ECE 440: Lecture 30
Intro MOS Transistor

The MOSFET = Metal-oxide-semiconductor field-effect-transistor.
How does it differ from the BJT?

· BJT uses small ___________________ to control large emitter-collector current (IC)

· MOSFET uses small gate voltage (VG) to control large source-drain current (ID)

· BJT works by carrier __________ across a narrow base

· MOSFET works by carrier drift across a short channel

Draw comparative cartoons:

First MOSFET patents: Julius Lilienfeld (early 1930s)
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This invalidated most of Bardeen, Brattain and Shockley’s transistor patent claims in the late 1940s!

But the MOSFET didn’t work in practice until the 1960s. Why?

A modern “n-type” MOSFET:
[image: image2.emf]
How does it work?

· If VG = 0, any current between source-drain (ID)?

· If VG > 0 what happens (assume source grounded, VS=0)
· If VGS ≫ 0 and VDS > 0 what happens?

Draw band diagram along channel for the three cases:

1)  All VG = VD = VS = 0

2)  VGS > 0, VDS = 0 (note if I stick to VS = 0, grounded source, I can drop the “S” subscript like the book does)

3) VG > VT > 0 (some threshold voltage), and VD > 0

Where does the gain come from?

1)  Current gain, ID/IG
2)  Voltage gain, dVD/dID because current saturates at high voltage and small changes in ID cause large swings in VD
Note, there are both…

· n-type MOSFETs a.k.a. NMOS (electrons flow in the channel between n+ doped source and drain; channel itself is p-type) – and – 

· p-type MOSFETs a.k.a. PMOS (holes flow in the channel between p+ doped source and drain; channel itself is n-type)

Putting these together forms complementary (CMOS) logic. For example, a CMOS inverter dissipates power only when switching:
Back to the physical picture, why does ID saturate?!
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n-channel MOSFET cross-sections under different operating conditions:
(a) linear region for Vg > Vrand Vp < (Vg — Vr); (b) onset of saturation at pinch-off,
Vg > Vr and Vp = (Vg — Vr); (c) strong saturation, Vg > Vg and Vp > (Vg — V7).




OK, let’s take this apart piece by piece. First thing we focus on is the MOS capacitor formed under the gate.
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Typical MOS capacitors in ICs today employ:
· Heavily doped (almost “metallic”) polycrystalline Si gate ( but Intel recently announced they have found an (ultra-secret) metal gate combination

· SiO2 as the gate insulator (EG = 9 eV, ϵ = 3.9) ( but Intel recently announced they are switching to bilayer HfO2 (EG  ≈ 5 eV, ϵ ≈ 20) with SiO2
· p-type Si as the semiconductor material for NMOS and n-type Si for PMOS transistors (why?)
Draw the energy band diagram across the MOS capacitor. Note this is a vertical cut through the MOSFET. Remember:

· In equilibrium Fermi level is _____________

· SiO2 electron affinity is 0.9 eV (vs. 4 eV in Si)

· ϵox ≈ ϵsi/3 (3.9 vs. 11.8), so by Gauss Law _____________
· No charge in oxide means dE/dx = 0 there, so inside oxide the E field is ___________ (band bending linear)
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