ECE 440: Lecture 33
MOS Capacitance

MOS capacitance measurement:

[image: image5.wmf]3

3

,

inv

poly

eff

ox

W

W

d

d

+

+

»

[image: image6.wmf]ox

i

MS

FB

C

Q

V

-

=

f


[image: image1.png]Capacitance (F)

2E-07
2E-07
2E-07
1E07
1E07
1E07
8E-08
6E-08
4E-08
2E-08
0.E+00

Low frequency

Simple
model / capacitance
Exact High frequency
solution capacitance

Deep depletion
capacitance

Ves Vr
4 2 70 T2 4

Gate Voltage (V)





Why is there a difference in inversion capacitance at:

· Low-frequency (< 10 kHz)

· High-frequency (~ 1 MHz)
Answer:
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Inversion case I: inversion-layer (minority carriers!) can be supplied quickly enough to respond to changes in VG
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How do we supply them?
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Inversion case II: inversion-layer cannot be supplied quickly enough to respond to changes in VG
Ex: Plot and label the C-V curve of a PMOS capacitor with P+ gate, substrate doped ND=5×1017 cm-3, and SiO2 d = 2 nm.
In reality, neither the SiO2 dielectric, nor the Si/SiO2 interface are perfect:

· Mobile ions (Na+ used to be a major headache)
· Dangling bonds at Si/SiO2 interface

· Imperfections within SiO2 which trap charge
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We can group these non-idealities together as an equivalent sheet of charge Qi (> 0) at the Si/SiO2 interface.

+ charge at the interface ______________ the E-bands there and changes the field across the SiO2.
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This shifts the flat-band voltage: 

Odd shifts in C-V characteristics were once a mystery:
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Source of problem: Mobile ionic charge (e.g. Na+, K+) moving to/away from the interface, ΔVFB = Qi / Cox
Solution: cleaner environment, water, chemical supply.
With simple C-V measurements we can learn (and “debug”) a great deal about the properties and quality of a MOS capacitor, and thus of a MOSFET technology:

· Obtain oxide thickness (d) from:

· Obtain substrate doping (NA) from:

· Interface charge (Qi) and VFB from:

MOS capacitor wrap-up:
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Figure 6.20

Influence of materials parameters on threshold voltage: (a) the threshold voltage
equation indicating signs of the various contributions; (b) variation of V
with substrate doping for n-channel and p-channel nt+ poly-SiO,—Si devices.
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Influence of materials parameters on threshold voltage: (a) the threshold voltage
equation indicating signs of the various contributions; (b) variation of V
with substrate doping for n-channel and p-channel nt+ poly-SiO,—Si devices.
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Fast interface state determination: (a) High-frequency and low-frequency C-V curves showing impact of fast
interface states; (b) energy levels in the band gap due to fast interface states; (c) equivalent circuit of MOS
structure showing capacitance components due to gate oxide (C;), depletion layer in the channel

(Cp), and fast interface states(Cj;).



Experimental measurement of fast interface states (traps):
A little more on the real measured C-V curve:
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Effective oxide capacitance affected by

· Poly-silicon gate depletion
· Finite thickness of inversion layer

Both of which are somewhat functions of voltage.
And last but not least:

· Why HfO2 instead of SiO2?
· Why metal gate instead of highly-doped poly-Si gate?
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