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Objective (1/3)

▪ ASIC development flow
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Objective (2/3)

▪ ASIC development flow
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Additional step to assess SEE reliability before manufacturing 

and therefore, reduce manufacturing and testing costs.
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▪ TRADCARE : SEE prediction software

Objective (3/3)
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Outline

▪ TRADCARE

 Brief history

 Simulation flow 

 Implemented modules

▪ Case study on latchup effects

 Design

 Simulation

 Experimental comparison
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Simulation software (1/5)

▪ Brief history
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Experimental results

Simulation results

Ray tracing

Die
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Deposited charge calculation 

inside sensitive volumes

• 3D CAD

• Monte Carlo p+, e-, ɣ

• Ray tracing

• Dose calculation

G4 Monte Carlo ions
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Simulation software (1/5)

▪ Brief history
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Simulation results
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Simulation software (1/5)

▪ Brief history
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Dedicated software

Charge deposition and 

transportation more representative

Energy deposition (eV) 

using Geant4

Conversion 

eV to ACritical 

charge
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Simulation software (1/5)

▪ Brief history
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Inputs Result

Need a critical charge ! 
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Simulation software (1/5)

▪ Brief history
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Circuit and device responses 

more representative
TRADCARE

- Volume

- Box

- 3D

- MCNP

- JENDL

- DB

- Deposition

- Diffusion

- Drift

- Energy

- Charge

- ITmax
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Simulation software (1/5)

▪ Brief history
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Entire ASIC

DFF

NAND

CLKDIV

Improvements enabling 

simulations on an entire ASIC
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Summary 

 3D CAD framework with GDS import 

 Particle transportation using Geant4

 Charge transportation based on TCAD

 Electrical behaviour simulated using SPICE

Particle transportation using Geant4
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TRAD, Tests & RadiationsG4SUW, 20 – 23 oct. 19

Main features
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Wire highlighting Device extraction

Post processingBeam configurationBiasing & stimuli

Netlist extraction

Simulation software (3/5)
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Main features
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Main features
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Main features
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Main features
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Main features
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Post processingBiasing & stimuli
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Beam configuration
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Main features
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Simulation software (4/5)

▪ Simulation flow
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Generated 3D model

User inputs

Layout : mychip.gds

Data

• Thickness

• Height

• Material

…

Processing and display units

3D model 

generator
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Simulation software (5/5)

▪ Simulation flow
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Circuit biasing Beam configuration Hotspot mapping

I- Circuit model II- Calculation III- Post processing



TRAD, Tests & RadiationsG4SUW, 20 – 23 oct. 19

Outline

▪ TRADCARE

 History

 Simulation flow 

 Implemented modules

▪ Case study on latchup effects

 Design

 Simulation

 Experimental comparison
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▪ Testchip development

 Design of register matrix

 Layout (PD) with cadence

 Tape-out on CMOS bulk
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Latchup effects (1/4)
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▪ Simulation on TRADCARE

 Input configuration
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Latchup effects (2/4)

GDS

3D ASIC biased 

UCL Beam



TRAD, Tests & RadiationsG4SUW, 20 – 23 oct. 19

▪ Signal monitoring on TRADCARE

 Real time chronograms
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Latchup effects (3/4)

Time (ns) Time (ns)

D
a

ta
 (

V
)

O
u

t(
V

)
Id

d
 (

A
)

V
d

d
(V

)

Normal operating Disruption under the ion beam
Working



TRAD, Tests & RadiationsG4SUW, 20 – 23 oct. 19

▪ Experimental comparison

 Test at UCL facility

 Dedicated testbench
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Latchup effects (4/4)
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Latchup effects (4/4)
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▪ Conclusion

 TRADCARE : SEE prediction tool for SEL, SET, SEU, SEDR

 Based on GDS, MC, TCAD, SPICE

 Post processing

 Unique GUI 

▪ SEL application case

 Good correlation between simulation and experiments

▪ Intensive validation in progress
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Thank you


