
EGR326 F'09Assignment #2SolutionsAnalyti
al Exer
ises1. Le
ture Notes Chapter 2 Exer
ise #9 (page 94).(a) You know that voltage divider regulators are extremely ine�
ient and have very poor load regu-lation, espe
ially at 
urrents as high as 1A. Let's dis
ount that option and move on to the nextleast expensive option, the shunt regulator. We 
ould use a 5V zener diode (if one 
an be found)or an LM431 programmed for 5V operation. The resistor 
omponent of the shunt regulator mustbe designed for minimum input voltage:
R =

7V− 5V
1A = 2ΩAt an input voltage of 9V, however, the e�
ien
y of the regulator is:

η =
Pout

Pin

=
5V · 1A

9V ·
(

9−5

2

)

= 27.8%whi
h does not meet the 50% e�
ien
y requirement.Let's move on to the next least expensive option, the linear regulator (remember...you 
an geta 7805 for about $0.30). The worst-
ase e�
ien
y of this regulator o

urs at maximum inputvoltage:
η =

5V · 1A
9V · 1A

= 55.6%Thus, the linear regulator is the least expensive option that maintains at least 50% e�
ien
y foran input voltage of 7V-9V and a load 
urrent of 1A.(b) With su
h a low load 
urrent (10µA) it is entirely reasonable to 
onsider a voltage divider. Weneed to 
hoose R1 and R2 in a voltage divider 
ir
uit su
h that:
1.24V = 5V R2

R1 + R2

0.248 (R1 + R2) = R2

0.248R1 = 0.752R2

R1 = 3.03R2Commer
ially available 1% pre
ision resistors of values R2 = 1.02k and R1 = 3.09k give a no-loadoutput voltage of 1.2409V and draw only 1.2mA from the 5V power supply in the resistor divider
on�guration. With a 10µA load, the output voltage be
omes (see page 3 of your le
ture notes):1



Vout =
R2

R1 + R2

· Vin − (R1 ‖ R2) · Iout

=
1020

1020 + 3090
· 5 − (1020 ‖ 3090) · 10−5

= 1.233VThis is only 8mV lower than the no-load voltage. Perhaps this load regulation performan
e isgood enough? If not, you 
an use resistors that are smaller for better load regulation, but more
urrent draw from the power supply.Without any 
onstraints on 
urrent draw or e�
ien
y, or a

ura
y 
onstraints on the 1.24V output,there isn't any reason to go further.(
) This is very similar to part (a), so let's pi
k up where that problem left o�, with a linear regulator.The worst-
ase e�
ien
y is at the maximum input voltage:
η =

5V
12V

= 41.7%whi
h is not good enough. We must use a swit
hing regulator (step-down 
onverter) to a
hievee�
ien
ies of 85% or higher.(d) Let's start from the beginning with a voltage divider, the least expensive option. A voltage outputof 2.8V± 10% means we 
an have an output voltage as high as 2.8V + 10% = 3.08V at no load
urrent and as low as 2.8V− 10% = 2.52V at the maximum load 
urrent of 100mA. This meansthat in the equation de�ning output voltage:
Vout =

R2

R1 + R2

· Vin − (R1 ‖ R2) · Ioutwe must have:
(R1 ‖ R2) ≤

3.08V− 2.52V
0.1AIn other words, the slope of the straight-line equation for Vout must be no steeper than themaximum 
hange in output voltage over a 100mA range. Following the inequality:

R1R2

R1 + R2

≤
0.56

0.1

R1R2 ≤ 5.6 (R1 + R2)That 
an be our �rst 
onstraint. Our se
ond 
onstraint is set by the need for an output voltageof 3.08V at no load 
urrent:
3.08V = 5V ·

R2

R1 + R2

0.616 (R1 + R2) = R2

0.616R1 = 0.384R2

R1 = 0.623R22



Substituting this into our �rst 
onstraint:
R1R2 ≤ 5.6 (R1 + R2)

0.623R2

2
≤ 5.6 (0.623R2 + R2)

0.623R2

2
≤ 9.09R2

R2 ≤ 14.6ΩLet's 
hoose R2 = 14.6Ω (assuming we 
an �nd su
h a resistor) whi
h requires that R1 = 9.1Ω.What is the power dissipation of this voltage divider? At no load, the power dissipation is:
P =

V 2

R

=
52

R1 + R2

=
25

14.6 + 9.1
= 1.05WAs expe
ted, voltage dividers are fairly wasteful of power, espe
ially when reasonably good loadregulation is required. The voltage divider 
learly doesn't meet the design upper bound of 0.6Wof power dissipation in the regulator, so we must dismiss the voltage divider.Moving on to the shunt regulator, the next least expensive option, we must either �nd a 2.8Vzener diode or use an LM431 
ir
uit programmed for 2.8V operation. The resistor in the shuntregulator must be 
hosen to deliver 101mA of 
urrent (100mA for the load and 1mA to bias thezener diode) at an input voltage of 5V. Whatever resistor we 
hoose it will always dissipate:

PR = V · I = (5 − 2.8) · 0.101 = 0.222Wand the zener diode will dissipate:
PZ = V · I = 2.8 · 0.101 = 0.283Wwhen, in the worst 
ase, there is no load 
urrent and all 101mA of 
urrent is shunted by the zenerdiode.The 
ombined power dissipation in the regulator is 0.222W+0.238W or 0.505W whi
h is withinour 0.6W design limit. The shunt regulator, then, is an a

eptable solution, as long as our zenerdiode solution maintains the 2.8V ± 10% a

ura
y requirement. A pre
ision devi
e su
h as theLM431 will easily ful�ll this requirement.(e) This one is simple...only a swit
hing regulator is 
apable of in
reasing an input voltage of 4V-6Vto the higher potential of 8.2V. The remaining three solutions are only 
apable of redu
ing ahigher voltage to a lower voltage.
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