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series resistance
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series resistance (ii)
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series resistance (small VDS)
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series resistance (large VDS)

VGS = ′VGS − IDRS
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series resistance (large VDS)
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recap
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maximum series resistance

ΔID

ID
i ≈

RS

RON + RS( ) < 0.1

From ITRS 2007 Ed. ION = 1513 μA / μm VDD = 1 V

RON = 654 Ω − μm

⇒ RS < 73 Ω − μm

RSD = RS + RD < 146 Ω − μm 200 Ω − μm( )
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some terminology to keep straight
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1) resistivity of a semiconductor:

2) sheet resistance of a semiconductor layer:
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= ρ
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R = ρS
L
W

Ω

3) interfacial contact resistivity:
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physical origin of RSD
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1) metal-semiconductor contact resistance
2) extension resistance
3) tip resistance
4) spreading resistance
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metal-semiconductor contact resistance

metal contact

Area = AC

n-Si

ID

Top view Side view

tρi Ω − cm

interfacial 
layer



Lundstrom EE-612 F08 15

metal-semiconductor contact resistance

n-Si

ID

Side view

t
ρi Ω − cm

interfacial 
layer

RC 0 =
ρi t
AC

=
ρC

AC

Ω

10−8 < ρC < 10−6 ž -cm2

“interfacial contact resistivity”

AC = 0.12μm ×1.0μm

ρC = 10−7 ž -cm2

RC 0 = 80ž -μm
2008 technology node

(ITRS 2007 ed.)
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what determines the M-S contact resistance?

EF
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(eqn. 5.11) of Taur and Ning)
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lateral current flow
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lateral current flow (ii)
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lateral current flow (iii)

ID

ρSD Ω/

LC

AC = WLC

“transfer length”LT = ρC / ρSD

RC 0 =
ρCρSD

W
coth LC / LT( )

i) LC << LT : RC 0 =
ρC

LCW

ii) LC >> LT : RC 0 =
ρC

LTWEqn. (5.8) Taur and Ning
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silicide - Si contact resistance 

p-Si

n+

metal silicide spacer

poly

ρC = 10−7 ž -cm2

LC >> LT RC 0 =
ρC

LTW
≈ 80

LC ≈ 118 nm

LG ≈ 23 nm

2008 Technology node (2007 Ed. ITRS, PIDS chapter)
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physical origin of RSD
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1) metal-semiconductor contact resistance
2) extension resistance
3) tip resistance
4) spreading resistance

S x j
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resistance of the S/D extension

ID

ρ ž -cm
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(W into page)

x j

ρ = 1 / NDqμn( )

ρEXT Ω/ sheet resistance of the S/D extensions
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2008 technology

p-Si

n+

metal silicide spacer

poly
ID

1
2 3 4

S/D extension:
-junction depth
-length
-sheet resistance

x j

X j
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ITRS 2007 Edition (Front End Processes)

X j = 25.3nm
 ρEXT = 740 Ω /W

x j = 11 nm

S = 25.3nm( )
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2008 technology

p-Si

n+

metal silicide spacer

poly
ID

1
2 3 4

25.3nm
ρEXT = 740 Ω /W

S = 25.3nm

REXT = ρEXT
S
W

= 19 Ω − μm
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physical origin of RSD
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1) metal-semiconductor contact resistance
2) extension resistance
3) tip resistance
4) spreading resistance
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physical origin of RSD

p-Si

n+

metal silicide spacer

poly
ID

1
2 3 4

-tip resistance is controlled by the steepness of the junction
-steepness measured in  nm/dec
-tip resistance is a significant part of RSD

lateral abruptness:  ~ 2.3 nm/dec
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physical origin of RSD
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1) metal-semiconductor contact resistance
2) extension resistance
3) tip resistance
4) spreading resistance
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spreading resistance
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Eqn. (5.6) of Taur and Ning
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components of RSD
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RS = RD = RC 0 + REXT + RTIP + RSPR
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summary:  components of RSD

RS = RD = RC 0 + REXT + RTIP + RSPR = RSD 2 < 200 Ω − μm

REXT = ρEXT
S
W

2) 

RTIP + RSPR ‘link-up resistance’3,4) 

RC 0 =
ρC

AC (eff)
AC (eff) ≈WLC1) RC 0 ≈ 80 Ω − μm

REXT ≈ 20 Ω − μm
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scaling considerations

RON =
VDD

ION

→
VDD /κ
ION /κ

RON → RON

In practice, RON is decreasing

want RS < 10% RON

How does RS scale?
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scaling of RS

RS = RC0 + REXT + RTIP + RSPR

REXT = ρEXT
S
W

→κ ρEXT
S /κ
W /κ

RC 0 =
ρC

AC (eff)
→

ρC

AC (eff) /κ 2 RC 0 →κ 2RC 0

REXT →κREXT

RS increases with scaling!

ρ / x j
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effective channel length

ID =
W
Leff

μeff CG VGS −VT( )VDS = VDS / RCH

VDS

ID

= RCH =
Leff

W μeff CG VGS −VT( ) =
Lmask − ΔL

W μeff CG VGS −VT( )
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measuring Leff

RCH =
Lmask − ΔL

W μeff CG VGS −VT( )RCH

Lmask

X

X

X
VG

ΔL

RCH

Lmask

X

X

X
VG

ΔL

RSD

with series resistance
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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

p-Si

n+ n+

LMASK

LGATE

LMET

LEFF
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physical interpretation

p-Si

n+ n+

LEFF

inversion layer

accumulation layers

S

D

G

RD

RS

gate voltage independent resistances = RSD
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physical interpretation

p-Si

n+ n+

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.

LEFF
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summary

Achieving an acceptably low series resistance is a 
serious challenge that gets more difficult as 
device scaling continues.
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