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== matenial, and 3 negative Fermi potential for p-type material. We will use this convention
= throughout the text. The electron affinity of silicon, which is the potential difference
APTER 3 between the conduction band level and the vacuum (free-space) level, is denoted by gz

i F'E_ 3.2. The energy required for an electron to move from the Fermi level into free
Space is called the work function q®g, and is given by

9P =qx +(E. - E) (3.6
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Figure 3.3.  Energy band diagrams of the components that make up the MOS system.

The insulating silicon dioxide layer between the silicon substrate and the gate has a large
‘band-gap of about 8 eV and an electron affinity of about 0.95 eV; On the other hand, the
work function g®,, of an aluminum gate is about 4.1 V. Figure 3.3 shows the energy’
~band diagrams of metal, oxide, and semiconductor layers in a MOS system as three
separate components.
Now consider that the three components of the ideal MOS system are brought into

‘metal and the semiconductor, a voltage drop occurs across the MOS system. Part of thys ~

o built-in voltage drop occurs across the insulating oxide layer. The rest of the voltage drop'

(potential difference) occurs at the silicon surface next to the silicon-oxide interface,

foreing the energy bands of silicon to bend in this region. The resulting combined energy”
band diagram of the MOS system is shown in Fig. 3.4. Notice that the equilibrium Fermi
levels of the semiconductor (Si) sub and the metal gat atthe P 1al. The

bulk Fermi level is not significantly affected by the band bending, whereas the surface |
Fermi level moves closer to the intrinsic Fermi (mid-gap) level. The Fermi potenual
the surface, also called surface p ial 0. is smaller in magnitude than the bulk Fern

potential ¢

physical contact The Fermi levels of all three materials must line up. as they form M“"{Q
- MOS capacitor shown in Fig. 3.1. B of the work-function difference between the.
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let the gate voltage be the controlling parameter. Depending on the polarity and the yo

magnitude of V;, three different operating regions can be observed for the MOS system:
lation; depletion, and i ion.

If a negative voltage Vi is applied (o the gate electrode, the holes in the p-type
substrate are attracted to the semiconductor-oxide interface: The majority carrier concen-
tration near the surface becomes larger than the equilibrium hole concentration in the
substrate; hence, this condition is called carrier accumulation on the surface (Fig. 3.5).
Note that in this case, the oxide electric field is directed towards the gate clectrode. The,
negative surface potential also causes the energy bands to bend upward near the surface:
While the hole density near the surface increases as a result of the applied negative gate
bias, the electron (minority carrier) concentration decreases as the negatively charged
electrons are pushed deeper into the substrate.
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Figure 3.5. The ‘cross-sectional view and the energy band diagram' of the MOS structure
operating in accumulation region.

Now consider the next case in which a small positive gate bias Vis applied to the
gate electrode: Since the substrate bias is zero, the oxide electric field will be directed
towards the substrate in this case. The positive surface potential causes the energy bands
to bend downward near the surface, as shown in Fig. 3.6. The majority carriers, i.e., the
holes in the substrate, will be repelled back into the substrate as a result of the positive
gate bias, and these holes will leave negatively charged fixed acceptor ions behind; Thus,
a depletion region is created near the surface./Note that under this bias condition, the
region near the semiconductor-oxide interface is nearly devoid of all mobile carriers.

The thickness x; of this qeple!ion region on the surface can easily be found as a
function of the surface potential @, [Assume that the mobile hole charge in a thin

horizontal layer parallel to the surface 1s
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3.2. The MOS System under External Blas ( A omulakan de.PL}-roofL
v

We now turn our attention to the electrical behavior of the MOS structure under
externally applied bias voltages. Assume that the substrate Voltage is set at V=0, and =

vw%@










