Lesson 36:

Power supply design




Overview

m Now that we have analyzed all the elements, we
are ready to design a simple power supply.
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power supply block diagram



Topology

m The power supply consists of 5 components.
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power supply components

m Desired output

Vout,min < Vout < Vout,max for RIoad,min < RIoad < RIoad,max
For our example, the goal is to create a 6.1 V reference
voltage with a load in the range 250 Q < R4 <



Step 1: Choose a transformer

m Recall the output of a filtered half wave rectifier

ST T - AVreatedto
/"" capacitance
Viin > 6.1V
where Vor = (Veoc picpa. = 0.7) Foa
5oad + I:\)tranj
Y

approximated as 0.96

transformer secondary voltages
are specified in RMS



Step 1: Choose a transformer
m Transformer choices from Digikey

Ra(geedctlr(r)rllgge Rate(c; é::)rrent Cost vy -
12V 250 mA $3.60 15.62
11V 270 mA $3.60 14.26
| 10V | 250mA | $1144 | 1290
o9V 330 mA $3.60 11.55
8V 300 mA $10.27 10.19
7V 230 mA 2.98 8.83

Vig = (/2% Vigg s = 0.7) (0.96)




Step 2: Specify the Zener diode

m We will use a 6.1 V zener diode rated for 0.5 W.
= How do we determine I, ., and I, ;,?
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Step 2: Specify the Zener diode

m We will use a 6.1 V zener diode rated for 0.5 W.

= How do we determine I, ., and I, ;,?
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(™" " T g 0, =2 = 65'6=1.31mA
desired ! 50 50
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=~ N RS I Py — izmaX=O.82=O.8E:65.6mA
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Step 3: Specify R,

m Recall that

s Rs
i _ Vunreg,max _Vz . Vz Vu”f’}
z,max — o Y]
> Rs I%oad,max ¢ 'ZL v;
. 129-6.1 6.1
| =65.6= —
therefore 'zm R o

solving for R, =103.9 Q

m Because 103.8 Q2 isn’t a standard value, we
choose R,= 120 Q

Why choose the next larger value?



Step 3: Specify R,
m \We can now determine the minimum voltage to
ensure the diode remains in breakdown.

i _ Vunreg,min _Vz . Vz —
1 . o +
e Rs Iaoad,min $Rs
: _ _ Vunreg,min -61 61 \/Mre\j (a V| ,*
Iz,min - 131_ 120 - 250 : IZl V.a Risud

which yields Ve min = 9.185 V =

m Therefore, 9-185<Vyyegmin <129V

SO our capacitor voltage must achieve a peak-to-
peak ripple of < 3.71 V, so we’ll choose AV =3V



Step 4: Establish the capacitance

m \WWhen the zener iIs In breakdown, the circuit can
be modeled as
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m The Thévenin circuit seen to the right of the
capacitor is
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Step 4: Establish the capacitance

m To simplify, consider we’ll assume that the diode
conducts until 8 =7/2.
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m The diode remains off until v, =V,

secondary

m How do we express the Rs

capacitor voltage v, ? S i
C — 2
-

-V, >0
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Step 4: Establish the capacitance

m Recall for a capacitor, voltage is given
—(0-73)
Ve = Viina — (Vinitia — Viina )€ "

T
Vinitial :VkaInE = Vik




Step 4: Establish the capacitance

m With an expression for v, we now have to solve

Vsecondary Ve = 0

_(2n+a—%]
Vo SIN(27 + &) =V, — (Vyy —V,)e b O /=0

which 1s a function of « and C.
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Step 4: Establish the capacitance

m Recall that av,, =v, -v,sina and we set av=3v

12.9 5 3 > o =0.8748 rad

so we know that sina =




Step 4: Establish the capacitance
m Now we can solve

_ 27T+Ol—%]
Vo SIN(27 + @) —V, — (Vi —V,)e ( “RE =0

—(27+0.8748-74)

12.9sin(0.8748) —-6.1- (12.9-6.De 37U0C  _q

m WhatisC?




Step 4: Establish the capacitance

m We find that C =212 uF , so we choose the next
larger standard value 220 uF.



Final circuit

m Thus, our 6.1 V. power supply handling
250 Q<R 4< IS given

. Dz. % R= 120 Q
S Vrms C= 220 F T~ |
GoHZ - Il—{ S_E /Z'-/ %
115V/10V 6.1V zener diode
transformer

power supply components



