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Stress — Voltage

Gate-Source
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Gate Acceleration: Time to Failure
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Gate Failures Not in GaN
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Impact lonization Mechanism
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Impact lonization Model Development

Ref a,(1/cm) b,(V/cm) m

U | ‘] ‘ g Jietal.[12] 2.10E+09 | 3.70E+07 1
— n p G~ q. M >> Ozbek [13] 9.20E+05 | 1.70E+07 1
G = ay g + Ap q n q Jn=>> Cao et al. [8 4.48E+08 | 3.40E+07 1
Ooi et al. [15] 7.32E+07 | 7.16E+06 1.9
m — _
an — ane_(b‘n/F) an(T) — an;o(l CAT)
c=06.5x103 K!
Q b m
MTTF o = MTTF o % = 4% _ 19 exp [(—”) ]
G G AnJn Jn@n,o(1—CcAT) F
m=1.9

A B m V,=1.0V
MTTF = & — qQc — exp [( ) ] B=57.0V
G anJn (1—cAT) V+V, A=1.7x106s

c=6.5x107 K1



Theory vs. Experimental Results

IMTTF vs Gate Voltage

Time to Failure vs V.
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Stress — Voltage
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Characterizing Rpgn) Shift in Time

120 V overstress at 150°C (100 V Rated Device)
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Rpsn) Projection Analysis
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Hard-Switching: Effect of V
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Hot Carrier Trapping Mechanism
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Hot Carrier Trapping Model

o o

S 4o BQ
f(E)E o« Ee F/9FAGE  Tk— L fEYIE = 4 [ﬁ pesiiag 2= Bew (-o5)
Ppi+BQs Ppith Qs
qFA ( Bp ) R(t) =R, + ¢ =R, + d
t) =——Ilog |1 + —=t -0 -Qs
Qs (t) B 8 gF A Qp — Us Qp_q%l]og (1+%t)

C gFA BR s ex (hww) (hww)
N Il PR e sl = AVkTexp (—=
R(t) = Ry + 0, [1 + 0oF log (1 + F t)] LO p KT A=vy10 X AVkTexp T

AR  R(t) — R(0)
R~ R(0)

hw
~ a + bF exp ( k’IL’O) VT log(t)
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Putting 1t All Together — Hot Carrier Trapping Model

AR _R(t) — R(0)

hw
~ a+ bF exp( k’IL’O) VT log(t)

R R(0)
' % 19 2hw
DS LO
=a+b exp ( )log(t)
1+ expl—a(Vps — Vip)] KT
a =0.02 (unitless)
b=1.9E-8 (V?)
hw;p= 92 meV
Vo = 100V (appropriate for Gen5 100V products only)

oa=0.1(V1)
t =time in min
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Model vs Measurement

Rusi) Shift vs. Time and Vyy (25°0)
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Stress — Thermo
Mechanical



Thermo-Mechanical Stress

-40°C to 125°C Temperature Cycling results for EPC2053

Froduct/DOE

Stress condition:

A0 b0 1257

K Underfill Comgleted | 0732 fail | O/32fail | O/32fail | 32 fail | v32fad | av32fall | DA fails | M3k fails | 332 fails | 332 fails

Heniels UF1137 K On-going | OMOfall | 0MOfal | OMOfal | 0M0fail | 0/40fad

Masterbond EPIUF M | On-going | 140 fails | 700 fails | 1540 fails [ 2540 fails | 39/40 fails

MOPEE5-UFS Completed | Ov32fail | Q3Rfail | V32 fal | 1/32 fails [17/32 fails |32/ fails | 32/32 fails

MCTRRS-1F (ompleted | &32fall | 32l | O32fal | A6 | 0524 | 0324 | 326l | 132Mails | 1732 fails | 132 fals

Kamics $410-4068 | Completed | 032600l | 072 &Il | 0326 | 09246 | 0226 | 026 | 026 | 002%l | 0A2fai | 042l

Namics U8437-2 N Completed | O732fail | 072 fdl | 0326 | 0926 | 0226 | 032 % | 032 fal | 002fal | 032l | OV32fail
(r-going | GVl | Qa0 fal | Qd0fal | OM0fal | 40 fad

-55°C to 155°C Temperature Cycling results for EPC2053

Product/DOE EPC2053
Stress condition: 300 600 900 1100 1300
-55C to 150C Status cycles cycles cycles cycles cycles
No Underfill Completed | O/16fail | 0/16fail | O/16 fail | 0/16 fail | 1/16 fails
Henkels UF1137_H On-going | 0/20fail | 0/20fail | 0/20fail | 0/20 fail
Masterbond EP3UF_M On-going |5/20 fails [15/20 fails
MC7685-UFS Completed |1/16 fails|9/16 fails |13/16 fails
MC7885-UF Completed | 2/16fails| 1/16 fails| 7/16 fails
Namics 8410-406B Completed | 0/16fail | 0/16fail | 0O/16fail | O/16fail | 0/16 fail
Namics U8437-2_N Completed | 0/16fail | 0/16 fail | 0/16 fail | 0/16 fail | 0/16 fail
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Thermo-Mechanical Stress

Percent Failure

Intermittent Operating Life — EPC2206

EPC2206 in Intermittent
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Results



eGaN FET Reliability

Field Failures by Category
1/1/2017—- 12/31/2020

evice

(S URILS) Assembly
(6 units)

Application

(6 units)

Proven Reliability — 226 billion device hours in the field since
January 1, 2017 with only 3 device failures.
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Conclusions

* Traditional MOSFET qualification testing needs to be
modified for GaN.

* Modifications need to be based on a deep knowledge of
Intrinsic failure mechanisms.

» By characterizing intrinsic failure mechanisms over all
stress conditions, users can have confidence In lifetime
predictions for a given mission profile.
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