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leakage components
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BTBT in the drain-substrate junction
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BTBT in the drain-substrate junction

k-space

conserve crystal
momentum by phonon
emission or absorption

k

k

qV
DD

F
N

E
C

E
V

F
P

VD = VDD

defect-assisted tunneling

BTBT

X 
hk



Lundstrom EE-612 F06 7

BTBT (iii)

tunneling probability should involve the barrier
height (EG) and the barrier width (depletion layer)
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BTBT and halos
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BTBT:  effect on I-V
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BTBT (iv)

is BTBT significant at the 70 nm node?
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gate-induced BTBT
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gate-induced BTBT:  effect on I-V
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gate-induced drain leakage (GIDL)
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GIDL (iii)
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GIDL (iii)
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GIDL:  example

M. Okuno, et al., “45-nm Node CMOS Integration with a Novel STI Structure and
Full-NCS/Cu Interlayers for Low-Operation-Power (LOP) Applications,” IEDM,
Washington DC. Dec. 5-7, 2005
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GIDL (iii)
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GIDL:  example

M. Okuno, et al., “45-nm Node CMOS Integration with a Novel STI Structure and
Full-NCS/Cu Interlayers for Low-Operation-Power (LOP) Applications,” IEDM,
Washington DC. Dec. 5-7, 2005
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gate leakage
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Fowler-Nordheim tunneling
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Fowler-Nordheim tunneling (ii)
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gate leakage (thin oxides)
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direct tunneling
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direct tunneling in practice

Lo, Buchanan, and Taur, “Modeling and characterization of quantization,
polysilicon depletion, and direct tunneling effects in MOSFETs with
ultrathin oxides,” IBM J. Res. Develop., 43, pp. 327-337, 1999.
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gate leakage at the 70 nm node

is gate leakage a problem at the 70 nm node?
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direct tunneling in practice

Lo, Buchanan, and Taur, “Modeling and characterization of quantization,
polysilicon depletion, and direct tunneling effects in MOSFETs with
ultrathin oxides,” IBM J. Res. Develop., 43, pp. 327-337.

HP
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EOT (70 nm HP) = 1.1 nm

EOT (70 nm LSP) = 2.0 nm



Lundstrom EE-612 F06 29

outline

1) Leakage components

2) Band to band tunneling

3) Gate-induced drain leakage

4) Gate leakage

5) Scaling and ITRS



Lundstrom EE-612 F06 30

ITRS 2005 Ed.
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oxide scaling

[2] For a gate dielectric of thickness Td and relative dielectric constant
κ, κ/3.9), where 3.9 is the relative dielectric  constant of thermal silicon
dioxide. …. It is projected that high-κ gate dielectric will be required
by 2008 to control the gate leakage (see the text for further
discussion on this point.) Note that the rate of scaling of EOT is
quite slow  from 2005 through 2007 to keep the gate leakage
current within the specified limits while utilizing silicon oxy-
nitride for the gate dielectric. However,  there is a sharp EOT
decrease in 2008, when we assume that high-κ gate dielectric will
be implemented. Red coloring for 2008 and beyond reflects the
projected implementation of high-κ gate dielectric. The color is red
because it is felt that the solutions for EOT below 1.0 nm are not
understood. …



Lundstrom EE-612 F06 32

ITRS 2005 Ed.
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oxide scaling

[2] For a gate dielectric of thickness Td and relative dielectric constant
κ, κ/3.9), where 3.9 is the relative dielectric  constant of thermal silicon
dioxide. …. It is projected that high-κ gate dielectric will be required
by 2008 to control the gate leakage (see the text for further
discussion on this point.) Note that the rate of scaling of EOT is
quite slow  from 2005 through 2007 to keep the gate leakage
current within the specified limits while utilizing silicon oxy-
nitride for the gate dielectric. However,  there is a sharp EOT
decrease in 2008, when we assume that high-κ gate dielectric will
be implemented. Red coloring for 2008 and beyond reflects the
projected implementation of high-κ gate dielectric. The color is red
because it is felt that the solutions for EOT below 1.0 nm are not
understood. …
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high-k gate dielectrics
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oxide scaling

[5] Jg,limit is the maximum allowed gate leakage current density at
25°C, and it is measured with the gate biased to Vdd and the source,
drain, and  substrate all set to ground. Jg,limit is related to Isd,leak, the
nominal subthreshold leakage current per micron device width (see
Note [8] below). The yellow and red coloring follows that of EOT (see
Note [2] above).
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leakage current
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oxide scaling

[8] Isd,leak: subthreshold leakage current is defined as the
NMOSFET source current per micron of device width, at 25°C, with
the drain bias set equal  to Vdd and with the gate, source, and
substrate biases set to zero volts. Total NMOS off-state leakage
current (Ioff) is the NMOSFET drain current per  micron of device
width at 25°C, and is the sum of the NMOS subthreshold, gate,
and junction leakage current (which includes band-to-band
tunneling  and gate induced drain leakage [GIDL]) components.
The subthreshold leakage current is assumed to be larger than the
junction leakage current  component at either 25°C or high-
temperature conditions, but see Note [5] for the relation between
Isd,leak and gate leakage current density. The  yellow and red coloring
follows that of Vt,sat (see Note 7 above) because Vt,sat is a critical
determinant of Isd,leak. The above subthreshold, gate, and  junction
leakage current scaling scenario also applies to PMOS devices.
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