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Fig. 1. Pulsed-laser energy transmission model with frontal

incidence.
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Fig. 2. Pulsed-laser energy transmission model with back incidence: (a) HEMT device with hole on the back; (b) SBD device.
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Fig. 3. Laser penetration depth in GaN materials at differ-

ent wavelengths.
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Table 1.
of different laser wavelengths in different thicknesses
of Aly,GaggN.

Absorption coefficients and optical losses

P /nm 600 620 650 700 720
WU R fem ™ 210 190 172 155 143
30 nmEYEH 0.06% 0.06% 0.05% 0.05% 0.04%
50 nm/E 0.1% 0.1% 0.09% 0.08% 0.07%
70 nmENH 0.14% 0.13% 0.12% 0.11%  0.1%

VIR 2 (8] ) i S %, 1 e gk
1% SiNy, Al,Ga, N, GaN &5kt RHZE (123 < s 5
RGP, LU GaN g {45 FA B R BO B, 76
TPA & BH AN, AR e AR
12 S R SPR S5 Yr e an & 2 fg) 23,

IR RRE A S b U AR S R AE AR R
TR BIAR/N, L6 IE A S IO RORE A s T
H1, SiNy, Al,Ga, N, GaN /M JfJZ1E TPA i FHik
BE AT ER S S0 U8R 0,117, 0.14 F110.168, 47
SERATHL 2.04, 2.18 F1 2.31, 1 5 4 1E AR,
JSPR AT 0.08, PriffR ATl 1.76 115

F A IO () %) S5 T VO 0 g R e A [ ) A o
FEDEAT S RS SRR, T A AR R A ik
FHEIE, BIEA N T2 HR:

2
R= (”1‘”2) , (2a)
ni + no

Horbng, na 20500 SR PAS R BTS84, R
R SR PO TN S5 A S B 5
TSR ERARIR). 7 AT AE HE TR 2B SiN

2 AR AHEOCTEM R 2 b SRR S IR

Table 2. The reflectivity and refractive index of different laser wavelengths from air to the material.
e 20 . WK /nm
pliees 54 Mk
600 620 650 700 720
SizNy 0.118 0.117 0.117 0.116 0.116
‘ , Aly,GagsN 0.14 0.14 0.14 0.14 0.14
T IE
GaN 0.169 0.168 0.167 0.165 0.165
WEA 0.08 0.08 0.08 0.08 0.08
SizNy 2.04 2.04 2.04 2.03 2.03
Aly,GagsN 2.18 2.18 2.18 2.17 2.17
P
GaN 2.31 2.31 2.31 2.31 2.31
WEA 1.76 1.76 1.76 1.76 1.75
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Fig. 4. Schematic diagram of the pulsed laser light reflect-

ing between dielectric layers.
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Fig. 5. B of GaN materials at different wavelengths.
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AN EISAETTR, S OO S RE AL b
RSO E R T LET (HAH AR5

(b) 1

K6 TREMBREOC R TR IR E (a) B (b) LA
Fig. 6. Femtosecond pulsed laser SEE test device: (a) Schematic diagram; (b) physical diagram.
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Fig. 7. Device structure parameters and laser incident positions: (a) Device 1; (b) device 2.
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4 RBHE, FRIBEAE AT
41 HARBIBRER

RIG P, #R0F 1 AYTRIE R A 520 V, MR H
JE2H 0V g 2 MBS i R 90 V. PRk
AL F S PARIRA. (R RO 2 T
1, SR A R S R B 2 R E
HL P S AR Ak, AT RE R BSER, oT T &4 TPA
CFEG 2, AR AR Z 1T, b
ARG, 2 AR T R 32 ) R K R
IF, BOF A Bk The . 18] 8 ikt SEB JE g
PRSI FRAE; e OET5 % SEB MBE S 5414
TAERE, g5k 3 gl

*3 BOLIALRSS

Table 3.  Laser test results.

e BT 1% %SEBH
B gy PR e

620 3.3
a1 520

720 6

620 3.8
a2 90

720 4.5

42 FREHESETF LETIHE
4.2.1  HAAMAEEITH

THEOE ELET #5875 20 i fk b ios A 2k
BB AR S EUA TR X Y Eor . A 2.2 XS
BOH5, S 1 A REEE 5 ASHOGRE R 1) L
1 88.1%; w2 MG B ARLZ R4, 1RA 620,
720 nm K T H SEIEFITE, SR ERET
FR A7 B RE 5 A BT RE LAY L A 400 93.7% il
143%. 3 4 Wit &4 SEB A IR IX A
e Eere TTHAH.

*4 BWFAMEER B

Table 4.  Device effective energy FEegr .
Py NSO ARG A RkAE
W /nm figs /nJ 18 Fegr /nJ

620 3.3 2.91
i

720 6 5.29

620 3.8 3.56
a2

720 4.5 6.44

422 EHTLET AR%£

et 1 W E 5 SEB f8 IREU  H A T2
BT Mg R R AL 20 TR RS 1O SOKe 3R T AR
F 2 MR T SEB R A AE Hh E T BER 2B
[T A L AT, SRS T ™ Ge 0 B .

A TG SEB 4R SRR TAERUTANR 5
Jir3il.

#*5 feFEE T SEB 45#

Table 5. SEB results (Heavy ion) of the device.
s BRI LET (GaN)/
TAERH/V (MeV-cm?mg 1)
w1 520 18
a2 90 28.5

423 #HK ELET 5€#%-F LET it

FEIZWOGIR S & rh, o 620 A1 720 nm K
FAMEFIOEF IR EBICA (3e) KT W15
ELET )3k anF:

ELET620 nm = 2.24 x EX;, (4a)

ELET720 nm = 0.66 x EZ;. (4b)

fiiHH (4a) RN (4b) AT LIS 2PN AT
Yt ELET i)t 5E & 7 LET {fxf ke, 550wk 6
T4l

K 9°h 620 5 720 nm 3 K% & SEB i}, i
YL HEEF LET WXL R.

&l 8 #&f1 &4 SEB J5 Hy S

(a) #84 1; (b) #8142

Fig. 8. The physical pictures of the devices after SEB: (a) Device 1; (b) device 2.
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#6 WOLELET 5T LET XL
Table 6. Comparison of laser ELET and Heavy ion LET.

Py BRI T AR NGOG figtt MOEELET/ FE TLET (GaN)/
4 HE/V P /nm Eer /nJ (MeV-cm?mg ™) MeV-cm?/-mg 1)
620 2.91 18.97
a1 520 18
720 5.29 18.47
620 3.56 28.39
A2 90 28.5
720 6.44 27.37
G Ml oy A SBD 445 R IE A 575 5 A koA
. 2ap S| 2} R ALY B 7 1B PO I A
'g’ 20 1807 ] o20b 1gar AR 2R 5 70 R A ST [BIOG 2 R U
E el 800 5 | el 00/ REISFEE 24, IR T IR GRS AR 2
gLl S T AR (ELET), MIiE M7 GaN I
g .l S | RIS PEIIK SO E LA T T
- E E TEIR G A AR v, s A A TR0
4t : : 4t DN - ,
(a) ; ; (b) _ FR SRS 5 H B S BE i AR, P IR A

0
0 5 1015202530354045
EZ/nJ?

ol
0 2 4 6 8 10 12 14
EZg/nJ?
B9 ANEPEK T %4 SEB 1Y E2Z, 5 LET L& % 1
Bl (a) 620 nm; (b) 720 nm
Fig. 9. Corresponding diagram of the relationship between

EZ. and LET under different wavelengths causing SEB:
(a) 620 nm; (b) 720 nm.

MIE 9 XFEE H, #80F 1 5840 2 (0 ELET
HEBET LET 806K, Hig 58/ 4. Wi
T ASHEOCA SR R AR AR, AN A A A A S 15
Ff) ELET 228 AR K. X% T35 35 A SO A 3
RET LRI, 38 2 ZERIE R h ASHOGIE K
R 620 nm B, 3R A0 F IR BUEAEOGTE
GaN JZ= i 6 R AN, INITA 15 X 32 201 48
TR RS, R AT RE R S A TR X R
L2928 2.8%; AGHEOEIEA N 720 nm B, /N
BT R EAHAFHOGTE GaN 21986 REUR
K, M TR X 32 20 19 4 i R R e, —
YR T RE &5 A TR X BB & 7 FL 208 36.5%. PRXT
THESHCR TS, AR A A S
PEFE 620 nm LT 720 nm.

5 % #®

AR FE AT ] GaN ZZas 1+ 5k 1
SRTHOLE BAOCHEEARBITE, XHET AlGaN/
GaN S#4hH) GaN Jpast, @ar EHT HEMT

S A BE B A% R AR R A VR X RE B LA 88.1%, 620
720 nm K A G Y BE AL AR AL R
X A 7 He oy R 93.7% Al 143%; WiEes 14 n0 i
Jt ELET PS5 fE 5 70 45 1A & 4 ar
IR, 5 38 A G O R RE AL s i v
TPA /N AR 32 309 4 I8 — R S S R
K, IR EBFR R/ TPA KX 2001 1
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Abstract

The femtosecond pulsed laser is used to study the quantitative evaluation technology of the single event
burnout (SEB) effect in GaN power devices. In this work, we establish two pulsed-laser effective energy
transmission models for different device structures, analyzing and verifying the equivalent relationship between
the effective laser energy and the heavy ion linear energy transmission (LET). The critical parameters of models
are confirmed, including laser parameters and device parameters. The interface reflectivity between the layers is
mainly considered. Meanwhile, the parameters are corrected by the multiple reflections between the interfaces,
and the laser energy of the second reflection of the metal layer is considered. These measures can be used to
reduce the error of the effective energy in the device active area. In addition, we validate the models
experimentally. A gallium nitride high electron mobility transistor (GaN HEMT) and a schottky barrier diode
(SBD) power device are used in the experiment on the irradiation by a femtosecond pulse laser. The effective
laser energy thresholds and the laser equivalent LET threshold with two incident wavelengths of the SEB are
calculated. The theoretical calculation value and the actual measured value are compared. The selcction basis of
the laser wavelengths is given by the detailed study. The support for the laser quantitative evaluation and the

protection design of the SEB in GaN power devices is provided by this work.

Keywords: GaN power devices, femtosecond pulsed laser, Single Event Burnout, equivalent LET
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