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Nonideal Switch

V1 V1
¢———o\ =V Rsc V —\/ Rso
o 1 Rsc + RL high "1 Rso + RL
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IV Characteristics of Switches

slope=1/R,

ON

slope=1/R,

OFF
/

Ideal switch Non-ideal switch
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Complementary SW|tches

Vi
Vi

? Vhigh= V4
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Problem

A switch has an open (off) resistance of 10MQ and
close (on) resistance of 100 Q. oV

Calculate the two voltage levels of V , for the circuit
shown. Assume R =5 kQ

R,
Vout — VCC RS
R +R T Vou
"~
Open: R, =10x10°Q=V_. ~5V l
Short: R, =10°Q =V, = 50(5) élfioo =0.098V
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Problem

If two switches are used as shown, calculate the two output voltage
levels. Assume switches are complementary

5V
R, on=100Q, R, off =10 MQ y
V = VecRs)
out
RSI + R82 811
State 1: S, off, S, on
. v SR, =10 MQ, Rs,=100 Q %
o 5x100 —0 Vout
out — 6 =54V =~V o)
10x10”+100
Rs2 State 2: S, on, S, off S,
S>R¢,=100 Q, R,=10 MO
5x10x10° 5x10’
out = 6 = - ZSV
10x10°+100 10" +100
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MOSFET Switch

A
D S 5
Vies=Vest
G G
—HL e
N OFF
S
NMOS PMOS .

* Characteristics of MOS Switch
— MOS approximates switch better than BJT in off state
— Resistance in on state can vary from 100 Q to 1 kQ2
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NMOS Switch

VDD

RD
Ip

—o0 V_ =V, 0 Vo=VppRplp
High Low

| = _| Q O—I QN
Vesn=0 High __T_
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CMOS Switch

V1
o)

e

Vv, 4{ nMOS
—

oV

out

v v

CMOS switch is called an inverter

The body of each device is connected to its source = NO BODY EFFECT
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CMOS Switch — Off State y

Vi
(0]
< R
—‘ oMOS — 0 SP
O Vout
oV
S out
vV, —( nMOS 5
0 Dn
Sn
v v v

« OFF State (V,,: low)
— nMQOS transistor is off
— Path from V,_ to V, is through PMOS =2V high
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CMOS Switch - Input Low

vV vV
+ —OD DD
VGSPz'V[}D
_ g
Qp ldsp
I o\
i ° ¢ o V,=Vpp
V. =0

in
0
Low
+ \ Un
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CMOS Switch - Input Low

NMOS

Vg, <V, = OFF

-
IE{

Vesp=Vop

[oveve Ty NIGh

d > -;{ PMOS
Vﬂ 1
rdsp — | W
kp f (VDD _‘VTPD

p

Fgsp IS lOW
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CMOS Switch — On State

V
o I S,

<« Gp
pMOS .
O Vout
Vv oD
1
V. —( nMOS
—> —0
GI'I
v v

« ON State (V,: high)
— pMOS transistor is off
— Path from V_ to ground is through nMOS =2V low
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CMOS Switch — Input High

Voo
Vin=Vbp —I Qp
High

|¢_gv 4 O VD=O

" Qy FdsN
Vesn=Vpp 1
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CMOS Switch — Input High

NMOS
' |
dsn W
kn 1 (VDD _VTN ) S |
N rdsn IS IOW
| A VI PMOS
Vesn=Von=VbD /
Veep >V = OFF
———o V, =0
/OP § s rdsp hlgh
— =
VO
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CMOS Inverter

Vbp Vop
0
1
rdsn —
\ Q W Tdsp
'LP kN (Lj (VDD VT)
n SP
VI O— 0 Vo
——< Q r. = 1 ‘ e
N dsp
_." ' W
kp( Lj (VDD VT) Sn
v P Fdsn
A
I
0.10 mA
Short switching
transient current
- = low power
V. (volts) 5
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CMOS Inverter

Advantages of CMOS inverter

» Output voltage levels are 0 and V ,=2signal swing is
maximum possible

» Static power dissipation is zero

» Low resistance paths to V,; and ground when needed
» High output driving capability=» increased speed

» Input resistance is infinite=» high fan-out

Load driving capability of CMOS is high.

Transistors can sink or source large load
currents that can be used to charge and

discharge load capacitances.
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