Journal of the Korean Vacuum Society
Vol. 5, No. 3, September 1996, pp. 229~238

HAHAESOE X2|=l Al-1%Si2taH{AM0A D.C.2} Pulsed D.C.
X450l AMQ| electromigrationSiAH0]] Z+st oA,

HHAE - XIS
oot AR, A& ArA
(199613 39 129 H5)

A Study on the Electromigration Phenomena in Dielectric
Passivated Al-1%Si Thin Film Interconnections under
D.C. and Pulsed D.C. Conditions

S. T. Bae and J. Y. Kim

Department of Electronic Materials Eng., Kwangwoon University, Institute of New Technology
(Received March 12, 1996)

2 94-donsw Ay AL1%Si vt Mo 14¥ D.C 2 Pulsed D.C. 239 elec-
tromigration #47} mAFHEA ] st Alsttt. Zo] 21080 pm, HE 3 um°] dimension-g zt=
meander type?| passivation layer(SiO/PSG)7} 0.1 pm/0.8 pme] FA 2 A=A Holglys Al-1%Si &=
Ao Y AFUE 2x10° Alem’, 1><107 A/cmu D.C.9} 200 KHz, 800 KHz, 1 MHz, 4 MHz¢] 75}
W1 E 7}A] 0, duty factor 0.59] 2x 10° AJem’, 110" A/em’®] A B Y EE 7k= Pulsed D.C.2 ¢)7}5t 4t}
917}l D.C. 2 Pulsed D.C. 223} H 01 Exﬂ—’,‘-‘%‘ £ D.C.Hr}E Pulsed D.C.Ql A9 ] 717422 JE}
‘—Lﬂ A5 ‘QEOﬂ aA gEsta sles AUt D.C.RTH= Pulsed D.C. 23t A EAFHo] o] 21
A& duty cycleg 2t wave on- offﬁi EH ] Pulscd D.C.o A pulsed off timeAjoll @A &} Bhabul 4 2]
71 A A, A7]3 stress gradientoll 71918k #9) vacancy o] EH 313114 <1 o] A& A (relasation phenomenon)
o2 Azbgr), whatul Mg ¥o] electromigration Aol o)&l HAE H71H Y, @EE dovE Al
3t #A1-2 SEM(Scanning Electron Microscopy)& o] &3t #akatdc). clectromlgratlonoﬂ ]BP 75?}
surface extrusion?! hillock#} depletion regionell A 8414 crack(void)e] ez} tE o) A3s 2 Ve
ARE AT U

Abstract — The electromigration phenomeria and the characterizations of the conductor lifetime
(Time-To-Failure, TTF) in Al-1%Si thin film interconnections under D.C. and Pulseu D.C. con-
ditions were investigated. Meander type test patterns were fabricated with the dimensions of 21080
pum length, 3 um width, 0.7 um thickness and the 0.1 um/0.8 um (SiO./PSG) dielectric overlayer.
The current densities of 2x 10° Afem’ and 1x 10" A/cm’ were stressed in Al-1%Si thin film in-
terconnections under a D.C. condition. The peak current densities of 2x 10° Alem’ and 1x 107 A/em’
were also applied under a Pulsed D.C. condition at frequencies of 200 KHz, 800 KHz, 1 MHz, and 4
MHz with the duty factor of 0.5. The time-to-failure under a Pulsed D.C.(TTF,anc) Was appeared
to be larger than that under a D.C. condition. It was found that the TTF under both a D.C. and a
Pulsed D.C. condition largely depends upon the appiled current densities respectively. This can be ex-
plained by a relaxation mechanism view due to a duty cycle under a Pulsed D.C. related to the wave
on off. The relaxation phenomena during the pulsed off period result in the decay of excess va-
cancies generated in the Al-1%Si thin film interconnections because of the electrical and mechanical
stress gradient. Hillocks and voids formed by an electromigration were observed by using a SEM
(Scanning Electron Microscopy).
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VLSI(Very Large Scale 1.C)olA] ULSI(Ultra Large
Sclae L.C)ol| o] 2 HheA) Azte] MHE, 1174 glof
W& Azt A3} (scale down)= design rule?] lamb-
da base uleS 1 um, 4} X|o]+= submicron¢| 3} 2714 &
A3t Aol et 1, 1T BHe A Aate] AFTA
9 sl Bt A4S submicrono]dte] WA E
72t At HEa AZ3xE gte v ¥
& d7F s ol A i A1)

aeu, 23 FAste] o g ME o nA g Lt
Al m2E IAH MAFzAstlA uhahl el
3 ABUCZE FAA electromigration#} 72L& F&
st A71E A2, AST2 wehd e
2,5t WA Q17beE d7]4 LRl (electrical
potentia)iholo] &)g WEp AL B2t Mo ofF
of HEFS 714 9} electromigrationsl] 2]3F A3t-e 74
A7) [B)1RA o2 VERHA electromigration &
e 2R AHE B T HFE 243
et o213 electromigration FAtol thdt A=
19600 SHHRE] EAEA el digh A Al Zte
2 1980t Fubx]= A9 7p4st 279 D.Cx2A
Fof| A] BFuf A o] interdiffusion mechanism} £ 7 o)
5 (mass-transport)[4], o8} MZ5 9] geometry ¥ 3}
o g £A5H) SA[S), T 47 HERS 2 no-
ble metal?] Ag, Cu, Au 59 2L drahuj 752
7§k, ICBD(lonized Cluster Beam Deposition)Z o|-&
3 7|33} 22 vl 34 (orientation) 7}AH A AL A
A8 AA A A electromigration Aol that 7Hak A
Al S zhe 4 9l low angle A3 %) Al(grain boun-
dary)g Zte M2 HrEaizz e (6], wes
Al 7 EMEE B3 AHAY S ol &
AxgY ol FAZY AHYUAE &

o=

-

interdiffusion-&

AAAZ F g et Ee] v T 2HE 7] T
o] o) M4E WBlA)A electromigration A4S 1A
A7, 2ztd] L AFHEE A& 7 e FHeRE I

=i glok 1, 1980 D] FNHEElE AHA=
nMOS, cMOS 5-9] ¥ ) LCA 7} S35 9ol
clock pulse®] HE]Z Pulsed D.C., A.C. A|-1d Z7 9
9] electromigration mechanismol] 3t A7z} A2
A peak current densityol] )3t TA|H o] of&A
[8], wave on-offel] HA#E duty factore] th3t o]&A],

Irr

F2 A, A5 A, 435, 199

AR Al WAE e T2 dgt A 7tE5s 2
Al exoEAdo] gigt AF9)7} o FojAMA 53],
19922 E] Ao o]27]71A| &= pulse off timeA]o|]
WAl 5} stress relaxationo]] 23} o] 24 A (relaxation
mechanism)ol] that Aol 1 HA o] AFHI Yrt
[10].

Electromigration ¥+ electrotransportoll o3t 5%
(driving force}2 HA}-&(electron cloud)e] e o] F
o2 AL AR} F&ol 2o 2 o|FojA TAH7|HEA
A4 et el nAE AFIE A7bERA LA
o} AE] uA g bl Ay el 2 AREEE &
ubs}ar, vtetaj Mo 17k electrical stressol] ¢33 A=
AAE2] HAtEH (electron wind force)S ¥HAY3ELA #
o}, olof wpe} ARHAES thAHG o & o]Fojz] whi}
Hj A Uj Rl =RA 07 EA3HE saddle pointt} triple
pointol| 9] 3 F4£0]-2E 7} momentum exchangeS 4
o7 A H1, 234 02 interdiffusionol] & & 3+ &4 8}
o 14 2] (activation energy)E oo FFITOZH
basic atomic jump& A1t} o]u atomic jumpEF
B 25 &= atomic flux J&= &Alol] I 83 Hollux| ¢}
49 FAIFE @] = mobility term D/KT2}
momentum exchangeol] 23+ -5 2 (driving force) term
Z*¢E, atomic density N,o] 0.2 E& 5 o]z}

3= [(D/KT)](Z,"¢E) (Ny) M

Z*: effective charge of an atom

E : applied electric field

D : diffusion coefficient

1 : parameter of the lattice

o 714 effective charge Z*&= Th&-3} 7o) Adojz).

7" =z[1-y(ps/N) N/p) | m* |/m*] 2

z : electron/atom 2] H]
> WA AR 4
(Pa/N)(N/pa): ARARET} o] 53 defecto] T

SEEL

mtim*: SAYA) FHo 2 FE L EA
s

Y 71BN A jumpe] Zold] B 5

HslE w1 ek JiA|
(2F 059 & zeHh)
281, z& ions3} field A}o]9] electrostatic forceE
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L}ehA e, negative termS jonS 3 2 ol= AU}
Alole] ghg-o 7 HE $-3F5 3= electron wind forceE L}
ehiich, 2e|uy, A0 R o Foli wheh e bl
Y& ahil & whet Yol atomic mobility o] H
32 dog|n, wEra FHAHQ 2oe] Fm |
(temperature gradient)l] 2814 atomic flux divergence
& $arazith olgisl 2xFulldl 938 atomic flux
divergence= atomic mobility B7} &6l X434 o
2 9]#351= Arthenius rate & wE 7] ufj o]},

B =D, exp [~AH/KT]/KT (3)

718-2Q] Arrhenius rate2 F-E]e] &Efulol] wE

atomic mobility 9] ¥ 3l o}2-3} 2},
dB/dT = Dy/KT [exp (~AH/KT)] (AH/KT-1)  (4)

o3 7]A], ghefel stripee] Zeo] xof me} Yojuh= S
HiE dT/dxa} b stripe Z o] xol wE mobility gradient
dB/dx+=,

dB/dx = dT/dx x dB/dT (5)
dB/dx = Dy/KT [exp (~AH/KT) | (AH/KT — 1)dT/dx
(©)

A (6)3 o] s)o] winhul Ao stripe Z1o] whet o
ol LEuE FHE o atom W vacancy flux
9] divergenceZ ¢ 0.7]5, o]#{& mechanismof ©]&)A]
dhoba Muoll = B-2l o] F(mass-transport)e]  Dojr}A
#u}. electrical stressol] 2]8F B2l o] %2 wbahyl Aol

A F 7Y = AgS wANTE e B

1

=3 glrh. Cathode 2| G0l Ali= anode X H o 9| &4
olFol 23k w7k H(depletion region)o] A E[HA]

ol7) vacancy ©)Fol| A crack(voidyg& A3} elec-
trical open®} anode X ¥ 0 2 ©o|E35}= &2 (mass)d] =
] Z] < (accmulation region)ol| A o] FTH S o o] 8} hill-
ock = whiskerE &4 A|7]¥ electrical short7} vl 3 2]
QLA Z1 0.2 vhetta k2]

o] 213} electromigrationol] ¢}t A ahitAlel & A
4™ (Time-To-Failureys A& 7j4:3 2719 D.C.o 4
A AAEAE Q) Pulsed D.C. A n8)s] Bd,
A7kl WHE void 9] derivatives URS-i} 7r),

dé/dt & Fy=nv o nJ =R(S)n(1)J(1) (7)

& : the volume of void

v : vacancy velocity

n : vacancy concentration

F, : vancancy flux

©}714 A vacancy BAJo] &% 544 (Time-To-
Failure)7} 4 9) 4748 34 Ke} o,

k45

e
ju n(OImde=f R

®)
o] %] 11, relaxation time 19} vacancy generation rate”’}
Al Ak af 2 (17 nlegvka 7 ey,

dn/dt =-«(n/7) + e | J(t) | ™! ()]
o] 5o n(®F 4 (7l th s,
n=rall! (10)

ulgbA D.C.2ASel A 2] A<= (Time-To-Failure)

-y

TTFpe = K/Tadpe (K/10) = Ape(T)
(induced black equation)

TTFpe = Apc (T)/}Lr)nc (11

A (A3 2ol d& F glorH, o) duyx|e L%
olo] #AE Boltzman distributione A}t 37 3)
9 Arthenius equation® 2 RE] F%3 Ta$Ho)
ik Black®] w447 ¢ 2|8} A €t

[MTF] = AJ" exp (~E./KT) (12)

E. : Activation energy in [eV]

K : Boltzman constant

T : Absolute temperature

A : Material constant

MTF: Median Time to Failure

D.C.Z#o| A ¢} 2] wave on-off & X35} Puls-
ed D.C.ZAZNMY %44 (Time-To-Failure)}2
wave on-offol] vacancy relaxation time 17} $3#+=]o] duty
factor®] opof ulz} mA|FH(TTF)o] MgHo 2 F
7TEE o 5 AUk Bk e Ql7ke e whEd) gl
Al bt el gEA G Eir wAE e B3F
ripple-& ¥ 3 3}o] average vacancy concentration-g |
Abahd,

n()y=n=ral™! (13)
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TTF pyees pc. = K/70T I
=Ap(T)/T Iml

Pulsed D.C(rectangular wave)ol| A 2] =448 (TTF)2
e 2.

TTF pyysea p.c. = TTFpc (duty factor)™ (14)

o|uj Pulsed D.CAFE} o A 2] peak current density J&=
m=10] opd u] D.C.2] current density ¢} ¢1#x]o] 9l.&
£ & 4 it} Pulsed D.C.ZA 30| A o] & A4 4=H(TTF)
of tjg EAL 34 on-offe} HA%9 duty factorsl] o &
8h= pulse off timeA]of] WA3}= o)A Ao & A 5}
de A7t AFEH s, o|gd el bigl 7]E9)
English9} Miller, Maiz®} Schon®] 2o ¢]3}#, pulse
off timeo] 1000%<) 7 9-9F 1/1000% AtolefiA Yo}
T o|gAE Bt 49 TAFHS pulse duty fac-
torof| ¥t o]&3lm EAo] 17}E &= mechanical, elec-
trical stress gradientol] 7]913} vacancy ] ¥3}9} A3
Aoz FASS ). stress gradientol] 7118 uhebul A 9)

Hapuishe ohea) 2o,
(AR/R)/AP = —4 x 10-1 [1/Pa) (15)

oEbA E AFelAe V1 dheh M) AdeA
A=+ junction spikingS Y = Jod, A 3
Blee) et dRg R A8stEla s Al1%Si vhet
A Azl £A FHEEAS FAREIAY Ae
(RTYEjo A D.C.9} Pulsed D.C.E Q17180845 D C.
(duty 1), pulsed D.C.(duty 0.5)Z273tol| Aol =A+H
(TTHEA, ARDEe] &4, uratejA o] Zoldl| oyt
o2A 5o BEatgon, 198535 E FAaE]s) ALz
g+ 256 K2R-E] 20003 the] 2At) wre A9l 1GH9)
2R A7 AALERA ) clock rate7} 12 MHz
ol A 250 MHz=. 11&31g o] Wah(E& 1), 200 KHz, 800

E 1. Semiconductor Manufacturing Trend (from [2])

KHz, 1 MHz, 4 MHz8] AF5lo]A] 135l o2 = A
& dhahaj Mo olzjate] Fulr thdo] wlE A
wg uEso 2 A WA A4 HM

# 488 AAshee 1 51 T
24 H

B Aol ALEL-F test patternS work station SUNS]
construct tool& ©]-&3}6] 1.5 um design rule® design
g 7, ftadER ~HEFst AFedct. dakst
(thermal oxidationy 02 A5 7577} 5,000A
o]n, Hx}H(deviation) 20A9] A+3}e+e 7+:= Borono] &
¥ p-type (100) A2 diolH A F25 Al-1%Si
bl e 7000Ae] FAE JlEen, ®F pho-
tolithography &4 2 pattem A5} test pat-
tern2 AZ 3pum, Zo] 21080 ume] meadner typed]
pattern®} A< 3 pm, 2o]7} 100~1600 umgl =43
pattern 2.3 pad¥-E} patten7} A= 6 pm<} wider line-&
7FA ™, 100 wm x 100 pm pad-F 3 7HEch A2 A
HL passivation layer(SiO/PSG)7} 1000A/8000A%) +
AZ dHR 39 Agj5o] ¢l1, DIP(Dual Inline Plas-
tic packageYd el 2 H|A o] A5l HHL AP chA}
2 1),

2.1 D.C.ZBIMS HRUT Q4EM Y

Meander type2) test structureo] Keithley 228A con-
stant current source® ©o]&3la] D.C. 2x10° Alem’,
1x10" Afem’e] LAY AFLEE 27}sle] 3 um9)
g & zhs e el el E Aol of gt
FUE &L AEE T8 Al1%Si vhetby)
o AT A7+ TTF(Time-To-Failure, t)& %4
] 93t out voltage detectori= computer controlling
GPIB(General Purpose Interface Bus) interfaceE o] &

1985 1990 1995 2000
Device Product 256 K 64 M 1G
Sesign Geometry 1.2 pm 0.8 um 0.25 pm 0.12 pm
Clock Rate 12 MHz 40 MHz 100 MHz 250 MHz
Processing Steps 60-90 90-120 120-150 150-180
Mask Levels 10-15 15-20 20-25 25-30
Fabrication Costs $260 M $360 M $1B $2.4B
Wafer Size 150 mm 200 mm 200 mm 300 mm

e
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gy AHE Al-1%Sisrehuf ool 4
s o0 (28 2), 548 AlolAle] whakul el A 2
A5 ARUE T e 4E ol g3tk AN
it

AR =R - R,

R : 534219 4%
Rq : initial resistance
Resistance ratio: AR/Ryx 100=%

2.2 Pulsed D.C.ZZI5l0{AC] MRYUT 2|&EM AH
Al-1%Sivr g A o)) X-generator(200 KHz, 800 KHz, 1
MHz, 4 MHz)9} HEE cMOS 74HC04 TTL
(Transisitor-Transistor Logic) inverter® ©]-&3F pulse
generator 2 5-E] 2% Pulsed D.C.%3-& 13302 npn
transistor 9} switching resistor, switch diode 2 o] Fo]%

AEE 1. Test pattern2] package 3 &).

@ 1. Standard photolithography 2 |2}l meander type
9} test pattern.

[ ——

constant Computer
current controlling
source Saspie voi tage
(Xaithly, detector

z8) (GP1B IEEE 488)

I |

8 2. D.C.EA3} A 9] electromigration test 3] & %

D.C.¢} Pulsed D.C. 27 & o)A 2] electromigration #Abol] #3k oIt
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constant current circuit-& %£3}ed duty factor 0.5¢] Puls-
ed D.C. 2x10° Afem’, 1x 10" Afem’?) 1
rent densityE <1718l ). oju] %
of Al£-H pulse?] duty factor= 0.50|¢jom, Fo4t=
800 KHz= A 3lir}. Pulsed D.CAE o)A peak
current densityT 0 to peakol] 3j=&3dl=
weh e ezl A%
pulse 1571732} pulse on time®] B]§
3,4, 5).

1A% peak cur-
CERLIBE L

voltage 2 5-E
2 Aosiy, duty factor:
5 oy

2.3 D.CO} PD.C.EAGHIMS =X+
Z2sl0iMe| Fhl lEY Y

TAE HFEE 2x10° Ajem’, 1x 107 Alem™] duty
factor 1€ z++= D.C.8} duty factor 0.5% 7+ Pulsed D.C.
& el Qlvbete] SASH(TTRS tigh duty
factor®] &A1& 5% ©.0, pulsed off timeA] ol A3
sk o] 3 Y% RATHEALS ZAEY.
2% 10° Afem s}l A duty factor
0.58 Zt¥ pulsed on time 12 pus€) 200 KHz, 4 pus$] 800
KHz, 3psel 1MHz, 1us®] 4MHz F34E zh=
Pulsed D.C.E Q17}sted Fatspo] oigh ©A]9] A gws)

EM 3 PD.C.-

peak curent density

= —

pulsed pulsed
on time off time

duty factor = (pulsed on time)/(pulsed on time+pulsed off time)
A8l 3. Pulsed D.C.2 75} A 2] duty factor.

y//4

ERERE L2

LA YL

] ARARRGN
]

/{ Voot ot

—r _IDF

18| 4. Constant currnet pulse generator 7% 3|2 %,
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(b) 800 KHz (t.=4 s, te=4 Us)
Duty Cycle: 0.5

(d) 4 KHz (t.=1 ps, ta=1 ps)
Duty Cycle: 0.5

234 Rk
(a) 200 KHz (1.=12 ps, t,=12 us)
Duty Cycle: 0.5
(c) 1 MHz (t.=3 ps, t«=3 pus)
Duty Cycle: 0.5
g 5. wrehu Ao 917bE duty factor 0.58 2= pulsed D.C.9] 33,

o} FH(TTF)S] o] Aol thato] ¢hatatsls.

al

3. 2a Y F

3 63 7o) ZbzF 1A E D.C AFUEE AL =
AGgol ek AghaAle] XS E N A FWst a L
2 Wo)x 9t 138 690 2 EE electromigrationo] )3k
Z g Al A 7461 TTF(Time-To-Failure)y™ lognormal dis-
tribution Z+= A& < 4= 9lon, D.C. 2x 10° Alem’,
1x10" Alem’e] uA" AFLESIA] hehu)ale]
MTF(Median Time to Failure)7} 555.8, 1.27 hours = 1}
B, vl e 5 e ARRET} Fobel met
A% 24P B+ v £ 19 79 BAS
(TTR)z} st 2efaroA & 5 dx
Alem’, 1x10" Alem’®) v 89 AFUEE
Q17151514 ©) D.C. 1x10° Alem’®] 7%, % g sl
ok 7Ro] At B 21.9%F B.9en, oF 14zke] X}
M 100%(H) o, AF 0mA)e] AFHASLE Ve

upsh o]

= FekElA], A 59, A3, 199%

o] D.C. 2x 10°

1000
—.—’_‘_’-‘——r/"—‘
D.C 2X10E8
100
g
2 10
! / D.C 1X10E7
01
o 10 20 30 4 50 80 70 80 %0 100
CUMULATIVE PERCENT (%)
38 6. w98 DCAFURI NS AT v 4
S CErE!
100 . -
F 90 . -
E 80 . -
g 0 — .
% 0 «[0c. 0e7] . a [o.caxieEs N
2 s . =
: 40 L L]
§ 0 . -
a 20 hd
< 10 .'. . -
Y ., w a sy "
Q a3 1 10 100 1000 10000
Current strassing time (hours)
a8 7. 749 dFYE D.C 2x10° Aleny?, 1X 107 Alem?
3ol A 2] A5 Aepast 1.
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At

Electrical stress& BFatufj Mof| 1718} &
2AE AFDES A A} Aol
B thAaH oz o] o)zl upatuf A ujiof electromigra-
AR A whk

tiond]]

213} atomic flux divergence?} &

A7kl w2t

Rogh

H}“]LH‘]?“'E‘ e} 5;{10]5—0] o) 98-8 ot 5 9]
t}. olgf st BAo|Fol up whubal R g A
e AR 3o UERSITE AbAlL 26) vlERY electrical

stress S17FA 9] wbubuj A o)

SEM AR} B i &}hod

electrical stress= ¢17}8F Hhuluf Mol A = THEE] ¢

8l hillocko] #

#EE 1 9=t of2]dt hillocke WHEF

100682 23kY

ARl 2. Electrical stress$
AR

ARl 3. 14" DCARIEES
e gt Agtel ol SEM Abl.

17141 9] test structured] thst SEM

21718k & test structureol)

Z9] dhaha oA =
(electrical short)A]7] 11,
4950z

o] %3t conductor lineg X
AEze] bl 2o A=
o|Fo]2l interlayerE %11 AF3}E ubuhy)
A& dAAozs 1CHREY LE8E FANT=
hEA el Aggsolr) w3, AgH oz DAE fest
patternol| A ¢] ASHEL FE, meandering¥l 3-Fof 4]
AeHogd GAFI el o] 25-E, straight con-
ductor line ¥ = pattern] XA W37} ot HE
of| A, H7F-&%# 3Hcurrent crowding)&Ato] dojydo) u}
2} B4 o]F(mass-transport)o] 714851 9ee o &
Atk

2% 8ol Fo& 800 KHzZ 1133}, peak cur-
rent density 2X 10° A/em’, 1x10" A/em’E 2} Pulsed
D.CE v de] Ql7tstdgue] TH|4-v(TTF)
A g 1EHE~%’— Ho]x glt}h Pulsed D.C. 1x10’
Alem’S Q1718151 S Aol 1X7ke] A & 2%
A3 st S04] ’}O] A5k - 18.78%9) AaHsE Hol
WA 108A17bel| o] 227|712 FAZ Age) S5 7HA
of AghtAllo] ofst A7)3 7fub(electrical open)o] 1=

dhE ol Pulsed D.C. 2x10° AJem’S ¢17}8k 7 9ol &= of
10004] 7ko] A gw7t2] 10.53%2] Zw)gt Aguigs
Holt}zl, 1000A]bo] A GE2E FA% Mo F7t
& Ho|HA] 3773A7ke] A ¥ AFS SAAH )
o] 23l & o 2 RE], Pulsed D.CYl A% S5
(TTF)2 peak current densityel] 2 A 21&38 1 §le-&
ok 4= giv}, 79 go= pAE HEUE 2x10° Alem’E}
o 12| 200 KHz, 1 MHz, duty factor 0.5¢! Pulsed D.C.
9} duty factor 18] D.C.Z 27}sl9E oo T4
(TTE)] tat Aahsl =2 Holq g,h:} elec-
trical stress& Q17}Sk & A7) whE x3hwislE A%
g A, D.CEZE A e ATHRAA7HL: 555. 3/‘] KA
Pulsed D.C.ZA3}ol|4+= 200 KHz, 1 MHz¢] Fapd

100 . .
% M .
g, . .
% 1 d -
g :: o o e .
]
&
g o » froc s . -
g [ -
3 . .
S . .
10 . L]
Y s ] 3 o« s y * u"
[ 0.1 1 10 100 1000 10000

Current stressing time (hours)

18] 8. Peak current density 2x 10* Ajem?, 1X 107 Ajem?E 2t
¥ pulsed D.C.ZZI8}o| M o] A4 7} 2| ws) =,
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o)A 7z} 330017, 3962417k 2 LFERIA D.C.H.
th= Pulsed D.C.273ko] 4] EA5%(TTRo] o] 71 2
o uekyrk 2 FE DCE Dhiten urke
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