MOSFETs Part 10: Adding Source & Drain - Making Current Flow!
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e MOSFET Formed by placing n+ Source and Drain

Bepletions on either side of the gate Bulk/Body Source Gate Drain
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¢ Note Bulk/Body contact on the top for ease of /é;
manufacture
o No Different to previous analysis [/
e Contacts are typically assumed to be biased: o
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o Source: l/5 =0
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o Drain: \/P = Vnri able = \/D5
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e Bulk is p-type and Source is n+-type
ol = ls=o
o Depletion Region around source from unbiased
P-N Junction
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e Bulkis p-type and Drain is n+-type
°Vs=0 , Up->0

o Large Depletion region around Drain from
reverse Biased P-N Junction

e No Current can flow!

e Channel is either in accumulation or depletion
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e Channel Region enters Accumulation T f
e Majority Carriers accumulate at the interface Source i
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e Depletion Region remains around Drain & Source " — Holes at

P Si Interface
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e No Current can Flow!
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e Majority Carriers pushed out of interface Vg>0
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e Interface enters Depletion

e Depletion region continuous between source &
drain
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e No current Can flow
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e |nterface enters Strong Inversion cer
g Inversion Positively
e Minority Carriers form Channel L Reg|on Vg>0 Cha rged v
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e Channel is effectively n-type
o No P-N Junction between Source & Channel
o No P-N Junction between Drain & Channel

e Current can flow between Source and Drain! ; N
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Curent in the MOSFET: Sebep
e Place a Voltage on the Drain |/5 Vg>0

o Now a Potential difference between Drain and
Source |/175
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* Asaresult, A current will flow between Drain & Source T (0,0)
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e Remember that Electric Field is just the rate of change of

potential: B cél/ Cﬂ)
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e Uniform Carrier Concentration in the channel --> Current is
dominated by Drift Current:
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e Conductivity depends on charge in the channel!
o This is why we went to so much effort to find
channel charge!
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¢ In the Context of the MOSFET, The Current Density is
given by:
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e The Inversion Charge Qiav may not be constant along the
channel due to Drain Voltages (shown later)
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e The Electric Field 5[3{) is due to Drain-Source VoItage]/oﬁ

e Once we know Current Density, We can find total current P Si
in the MOSFET...

Cumert in the MOSFST

e Current Density is Current per unit Width:
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e So the total Drain Current is given by:
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e Butwhatis (Y, [3) ?

e We know total charge at the gate:

-~ (&ﬁe() Cé\p + Q,‘m/ Qj)) :D Q;w == (% - Qcﬂe/

e Depletion Charge is given by:
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e Charge Equation gives us total Gate Charge:
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e Substituting these to find (Y.

irw ﬂ) = - ((ox [\/@’¢ (5) j ~ 17/55,'/)/,4 ¢§[fj’\j)

e We should now be able to solve for Drain Current:
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e Inorder to remove the derivative (d) terms, we must integrate both sides:
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e This solution is pretty complicated, but can be approximated by: Q '/
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e Let's think about what this means for a minute:
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e We'll talk about what happens for high ‘/p in the next section

e Thisis called the Linear Region since drain current is linear with |/G
e Thedrain current is quadratic with respect to \47 however.

e We assume that the drain voltage is small, and model the device as a gate-controlled Resistor:
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