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ECET 257 Power & RF Electronics

This course Is a study of the application of circuit analysis
techniques to amplifiers used in power and RF electronics, including
bipolar junction transistors, field effect transistors, thyristors, RF
amplifiers, phase lock loops, switching power supplies, and appropriate
applications. Computer aided analysis of circuits is used.

Http://www.tech.purdue.edu/eet/courses/eet257/
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What will you be able to do?

¢ RF Amplifiers
— <100 MHz

¢ Power Electronic Switches
-l =6 A, Vg =236V t, o <30NS
— Buck power supply . =1A 0.1V,
— Boost power supply 5V, to 15V, not transformer

¢ Switching & Linear Amplifier
— Viag =40V, , 8Q, 100 Q, protected, 1% THD
— Sound - room — loudspeaker — amplifier
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What will this cost?

¢ How much more work was
— ECET 207 than EET 1077?
- x15

¢ ECET 257 requires x1.25 more work than
ECET 207
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How to Study for ECET 257
~ 2 hours, five nights per week
Lectures on Monday, Wednesday, and Friday
Lab on Tuesday or Fridav
Sim due Monday
Quiz on Friday

Monday Review all of vour class notes

Compare them to the web

Work all calculations from lecture

Highlight questions

Re-read the text
Work all of the Practice problems (at the end of everv Examplein the text)
Highlight questions

Work the Homework or do the mannal calculations for the simulation

Tuesday Find answers to all of vour questions, from Monday’s lecture and from the text
Work the Homework again
Read the assignment for Wednesday
Work the Examples
Highlight questions

There 1S no substitute

Wednesday Review all of vour class notes

Compare them to the web

Work all calculations

Highlight questions

Re-read the text
fork all of the Practice problems (at the end of every Examplein the text)
Highlight questions

Work the Homework

Complete the labreport

for effective work.

Thursday Find answers to all of vour questions, from Wednesday’s lecture and from the text
Work the Homewaork again
Fead the assignment for Monday
Work the Examples
Highlight questions
Work the Homework again
Begin the Simulation due Mondawv
Review for Quiz

Purdue University

Sunday Finish the Simulation
Catch up
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Course Information

Clicking on this S jcon will allow vou to attend the class virtnally; M-W-F 2:30-3:20.

Clicking on the same icon on a specific date, below_ allows you to watch the recorded version of the class. If the class has not vet happened for the
Fall 2010 semester, then vou will be served that class from the Spring 2010 semester.

Monday Wednesday Friday Lab
Aug 23 Intro Pwr _'_1{_I 25 Power Calculations 27 Thvristors _-_}_i Power Parameter
Weelk 1 ream;apter 3 read: te::ft chapt-er 3 . read: text p385-396 L
AsSSEess none e assess: D2 -Power Calc2
Allgf'Sep 3[]_ DlEltﬂllC ﬂtrTh'- _.1— 1 PhaSE ;—J'LtlE].E ]'_1'1'1'112 _j-_i 3 sf-]llbbi'ﬂg Tfiaf - :_.Dlal.f C‘Dﬂt‘r@l
2 read: text 403-409 read text p417-430 Only audio | '<2% teXtP396-303 ) 1 ;
assess: 04-Thyristors assess: Thvyristors Sim sesseslio st e Ll el s T
s 8 High Freq <# 10 Problem Session ¥ Bnini-EE S oinbp A ooty
3 Labor Dav read: none read: none Mo qudio
abor Liay assess: Phase Angle Fire Sim assess: 03-HighFregEffects
13 15 Low-Side BIT £i# 17 LS MOS Analy 48 High Frequency
4 Exam 1 read: text p269-277 no qudio read: text p278-286 Considerations
4S5E58! none assess: D6-LS BIT AnalvHS
20 Highside Analy <8 22 Heat Sinks <8 12LS Switch Des 8 Switch Analysis
5 read: text p295-303 read: text pl76-181 read: text 269-304 _ -
assess: 07-LS MOS Analy assess: HS Switch Sim assess: 09-Heat Sinks Example Layout Photo
Sep/Oct | 37 1S Switch Design 48 29 MOS Drivers &8 1 H-Bridges &8 STTERE L
6 read: textp295-303 read: text 304-308 read: text 309-314
assess: Low-side Design Sim assess: 10-HS Design assess: 11-MWMOS Dhivers
Oct 4 _ 6 Buck Principles <# 8 LM3578 Buck <# MOS Driver
7 Exam 2 read: text p326-337 no audio read: MNational Semi data -
assess: none assess: 12a-Buclk Lavout photo
11 No Class 13 Problem Session 15 Boost Prncaples e Buck Regulator
8 October Break read: none . read text p344-352
assess: Buck S5im | ______. 1. Dol Tr
&l Internet +, 1005

‘eena Mok ennitt-Live-T...

Inbox - Microzoft Outlook

| [ Adobe Acrabat Prafessional || e week -

Microszoft Inte___




Syllabus

¢ ItIs a contract.

@ — Read 1t!  Use it!
— ¢ 8. Professional conduct

L3
/\ ¢ 9. Cheating
“ ¢ Simulation®, HW, Quizzes,

¢ Labs*
¢ Grading Policy
¢ Standards: HW, Lab Reports

* Must pass Simulation & Lab to pass the course.
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Average, RMS, and Power

1 T
Vie = 7 [RYOLL

Vems = \/-]I: G v’ (t)dt)

1 . _ _ 27
P = ZUO (Ve sin@)lpsingyo + LOd@}
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Overview

¢ Average
— definition  Integrals
— pulse half sine

¢ Root Mean Squared

— definition  Integrals
table

& Power
— definition
— pulse half sine

Purdue University EET 257

Power & RF Electronics




9
Average Value: definition
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10
Average Value: definition

& average height

¢ area under the curve / length

\V/

ave
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11
Average Value: definition

¢ average height
& area under the curve / length

\V/

ave

1 T
Vie = 7 vyt

Purdue University EET 257 Power & RF Electronics




12
Average Value: definition

& average heigth
& area under the curve / length

ave
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Average Value:
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Average Value:
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Average Value:
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Average Value:
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Average Value:
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Average Value:
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Average Value:

Vave = DVP
T =5ms
tpulse width
D=7
V, =10V,
V., . =7

=2ms

ave
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Average Value:

Vave = DVP
T =5ms
1:pulse width
D=0.4
V, =10V,
Vae =4V,

=2 MS
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Average Value:

7 -
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22
Average Value: half sine

Vosind O0<@<rx

V(Q):{o T<0<2r
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23
Average Value: half sine

Vosind O0<fO<rx

V(H):{o T<0<2r

Purdue University




24
Average Value: half sine

V. (¢~ . 27
:i(_[o sm<9d¢9+_|‘”0d.9)

Vosind O0<fO<rx

V(H):{o T<0<2r
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25
Average Value: half sine

Vosind O0<fO<rx

V(H):{o T<0<2r
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26
Average Value: half sine

Vosind O0<fO<rx

V(H):{o T<0<2r
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21
Average Value: half sine

Vosind O0<fO<rx

V(H):{o T<0<2r

Purdue University




Average Value:

V,sing

v(0) = {O

Purdue University

O<O<rm
T<O0<2r

] 28
half sine

V%
2z
V.

=§i(——1+9

(—cosz +cos0)




Average Value:

v(0) = {O

Purdue University

V,sing

O<O<rm
T<O0<2r

] 29
half sine

_Ve
27
V,
=§i(——1+9

2V,

27

(—cosz +cos0)




30
Average Value: half sine

Vosind O0<fO<rx

V(H):{o T<0<2r
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31
Average Value: half sine

Vosind O0<fO<rx

V(Q):{o T<0<2r
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32
Average Value: half sine

Vosind O0<fO<rx

V(Q):{o T<0<2r
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33
Average Value: half sine

Set calculator to radians.
v. =2V
ave — ?Jlov(t) t

_V_P(
27

[['sin odo+ jjf‘)dsj
- \2/—; jonsin 0do

— (170 /(2n)) *j(sin(x ), X ,0,7)




function average

v(6) =V, sing 0
V,sind  0<0<rx Vv
=10 7<0<27 z
V;sind 0<b<rm 2V,
Vo= -\,sind  7<0<2x T

: V.,  0<t<DT e D DV
YO=10 bretet O<Pc< ?

v, v,
v(t)—_l_t >
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Overview

¢ Average
— definition  Integrals
— pulse half sine

Root Mean Squared

— definition  Integrals
— table

& Power
— definition
— pulse half sine
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Root Mean Squared: definition

¢ All signals of equal V,,s => same power
®p=>vVv?2or i?

¢ P_. not p(t) => Integral of square
¢ square root to get back to volts or amps

¢ root mean squared
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Root Mean Squared: definition
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38
Root Mean Squared: definition
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39
Root Mean Squared: definition

foleli
meal
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Root Mean Squared: definition

mear
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function average RMS

VP

v(6) =V, sing 0 2

V,sind 0<O<x Ve Ve

v(6) = T 2
0 n<0<2n T

V; sing O<O<r 2V, \A

v(6) = —-\,sind  7<0<2rx 7 2

0<D<1 DV; JVDxV,

: V.,  0<t<DT
V=10  Dr<teT

v(t) =—t

N |1J<

ERIES
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Overview

¢ Average
— definition  Integrals
— pulse half sine

¢ Root Mean Squared

— definition  Integrals
— table

Power
— definition
— pulse half sine
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44
Power: definition

p(t)

Instantaneous power
Vv(t) x I(t)

ave

average p(t)

P
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45
Power: definition

p(t)

Instantaneous power
Vv(t) x 1(t)

ave
average p(t)

P

:% OI/(t) <i(t)dt
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Power:

p(t)

Instantaneous power
Vv(t) x 1(t)

ave
average p(t)

P

:% OI/(t) <i(t)dt

#Views | rvs
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47
Power: pulse into a resistor

T

DxT T

O<t< DT

\
V(t):{o TetieT CCOE
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Power:

T

O0<t<DT

D<1
DT<t<T °<P<

T

O0<t<DT

D<1
DT<t<T ©0<P<

Purdue University
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pulse into a resistor
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49
pulse into a resistor

O0<t< DT
DT<t<T
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50
pulse into a resistor

P=p,,.= ave[v(t) X i(t)]

p— L [(Vo1.dt+ [Odt
—?UOPP +DT}

O0<t< DT

DT<teT ©0<DP<l
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51
pulse into a resistor

P=p,,.= ave[v(t) X i(t)]

p—1

(V1 dt + [0d
_jop POl + DTt:l

?
~DT
%O\/P | dt

it I O0<t<DT e Dl
it)=1, DT<t<T ~~°F
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52
pulse into a resistor

P=p,,.= ave[v(t) X i(t)]

p1

(V1 dt + [0
_Iop POl + DTt

?
~DT
%O\/P | dt

=V“ijm
T Jo

it I O0<t<DT e Dl
it)=1, DT<t<T ~~°F
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53
pulse into a resistor

P=p,,.= ave[v(t) X i(t)]

(Y1 dt + [ Ot
__J.O EER - DT

DT
VAR

it I O0<t<DT 5
it)=1, DT<t<T
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54
pulse into a resistor

P=p,,.= ave[v (t) i(t)]

= valpdt+ Ot

vP | dt

it I O0<t<DT 5
it)=1, DT<t<T

Purdue University ctronics




55
pulse into a resistor

P=p,,.= ave[v (t) i(t)]

= valpdt+ Ot

vP | dt

it I O0<t<DT 5
it)=1, DT<t<T
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O0<t< DT

. lp
'(t):{o TeieT
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pulse into a resistor

P = Py = avelv(t)xilt)
1 DT T
T|Jo DT

P=DV.I,

T =12ps
1:pulsewidth
D=7

V, =28Vp R

=3us

loa

ctronics




Power:

me
DxT T

t V, O<t<DT e Dl
v(t)=1, DT<t<T ses

Ipm
DxT T

it I O0<t<DT e Dl
it)=1, DT<t<T ~~°F
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pulse into a resistor

P = P,y =avelv(t)xi(t)
1[ ¢DT T

P :—[ Vo1t + Odt}
T|Jo DT

P=DV.I,

T =12ps

1:pulsewidth

D=0.67

V, =28Vp

|, =3.5A

P, =065.66W

ave

=3us

ctronics




58
pulse into a resistor
P = p. =avelv(t)xilt)]
1 DT T
P :?[ Vi lodt + Dont}

p:i{
12us

[ (e8V, ><3.5Ap)dt}
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59
half sine into a resistor

V,sing  0<éO<rx
T<0<2r1

Purdue University EET 257 Power & RF Electronics




60
half sine into a resistor

27

(g l,sin@ 0O<fO<rx
i(0)=1, e (B2
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61
half sine into a resistor

(0) {:)p sing
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62
half sine into a resistor

P = p,. = ave[v(t)xi(t)]

1 T . . 21
P= Z—WUO(VP sinB)(1, sinB)do + LOdO}

V, =170V, R joag = 202

=7
p :

load

(0) {:)p sing
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O<O<rx
T<0<2rx




63
half sine into a resistor

P = Pae = avelv(t)xilt)
P =2—1TCU”(VPsine)(lpsine)de+j:6”de}

V, =170V, R
|, =85A,
1

P z_n[ [[@70V; sin6)g5A, sin e)de}

P="?

=20Q

load

() {:)P sing
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64
half sine into a resistor

P i[ [ @70V, sin 0)8.5A, sin e)de}

27

P = (1/(2n))* j (170*sin(X)*8.5*sin(X), X,0,7)
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Power for common waves

v(t) i(t) P av

Table 3-2
P 153
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Overview

¢ Average
— definition  Integrals
— pulse half sine

¢ Root Mean Squared

— definition  Integrals
— pulse half sine

& Power
— definition
— pulse half sine
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