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SEMATECH CMOS Activities
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1/f noise and RTS

SEMATECH ;

Fluctuations of drain (gate) current in MOSFETSs are caused by fluctuation of
number and mobility of inversion carriers due to their capture/ emission by
traps in oxide. RTS is observed in small devices

Single trap - RTS:

Noise power spectral density is
Lorentzian:
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Electron transport in dielectrics: trapping
and trap relaxation SEMATECH

One electron description i‘oatet:git:g:f)é:t'?grsue Total energy description
does not include relaxation P which includes relaxation
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Simulating RTN In high-k stacks 7\
g g SEMATECH
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Role of trap relaxation in electron sﬁmcu
capture process

Multi-phonon relaxation factor vs. trap energy
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1/f Noise In High-k/Metal Gate Devices
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RTS below threshold voltage: the role of

Interfacial states
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RTN in 1.4nm SION/Poly-Si Gate Stack Qp
SEMATECH

Experimental data from: J.P. Campbell et al, IRPS’09
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« 2-step model reproduces data both below and above the threshold - assuming
no significant relaxation at interface state and its spatial alignment to the bulk

oxide trap
 Trap parameters are identical to those of traps located in SiO, interfacial layer in
high-k stack: E;=3.3 eV, x;=0.4 nm, 5,=1.6 10-** cm?, S=33



Traps in Tunnel Oxide in TANOS sQ?mmcu
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Open symbols stand for the pre-existing
traps. Filled symbols designate stress
induced traps.




Which traps can contribute to noise? L}?
SEMATECH
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Example:
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Physics-based mechanism for
noise generation processes may
lead to predictive noise
simulation modeling

Correlation between relaxation
energy and distance from
substrate for the traps contributing
to noise at a given frequency



SILC mechanism in high-k stacks: oxygen
deficiency of interfacial SIO, layer (ersucr, iEomz008)  SEMATECH
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SILC simulation in high-k dielectric stacks with ultra-
thin IL = the model still works?

Degradation under stress
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Similar slope for all parameters

“  suggests that instability s
EOT=0.6 dominated by the interface
—o-onm degradation



SILC Simulation: Energy Band of Thin Q?
Interfacial SIOx Layer SEMATECH
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Model verification: SILC simulation based on

earlier extracted defect characteristics
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possible!
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Fast V, instability: Accounting for fast trapping
processes in high-k dielectrics
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Extracted defect
parameters:

Characteristic time
T~0.5us

Trap capture x-section
c ~1013¢cm?

Trap density

>1013 cm2

Energy ~ 0.5 eV

U

O-vacancies in m-HfO,




Reliability projections
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« Multi-layer, multi-component

dielectric stacks

- Accelerated stress (high
voltage/temperature) may activate
additional degradation
mechanism which might not be
relevant under use conditions

- PBTI model under development

High density of defects and defect
precursors

- Fast transient effects may
change reliability projection



Summary =

 Mechanisms controlling device performance and
reliability can be identified by combining electrical,
physical and modeling methods
-> collaboration between characterization and
modeling studies is critical to address challenges of
future technology

* Physics-based models can successfully simulate

evolution of device characteristics under operation
conditions - may help to increase design margins



