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Fig. 1. Femtosecond pulsed laser SEE test setup.
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Fig. 2. Laser irradiation setup for the two devices: (a) Front-
side view of device a, where the laser scanning path used in
the experiment is indicated; (b) back-side view of device b,
where the red rectangles indicate the irradiation windows

opened on the PCB and the laser scanning path.
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Fig. 3. Schematic diagram of the experimental circuit setup.
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Fig. 4. Evolution of the SEB-triggered drain current of

device a as a function of time.
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Fig. 5. Evolution of the SEB-triggered drain current of

device b as a function of time.
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Fig. 6. Drain and gate current characteristics of (a) device a

and (b) device b as a function of gate voltage before SEB

(black curves) and after SEB (red curves) under pulsed

laser irradiation with an energy of 9 nJ.
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Fig. 7. Comparison of transfer characteristics of the two
GaN HEMT devices.
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Fig. 8. Comparison of C-V curves of the two GaN HEMT

devices.
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Table 1.  Comparison of the main electrical parameters of
the two GaN HEMT devices.
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Fig. 9. Schematic diagram of the experimental circuit setup

with external equivalent parasitic capacitances.
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Table 2. Effects of external capacitance on the
SEB current response of GaN HEMT devices.

W WOt SMEIRICBZ SMEM A SEBRIR

H'5 A Cps ex/PF Cos, ext/PF M o7 ARFAIE
1 470 — W] et v it
2 680 — W [E] be S5t L AL
3 o0 — 300 W] et v it
4 — 1000 W [E] be S5t L AL
5 470 300 W] et v it
6 680 1000 B “E B LR
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Fig. 10. SEB current characteristics of device a under differ-
ent external parasitic capacitance conditions: (a) Direct-
burnout current characteristics under various external para-
sitic capacitance conditions; (b) comparison of SEB current
responses without external parasitic capacitances and with

simultaneous drain- and gate-side parasitic capacitances.
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SEB I B2 I IOWZ ma AL, A SCHT p B GaN
HEMT #5419 FLafi i (C-HEMT) #4 # 1 % F
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R BARGER AN R : SigN, Bk )2 R A 0.2 pm;
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AlGaN #2222 % 15 nm; GaN HiE 2R E N
600 nm, BLAHHEE N 6.5x10' cm 3; GaN buffer /2
JERE R 1 pm, BN 5% 10 cm 3; PR AR
KEEY N 3 pm, WHE K 2 pm, BIHEEIE S 1.5 pum,
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FEAY AL 4G PR IR P e ST AR | B AR
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F 3 3FPLEH GaN HEMT AYFEA H 225

Table 3. Basic electrical characteristics of three GaN
HEMT structures.

S5 C-HEMT CE1-HEMT CE2-HEMT
Vin/V 1.6 1.6 1.6
BV/V 678 665 652
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Fig. 11. Lateral electric field distribution in the GaN layer

of three GaN HEMT structures under different drain bias

voltages.
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MET L FRABET R0 . 45858, CE1I-HEMT
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FUBE A3 (g)—(1) CE2-HEMT # B 75 A7 7] B 2 T (1 i
TS A

Fig. 12. Electron density distributions in GaN HEMT
devices with different structures after heavy-ion irradiation
under a drain-source bias of 350 V: (a)—(c) Electron dens-
ity distributions of the C- HEMT model at 1x10'% s, 1x
1010 s, and 3x10°% s, respectively; (d)—(f) electron density
distributions of the CE1- HEMT model at the same time;
(g)-(1) electron density distributions of the CE2- HEMT
model at the same time.
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TE 3x 10 10 s B 220 1 B30T 1) P, o B o 90 3R 401

Fig. 13. Distribution of electron trap occupation near the
drain of three GaN HEMT devices at 3x10'° s under a
drain—source bias of 350 V.
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Abstract

Single event burnout (SEB) is a critical reliability concern for GaN high-electron-mobility transistors (GaN
HEMTS) intended for space power applications. While SEB currents reported in the literature are typically
characterized by an abrupt transition into a destructive high-current state (“direct burnout”), a step current
evolution has also been sporadically observed but remains poorly understood. In this work, we investigate the
physical origin of the step SEB current by combining femtosecond pulsed laser single event effect experiments,
capacitance-controlled comparative tests, and TCAD simulations on two commercial enhancement-mode GaN
HEMTs (INN650D150A and EPC2034C). Experiments were performed using a 35 fs, 630 nm laser at 5 kHz
repetition rate and 9 nJ pulse energy, under off-state bias (Vg = Vg = 0 V) with drain bias stepped until failure.
Distinct SEB signatures were reproducibly identified: INN650D150A exhibited a direct transition to the
compliance-limited current at Vpg = 400 V, whereas EPC2034C showed a step current waveform at Vpg =
150 V, featuring an initial stable plateau followed by a rapid rise into the destructive regime. Electrical
characterization revealed that EPC2034C possesses substantially larger intrinsic parasitic capacitances (Cgg and
Cpg) than INN650D150A, motivating a capacitance-driven hypothesis for the step behavior. To verify this
hypothesis, a set of external capacitance experiments was conducted on INN650D150A. The step SEB current was
not observed when only the drain-side or gate-side capacitance was increased, nor when both sides were increased
with insufficient capacitance. In contrast, a clear step response was triggered only when both drain and gate were
simultaneously shunted by large capacitors (Cpg e = 680 pF and Cggeq = 1 nF), producing a stable plateau
current (~6.5 pA) before final burnout, and concurrently reducing the SEB threshold voltage. The analysis
indicates that during the triggering of the single event effect, the drain current undergoes a transient increase, while
the rapid charging of the capacitances at the drain and gate limits the further transient rise of the current.
Subsequently, during the process in which no additional single event effect is triggered, the drain current remains
nearly constant, thereby giving rise to the observed step current. Finally, TCAD simulations were employed to
clarify how enhanced parasitic capacitance can also lower the SEB threshold voltage. Two capacitance-enhanced
device variants (CEI-HEMT/CE2-HEMT) were constructed by reducing the thickness of the SizN, passivation
layer relative to a baseline p-GaN gate structure. Electrons generated by heavy ion irradiation drift toward the
drain under the applied electric field. The increase in parasitic capacitance leads to a higher electron concentration
near the drain and enhances electron trapping, which promotes negative charge accumulation near the drain.
Consequently, the local electric field is intensified, reducing the SEB threshold voltage. The experimental evidence
and simulation results demonstrate that parasitic capacitance is a decisive factor governing both the shape of the
SEB current (direct vs. step) and the SEB threshold voltage, providing practical guidance for radiation-hard design.

Keywords: GaN high-electron-mobility transistors, single event burnout, step current, parasitic capacitance,

single event burnout threshold voltage
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