MOSFET Transistors and Basic
Circuits
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MOSFET Device Physics
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MOS Capacitor Behavior

Flatband: no Q, bands are flat Increasing Gate Voltage:
(occurs at Vy) v Flatband (V) = Depletion = Inversion

Inversion: further gate charge is terminated by
carriers at the silicon--silicon-dioxide interface
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MOSFET
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Operating Regions
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Solution: transcendental equation
(Simultaneous solution of Drift-Diffusion Equation)

Depletion (K(Vg— Vm) -V, < 0)
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Inversion (K(Vg - VI) -V, > 0)
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Sub V; Drain Current Derivation

< | = Channel Length .

* Negative ¢

Potgentia| e Y varies as KV q;

e, v/ T de

Positive l v

J Potential Source y Vos
Drain
_(psc /UT
nsource X e B o _(pdc /UT
Nsource n(x) =Ax +B n drain e
Ndrain
0 |
L = Drawn Length
dn Nsource = Ndrain

Channel Current is constant —— Diffusion: Jn = q Dp ax 9 Dn i

No recombination in channel
0

d dAn? o A0 L=1,(é - €
PR g A o= T €

5, nx)=Ax+B

KV, = Vi) - VJ)/U; (K(V, = Vo) - Vg)/Uy

)



MOSFET Current-V Expressions
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Drain current (A)

MOSFET SubV . I Measurements
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Effect is called the Early Effect

- first found in BJT devices (Jim Early)
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Origin of Drain Current Dependencies
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Above-Threshold Derivation

Band-Diagram MOSFET Picture Intuitive Above-Threshold Derivation
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Conduction band bends due to electrostatic force ¢, rentis proportional to (Q; + Qp)(Q; - Qp) =

of the electrons moving through the channel 55
Qs - Qp
Band-diagram Q=Cr (K(Vy-Vqp)-Vy),  Qy=Crx(Vy-Vq)-Vy)
picture moving
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Above-Threshold Derivation

Current moves by Drift Q(x) = C; (&(V, - Vy) - W(x))

I =u, Q(x) E(x) =u,Q(x) d\;ix) Cr=Cp+Cy

We know Q at Source and Drain edges of the channel
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Saturation: Above Threshold

Qp 1s positive, but by this simple model, could become negative.

Where this model breaks down defines the saturation region
for above threshold bias currents.

When Qp= 0, the MOSCAP at the drain at the boundary of
depletion and inversion. Further increases in drain voltage
push this MOSCAP at the drain into depletion.

mmmmm)>  for sufficiently large V4, Qp=0

_ %(K(Vg V) - VS)2

v, =x(V, - V)



Above Threshold MOSFET Equations

350
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O 150t
100f
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If K =1 (ignoring back-gate):
V, = 0.806
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sqrt(Drain current (A))

MOSFET Above V. I Measurements
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More Ohmic Region Data
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Above Threshold MOSFET Data

An Ohmic Device A Saturated Device
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Channel Current (uA)
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have a quadratic
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Compact EKV Model
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EKYV Model Extraction

/VTO, K, gamma, 20; \
1
VT - VTO 4+ VSB (E— 1)

VT = VTO + Y(\/Z(Z)f + VSB — 4/ Z(Z)f)

Drain Source Current(A) in log scale

Soijrce voltage (1|‘5V|)
__Parameters | _NMOS___| __PMOS
Voo (V) 0.405 -0.620
K (UA/V?) 40.6 2 55 27.7
gamma 0.45 0.38

20 0.38 0.38



Drain Source Current(A) in log scale

Theory, Stmulation, and Data
from 0.35um CMOS ICs
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Effect of Velocity Saturation

Velocity Saturation
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Capacitance Modeling in a MOSFET

MOSFET Depletion Capacitors MOSFET Ch?lnnel Capacitance
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Source Follower (Sub V)
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Common Source Amplifier
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