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Abstract

£ AFE switching mode ©] Power NMOSFET failure
mode o #st] AT AUAE FHINUC AL
power NMOSFET 2 30V §°]9, vender A ¢ 383 AF
o]t} LAF failure mode £ power switch 3 ZA &4
ID & detect 3R E3= mode At EHZF source
voltage 7} #8129, power NMOSFET DC 5354
£ 43 vgs #3e) wet 1d 7 A AT Fail @
power MOSFET 543 reference & Y LOT 9 4E&
AR89} De-cap F Inversion I Accumulation mode &
2 Photoemission spectrum analyzer(PSA) #4] Wi 2 3
4319t 23 accumulation mode 9|4l intensity 7} T4
&g o0, forward diode mode oA FAH oz W3}
ool AE&HUT) SEM 2423 gate metal I} source
metal 2] micro-contact ©] °]FoIx Ut o] A4 gate
metal 2} source metal A}o] close loop & A3t gate
charge $2 W3 A1A power NMOSFET &) £¥ & A 5}3}

= failure mode 7} AR S BEAF & YA

L. Introduction
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BaE 2 28 AL & Jrk ddx FELD I F&
o AEFHoz UEdd, x4 53 JldsE
carrier(Majority "= Mincrity)S Z£H3te 99Ul
Fo Aol g VFEoR FEE £ Utk 2 F
E& Power MOSFET & Power BIT o ¥]sf 293
=7t w21, 49 dPdLart gof FEIZE ded
A ol FFE, 7HHALH, BAAN2EF Gd
RoA I Abge] F7tslm 9irh[6] MOSFET & 28
%ol Power MOSFET E3 33 H5& 47 9@
98 74x Fejt ALE/A G E DMOS, groove MOS,
HEXFET, SIPMOS, Trench MOS %°] 2 dE3<) ot
A A Gt Ade] 2 AdHn, $89
Aol AASHEA APH o7 GYF Failure mode 7+ L
AstA HArh uhebA thFE Failure mode o thdted
&4, dojels FAFo=AH FEF simulation & 7H5
A Fo2A 23 A3 AEE udd YAY + A
=5 o &

2 JdFddAE Power NMOSFET & ©]£€3F Power
switch 3|24 &3 ID & Z&3A &&= Failure o
3t 2L #3354} Board @A Failure mode
7t AS A g9t on], power NMOSFET 9 source A
Astz g I A BFo = JEPET) Source AY A
3l failure & 423 Failure mode & #7] 93l o}&3¢
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II. Experimental Setup

Failure analysis & 8] ©}g3 Z& BHAguE 3
435k DC SR L 98] Semiconductor Parametric
Tester %1 Agilent 4155C & A}4-31% T} Leaky point A&

< ¥3) Photoemission spectrum analyzer(PSA) W82 2

$3%05), Photoemission Microscopy Q! Hamamatsu
PHEMOS Hot Electron Analyzer & AF&-3l%ich & o]
400nm~1100nm 9] wavelength 4 9-& 2&d 4 Ydchi4)
32l3 Optical Microscopy ¢ SEM(Scanning Electron
Microscopy, Hitachi S3500N)S A}&-3ted W& gefect &
RS/ 4=

Fig. 1. Power MOSFET Basic Structure [J.H.Johnson &
K.F.Galloway, IEEE NSREC Short Course, 1996}

A8e] HEH power NMOSFET &) 7|BFZ & Fig |
3} 2n. W¥AA DMOSFET(Double Diffused Metal-
Oxide Semiconductor Field Effect Transistor) 7% & 7}A X
A9, 30V F switch mode 9 3838 N85} BN
A 452}k Vender A X AFH specifications & THg
# 2o F2oA ves(th)Gate threshold voltageys 1.0V,
Igss(Gate body Leakage) + 100nA; Idss(Zero Gate Voltage
Draint Current)¥> Vds(Source-Drain Voltage)?} 24V 4 o 2
1 A; Jd(on)(On-state Drain Current)= Vgs=10V, Vds=5V ¢
o} 20A; 722] 1 rDS(on)(drain-Source On-State resistance)t™
Vgs=5V, 1d=7A A o} 0.042 ojt}.

111. Results and Discussions
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Fig. 2. Change of Id according to Vds of Normal Power
NMOSFET and Abnormal Power NMOSFET (@Vgs=2.1V)
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Fig. 3. Change of Id according to Vgs of Normal Power
NMOSFET and Abnormal Power NMOSFET (@Vds=3.0V)

Vds(Drain-Source volitage)E 3.0V 2 BAAIZ)AL 1d-vgs
arve & SZAL © 3¢ 3 F 7] Vih(Threshold
Voltage)?t EFAIZ4A £A SAAUD. ves 7} 21V
A o FENRS BFAE9 Id(Drain curcent) FolE
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Fig. 4. Photoemission 2-D profile according to each mode

Power NMOSFET

Fig. 4@)M®)lA & 4 30=ol Inversion mode oA =
photoemission ©] A& A ¢gtch. MOSFET & 7|2 ¥
2+l 2] 23, Channel o] HAE T device 7} T3t @
oA GE L EF F AEY FFE Aot o
3 Fgg 4 Utk "gFBA Gate oxide o &4 o3
Threshold voltage &) # &1} Hot-electron o 2|% failure
mode 7} obd S A4 F AT
Fig. #c)d)¥ #°] Accumulation mode 4] backside
photoemission intensity 7} device AAH o2 vlel}]ut,
EFAN Y A FEAE B8 intensity 7} Za2EHIA
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F k. °l¥ channel mode(Source-Channel-

Drain)?! MOSFET mode <A X3 HA=2 32+ BIT
mode(Source-P-body-Drain) 534 elo] Mg & 5
t}.
Gate

o9
7 a

Aol 2§ surface charge W E AA3L7] 38
AL AASRA LT diode SZE FAHIAT
Eha
Ay

54

gate
Forward bias 217} Al Fig. 4(H9} Zo] EFAIF oA
0 2 photoemission ©] AEol HA ¥ BE
HAck Drain }A p-body & 01 E S electron ¢}
) AeA] Fdo) Hu glvkn f4E F Aok
Fig. 4(f)2] photoemission profile € 7|Z& 3l SEM ¥
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Aluminum Kal
Fig. 5. (a)SEM and (b)EDX picture

SEM &4 A3 Fig 5@0°l4 B F 3UK0] Gate metal
3} Source metal Alolol Ul g FHo] o]Fof HES
% ek ol& Fig. 500)¢ dA FFulE
EXE T8 &UF 5 ok 4 A 98 source
gate metal &) VA HFPoZ A3 source 9 gate
ground potential ol T3t reference 7+ £ A E 1A
. 2B E gate ol FE3F gate charge 7} FA FHZ|
A BozM AFAA Threshold AYS LAY3HA

o)}, Threshold A2 A3dtE A3tE Drain
%38, channel A8 AR B, @etA source o
He AgHe dolAA
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V. Conclusions

T3 g HATE Power NMOSFET ©f @
analysis 91t}. Failure @42 Power switch 9| A] source &
&+ A sloll <% B2 W specified ID AEEHF oA}
E2A A3}, Failure Mode £ gate A3} source HFA}o]
A AgoZ AF Ground potential B4 mode o 2]
3 EAHA L.
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