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Established framework for Si
Component qualification and reliability
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JESD47, AEC-Q100, JEP 122

GaN Failure mechanisms,

L . JEP 122, JEP180, literature
lifetime extrapolation

Switching reliability for power JEP180: Switching Reliability
management usage of GaN Evaluation for GaN Power Devices

Power- . JEP173: Dynamic ON-Resistance Test Method
supply GaN-specific test methods . .
level JEP182: : Continuous Switching Test Method

Extreme operation (Lightning
surge, short circuit)
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Channel (2DEG)

Fewer channel
Buffer (GaN/AIGaN) electrons remaining

Substrate (silicon)
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30 mQ (LMG342x): I. = 18.4 A hard tum-on
VDS = 480 V, TCASE = 125°C (TJ > 125°C)

1.4

50 mQ (LMG341x): I = 13.4 A hard tum-on
VDS =480 V, TCASE = 125°C (TJ > 125°C)

14 70 mQ (LMG341x): I = 8 A hard turn-on
s VDS = 480 V, TCASE = 125°C (TJ > 125°C)
T e e e i i b
0.8
i} 200 400 600 800 1000

Stress time (h)
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* R150-01

..1150 mQ (LMG341x): I = 0 A off-state stress " R1s0-02
VDS = 500 V, TCASE = 125°C (TJ > 12500) . R150:04

* R150-05

dynamic Rps(on) at low duty cycle (normalized)

* R150-06
* R150-07

R150-08
0.5 = R150-09

*« R150-10
o 200 400 600 800 1000, R150-11
Stress time (h)
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dynamic RDS(ON)
(normalized)
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Current accelerated
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=
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= Voltage

3
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£ 10

e
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5 |

' Solid: reliability vehicle
Dashed: boost converter

0 200 400 600
Drain Voltage (V)
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Stress using atest-vehicle circuit Evaluate switching lifetime for broad application use
suitable for accelerated stress
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Normalized switching-stress rate (per hour at 1khz)

1.E+00
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Other
considerations
Rps(on) (package, thermal,
limit electromigration)
40 # Switching
I'g — stress limit
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30 —
..&.. iy o "._
; 20 _':f'4r D |
' | +m5| Maximum
10 A 4' G << time | f recommended
\ voltage
| S | ' ,/
0 L — T K f
0 100 200 300 400 500

& 6-1. fEFHFFF R EIF RN 71 LR SOA HiZk. BLAFREXT 10ns FFoChki Al 100kHz iB47T &5 .
FF BN M 2840 T 53R A I BLFH REB T SRI8 1T . R 21 Vs FnE ATEE & FE R IR L HH B R

U SR BAT IR BT T ORPUIE R 2 , W AT A P 5 RE S A Al ST S e (VAR IR AR FEL AT o T SR R TR Al L At A 1E
WEOT R EAT FET Sl JEIF 5 Rl A 78 L HL T3 T i o s A fe 2 ) e i PR 8S FEL AR N

ip = IL + Csw_node * dvpg/dt (1)

AT IR E IR (Ippeak) FITRHIEIE R T N LB ER 70% 2] 30% , JTF%75 s LA (Csw_node) Tt PCB
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A Peak bus

voltage Ma_trgip for
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©
g
3
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'O I — s — — — — b — — - ] — — e ] — — — e R — — 4 _————— -
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strike >
|
time

B 7-1. Vps(surce) 72 GaN FET 7] LAZE HBLRIR I E3 T R E B LR E. Vpsirr) IREBSMHREH L -

Tl GaN FET %1%t Vpg(surae) #EAT 7 3AIE : #245 IEC 61000-4-5 JRMFRAERD) [ AR Hin T+ v s | 1%L AR ARAR
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o Surge peak’= 720 V ‘ l'w .| =i
|

RIER VewF Vi
V|N=400v

o ol | 400V
| | 1' + surge
: e : \ ‘

f =100 kHz, Tcase=105°C, 1 KW : i

Vour =200V

~

- —- —- =
(@ 100V 7] @ 100V @ 5.00A ][z 10.0us 5.00GS/s Aux S  88amv
| 16. 200045 20M points
_2" Coupling || Termination Invert Bandwidth 2 Label 5 Oct 2018
§ C
“|[oc] ac 502 || on Full V_SW_NODE 15:30:16
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Ko

TRV HLE % Vpgsurar) I GaN BeitAafi RJR AR Be—fF 7 SR i 5. 100 PRUOMIRIE A 2R & 10 S 2R I AR FR v
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System-level e Overtemperature (OTP)
protection e Overcurrent (OCP)
e Undervoltage (UVLO)
System-level e HTOL (JESD47)
reliability * DHTOL (JEP180)
e Lightning surge robustness
e TDBFIT< 1
GaN device e Hard switching MTTF 8.46 x 10° years
reliability e HTRB (JESD47)
¢ dRoy lifetime stability

Bl 8-1. Tl GaN 7 (] R G % A] SR AR R FE R SR I 88 LR T I3«

ARG n] S E I AT JESDAT iR E H A (HTOL) ik, JEP180 7% (DHTOL) Ml LA & B dh iRy ik ( 76
T A ) SRIGIE. FRATHAT JESDAT HTOL MIRKI 5 F 1 3 #ib/= &b , &k 77 A284F |, DL U s R RnE
LERTE HTOL #4775 HLYREL 38 FH 254 T MR IR 2 7246 A 5K HTOL AiCh R ANiER |, Rtk HTOL M ih
82 MCM 7= i S PR S A Th REFF oS nl SE 1k o 7F FYRHE v FH 25140 N RO T 5S4 JEP180 DHTOL il $5 =
1T, H AR E R R . B RE T IRATE PR (EVM) 18T, JRsdd AN —4 H Mo, anlEl
8-2 7R

Loss current
sensing

-

& 8-2. zhZ HTOL (DHTOL) f# F H BF4izfT , BREWANENF , i 7RI RN 7.

XL R AR JEP180 S st 2 F (M & BT R BIR ) iahns 7y, FIiE47 1000 /N, X4
PELERE SR S 26 R EIN. AT o MK 23t N R B, I ERAIE T B S AR Sl Sk . B8
WaAR T % HAB A A | nsh = R E R . el — PR E 7 HEREREE | Hllns MCM 3
e A AR GaN 2844 sk F Y A A I AR AR 1 B . XS ROR T RS IMRCE | BT L
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B35 AE BT B R brri b . B 8-3 i ifdE— A% SRR 17— H AL (4 D asfh ) MRl |, ORRIE iz gt e
FIBRE TR T R . R ORIFAEHATIRIE R 0.1% W, feonth TI GaN 7 i i RGP SEdk . X — 45 R3E
W2 E TR 18T . X L B 3) 2 Rpgony g PEIRER) , Z RIERETT AN KPR B 2640
AP, DHTOL MIE KA 1T RFE 0 rT OREFIRMT , ££ 100V/ns 1) S4B R T A&7 25 b 52800

0 30 mohm - 1
-0.1

0 30 mohm - 2
-0.1

. - | rohm - 3
-0.1

L — e -
-0.1

0 A R R T Pt P P P P SNt | (| 1100 - ]
013

0 M PP AT g P P T NGEEGNG A EPEIONNPOpmPaeGgmei | (| mohm - 2

Efficiency change (%)
o
wuny

Runtime

&l 8-3. LMG3410 Tl GaN #/4#)5)7 HTOL (DHTOL) 4 Ri217 %44 480V/125C. 150kHz. 100V/ns [E3%
| DRHEMIhE LR ST, BATE A 1000 /ANEF . fFAHFIZHERESHIN © 30mQ 4 3.8kW. 50mQ A 1.9kW.
150mQ A 1.4kW. 2BHZ1THE , REIHRE , MERIFE 0.1% 2 |, Br T HANRARFTEME.
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