Lecture #24
ANNOUNCEMENT

» Special session (led by the TA’s)
— MEDICI demonstration (for Part Il of Design Project)

— 3-4 PM, Friday April 18, 521 Cory (Hogan Room)

OUTLINE

The MOSFET (cont.)

» Theory of Operation
» Long-channel I-V (Square-Law Theory)

(Reading: Textbook Chapter 17.2)
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Bias-Temperature Stress Measurement

Used to determine mobile charge density in MOS dielectric (units: C/cm?)
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Clarification: Effect of Interface Traps
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NMOSFET Operation (Qualitative)

Ves <V
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Pinch-Off & Channel-Length Modulation
Ves™> Vit
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Ideal MOSFET /-V Characteristics

(Enhancement Mode Transistor)
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Effective Mobility

v
[DS = WQinvv = I/I/Qinvltlefféj - WQinvﬂeff %S

= (W/L)ﬂeﬁ’coxe(VG - VT)VDS

Note that the MOSFET can be modelled as a resistor,
for low Vg

R = Vs _ L
DS
Ips Wﬂeﬂcoxe (VG - VT)

Uz 1S the effective electron mobility
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Carrier Mobility p  (cm?V-sec)

(Vs +V(+0.2)/6T,,, (MV/cm)
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NMOSFET /-V Characteristics

o Vo> Vg
* Current in the channel flows by drift

» Channel voltage V(y) varies continuously between
the source and the drain

_ 2gN &5 2y +V (1)) 2
VT_VFB+VC(y)+2‘//B+\/ = CB - 1

ox G

« Channel inversion charge

Qi”V(y) = _Caxe VG - VFB - VC(y) - 2‘/13 _Qdep(y):|
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1st-Order Approximation

* Neglect variation of Q, with y

Qdep = \/2qNA£Si QY +Vgy)

= 0, =7C, [VG =V Vs - VC]

where V; = threshold voltage at source end
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NMOSFET Current (1st-order approx.)

» Consider an incremental length dy in the channel.

The voltage drop across this region is
dy dy 1 psdy
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Saturation Current
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