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Anomalous Radiation Effects in Fully-Depleted SOI
MOSFETSs Fabricated on SIMOX

Ying Li, Guofu Niu, John D. Cressler, Jagdish Patel, Cheryl J. Marshall,
Paul W. Marshall, Hak S. Kim, Robert A. Reed, and Michael J. Palmer

Abstract:

We investigate the proton tolerance of fully-depleted SOI MOSFETs with H-gate and regular-
gate structural configurations. For the front-gate characteristics, the H-gate does not show the
edge leakage observed in the regular-gate transistor. An anomalous kink in the back-gate linear
ID-VGS characteristics of the fully-depleted SOI nFETs has been observed at high radiation
doses. This kink is attributed to charged traps generated in the bandgap at the buried
oxide/silicon film interface during irradiation. Extensive 2-D simulations with MEDICI were
used to understand the physical origin of this kink. We also report unusual self-annealing effects
in the devices when they are cooled to liquid nitrogen temperature.

The entire report may be viewed at the NEPP Web Site:
Click Here to View

Assessing the Impact of the Space Radiation
Environment on Parametric Degradation and Single
Event Transients in Optocouplers

R.A. Reed, C. Poivey, P.W. Marshall, K.A. LaBel,
C.J. Marshall, S. Kniffin, J.L.. Barth, and C. Seidleck

Abstract:

Assessing the risk of using optocouplers in satellite applications offers challenges that
incorporate those of commercial off-the-shelf devices compounded by hybrid module
construction techniques. We discuss approaches for estimating this risk. In the process, we
benchmark our estimates for proton and heavy ion induced single event transient rate estimates
with recent flight data from the Terra mission. For parametric degradation, we discuss a method
for acquiring test data and mapping it into an estimation approach that captures all the important
variables of circuit application, environment, damage energy dependence, complex response to
TID and displacement effects, temperature, and annealing.

The entire report may be viewed at the NEPP Web Site:
Click Here to View




Characterization of Transient Error Cross Sections in
High Speed Commercial Fiber Optic Data Links

Cheryl J. Marshall, Paul W. Marshall2, Martin A. Carts,
Robert Reed, Steve Baier, and Ken LaBel

Abstract:

This paper presents data on the single event transient (SET) response of several high speed
commercial fiber optic links (FOLs). We show that commercial-grade technologies may be
robust to SET in the natural space environment encountered in many satellite missions even for
data rates in the 1 Gbps regime. In addition to characterizing the error cross section as a function
of optical power and data rate, the angular dependence of the SET behavior is also quantified as
a function of optical power. Note that receiver angular response has some similarity to behavior
observed in optocoupler technology and must be quantified for accurate predictions of on-orbit
link error rates [1,2].

The entire report may be viewed at the NEPP Web Site:
Click Here to View

Development of a Test Methodology for Single Event
Transients (SET) in Linear Devices

Christian Poivey, James W. Howard, Jr., Steve Buchner, Kenneth A. LaBel,
James D. Forney, Hak S. Kim, and Arheindal Assad

Abstract:

We present SET test data on linear devices under many operational conditions in an attempt to
understand the SET generation and characteristics. This is done in an attempt to define a low-
cost, conservative test methodology to characterize these effects.

The entire report may be viewed at the NEPP Web Site:
Click Here to View




The Effects of Proton Irradiation on SiGe:C HBT's

Shiming Zhang, Guofu Niu, John D. Cressler, Hans-Joerg Osten, Dieter Knoll,
Cheryl J. Marshall, Paul W. Marshall, Hak S. Kim, and Robert A. Reed

Abstract:

The effects of 63MeV proton irradiation on SiGe:C HBTSs are reported for the first time. The dc
characteristics and neutral base recombination of these SiGe:C HBTSs are investigated for proton
fluences up to 5x1013 p/cm2. A comparison is made with SiGe HBTSs fabricated in the same
technology. Despite the fact that these SiGe:C HBTs degrade significantly during proton
exposure, there is no indication that the carbon doping has any significant impact on the radiation
response.

The entire report may be viewed at the NEPP Web Site:
Click Here to View

Modeling of Single Event Effects in Circuit-Hardened
High-Speed SiGe HBT Logic

Guofu Niu, Ramkumar Krithivasan, John D. Cressler, Paul Marshall,
Cheryl Marshall, Robert Reed, and David L. Harame

Abstract:

This paper presents SEE modeling results of circuit-hardened SiGe HBT logic circuits. A simple
equivalent circuit is proposed to model the ion-induced currents at all of the terminals, including
the p-type substrate. The SEE sensitivity of a D flip-flop was simulated using the proposed
equivalent circuit. The simulation results are qualitatively consistent with earlier SEE testing
results. The circuit upset is shown to be independent of the number of active paths. Considerable
charge collection occurs through the reverse biased n-collector/p-substrate junction, regardless of
the status of the emitter steering current, resulting in circuit upset through the commonly
connected load resistor. A heavily doped substrate is shown to be beneficial for SEE.

The entire report may be viewed at the NEPP Web Site:
Click Here to View




1/f Noise in Proton Irradiated SiGe HBTs

Zhenrong Jin, Guofu Niu, John D. Cressler, Cheryl J. Marshall,
Paul W. Marshall, Hak S. Kim, Robert Reed, and David L. Harame

Abstract:

This paper investigates the impact of proton irradiation on the 1/f noise in UHV/CVD SiGe
HBTs. The relative degradation of 1/f noise shows a strong dependence on device geometry.
Both the geometry dependence and the bias dependence of 1/f noise change significantly after
exposure to 2 x 10% p/cm? protons. “An expression describing the 1/f noise is derived, and used
to explain the experimental observations.”

The entire report may be viewed at the NEPP Web Site:
Click Here to View

Recent Radiation Damage and Single Event Effect
Results for Candidate Spacecraft Electronics

Martha V. O’Bryan, Kenneth A. LaBel, Robert A. Reed, Ray L. Ladbury,
James W. Howard Jr., Stephen P. Buchner, Janet L. Barth, Scott D. Kniffin,
Christina M. Seidleck, Cheryl J. Marshall, Paul W. Marshall, Hak S. Kim,
Donald K. Hawkins, Martin A. Carts, James D. Forney, Anthony B. Sanders,
Stephen R. Cox, Curtis J. Dunsmore, and Christopher Palor

Abstract:

We present data on the vulnerability of a variety of candidate spacecraft electronics to proton and
heavy ion induced single event effects and proton-induced damage. Devices tested include
optoelectronics, digital, analog, linear bipolar, hybrid devices, Analog-to-Digital Converters
(ADC:s), Digital-to-Analog Converters (DACs), and DC-DC converters, among others.

The entire report may be viewed at the NEPP Web Site:
Click Here to View




Total Dose and Single Event Effects Testing of the
Intel Pentium III (P3) and AMD K7 Microprocessors

James W. Howard Jr., Martin A. Carts, Ronald Stattel,
Charles E. Rogers, Timothy L. Irwin, Curtis Dunsmore, J.
Anthony Sciarini and Kenneth A. LaBel

Abstract:

To understand the radiation sensitivity and radiation response, Intel Pentium Il and AMD K7
microprocessors were tested for total ionizing dose and single event effects. The processors have
been found to be extremely tolerant to total ionizing dose and no radiation induced latchups have
been observed with protons or heavy ions to an LET of approximately 15 MeV-cm2/mg. Single
event upset and functional interrupts have been observed with both protons and heavy ions.

The complete report is available for viewing at the NEPP Web Site:

The entire report may be viewed at the NEPP Web Site:
Click Here to View

Special Events

Third Annual NEPP Workshop Aftermath

The Third Annual NEPP Workshop was held April 30-May 2 in Houston, Texas, across from
Johnson Space Center. 100 people attendend with approximately half from NASA, a few from
other Government agencies, and the remainder from industry. Most NASA Centers sent at least
one attendee. Session topics included High Temperature Environments, Low Temperature
Environments, NASA-Langley Macro-Fiber Composites (LaRC-MFC Technology), Innovative
Qualification and Test Methods, Radiation Hardness Assurance, Optoelectronics,
MicroElectroMechanical Systems (MEMS) and MicroOptoElectroMechanical Systems
(MOEMS), Advanced Sensors, Radiation Effects on Technology, Parts and Packaging
Reliability, and Commercial Off-The-Shelf Plastic Encapsulated Microcircuits (COTS PEMS).

Biographies of the workshop participants and abstracts of their presentations can be found in the
NEPP Workshop Program Guide, which is available by clicking here.
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