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1956 Physics Nobel Prize

"for their researches on semiconductors and their discovery of the

transistor effect”
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Invention of the Field-Effect Transistor USC
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In 1935, a British patent was issued to Oskar Heil.
A working MOSFET was not demonstrated until 1955.



Modern Field Effect Transistor (FET)

« An electric field is applied normal to the surface of the
semiconductor (by applying a voltage to an overlying
electrode), to modulate the conductance of the
semiconductor

— Modulate drift current flowing between 2 contacts
(“source” and “drain”) by varying the voltage on the
‘gate” electrode

N-channel MOSFET:
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Introduction to the MOSFET USC

University of
Southem California

Basic MOSFET structure and IV characteristics
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Introduction to the MOSFET

Two ways of representing a MOSFET:

Circuit Symbol
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Drain
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N-channel vs. P-channel

NMOS PMOS
N+ poly-51 P+ polv-5
N+ N+ P+ P+
P-tvpe S1 n-type 51

» For current to flow, Vo> V5 For current to flow, Vg < V5

+ Enhancement mode: V>0 Enhancement mode: V; <0

» Depletion mode: V+ <0 Depletion mode: V; =0
— Transistor is ON when V=0V — Transistor is ON when V=0V



Complementary MOSFETs (CMOS) Q§Cf
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When V,=V,,, the NFET is on and the PFET is off.
When V, = 0, the PFET is on and the NFET is off.



CMQOS (Complementary MOS) Inverter
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Qualitative discussion: n-MOSFET

Inversion layer

(d)

[, increases with Vg

V> Vi Vg small, > 0
[, increases with Vg , but
rate of increase decreases.

Vo> Vi Vpg = pinch-off
[, reaches a saturation value, I,
The Vg value is called Vg g,

,sat

Vo>V Vs> Vos sa
I, does not increase further,
saturation region.
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Ip-Vps characteristics expected from a long channel USC
(AL << [) MOSFET (n-channel), for various values of V University of
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|,-Ve characteristics for n-MOSFET USC
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Quantitative 1,-Vy¢ Relationships — 15t attempt USC
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ZM VD
]D = THCOX I:(VG — VT ) VDS — TS:| 0< VDS < VDS,sat . VG > VT

[, will increase as Vg 1s increased, but when Vi — Vo= Vo, pinch-
off occurs, and current saturates when Vg 1s increased further. This
value of Vg 18 called Vg . 1.€., Vg = Vg — V7 and the current
when Vig= Vg o 18 called g g,

ZnC .
]D,sat = gLOX (VG - VT )2 Vp > VDS,sat ’ VG > VT

Here, C_, 1s the oxide capacitance per unit area, C, =€,/ X,



P-MOSFET N-MOSFET IV Characteristics USC
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The PMOS 1V 1s qualitatively similar to the NMOS 1V,
but the current 1s about half as large. Why?



Threshold and Subthreshold

V,s small

I, _ﬂeﬁ (VGS T)VDS _  actual
-

— VDS
Rey
. . mobility degradation
slope gives mobilit .
Pe 9 y at high Vg
VGS

subthreshold Vr
conduction Intercept gives V;
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Subthreshold Current
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* The leakage current that flows at V<V, is called the
subthreshold current. Previously We had assumed that
current is zero, but in reality that’s not the case.

10300
1000
100

VOS] =005V, 1.2V

Intel, T. Ghani et al., IEDM 2003

90nm technology.
Gate length: 45nm for
NMOS, 50nm for
PMOS

- The current at V=0 and V=V 4, 1s called I 4
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