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2. Hot Carriers
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3. Gate Oxide Integrity (GOI)
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4. Negative Bias Temperature
Instability (NBTI)
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Parse AGE command
Tage = ?

Number of Runs = ?
Time Division = Linl_og

'

Frash Transient Simulation

i-i!.’ﬁl

Stress =0

:

Calculate Stress integral for each device

Time Division = ?

Divide Tage Divide Tage
linearly loganthmically

| T
Stress = Stress + Siress_inwegral = T )
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Parameters Update
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HC update models

B Different types of updating laws are commonly used :

— Linear
— Saturated
Power- I
‘ / - Law — ——oi2
z = Wl
= = Saturated
Slress Siress
(a) (k)
dP_HC = A x|HC_S" dP_HC = Bx(In(1+CxHC_S))"
Il
Stress (t)

Ips PIT, e i
AN =C1 | — — : T.
IT 1 |: W EXp ( qAEEI:-]t str




NBTI stress models

B Again, accurate models are proprietary
B Public models have simple form below :

HF—=RZBNAT AL TWAEMEBEA#EL

\

(IVes®] = Vet

NBTI_ Stress(t)

M In this equation, m and H are parameters of the stress
model

59



NBTI update models

B Typical update formula for VTHO :

dP NBTI = Ax[NBTI S"ke
Il

NBTI_Stress (t)

A degradation constant.

n degradation rate.

Ea Thermal Activation energy.

K Boltzman constant.

T Temperature 1n degrees Kelvin.

Deep Submicron CMOS Integrated Circuit Reliability Simulation with SPICE

Xiaojun Li. B. Huang. J. Qin. X. Zhang. M. Talmor, Z.Gur, Joseph B. Bernstein
2110B Marie Mount Hall, Microelectronics Reliability Engineering
University of Maryland, College Park, MD 20742 USA

' xjli@wam.umd.edu

FE
1‘1“.1” Lrﬂltﬂ _Ta
th gs C:{p{ H-T }
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Dedicated API : UDRM

B Models are coded in C, using the UDRM API

libeldomos3.so

C O

Standard
BSIM3
BSIM4

N~

libeldoudrm.so

libeldoudm.so

-

Proprietary
GUDM
model

N—

my-udrm.so

UDRM supports BSIM3, BSIM4, PSP and HiSIM
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Crosstalk Coupling on HC Degradation

RelXpert

NBTI Vg Dependency for Long Channal Davica

", Delta VIVt vs Time
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g P
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¢ Lifetme drops 3 orders of magntude as miil i«
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log Time jmin)

¢ Most difcut/dangarous AC HCI phenomeanon
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