Semiconductors
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N, = density of Donor atoms like P.
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with minimum thermal energy this
becomes a free electron

Available free electron (N = negative) - material is still neutral since —ve charged electron

cancels positively charged P ion.
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N, = density of acceptor atoms like In.
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n=N, < inan N-material

p=N, < inanP-material

Turns out that the density of the other carries goes down i.e. in N-material:

n=Ng,
n’ n, = Density of free electrons or holes of an intrinsic semiconductor
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n, = depends on how much thermal energy is available (Temperature dependent)

at 27°C (300K) n;|g =1.5x10" /cm®

Diodes

When you bring a P-material and N-material together what happens?



negatively charged ions remain here positively charged ions remain here
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Depletion region —> because you have
electric field
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you can calculate X and X :

X, + X, =depletion region thickness = d
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Bias
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relative permitivity of silicon

V. = Voltage applied across the diode

Reverse bias Vg, = —Vj

Bias

Forward bias Vg, =V,
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if one of the N, or N is very high > one sided diode:
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in case of graded junction electric filed is not triangular. We have to modify equations.
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when diode is subjected to large voltages > find average capacitance C;_, Y, VARY
27 V1

VBiasl = O
if Vg, =—5V(—> C,, =056C,
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In reverse bias: there is no current.

In forward bias: diode has a current:
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In forward bias there is another capacitor component. Different capacitance due to reaction of moving

charges to the applied field (those who contribute to the current)
—> Diode current
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\Vi — Thermal voltage

Forward transit time

C,=C,+C, +— in parallel
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Diode model

Forward bias:
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I :I—T : diode incremental resistance = this is not a real resistance.



MQOS transistors

N-channel - electrons are the conducting charges - faster

P-channel = holes are the conducting charges - slower

gate oxide
Source Gate / Drain

n-channel ——

P-sub

Weak inversion - behaves like a resistor
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