





Multiple Sensitive Volumes
-Correlating Deposited Charge and Collected Charge

» Total collected charge is the sum of the charge
deposited In each volume

« Size, location, and efficiencies of the volumes

derived from layout, heavy ion or micro-beam SEU

data, and/or TCAD simulation RPP Model
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K. M. Warren, ef al, EDL, vol. 28, pp. 180-182, 2007.



Sensitive Volume Descriptions for an SRAM

Volumes represent diffusion
regions of off-state
transistors,

High efficiency, small areaE(

Microns

Volumes below the STI,
low efficiencies, large areas

Volume dimensions and GDSII file imported into

efficiencies determine using MRED via TCAD
layout, TCAD, and microbeam



Weighted Sensitive Volume Model
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Weighted Sensitive Volume Model Model
Proton Results
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Complex Approximation Models
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TCAD and/or Spice Response
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Radiation Response of SiGe HBTs

Emitter

* Typical bulk SiGe HBT

. Base
e SEE-critical features

Collector
‘1'_

- Deep trench isolation
- Subcollector junction
- Substrate doping



Device and Data Highlights
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Data after P. W. Marshall, et al., IEEE Trans. Nucl. Sci., vol. 52, p. 2446, Dec. 2005.

Geometry affects the SEU response of these devices



lon-Deep-Trench Interaction

~ 330 MeV ?°Ne
0.028 pC/um

0° strike through emitter 60° strike right-to-left

At grazing angles deep trench mitigates SEU response

at larger values of Q_;, - important for RHBD devices



Generalized SiGe HBT Model

* Model provides good
approximation to initial
conditions, time-evolution

* Total charge collected is
weighted sum

Qcoll - EaiQDL
i

« K. M. Warren, et al., IEEE
Electron Device Lett., vol. 28,
p. 180, Feb. 2007.

Same volume structure
works for all SiGe HBT
technologies simulated




Calibrate to Heavy lon Data
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Same sensitive volume model produces required trends



Simulation Compared to Proton Data

* No adjusfable paramefers 1077 ' . .
. Chcnge parﬁcle, energy New Experimental Data

X - g 8
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e Different mechanism
e Direct ionization
« Nuclear reactions

Open = Data
Solid = Simulation
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e Basis for LEO rate
calculation in addition to

SEU Cross Section (cm
=

. - (O Baseline Design
GCR rate calculation 'O RHBD Design
=11 ]
* Large proton flux 10 > ™
component Angle (%)

For protons, no further calibration necessary



Simple Response Models

Geomet

Charge Generation

Energy Deposition

On-Orbit

event rate

Approximate for a simple
Response geometry




lon Energy and Species Dependencies
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Contribution From Secondary Products in
Overylaying Materials
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Contribution From Secondary Products in
Overylaying Materials
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Contribution From Secondary Products in
Overylaying Materials
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Contribution From Secondary Products in
Overylaying Materials
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Using Ground Data to Calibrate Model
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SEU Cross Section (cm?/bit)

Using Ground Data to Calibrate Model
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Model predicts that
these events are
dominated by direct
lonization from
primary

lon Energy (MeV)

All others are
dominated by nuclear
reactions.

Uncertainty in Q_; is due to:

- Systematic errors in Geant4 physics when predicting recoil
production from nuclear reactions.

- Use of simple model for SEU sensitive volume.




Observed and Predicted SEU Rate for a
Modern SRAM

SRAM used on NASA spacecraft

Observed Average SEU Rate:
- 1x10-° Events/Bit/Day
Vendor predicted rate using
CREME96:
— 2x10'2 Events/Bit/Day

— Classical Method nearly a
factor 500 lower than observed
rate

RADSAFE rate (includes
reaction products):

- Between 8.7x10-1" and 1.3x10-°
Errors/Bit/Day
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Complex Approximation Models

Geomet

Experlment

TCAD and/or Spice
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DICE Latch

Multiple combinations of
charge/discharge exist
that could upset the cell.
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Sensitive Volumes

PMOS
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Comparison of Data to RADSAFE

RADSAFE Model
Summary:.

— 4 x 4 bit array (16 bits)
— Checkerboard pattern
— 128 transistors

— 448 micro-volumes

— 23 second order
coincidence checks per
bit

Example dataset is of
200,000 events per
simulation. One
simulation per roll/ilt
angle.

1.0E-08

1.0E-09

1.0E-10

1.0E-11

—¢—Experiment
—o—NMRED
50 100 150 200

Roll Angle @ 75 degree tilt

230

Expenment and RADSAFE
Cross oections @ 75 degree Tilt angle




Direct Coupling MRED to TCAD
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to a Complex
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Event




Physically Based Simulation of Radiation Events

* 63-MeV proton incident on a SiGe HBT
« Iso-charae surfaces following a nuclear reaction




Physically Based Simulation of Radiation Events

» 63-MeV proton incident on a SiGe HBT
* |so-charge surfaces following a nuclear reaction




Physically Based Simulation of Radiation Events

* 63-MeV proton incident on a SiGe HBT
* Iso-charge surfaces following a nuclear reaction




Physically Based Simulation of Radiation Events

« 63-MeV proton incident on a SiGe HBT
* |so-charge surfaces following a nuclear reaction




Physically Based Simulation of Radiation Events

* 63-MeV proton incident on a SiGe HBT
» Iso-charge surfaces following a nuclear reaction




Current Applications

Monte Carlo Based SEU Rate Predictions (NEPP, DTRA, BAE)

CREME-MC website (RHESE)

Multiple bit upset in highly scale (90nm and 65 nm) CMOS technology
(NEPP, DTRA)

The Effects of Angle of Incidence and Temperature on Latchup in 65nm
Technology (NEPP, DTRA)

Generalized SiGe HBT Event Rate Predictions Using MRED (NEPP, DTRA)
Distribution of Proton-Induced Transients in Silicon Focal Plane Arrays
(NEPP, DTRA)

Simulation of SEU Cross-Sections Using MRED Under Conditions of Limited
Device Information (NEPP, DTRA)

Prediction of SEGR in power MOSFETs (NEPP, DTRA)

Terrestrial applications of MRED

Assessing Alpha Particle and Neutron Induced Single Event Transient
Vulnerability in a 90 nm CMOS Technology

Moving Single-Event Mechanism Testing and Analysis into the Time-Domain
(NEPP, DTRA)





