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ENEE2360 Analog
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T11:
Voltage Regulators

Instructor ; Nasser Ismail
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All electronic circuits and systems require a stable source of dc voltage and
current ( or dc power) to operate correctly.
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Transformer: Used to increase or decrease the amplitude of the ac line vol
Rectifier: used to convert the ac voltage (zero- average value) into either
and negative pulsating dc.

Filter : used to smooth out the pulsating dc produced by the rectifier by
removing its ac ripple contents and passing its dc component ( average val
Regulator: used to maintain a constant DC output voltage under variations i

load current drawn from the supply and under variation in AC line vol
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Voltage Regulator

s
Simple Voltage Regulator
iz
250mA
240mA>IL>0 125V 116V
Ac line > —— >
Transformer ¥
—>{ Rectifier R RL : R
filter
voltage
- - | mA
Disadvantages:

1.Variation in IL will cause Iz to vary.This in turns will cause variation
in Vz=Vo

2.The Zener power dissipation will increase as IL decreases.

Voltage Regulatorj

Used for low VR Used for high
power apps power apps
Not discussed

here
— here
E—

Fixed
Output Negative

Output
‘ Discrete IC VR 19XX

Adjustablé \
Outputr 7
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Fundamental classes of voltage regulators are linear
regulators and switching regulators.

Two basic types of linear regulator are the

and the shunt regulator .

The series regulator is connected in with the load
and the shunt regulator is connected in parallel with the

load.
R

S
Vin o—AW *
Series T
Shunt

Vin regulator
i regulator Load

(b)

-
Linear VR
R -

Discrete
(Made From discrete
components)

Opamp

Opamp f :
Series VR Series V\_nth
current limit

m
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Opamp Series VR

If V.4, VTV T 1.V T

s
<
o R1

>
SR

V. =V, +V,
V, =AYV,
R, +R1

Opamp Series VR

R2

\/3
R

3
<
SrL

<
< R2
,

R rIsR._,R r
esistors 1 2ae

., for sampling of Vo
e [the current through these

resistors must be small

V, =V —R2
R +R,

V. =V, [1+ 5}
RZ

-HUB.
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Determine the output voltage for the regulator below.
R

V,=|1+2V, V, = 14151 102V
R 10k

4 0 Vourt

Practical DC Power supply
Determine the output voltage for the regulator below if

R3 =R2=10K and Vz = 5.1V
v ={1+ 2 VO:[H%)S.I:IO.ZV
g R, 10k

1
T
—3F—
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The transistor must be chosen such that its power
rating is suitable

Pqo >or =Vce*lE otherwise BJT will be damaged
Vce=Vc-VE=Vin-Vo

_ Control
[E=IL+IRL | but IL>> IR1 2, Element
Vi ' Vo
(unregulated (regulated
voltage) . @ | voltage)
- : R, :
= . ] Sample
| Circuit
v, r Error Detector ]

{ Opamp Series VR with current limit }

Current Limiting Circuit

In order to protect the transistor from damage when a very
high current passes through it due to a short circuit or
excessive current demand at the load

1) In normal operation Q2 is off since V,_, =V, <0.7V

DR, = V,, 0.7V
I L(Max) I L (Max)
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[ Opamp Series with current limit }

ome of I, isdiverted

Vv, 07V

calculatedas: |
V.. cannot excéed 0.

5)Since V,,

<
S
i S
N
Opamp T B
54 V
R2
b3

"through Q2(l.,)

6) This is constant current limiting

| 3) When I > 1 ..,
Q2 conductssince
=V

4)S
I, isreducedso that I _is limited to a maximum value

L(Max) —
R R
7V, V,_ islimited

~0.7V

An Op-amp used in Shunt voltage regulators

Vo=Vz|1 =
o=Vz +R2

Operation:

Vop = AdVd
VOp =Ad <m Vo — VZ)
IFVo | v(+) | Vop | VBE

I

\4

L
<
RIS

S

~ The transistor conduct Less,Ic l,ILTVo 1

AAA Vo
WA-
R4
R1
oy RL

l

VBE
VBE = Vop I. = Is[e Vvt _1]
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Current Limiting
Vi
IL, max = é (Current Limiting) When RL = 0 (SHORTED)
Vi AA Vo
) R
R3:’
R1
>a1 RL§
-
R2
Fixed
Output Negative
Output
IC VR 19X
Adjustable
Output
(*317%)
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[hree Terminal Circuit Regulators

v GND VO

1- Fixed voltage regulator

a-78xx

7805......ccocveenrane 5V

p£:5 T S 12V )

7815 eeeererenne 15V . %

b- 79xx 1

7905.............. -5V - out '

7912.......ccceut -12V

7915....ccciiunee -15V

Positive-Voltage Regulators in the 78XX Series

IC Part Output Voltage (V) Minimum V, (V)
7805 +5 +7.3
7806 +6 +8.3
7808 +8 +10.5
7810 +10 +12.5
7812 +12 +14.5
7815 +15 +17.7
7818 +18 +21.0
7824 +24 +27.1

Vin must be higher than Vo by at least 2V for proper operation of the voltage regulator

2/5/2023
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Negative-Voltage Regulators in the 79XX Series

IC Part Output Voltage (V) Minimum V; (V)
7905 -5 -7.3
7906 -6 -8.4
7908 -8 -10.5
7909 -9 -11.5
7912 -12 -14.6
7915 -15 -17.7
7918 -18 -20.8
7924 -24 -27.1
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Three Terminal Circuit Regulators
Dual Polarity Dc Power Supply

7815
Bt T
4000 uF | Gnd 10 uF

v TCi v Yo
= 5 °
Al T =
A 3
4000 uF ] . G c sLI0wF §
vV T ° T 20v 102
- -
Changing the fixed Voltage Regulator to adjustable
Vo = Vg + RaI v o vo
§ ouT y —
GND re RL
Vo = Vgge + R2(11 +lg) @ " l" %
— =

Verec
11-_
Ry )%llz

R
~ Vo =Vgee (1+R—i}+Rng

IQ is in milliampere and change with temperature
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Adjustable Voltage Regulator
based on 78xx family

Find the minimum and maximum output voltage (Vo) for
the following IC voltage regulator. Note that R2 is a
variable resistor that can be varied from 0 to 3kQ

What is the range of values of Vin required for proper
operation of the circuit

What is the power dissipation of the LM7808 when
Vo=Vo(min) and Vin=Vin(max) and load current =0.25A

LM7808

T Vo

ladj=3mA
R

Voltage Regulators

Solution
Vo = Vees =8V (When R, =0Q)
Vo(MAX) = VRl + VR2 = IREG (R1)+ (IREG + IadeRz)
IREG = VREG

Rl
V
VO(MAX) R2=3k@ RLEG(Rl + R2)+ Iadj(RZ)
1
= 8—V(2kg +3kQ)+3mA(3kQ)
2kQ

= (4mA)(5kQ) + 9V =29V

2/5/2023
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Voitage Regulators

Solution

V,, must be higher than Vo by at least 2 volts
when Vo =8V ,V, =8+2=10V

IN(MIN)

when Vo =29V , V. =29+2=31V

IN(MAN)

Power Dissipation of LM7808:
Porsoy = (Vi - Vo )* 1, =(31-8)*0.25=5.75 W

ENFF236 Analog Flectronics

Nasser Ismail

Adjustable-Voltage Regulator

Adjustable-Voltage Regulator

Voltage regulators are also available in circuit
configurations that allow to set the output voltage to a
desired regulated value.

The LM317 is an example of an adjustable-voltage

regulator, can be operated over the range of voltage from
1.25t035V

Positive Positive

LM317
input
Adjustment
= [

output

G
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Voitage Regqulators

ladj=~ 50 uA (constant From data sheet)
Vrer=1.25 (always true for the 317 family)
Vo=~ 1.25 - 35V

Vo is defined by proper choice of R1 & R2
Vo=VRi1+VR2 . a7
VRrR1=VRer=Ir1*R1 +
Ir1=Irer=VRer/R1 W]
VRr2=(Irer+1aDJ)*R2 “
Vo=Irer*(R1+R2)+ladj*R2

T Vo

Example

Given R1=220 Q ; R2=5k potentiometer
ladj=~ 50 uA (constant From data sheet)
Find Vo(min) and Vo(max)

Find range of Vin ?

o LM 317 0
+

T Yo
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Voitage Regqulators

|~ Ve _ 125
R, 2200

REF(RI + R2)+ Iadj(Rz)
V. =(26.66+0.25)=29.91V

V, =
O(MAX) |R2=5kQ2

Y =V . =125V

O(MIN) |R2=0kQ2

The input voltage must be higher than the output
by at least 2 VV
V, ~1.25+2=3.25V

IN(MIN)

Vi = 29.91+ 2 =31.91V

TN(IVE

Voltage Regulators example

Given the following series voltage regulator

1) Complete the design of the following voltage regulator
(Find of R1, R2 and R3) assuming that the voltage across
the load resistor R, is equal to 12V. Assume Iz(min) = 2mA.

2)Show how to modify the circuit to limit the load current to
1A.

3)Find the output voltage for the modified circuit of part 2)
when the load resistor R, =100Q2 and when R, =8Q.

4) Choose a transistor with suitable power o1
rating

>

3rR3
b3

e [ Z(min) SRL

Vi - 2mA

in
20V to 25V
Vz
+4.0
\/
-

—’ -

S
SR

>
<
>
R2
o
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Example Continued

SOLUTION

AVAR

IN(Min)
1) R, <~ Tz
Z(Min)

, < 20-4 _ g in order to make sure I,
2 mA

If 1,,., Was known, then lower limit for R3
can also be found

( }/ =12V choose R, =20 kQ
RL V., - R, =10kQ
, _:_—1_——1 2
R2 V, 4

<
>
SRL

RL

>
<
>
< R2
S

> |

Z(Min)

Voltage Regulators

SOLUTION

__Iq

Vi = 2mA |

20Vto 25V
Vz
+4.0
\
-

2) — The change for current limitis done
by adding Q2 and Rsc as shown

&R, = Yu 0TV _476
A

L(Max)

2/5/2023
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Ex. Continued
SOLUTION

For R, =1000hm, Vo =12V, thenl, =%:0.12A

which issmaller than I ...
.V, =12V and is not affected by the current limit circui

For R, =8ohm, Vo =12V, then |, :%:1.5A

which is bigger than 1. ,and the current limit circuit
limits the current to the maximum allowable value which is1 A
V=1 *R =1A*8Q =8V

L (Max)

Example Continued

_ *
PQl - VCE(MAX) IE(MAX)

VCE(MAX) :VIN(MAX) _VO(M,N) =25-8=17V
V
IE(MAX) =lu + IL(MAX) == IL(MAX)
= S +1A =1.0004 A
20 kQ

P,, =17 V*1.0004 A =17.0068 W
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