!'_ Lecture 7: CAU TRUC MOS

Bién soan:Th.S Bui Quoc Bao
(Base on Floyd, Pearson Ed.)




é thuc hién mach logic, ta can cac
switch diéu khién dugc

= Control input = 1 = Switch is closed Control

= Control input = 0 = Switch is open .~ Gate
A~ _ B
Source*--..--Drain

 Ta c6 thé dung relay co khi
* Lon, tieu tan nang lwvong, dap twvng cham

 Transistors la lwa chon tot hon
* Nho, hiéu suat cao, nhanh.
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P-type silicon: Excess positive charges (electron holes)

N-type silicon: Excess negative charges (electrons)

Oxide: Insulator

In this state, current (electrons) cannot flow

Gate: Metal pad between source and drain — switch is OPEN
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Place a positive charge on the gate wire (gate = +5V)

The gate’s positive charge attracts negatively-charged electrons

This row of electrons forms a channel connecting the Source
and Drain — Current can flow — Switch is CLOSED




Drain

nMOS Transistor

nMOS: Good connector to GND
Poor connector to +5

Gate

Source ———
pMOS Transistor

pMOS: Poor connector to GND
Good connector to +5

Drain

CAU TRUC MOT SO CONG

Logic 1 on gate:
Source and Drain connected

Gate

JN‘
/'/ A
|

Source —~ Drain

—_—

Logic O on gate:
Source and Drain connected

Gate

Source il Drain

P



NMOS INVERTER (CONG NOT)

5\/ B\/

V. Replace the switch ﬁ't

D with an NMOS Vin
l transistor 4'
~ GND =0V v

= Hoat dong: ~ GND =0V
= Khi Transistor dong, c6 dong dién di qua R xudng GND
= Mat nang lugng, toa nhiét

* Khi transistor m¢@, c6 dong qua R di ra ngoai
« Mat nang lugng, toa nhiét



i MOS INVERTER

+5V
A Pull-up +5VA
pMOS
I:/ transistor
Z Z
[_” 1 —> GND =0
A
\ Pull-down [
nMOS Current
GND= transistor GND~
Input is 1

Pull-up does not conduct
Pull-down conducts
Output connected to GND

+5VA
Current
L,
—
AD 5V =1
GND—=
Inputis O

Pull-up conducts
Pull-down does not conduct
Output connected to Vdd




MOS NAND GATE

VAN VAN
Pull-up Current A=0,B=1orA=1, B=0
pMOS Output is Vdd=1
[ _Ci Network
7 Z
-2 5V=1
A Pull-down A -
:| nMOS
Network
B1
B | . }
GND 1 +SVAA GND = +5\/\
Current
£ GND=0 Z
1
A 0
Current A
1 ]
B | - - BO
A=1B=1 ®
GND 1- Output is GND=0 A=0,B=0 GND
Output is Vdd=1 =




GND =

MOS AND GATE

+5V/\ +5VA

—L

Build an AND gate by
mirroring a NAND
gate.

Problem: nMOS is
poor at transmitting 5V
and pMQOS is poor at
transmitting GND

GND=

Hﬂ [
]
1

GND

Take a NAND gate...

Pull-up
pMOS
Network

Pull-down
nMOS
Network

and invert the output

Takes two more transistors, but works!
This is the reason that NANDs/NORs are

faster than ANDs/ORs




i NOR GATE — OR GATE

~

NOR-GATE

A1T—=F

B 2
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OR-GATE




i THUC HIEN MACH NAND-NAND NOR-NOR

) - e
1 - o

THUC HIEN CONG NOT TU CONG NAND, NOR
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Dung dinh ly De_Morgan dé bién ddi vé dang toan
NAND, toan NOR

F(A,B,C) = AB + AC = AB . AC

F(A,B,C) = (A+B)(A+C) = (A+B)(A+C)

Néu ham & dang SOP, két qua la dang toan NAND
Néu ham & dang POS, két qua la dang toan NOR




