
NMOSFETSs

A Several case-by-case other measures
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TID-hard CMOS Caeleste
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Regular transistor

Annular transistor:

No path over STl/field H-gate transistor:

!‘ eaks when STl/field Leakage path over STl/field
NVerts Is blocked by P-implant
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The nNnCESo | I'-\g %8?(8
Fully radhard & cryo-,
UMCO018

Digital: DARE library

Analog: CaelesteRH
>>1Mrad, not tested yet

ESA consortium
Caeleste+Easics+Selex

2014

20140916 radhard design in CMOS image sensors 13



4 SAR ADCs, detall Caeleste

' NSRS G
Pt Qgﬁﬁ . et
y i : ‘=‘=‘=|1| g a
- daa i

20140916 radhard design in CMOS image sensors 14



caeleste

Digital logic, detall
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Caeleste RH library

CaelesteRH as compared to SotA

Available in 3 technologies, porting is
standardized

Full analog & mixed mode
Very high TID & TnID hardness

Very high SEL hardness Normal
Very high SEU hardness wo TR Caeleste
<20% increased Cin and power mlc;(deg
<50% area increase

Caeleste RH
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