
EGR326 F'09Exam #1Solutions1. [15℄ For the following power supply design requirements, show your derivation for the appropriatedesign and draw a s
hemati
 of the �nal 
ir
uit with all 
omponents labelled. You may use exa
tresistor values and not worry about rounding to 
ommer
ially-available values.(a) A shunt regulator is to be designed to provide a 5.1V output at load 
urrents of between 50mA-100mA from an input voltage of between 15V-18V. Assume at least 10mA of bias 
urrent isrequired for the zener diode.Copying the s
hemati
 from Problem 2:
Vout

Iout

R1

Load

Vin

D1

Iin

Choosing a 5.1V zener diode, it remains to design the resistan
e R1. We must design for minimuminput voltage and maximum load 
urrent:
R1 =

15 − 5.1

0.1 + 0.01
= 90Ω(b) A linear voltage regulator using an LM317 is to be designed to provide a 5.5V output voltagefrom a 7V-10V input at a load 
urrent of between 0.1A to 0.3A.The 
ir
uit of Figure 20 (page 19) in your le
ture notes is appropriate. Using the design equation(whi
h you have either memorized or easily derived):

Vout = 1.25 ·

(

1 +
R2

R1

)we 
an solve:
5.5 = 1.25

(

1 +
R2

R1

)

R2

R1

= 3.4Remember we 
an't make R1 too low else there will be ex
essive power 
onsumption. Sin
e therewill always be a load 
urrent of at least 0.1A, it doesn't matter (within reasonable limits) howlarge R1 is as it doesn't need to provide a minimum 
urrent path for the regulator.So pi
k any values you want, as long as R2/R1 = 3.4.You may have noti
ed that 5.5V is not at least 2V below the minimum input voltage of 7V, i.e.,we may have dropout problems. 1



(
) A non-isolated �yba
k swit
hing regulator is to be designed using only dis
rete 
omponents anda mi
ro
ontroller for load and line regulation. The input voltage will be 3.3V and the outputvoltage is to be 5V.Figure 53 (page 48) of your le
ture notes is the appropriate topology, with a 
onne
tion betweenthe two ground referen
es. This 
onne
tion makes the regulator non-isolated, and it also simpli�esthe �observer� aspe
t of the design as you 
an now simply 
onne
t the output Vout dire
tly to the
ontroller blo
k.2. [6℄ A 5.1V shunt regulator is 
onstru
ted as shown in the �gure below.
Vout
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The voltage sour
e is a 
onstant Vin = 7V and the resistor R1 has been sele
ted to have a value of
120Ω. The datasheet for the Vz = 5.1V zener diode D1 has the I-V 
hara
teristi
 shown below.

Sket
h a graph of Vout as a fun
tion of Iout for the voltage regulator for Iout in the range of 0mA to30mA. The X-axis and Y-axis of your sket
h must be marked with a
tual values and your sket
h mustproperly 
orrelate with values on both axes.The key here is to �nd where the �knee� of the I-V 
urve of the diode maps onto the load regulationgraph. As with all shunt regulators with 
onstant voltage input, the 
urrent sour
ed by the input is
onstant:
Iin =

Vin − VZ

R1

=
7 − 5.1

120
= 15.83mAWhen the zener diode is 
ondu
ting exa
tly 5mA, this means the load 
urrent is 10.8mA. Thus, the�knee� of the I-V 
urve appears at a load point of 10.8mA on our plot.2



What happens beyond the knee? The zener diode is essentially o� (i.e., 
ondu
ts negligible 
urrent)and voltage follows the load line:
Vout = Vin − IloadR1 = 7 − 120IloadThis voltage rea
hes 0 when Iload is 58mA. At 30mA (the highest 
urrent you were asked to plot) thevoltage is 3.4V. This graph is a good approximation:

Iload

Vout

30mA20mA10mA
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3. [10℄ Consider the following 
ir
uit.
7805

LoadVin

Iload

Vout

Iin

Reprodu
e and 
omplete the following graphs in your blue book.(a) Vin is �xed at 10V. The 7805 has very good load regulation, thus we would expe
t its voltage toremain at 5V or very 
lose to it throughout this load range, maybe sinking just a little bit.
Iload

Vout

1A

5V

(b) Iload is 10mA. Here we observe the dropout voltage behavior of the 7805. You have to put in 7V(worst 
ase) to get 5V out.
3
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(
) Vin is �xed at 10V, Tc is 
ase temperature. The power dissipation is:
Pd = (Vin − Vout) · Iload = 5Iloadand you have seen in the lab that 
ase temperature in
reases linearly with power dissipation atabout 60

oC/W. At a load 
urrent of 1A, the power dissipation is 5W and we expe
t a temperaturein
rease of about 300
oC. Perhaps not a very realisti
 problem (the 7805 will be destroyed or gointo thermal shutdown before it gets to 1A), but the important part of your graph is the linearin
rease in temperature with power dissipation, hen
e linear in
rease in temperature with load
urrent.

Iload

1A

Tc

25
oC(d) Vin is �xed at 10V. The basi
 idea is that Iin ≈ Iload, ex
ept for the small bias 
urrent that �owsout the ground pin (a few mA).

Iload

1A

Iin

1A

(e) Iload is �xed at 50mA, Tc is 
ase temperature. Same equation as above, PD = (Vin − Vout) Iloadbut in this 
ase Vin is variable and Iload is �xed. Simplifying:
PD = 0.05Vin − 0.25When Vin = 20V then PD = 0.75W and we expe
t a temperature in
rease of ∆Tc = 0.75 ·

60
oC/W = 45

oC above ambient. Thus the temperature should rise to about 70
oC. The importantpart, however, was that on
e again you realize that temperature in
reases linearly with appliedvoltage. 4
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4. [9℄ Consider the swit
hing regulator shown below whi
h is 
on�gured to boost the +5V input sour
e to
V+ = 12V. The fun
tion generator has been 
on�gured for a 400 kHz square wave and it appears thata 50% duty 
y
le drives the output to exa
tly 12V under the given load 
ondition (1kΩ load resistor).

+5V

47µF 47µF
1kΩFunction

Generator

1N4001 V+
220µH

2N7000

va

iL iD 1kΩ
(a) Sket
h a graph of three periods of iL as a fun
tion of time, labelling both X and Y axes withspe
i�
 numbers (and proper units of 
ourse).A frequen
y of 400 kHz means a period of 2.5µs, and a 50% duty 
y
le means the transistor willbe on for 1.25µs and o� for the same amount of time. When the transistor is on, va ≈ 0 and the
urrent in the indu
tor will be in
reasing a

ording to:

diL (t)

dt
=

5

220µH
= 22727

AsIn 1.25µs we expe
t a 
urrent rise of about 28.4mA. Sin
e the 
ir
uit is being kept in steadystate by the 
ontroller, we expe
t the same amount of 
urrent de
rease over the o�-interval of thetransistor.So the indu
tor 
urrent boun
es up and down by 28.4mA, but around what 
enter value? As anestimate, 
onsider the regulator to be 100% e�
ient so that Pout = Pin. Under this assumption:
122

1k = 5 · Iavgwhere Iavg is the average 
urrent delivered by the sour
e. Solving, Iavg = 28.8mA. So to a �rstapproximation, the indu
tor 
urrent varies between (28.8 + 28.4/2)mA and (28.8 − 28.4/2)mA.Very roughly. Important 
on
epts are:
• Indu
tor 
urrent in
reases during on-time, de
reases during o�-time
• Indu
tor 
urrent os
illates around some non-zero average value
• Average value is in the ballpark of 30mA5



iL

t

30mA

2.5µs(b) Sket
h a graph of iD as a fun
tion of time, labelling both X and Y axes with spe
i�
 numbers,and taking 
are to use the same s
ale as the graph of part (a) so that they span the same timerange and are time-aligned.The diode 
urrent is simply the indu
tor 
urrent during transistor o�-times, as the indu
tor 
urrenthas nowhere else to go. During transistor on-times, the diode is reverse biased and 
ondu
ts no
urrent.
t

30mA

2.5µs
iD

(
) Sket
h a graph of va as a fun
tion of time, labelling both X and Y axes with spe
i�
 numbers,and taking 
are to use the same s
ale as the graph of part (a) so that they span the same timerange and are time-aligned.During transistor on-times, va ≈ 0. During on-times, va is about one diode drop above Vout = 12Vso we 
ould reasonably estimate va = 12.7V.
t

12.7V

2.5µs
va

For some 
on�rmation, here's an LTSpi
e simulation of the 
ir
uit:
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(I 
heated a bit and used a 1N5817 instead of a 1N4001). And here are the simulation waveforms. Iunderestimated the average 
urrent a bit but the waveform shapes are right.
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