
EGR326 F'09Assignment #1SolutionsAnalyti
al Exer
ises1. Le
ture Notes Chapter 2 Exer
ise #1 (page 94).(a) A 12V zener diode (1N4742 or equivalent) should be used. To provide 50mA (always) of load
urrent and reserve 1mA for biasing the zener diode (Fair
hild's datasheet, for example, only guarantees
11.4V ≤ Vz ≤ 12.6V for Iz = 21mA but the a
tual 
urrent Iz is not as important as the designpro
edure), we 
hoose the resistor as follows:

R =
Vin − Vout

I

=
15 − 12

0.051
= 58.8ΩA 
ommer
ially-available 57.6Ω resistor should work.Best-
ase e�
ien
y and worst-
ase e�
ien
y will be the same sin
e there is no variation in either inputvoltage or output voltage. The e�
ien
y will be:

η =
Pout

Pin

=
12 · 0.05

15 · 0.051
= 78.4%(b) Following the same reasoning as part (a), we sele
t:

R =
Vin − Vout

I

=
14 − 12

0.051
= 39.2ΩBest-
ase e�
ien
y will o

ur at maximum load 
urrent and minimum input voltage:

η =
12 · 0.05

14 · 0.051
= 84%Worst-
ase e�
ien
y will o

ur at minimum load 
urrent and maximum input voltage. Sin
e theminimum load 
urrent is 0, the e�
ien
y will 
learly be 0%.(
) Following the same reasoning, a 15V zener diode should be used (MMBZ5245 or equivalent) andthe resistor 
hosen so that: 1



R =
Vin−min − Vout

Iload−max + Iz

=
20 − 15

0.05 + 0.01
= 98ΩNote that the minimum input voltage and maximum load 
urrent were used in 
omputing the requiredvalue of R � refer ba
k to Se
tion 1.2 to see why (or just think about it).A 97.6Ω resistor 
an be used (don't believe me? Go to www.digikey.
om and look up part numberRHM97.6FCT-ND).Worst-
ase e�
ien
y will o

ur at maximum input power and minimum output power. This will o

urat maximum input voltage and minimum load 
urrent:

ηmin =
Pout

Pin

=
15 · 0.025

28 ·
(28−15)

97.6

= 10%Best-
ase e�
ien
y o

urs at minimum input voltage and maximum load 
urrent:
ηmax =

Pout

Pin

=
15 ∗ 0.05

20 ·
(

20−15
97.6

) = 73.2%(d) We sele
t a 5.1V zener diode (
ommonly available) and 
hoose the resistor a

ording to maximumload 
urrent and minimum input voltage:
R =

Vin − Vout

I

=
9 − 5.1

0.015 + 0.001
= 243.8ΩMaximum e�
ien
y o

urs at maximum load 
urrent and minimum input voltage:

η =
5.1 · 0.015

9 · 0.016
= 53%Minimum e�
ien
y will on
e again be zero sin
e minimum load 
urrent is 0.(e) On
e again we 
hoose R for minimum input voltage and maximum load 
urrent, reserving 1mA forthe 5.1V zener diode:

R =
6 − 5.1

0.016
= 56.25ΩA 56Ω resistor 
an be used. The worst-
ase e�
ien
y is 0% and the best 
ase e�
ien
y is given byminimum input voltage and maximum load 
urrent:

η =
5.1 · 0.015

6 ·
(

6−5.1
56

) = 79.3%2



2. Le
ture Notes Chapter 2 Exer
ise #2.Generalizing the approa
h of Problem #1, the design pro
edure for the one and only thing we 
anreally design in a shunt regulator, the resistor, is to sele
t it based on minimum input voltage andmaximum load 
urrent, plus some bias 
urrent for the zener diode (let's keep using 1mA).
R =

Vmin − Vout

Imax + 0.001

≈
Vmin − Vout

Imaxfor simpli
ity. The worst-
ase power dissipation for the resistor o

urs at maximum input voltage:
PR =

V 2

R

=
(Vmax − Vout)

2

(

Vmin−Vout

Imax

)

=
Imax (Vmax − Vout)

2

Vmin − VoutThe diode's worst-
ase power dissipation also o

urs at minimum load 
urrent and maximum inputvoltage, as most of the 
urrent from the sour
e �ows through the zener diode:
PD = V ID

= V (Iin − Iload)

= Vout

(

Vmax − Vout

R
− Imin

)

= Vout





Vmax − Vout
(

Vmin−Vout

Imax

) − Imin





= Vout

(

Imax (Vmax − Vout)

Vmin − Vout

− Imin

)Worst-
ase e�
ien
y o

urs at minimum load 
urrent and maximum input voltage:
ηmin =

Vout · Imin

Vmax · Iin

=
VoutImin

Vmax

(

Vmax−Vout

R

)

=
VoutImin

VmaxImax
Vmax−Vout

Vmin−Vout

=
VoutImin (Vmin − Vout)

VmaxImax (Vmax − Vout)Finally, best-
ase e�
ien
y o

urs at minimum input voltage and maximum load 
urrent:3



ηmax =
VoutImax

VminIin

=
VoutImax

Vmin

(

Vmin−Vout

R

)

=
VoutImax (Vmin − Vout)

Vmin (Vmin − Vout) Imax

=
Vout

VminThe last equation above shows that a shunt regulator 
an approa
h the e�
ien
y of a linear regulatorin the best 
ase.3. Le
ture Notes Chapter 2 Exer
ise #3.The LM431 tries to maintain its referen
e terminal to be 2.5V so we have, a

ording to the resistordivider equation:
Vref =

R4

R3 + R4
Vout = 2.5VRearranging this to solve for Vout:

Vout = 2.5 ·

(

1 +
R3

R4

)4. Le
ture Notes Chapter 2 Exer
ise #6.The output voltage of a typi
al LM317 
ir
uit (see Figure 20 on page 19 of your notes) is:
Vout = 1.25 ·

(

1 +
R2

R1

)We want this to be 4.2V, hen
e we have:
4.2

1.25
= 1 +

R2

R1

R2

R1
= 2.36

R2 = 2.36 · R1We want R1 to provide at least 10mA of load 
urrent for the LM317 in 
ase the rest of the 
ir
uit isn'tdrawing any 
urrent. Thus, we would like to have:
IR1

=
1.25

R1
≥ 0.01Using this we solve:

R1 ≤ 125ΩLet's use R1 = 121Ω, from whi
h we require R2 = 2.36 ·R1 = 285.6Ω. A 287Ω resistor would be pretty
lose...the output voltage would be 4.21V. (Using R1 = 113Ω and R2 = 267Ω is even better as thatgives us Vout = 4.204V but I doubt that it would make mu
h di�eren
e unless ultra-high-pre
isionresistors are used, and the a

ura
y of the 1.25V referen
e voltage in the LM317 is also a fa
tor in theoverall a

ura
y). 4



Laboratory Part I � Shunt RegulatorYou should have essentially observed the �third-quadrant� 
urve of the zener diode, rotated to have 
urrenton the X-axis and voltage on the Y-axis.
i

v

Laboratory Part II � 7805 Dropout VoltageYou should have observed the output of the 7805 only rea
h 5V when the input ex
eeds 6.5V (or so). Thedatasheet suggests the dropout voltage is 2V, thus you would normally need at least 7V in to get 5V out,but 6.5V (for a dropout voltage of 1.5V) is even better.We're basi
ally looking for a graph like Figure 14 on page 14 of your le
ture notes.Laboratory Part III � 7805 A

ura
yIt's pretty a

urate, huh? The 7805 has ex
ellent load regulation so you should have seen a nearly �at linehanging around 5V.Laboratory Part IV � 7805 Power DissipationYou should have observed a nearly linear relationship between power dissipation and 
ase temperature, witha slope of about 65
oC/W. When we dis
uss heat transfer later in the 
ourse, you will understand why. Above

50
oC or so you should have per
eived the temperature to be un
omfortably hot. That's only at a powerdissipation of about 0.3W-0.4W, well within the power dissipation limits of the 7805. Moral: 
omponentsthat are getting hot 
ould be a sign of ex
essive 
urrent draw, but the human �nger is not ne
essarily a goodmeasure of �hot�.The ideal linear model at a room temperature of 21

oC would be:
Temp = 65 · Power + 21Some variation in these numbers is expe
ted, of 
ourse. To 
ompute maximum allowable input voltage, webegin with the 
onstraint that jun
tion temperature should not ex
eed 125

oC:
Tcase = Tjunction − Pd · θJC

Tjunction = Tcase + Pd · θJC ≤ 125Substituting in our experimentally-determined linear equation for 
ase temperature:
(65 · Pd + 21) + Pd · θJC ≤ 125

(65 + θJC)Pd + 21 ≤ 125

Pd ≤
104

65 + θJC5



The 7805 datasheet (for the TO-220 pa
kage) lists θJC = 5
oC/W (that's a property of any TO-220pa
kage) whi
h gives:

Pd ≤
104

70
= 1.49WThe power dissipation of the 7805 regulator is, ignoring the bias 
urrent �owing out of the ground pin,is:

Pd = (Vi − Vo) · IloadWith Vo = 5V and a 100mA load 
urrent:
Pd = (Vi − 5) · 0.1 ≤ 1.49from whi
h we solve Vi ≤ 19.9V.The moral: there are multiple limits within whi
h any ele
troni
 devi
e must operate. Yes, the 7805datasheet says you must not apply more than 35V to the 7805, but that is in the general 
ase. The jun
tiontemperature limit pla
es an additional 
onstraint on the maximum input voltage.Laboratory Part V � Paralleling Linear RegulatorsThe 
urrent to the load should have been shared between the regulators, though not ne
essarily equally.Se
tion 1.10 explains why.Laboratory Part VI � Linear Regulator Transient ResponseYou should have observed an e�e
t similar to Figure 27 on page 27 of your le
ture notes (with a lot of extra�noise� thrown in not revealed by simulation).
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