Fundamentals of Electronics
Week 13 — Review

Charles A. DiMarzio
EECE—2412
Northeastern University

Nov 2024



Field—Effect Transistor (1)

e Different Physics, Some Different Equations. . .
e ...but Many Similarities
e Similar Materials
— Silicon
— P— and N—-Doped
e 3 Terminals
— Emitter <—— Source

— Base «+—— Gate

— Collector «—— Drain
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Field—Effect Transistor (2)

e 3 Operating Regions
— Active <— Saturation (Amplifiers)
— Saturation «—— Triode (Logic)

— Cutoff «—— Cutoff (Logic)

e 3 Amplifers
— Common Emitter <— Common Source (Large Ay)
— Common Base «<— Common Gate (4; =1)

— Common Collector <— Common Drain (A, = 1)
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N—FET Structure

S, Source D, Drain

.
Sty e e 3 o e o o o e
S R
s S
s SRR SRR

Si0, Insulator Channel: 2 to 500 wm
20-100um into page

P-Type Material

NMOS

Metal-Oxide-Semiconductor B, Body Channel Length
< >1 to 10 um
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N—FET Equations (4)

I :Mﬂcox f (VGS - ‘/thr )/DS - EVDZS] \ , 55 /

Ip

V.-V,

thr
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Saturation Region
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Triode—Saturation Boundary

Trlode Saturation
2
_Mn ox L (VGS ‘/thr)/DS 5 DS w (VGS' Vthr)2
b =u,C,,
( )2L 2
i Boundary :MHCOXW Vs~ Vo
L 2
VDS
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The Early Voltage

* Effect of Pinch Off as Resistance
— Increasing Current with Voltage

. w WV, -V, r
Previous Eqn. for Saturation i, =uC_ 7 GS 5 thr
. w -V,
Modified  fp =#,C,, === 1+AV,,)
A=t
Va
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Regions of FET Operation

N-Channel P-Channel

T

[T

Saturation "= E Saturation S

I
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DC FET Circuit Example (5.1)

| L vep Given:

o 3 v = L=10 um, W =400 um
1 _ k’ =20 uA/V2, =0
35 | | VeV

M1

-l-—-I }I:MbreakN Goal:
L [ | Dbodma
| - V=1V
+] VSS

RS §1k v _____
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Solve Problems Like This: 5.1

V. =3V
V=-3V
R, _163)-C9V g
0.4mA
R, _5-1v =10kQ
0.4mA
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AC Performance (2)

D (bc)
% RO I}gDC) =k 4 (‘/GSC - ‘/efhr)’Z

‘ L 2
S ,l GO e %(VG%’C) v, WO =g 00
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g, =K, G-,
2I(DC)
s 9m :( B0 )
- s \Y Vos = Vi
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Current Steering Circuit

VDD VDD
REF Mbreakp MbreakP
0 4mA
IDC Reflected I I
Current | |
Source M4 MS Il
R1 25Kk ..
12
d o Reflected
Current

- '1 ' MQI - M |_ Source
fas] r—- & Jonety 4 e Mbreaki
— - -

MbreakiN |MbreakN

o o - 0
-VSS -VSS -VSS

402387 sch
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FET Amplifiers

—_ VDD
Recall Common Emitter Common Gate
s
o ;VCC VOUI
Vi,
] Common Drain -
Common Source
Vs Vi Note that
—l “Current
v __| v Source”
| out V. @ out  Also serves
v & T as load
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FET Amplifier Summary

Current Gain

1m

Resistance

Voltage Ga

s
PRSI S LTSS

CG

(bc)
REF

n

2k’

CD

w
L
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Expanded Graphical Analysis:
Active Load

Slopes are
1/R,

200uA —
4V 8V
0o v 4 o|d(M7)
V_ VDS
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DC FET Solutions (1)

Voo

- $20V
Remember:
R, Rp L3k A k! = pinCox

NFET Parameters:

\ k! = 50uA/V?,
] W = 400um,
L =10um,
Jj\_)?m Vi = 2V,
SITMo- 5
I - R‘S‘ P Qk&
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Noise in Logic
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Timing in Logic

P"‘F’ﬂq aPiorn Tiney
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Glitch
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CMQOS Logic Inverter

ipeal Q%
Vﬁ-:.] %\
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Inverter Transition Trajectory

R _ _'S.OV‘ <~

400u—

2.5V

ov 2.5V 5.0V

100uATY2iE) * V(M1d)

ov 2.5V 5.0V 50uA
oo v o +|d(M7) /
V_VDS
i
ov 2.5V

o |d(M1)

d

V_V2
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CMOS NAND

NAND

VoD
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CMOS NOR
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