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The system designer should be aware of:

* ESD ( very low Gate capacitance)
* High Frequency Response

* Overvoltage (Drain/Source) VDS Transients o
* Overvoltage (Gate-to-Source) 6V
* Continuous Overcurrent Cop=
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* Thermal Management g L 11=25°C
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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
standardisland cell. TID response follows data sheet delta parametrics, as the technology is Cell Based.

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

Gate ce

I TPCrT
phalialia

A standardisland cellis 7.5A

1 Cell=7.5A TDY650E7B

2 cells=15A TDY650E15B
4 cells =30A TDY650E30B,T
8 cells=60A TDY650E60B,T
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PROTON IRRADIATED GALLIUM NITRIDE FILM
ANNEALED AT 400°C
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Fig. 2. Visible spectrum of proton-irradiated and annealed GaN films. The
peak at 530 nm that appears in the sample iradiated with 2-MeV protons
at a fluence of 10'8/cm? is most likely due to Ga vacancies. The shorter
wavelength bands are associated with the Ga band edge

AlGaN/GaN materials and devices were typically found to be highly resistant to
radiation exposure under exposure conditionsthat approximate even the most
challengingspace radiation environments[2], as illustrated in Fig. 2
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Total-ionizing-dose (TID) Effects for MOS-HEMT vs E-HEMT
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. Cross sections of a MOS-HEMT and conventional HEMT side by side on the same Si substrate, perpendicular (left) and parallel (right) to the channel. The
effective oxide thickness (EOT) is extracted by capacitance-voltage measurements. The location of the charge centroid (C.C.) in AlGaN is discussed in the text.
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Density of net trapped positivechargein AlGaN as a

function of radiation dose[3]
Vth recovery as a function of RT annealingtime[3]

The saturation value of the rapid shift corresponds toa 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)

The recovery for the HEMT device during RT annealing, obtained by drain current
sampling with gate biases near at a samplinginterval of 10 ms. The rapid shift can be
annealedeffectively within atime of the order of 100 s. The recovery of during RT
annealingis caused by release of trappedholesin the AIGaN layer, and/or their
neutralization byelectrons from the channel. [3]
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Traceability Critical for SEE Verification

Wafer Maps ( Die ID ) Critical
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Lot-to-lot variation

240 —
Average Vsee for Several Lots
7 of GaN HEMTs
200 | EPC1is EPC1012
EPC2 is EPC2012
N . I LDC3 |EPC1
160 —
—_— | LDczC )EPCZ LDClC—-)EPm
= | 1 S
@O 120 — - ©
a .
- :
X
80 7 LDCA _EPC2 Z@ E’
| LDC2]EPC1 <
LDC1 |EPC2
7 LDCiPCZ
0 | | | |
0 2 4 6 8
Wafer lot

Effect of angle

200 —
160 —
120 —

80 —

40

[
U

0 | | |

0 20 40 60

Tilt Angle [degrees]

To be presented at the 5" NASA Hectronic Parts and Packaging (NEPP) Program Electronic Technology Workshop June 17-19, 2014,
NASA GSFC, Greenbelt, MD.
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650Volts GaN 15 Amp SEE SOE TAMU & RADEF

Worst case is incidence beam - Field plate rupture which is similar to SEGR*
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o At LETs = >37 MeV-cm?/mg, V,, > 275V show susceptibility to SEB for Lot A
o Susceptible V,; decreases rapidly after LETs > 20 MeV-cm?/mg for Lot A
o At 60 degrees device passes 400V at LET > 55 MeV-cm2/mg * For Lot A

o SEE data is based on two wafer Lot diffusions ( A & B ). Lot B performed better....
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Summary

e 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 Traceabilityis Critical

Proper Characterizationis Critical
Proper Testing is Critical

SEE Testing s Critical

In Summary GaN is a Critical
Technology
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