
Information contained herein is classified as EAR99 under the U.S. Export Administration 
Regulations.  Export, re-export or diversion contrary to U.S. law is prohibited.

.

1
Information contained herein is classified as EAR99 under the U.S. Export Administration 

Regulations.  Export, re-export or diversion contrary to U.S. law is prohibited.
.

1This document does not contain export-controlled information.

AlGaN/GaN Radiation Effects
Roger L Roisen

Teledyne e2v HiRel Defense Systems
Roger.Roisen@teledyne.com

 

Teledyne Defense Electronics – Selective Disclosure  

Components for Military and Space Electronics 
Technology Conference 
Los Angeles April 2023



Information contained herein is classified as EAR99 under the U.S. Export Administration 
Regulations.  Export, re-export or diversion contrary to U.S. law is prohibited.

.
2

Information contained herein is classified as EAR99 under the U.S. Export Administration 
Regulations.  Export, re-export or diversion contrary to U.S. law is prohibited.

.

2This document does not contain export-controlled information.

Teledyne Technologies - Quick Facts

$5B 
in revenue,

  financially strong

>84,000 
Traveling Wave 
Tubes delivered

50+ 
years of 

experience

>3,700 
military qualified 
semiconductors

64 
Successful Technology 
Company Acquisitions

DMEA Accredited 
Trusted Source for 

Packaging,  Assembly 
and Test

~35% 
of revenues 

from A&D/Space

Depth of the Panama 
Canal is checked year-
round with Teledyne 

Echosounders.

Partnering in 
Space since the 

birth of the Space 
Program

>15,000 
employees

>100
countries 

exported to

TDY 
Stock Symbol

Have parts still 
working on the 

furthest manmade 
objects from earth

Responsible 
for operation of the 
International Space 

Station (Recent 
$596M Award) 

Own 5 Specialized 
semiconductor 

foundries 
worldwide

Teledyne Defense Electronics | Overview – Selective Disclosure



This document does not contain export-controlled information.

System Awareness with E-GaN HEMTs

The system designer should be aware of:

• ESD ( very low Gate capacitance )

• High Frequency Response

• Overvoltage (Drain/Source) VDS Transients

• Overvoltage (Gate-to-Source) 6V

• Continuous Overcurrent 

• Low Static & Dynamic RDS(on)

• Thermal Management

• Mechanical Stress

• Switch vs. Amplifier

• External Component Q

• Single Event Effects
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TDY E-GaN Technology TID Response

Like any power device, TDY GaN transistors are composed of thousands of parallel tiny transistors. Power MOSFET, 
vertical, lateral, BJT, HEMT, etc. use the same approach, with the end product being a large single discrete power 
device. For most power devices the layout is custom for each device. TDY GaN transistors are fabricated using a 
standard island cell. TID response follows data sheet delta parametrics, as the technology is Cell Based. 

TID response is a function of technology in 
smaller power devices and scales 
according to current capability.

A standard island cell is 7.5A

1 Cell =7.5A   TDY650E7B
2 cells = 15A  TDY650E15B
4 cells = 30A  TDY650E30B,T
8 cells = 60A  TDY650E60B,T

Cell
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Displacement Damage (DD) total-ionizing-dose (TID) GaN Effects
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AlGaN/GaN materials and devices were typically found to be highly resistant to 
radiation exposure under exposure conditions that approximate even the most 
challenging space radiation environments [2], as illustrated in Fig. 2



Total-ionizing-dose (TID) Effects for MOS-HEMT vs E-HEMT
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Charge Trapping in MOS 
indicated by Vt shift [3]



Total-ionizing-dose (TID) Charge Trapping E-HEMT
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Density of net trapped positive charge in AlGaN as a 
function of radiation dose [3]

Vth recovery as a function of RT annealing time [3]

The recovery for the HEMT device during RT annealing, obtained by drain current 
sampling with gate biases near at a sampling interval of 10 ms. The rapid shift can be 
annealed effectively within a time of the order of 100 s. The recovery of during RT 
annealing is caused by release of trapped holes in the AlGaN layer, and/or their 
neutralization by electrons from the channel. [3]

The saturation value of the rapid shift corresponds to a trap density in the mid 
range for the 17 nm AlGaN grown on Si, which is nearly two orders of magnitude 
higher than bulk trap densities in high-quality AlGaN/GaN structures on SiC [11]. 
In contrast, the 25 nm AlGaN/GaN structure on Si (from a different supplier) 
shows a much lower bulk trap density (in the low range)
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Traceability Critical for SEE Verification

Wafer Maps ( Die ID ) Critical

Keep Out Zones Defined
( May be more than one )

Sheet May Contain Multiple 
Wafers and Assembly can 
Include Multiple Sheets
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Lot-to-lot variation
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• GaN E-Mode HEMT Power Devices 

• Both D-GaN and E-GaN Have their Place

• GaN Use is Growing Rapidly 

• More Designers Becoming Familiar 

• Lot Traceability is Critical

• Proper Characterization is Critical

• Proper Testing is Critical

• SEE Testing is Critical

• In Summary GaN is a Critical 
Technology

Teledyne Defense Electronics 

Summary
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