£

R K T Y 2 3R F AR B i R R AR TR B T AT M R b X At

Hot Carrier Stress Induced Drain Leakage Current
Degradation in Deep Submicron MOSFET’s
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Abstract

Drain leakage current at zero gate bias
has been recognized as a major reliability
1ssue In deep submicron MOSFET’s. In this
project, we investigated various drain leakage
cwrrent mechanisms. Hot camer stress
induced drain leakage current degradation has
been modeled and characterized. The
dependence of drain leakage cuirent on gate
oxide thickness (from 30R to 80 R), supply

voltage (from 1.5V to 5.0V) and operation
temperature (from room temperature to 100
‘C ) has been investigated. In modeling,
various drain leakage current components
including  drain-to-source  subthreshold
current, band-to-band tunneling current and
trap enhanced drain leakage current are taken
into account. Our result shows that interface
trap-assisted leakage current may become a
dominant drain leakage mechanism as supply
voltage is reduced. In addition, a two-stage

drain leakage curent degradation was
observed in  relatively  thick oxide
nMOSFET’s.
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Fig.1 IThustration of subthreshold leakage current
(Is) and band-to-band tunneling currentsfl)
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Fig.2 Ilhustration of various trap-assisted
carnler transition process
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Fig.3 Measured drain leakage current

characteristics before and after hot carrier
stress at two different temperatures
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Trap-independent mechanisms:
Iyp(band-to-band) =AE 2 exp(-BIE)
-toos q
I(drain-to-source) &’(,exp(nkTVgs)
Trap-assisted mechanisms:
&-&

G, = vy 0,[mexpt l;T ), (1£)]
E-&E
Gy, = vy 0,[nexpc T D]
% Th
Alyqr= qw|f , AN, (x, &g -d i
AL ¥ bandgap e e
B I Tt
AL 'V bandgap e e
- ; GeGh
Alspyr = qW AN (x ,g)wdgdx
AL 7 bandgap ene

A= Alspy + Alyp + Alyr
Temperature-dependent parameters:

£,D = £,0)- aT*(T+f)

E D
n; = VIerxp[%]
Field-dependent parameters:

(E-E)"

Te= EGXP[S—ZLZ(M)ID TEt]
312
7, = Toexp[ghl(gmp)l/) (6}3-618%3 :




Drain Leakage Current
Enhancement Factor

Drain Current(Amp)

120
I=353K

Drain Current(Amp)

3.3

1.7 2.1 25 2.9
Supply Veltage (V)
Fig.4 The ratio of the post-stress drain leakage
curent to the pre-stress drain leakage cunrent
versus supply voltage
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Fig.6 Various zero gate bias drain leakage cunrent

components from measurement and calculation
(T=353K)
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Fig.8 Nommalized drain leakage cunrents versus
stress time in the different gate oxide thickenss n-
MOSFET's
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Fig.5 Various zero gate bias drain leakage cunrent
components from measurement and calculation
(T=292K)
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Fig.7 Calculation of various interface trap-assisted
drain leakage cunrent at T=292K
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Fig.9 Charge pumping cunrent versus stress time
m different gate oxide thickenss n-MOSFET's



