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Voltage acceleration

Failure Criteria

Vo, 1)

A = At"® : Saturating
time exponent

A = At" : Constant
time exponent

Degradation (I, V1 etc.) (log)
QWIIBYT PaJISA(

v

Time (log)
How does the degradation scale with voltage and temperature!
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Classical Hot Carrier Degradation

Ve,V Ve T

Rate eqn.

e,h Bonds
_ﬁ ﬁ
(Si-H, Si-O)
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Lifetime scales inversely with V at |

Lifetime [s]
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Lifetime [s]

Lifetime scales exponentially with V,
(at 1., ,, Max)

sub

vd [V]
Habas et al., MIELS5, 1995.
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Lifetime described by power-law

n=-31.9 .
—~ n=-40.5 10
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Time and voltage dependencies

1/2
N = (% kaNoj (DHt)ll2 (for H model)
R

213
_[mkeNg U3
_[E . j (DHzt) (for H, model).

Mg N crit

to(VD)OC{k v ):|

_ (e) ()
ke =Cx1.7, 1.7,

Recall the analogy with NBTI
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Voltage dependence: Balance Equation

/Pinched-off region

; Iﬁpqct-ionizatﬁon
. hot:electrons (T,)

§VDsat

. .
------
""""""""""

(see Prof. Lundstrom’s EE656 Notes at Nanohub.org)
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What is hot electron distribution?

A A A

n(E)~e &% |n(E)=e T | N(E)~e™

S

Oy,

= ik Electron-electron scattering
v Impact ionization feedback

— Q@

n(E)

Isub

Temperature a proxy of describing energy of the hot electrons



Field distribution at on state

0.8

0.6

E (a.u.)

0.4

0.2

Y (a.u) =~ —

(into substrate)

X (a.u.)

(along the channel)

Drift-diffusion simulation shows that field peaks close to the

drain edge, as expected.
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Outline of the solution

1:O(VD) < kF (VD’VG) < IG (VD’VG) < Isub(VD’VG)
ty (Vo) oc k. (V) "

|
ke (V) oc I =~ —2 eBMNo,
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Electron/Hole temp: balance equation

t, (V) oc ke (V) 1

2

lo

._2 g

Lo ke =C x Ic(;E) (T.), Ic(;h)(Th)

B Long channel current:

10

X (a.u.) 1 COILle .

‘]n — A Lc (VG _VTH)

Energy balance at steady state:

d dT W —-W?°
0=——| W +nk;T,)o—x—= |+(J, xE,)- .
dx dx T,
Self Energy-flux Work against pressure Carrier heating Relaxation to lattice
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Electron temp. @ Pinch-off

0
oz—i{ o dT} o, XE)(W—W]
dx dx T,
3 1 ., 3
W_EnkBTe+§nmU ~§nkBTe . (50w
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dx | 2 2 T,
k —3(x—x ) /
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Electric Field in the Pinch Off Region

C ILl 94 Pinched-off region
1o == (Vg -Vy) Vou %
C :
V2
X (Vg -V )V ey
— -,
L, (V -V, ) V"
2
In the pinch off region .. e
V(X) =Vygar + A :
X/ : ; : .
V(X) =V, +U,e 0 s| X

E()=dV/dx=Ue" /. 1= 3xW,

Mansy, 2D Model for IGFET in Saturation, ITED, 24(3), p. 254, 1977
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Position dependent gate current

~®,
I = J: qn, X ( kz;r”:()j x ee’ ) gy

| Is j (k al,( )jyz eq_ECDz dx.
Uyt 27m’

EG,SiOZ

Recall the saddle point integration \

jbe“’”(x)dx: 2? eM®) 35 M — .
: M |7 (%))
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Hot Electron gate current
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Hot Carrier Lifetime

to (Vs Vo) oc Ke (Vg ’VD)J%
1 A Av

— sat

o o ~B/(Vp—Vp cat)

Ke Vo, Vp)  Ig 1, xe coo
BI(VpVp ..
(V. V) xt, U Ao, xe (Vo ~Vo.a)

In(ID XtO) ] In AUsat +B/(VD _VD,sat)

Determine lifetime for several different
voltages allows to calculate B.
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Isubstrate [uA]

Substrate current as a thermometer ...
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Rate of impact ionization

For E > ®, >

a; ~C. [( E/®. )—1T

E=100kV/em

log (Il Rate/sec)
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Hot Carrier lifetime by substrate current

Threshold for impact ionization
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Substrate vs. gate current
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Voltage Scaling by Substrate Current
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Ang, Microelectronics Reliability, 39, 1311, 1999.
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