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2) flat-band voltage
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gate voltage and ψS

EC

EV

EF

! "( ) = 0

qVG > 0

!
S
> 0! V

OX
> 0 !V

G
="

S
+ #V

OX

!VG =" S + EOX tOX

!VG =" S
#
Q
S

$
OX

t
OX

!VG ="
S
#
Q
S

C
OX

C
OX
=
!
OX

t
OX

F/cm2

D
OX
= !

OX
E
OX
= "Q

S

D
OX



Lundstrom EE-612 F06 8

gate voltage and ψS
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threshold voltage, VT
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flatband voltage

In an ideal MOS-C, ψS = 0 when VG’ = VFB = 0.

In a real MOS-C, charges at the oxide-silicon
interface, in the oxide, and gate-
semiconductor workfunction differences shift
the flatband voltage.
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interface charge
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charge in the oxide
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distributed charge in the oxide
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additional information

For more information on the oxide-silicon interface and the origin of
the various charges, see:

1) R.F. Pierret, Semiconductor Device Fundamentals, pp. 650-671
Addison-Wesley, 1996

2) J.A. Del Alamo, EE 6720J/ 3.43J Integrated Microelectronic
Devices,Fall 2002

       Lecture 22:  “The Si Surface and MOS Structure”

     Available from MIT OpenCourseWare:

     http://ocw.mit.edu
  ‘Electrical Engineering and Computer Science’
  ‘Graduate’
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gate oxides 2006
• Typically SiON with k ~ 4.6 for 15% N2 (not SiO2 with k = 3.9).

• Use of thicker oxides give less gate leakage.

• SiON is more resistance to boron penetration.

• But, SiON degrades mobility and reliability (NBTI).  Engineering the N2
profile may help.

•  Typically grown in dry 02, followed by plasma nitridation and rapid
thermal anneal.  Results in 10-15% N2.

•  NIT ~ 5 x 1010 cm-2

•  Oxide scaling has stopped at ~1.2 nm due to gate leakage.
Introduction of high-k postponed to at least 32 nm node.

Source:  M.A. Alam, Purdue Univ, 8/06                        
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gate-semiconductor workfunction differences
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ΦM < ΦS
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flatband voltage
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flatband voltage
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capacitance
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capacitance
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capacitance vs. voltage

V
G

C
G

C
OX

CFB

acc
C ( )

G
C inv

low frequency



Lundstrom EE-612 F06 25

(i)  accumulation capacitance
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accumulation capacitance
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accumulation layer thickness
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flat band capacitance
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flat band capacitance
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depletion capacitance
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depletion capacitance
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inversion capacitance
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inversion capacitance
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inversion capacitance (high frequency)
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inversion capacitance (high frequency)
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low vs. high frequency
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low or high frequency?
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MOS CV recap
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Qi(VG)
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summary

1) Review

2) Gate voltage / surface potential relation

3) The flatband voltage

4) MOS Capacitance vs. Voltage

5) Gate voltage and inversion layer charge


