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series resistance (DC)
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series resistance (DC)
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series resistance (small VDS)
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series resistance (large VDS)
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series resistance (large VDS)

!V
DS

I
D R

SD
= 0

R
SD
> 0

I
D
=

I
D

i

1+G
0
R
S( )

!I
D
= I

D

i
"

I
D

i

1+G
0
R
S( )

!I
D

I
D

i
=

G
0
R
S

1+G
0
R
S( )
=

R
S

1 /G
0
+ R

S( )

I
D

i = G
0
V
GS
!V

T( )

G
0
! I

ON
/V

DD
= 1 / R

ON

!I
D

I
D

i
"

R
S

R
ON
+ R

S( )
=

R
S

R
TOT



Lundstrom EE-612 F06 8

outline

1) Effect on I-V

2) Series resistance components

3) Metal-semiconductor resistance

4) Other series resistance components

5) A look at the ITRS

6) Effective channel length
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series resistance (DC)
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physical origin of RSD
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metal-semiconductor contact resistance
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metal-semiconductor contact resistance
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what determines the M-S contact resistance?
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lateral current flow
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lateral current flow (ii)
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lateral current flow (iii)
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physical origin of RSD
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resistance of the S/D extension
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physical origin of RSD
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physical origin of RSD
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-tip resistance is controlled by the steepness of the junction
-steepness measured in  nm/dec
-tip resistance is a significant part of RSD
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physical origin of RSD
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spreading resistance
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components of RSD
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summary:  components of RSD

R
S
= R

D
= R

C0
+ R

EXT
+ R

TIP
+ R

SPR

R
EXT

= !
EXT

S

W
2) 

R
TIP
+ R

SPR
‘link-up resistance’3,4) 

R
C0
=

!
C

A
C
(eff)

A
C
(eff) =W

L
T

coth(L
C
/ L

T
)

!

"#
$

%&
1) 

L
T
= !

C
/ !

SD



Lundstrom EE-612 F06 27

outline

1) Effect on I-V

2) Series resistance components

3) Metal-semiconductor resistance

4) Other series resistance components

5) A look at the ITRS

6) Effective channel length



Lundstrom EE-612 F06 28

RSD and the ITRS

[12] Rsd is the maximum allowable parasitic series source plus drain
resistance for a MOSFET of one micron width. The values are scaled to
allow the required saturation current drive values (see Note [9]) to be met.
Yellow and red coloring reflects FEP TWG projections on contact resistance,
salicide sheet resistance, and drain extension scaling.
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RSD and the ITRS (ii)
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RSD and the ITRS (ii)
[G]  The maximum allowable parasitic series resistance for NMOS
devices comes from the PIDS device design. The allowable resistance
for PMOS is taken to be 2.2 times the NMOS values. The maximum
drain extension sheet resistance is modeled by allocating 15% of the
allowable source and drain parasitic resistances to the drain
extensions. …The drain extension sheet resistance value must be
optimized together with the contact resistance and junction lateral
abruptness (which affects spreading resistance), in order to meet the
overall parasitic resistance requirements. This is a relatively crude
model and the resultant sheet resistance values should only be used as
a guide.

[H]  Channel abruptness in nm per decade drop-off in doping
concentration) = 0.11 * Physical Gate Length based on Short Channel
effect. This lateral abruptness is consistent with a 3 decade fall off of
doping over the lateral extent of the junction, which is taken to be 60%
of the vertical junction depth. …
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RSD and the ITRS (iii)
[I]  Contact Junction Depth = 1.1*Physical Gate Length (with a
range of +/-33%) for Bulk devices. Junction depths for NMOS and
PMOS are the same.

[J]  Spacer thickness (width) is taken as the same as the Contact
Junction Depth, namely 1.1 × Lgate, for bulk devices…

[N] The Si/Silicide maximum interfacial contact resistivity
values were calculated assuming that 100% of the PIDS total
allowed MOSFET Source/Drain resistance is allocated to the
contact resistivity. It further assumes that the transistor contact
length is taken to be twice the MPU half pitch, where length is in
the direction of current flow. …These values should be
appropriately modified if different transistor contact lengths are
assumed… The values of contact resistivity, drain extension sheet
resistance, and drain extension lateral abruptness must be co-
optimized in order to meet the overall parasitic resistance
requirements.



Lundstrom EE-612 F06 32

structure  of 70nm node MOSFET
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components of RS at the 70 nm node
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components of RS at the 70 nm node (ii)
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components of RS at the 70 nm node (iii)
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scaling of RON
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scaling of RS
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scaling of RON
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effective channel length
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measuring Leff
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what is Leff?

“measure of gate-controlled current”

Y. Taur, IEEE Trans. Electron Devices, 47, pp. 160-170, 2000

See also, Taur and Ning, pp. 202-221
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various channel lengths
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physical interpretation
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physical interpretation
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when sheet resistance underneath the accumulation
layer is less than the sheet resistance of the
accumulation layer, current spreads into the bulk n+
region and the channel ends.
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