IE1206 Embedded Electronics

Let P2»| Le2 | PIC-block Documentation, Seriecom Pulse sensors
I, U, R, P, serial and parallel
Le3 [ Bx1 [=>] KC1 LAB1 Pulse sensors, Menu program
e Start of programing task
Lea |=>»| Ex2 | Kirchhoffs laws Node analysis Two-terminals R2R AD
Le5 |=>»| Ex3 9| KC2 LAB2 | Two-terminals, AD, Comparator/Schmitt
Transients PWM
Los 3] et [ Ler —> KC3 Lags Step-up, RC-oscillator

es ] &6 :E Phasor jod PWM CCP CAP/IND-sensor

Ex6 3 Lel0 Leil | Kc4 LAB4 |LC-osc, DC-motor, CCP PWM

Lle12 ] exz7 > Display LP-filter Trafo

* Display of programing task

Lel3 =>| Written exam |Trafo, Ethernet contact
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An impedance which contain inductors and capachaxe,
depending on the frequency, either inductive chiaragD, or
capacitive characterApr.

An important special case occurs at the frequenuogray
capacitances and inductances are equally strodghair effects
cancel each other out. The impedance becomes peagystiv.
The phenomenon is called thesonance and the frequency on
which this occurs is theesonant frequency.
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Reactance frequency dependency
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R L C impedances
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At a certain frequence andX. has the same amount.
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How bigis U ? (13.1)

The three volt meters show the same, 1V, how msitihe
alternating supply voltagd ? (Warning, teaser)
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How bigis U ? (13.1)

The three volt meters show the same, 1V, how msitihe
alternating supply voltagd ? (Warning, teaser)
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How bigis U ? (13.1)

The three volt meters show the same, 1V, how msitihe
alternating supply voltagd ? (Warning, teaser)

e

—_— e —

U=1vt U,
~ ) L 1V L
1 ,'-

_____

Since volt meters show the
R=(X |=|X R=owlL =
"same" and the currehis | L | | C| w

common.
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If X, |=[Xc|=2R ?

Suppose the AC voltadé still 1 V, but the reactances axce as big.

What will the voltmeters show? 1
ol = E =2[R

-

U=1vt
a2y ) L 2V
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If X, |=[Xc|=2R ?

Suppose the AC voltadé still 1 V, but the reactances axce as big.

What will the voltmeters show? 1
ol = E =2[R
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If X, |=[Xc|=2R ?

Suppose the AC voltadé still 1 V, but the reactances axce as big.

What will the voltmeters show? 1
al = e = 2[R

-

O 3 Wel .

_____

At resonance, the voltage over the reactances can be many
times higher than the AC supply voltage.
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Tesla coll

Many builds "Tesla" coils to gain some excitement in life...

AC mains

High voltage
transformer

Modern

TESLA GOIL

Theory

Duane A. Bylund
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Inductor quality factor Q

Usually it is the internal resistance
of the coll which is the resistor in — C
the RLC circuit. The higher the call ——
AC resistanceol is in relationto ¥
the DC resistance the larger the  Yn +
voltage across the coll at a _ Uy
resonance get. This ratio is called

the coil quality factoR. r

( or Q-factor ). © ©

Q= = — UUT:QmJIN
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Series resonance
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Series resonance

=0
_ . 1 ) . _i
U—I[€r+Jaj_+ijj—l[ér+J(cd_ aﬁjj

The Impedance is real when the imaginary
part is "0”. This will happen at angular
frequencywy, ( frequencyf, ).

_I_

N
L’U
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Series resonance

=0
U=I r+jaj_+_i :L[Er'l'j*&j_—i)
jaC aC

_I_
U, f
The Impedance is real when the imaginary part’is "0 be
This will happen at angular frequenay (frequencyf,).

1 1 1
ImZ|l=aL-———=0 = =——— | f,. =
2] aC “ ° 2m/LC

JLC
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Series resonance phasor diagram
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Series resonance phasor diagram
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Series resonance phasor diagram
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Series resonance circuit Q

It is the resistance of the resonant circuit, uguail
iInternal resistance, which determines how pronodince r
resonance phenomenon becomes. It is customary to +<>

"normalize" the relationship between the different s -

variables by introducing the resonance angular c
frequencyw, together with the peak current, in T
the function I(w) with parametef) :
1 wl T T Normalized
Q=—— | chart of the

%:\/LC r

I max

(1+1Q(“’—“’°)]
wa W
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iy s ®
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\ series resonant
\ circuit. AhighQ
/)W correspondsto a

L Q\ , narrow

e e ow 0 F@SONANCE peak.
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Bandwidth BW

At two different angular
frequencies becomes i |mag|nary

Im and real part Re inthe o707

+E‘

0

denominator equall is then

V2 ET1%). 0.
TheBandwidth BW=Aw is the ..

distans between those two
angular frequencies.

I —_ max

_ (EI+ JlQ(* )]

Re = Im

BW[rad/s] Aw=w, - = “ W= w,[do, W,, W,= wo{i : +
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The eguations give :

2Q
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e More convenient formulas

1 JI P
I i

08¢
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1 _2dL | Aw 1 Af 1

f = — S
° om/LC r w, Q o Q

=
If Qis high, no significant error is done ifthe || ¢ ¢ . , Af
bandwidth is divided equally on both sidedpf) ! ’ 2
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Example, series resonance circuit

C=25nF T Jomasn  100% /;H:OOKHZ
fBOv:/ iOA(:‘ Elez 5 kHz B T %
’ : :L=? 50 % I “.\
Q=?2L=?r="7? L ) ] I
| , =2 /
L1 1 L/
0%
f— >
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Example, series resonance circuit

C = 25 nF Q __C=25 nF 100 % /;F\:OOKHZ
fO =100 kHz BB 12,5kHz 0
BW = Af = 12,5 kHz R )
| | L=7 50 % 11 \
=2 L=2r="? P R
? f U r=2 //
Q=0 - 100 _g Ll o
Af 125 f— >
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Example, series resonance circuit

¥ 100kHz

C=25nF O Vmos g 100% ™
f, = 100 kHz 1 iR 1]
1 [ BkHz 0
BW = Af = 12,5 kHz "% 7o <+ 71%
| |L=? 50% f ‘\\
Q=?L=?r=7 P |
I =7 /
Q= f :10028 = 0%
Af 125 f
o= = L= = = 01mH
°"omllc (27f,)’C  (27710010%)? 25107 1
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Example, series resonance circuit

F 100kHz

C=25nF O Vmos g 100% [‘\
f, =100 kHz T [T\
BW :OA(:‘ = 12,5 kHz m 57 ~ R T1%
| : : L=? 0% — \\
Q=?L=?r=7 e A
I , T=7? /
Q= fO:100:8 = 0%
Af 125 f
= == = L= = = 01mH
" 2m/LC (27f,)’C  (27710010%)? 25107 1
-3
o= XL 2L _ 2;1(3& _ 2nmoomg3 [0100° .
r r
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How bigis | ? (13.2)

The three ammeters show the same, 1A, how mudtie i8€ supply
currentl ? (Warning, teaser )
| =7
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How bigis | ? (13.2)

The three ammeters show the same, 1A, how mudtie i8€ supply

currentl ? (Warning, teaser )
[ =1A

-
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How bigis | ? (13.2)

The three ammeters show the same, 1A, how mudtie i8€ supply

currentl ? (Warning, teaser )
[ =1A
-

|, andl. becomes airculating currentdecoupled fromg. |, I- can be
many times bigger than the supply curreht=1;. This is parallel
resonance.
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|deal parallel resonance circuit

1 1 |
Z=R][L[|C= = Ut
1+_1+j0£ 1+J(:‘£_1) ~ DR L =
R JwL R awlL

=0
The resonance frequency has exactly the same sxmess for the series
resonant circuit, but otherwise the circuit lhesger se character, IND at
low frequencies an@AP at high. At resonance, the impedance is rdal =
1
f, =

271+ LC

o
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|deal parallel resonance circuit

Z=R||LIC=g—g =
—+—+jaC —+](WC—-—"1) ~ DR L =
R JwL R

o

The resonance frequency has exactly the same sxmess for the series
resonant circuit, but otherwise the circuit lhesger se character, IND at
low frequencies an@AP at high. At resonance, the impedance is rdal =

f, = L

2T/ LC
Actual paralldl resonant circuit e ek

Actual parallel resonant circuits has a seriestasce | v+,

inside the coil. The calculations become more UL
complecated and the resonance frequency will alsc
differ slightly from our formula.

Yoo
[ 1O

P‘—L
=i
-

e ALALS { f—
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Example, actual circuit (13.3)

L=lotlp =gt oI oy ey [e
1 r+ch- (r jal) r +(aL)
jaC
r . al
=U + il C -
CE o]

=0
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Example, actual circuit (13.3)

L=lotlp =gt oI oy ey [e
1 r+ch- (r jal) r +(aL)
jaC
r . al
=U + il C -
[Ef“(wl-)z I r*+(al)® 'j
=0
.
_ awl , 1 r? ~ S | 1 r?
== - = 27f f = -
“ r?+(awyl)? LC L? :: ° 2m\lLC L?
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Metal Detector

Any "losses" (even
eddy-current losses

y in all kinds of
1 1 metals) are
fo —— il T <7 summarized by the
277'\ LC L symbol r !

Iron objeMcts

the magnetic field |
and thus alst.! &8

The parallel resonant
frequency is affected b
the coil losses. That’s

how hidden treasures are o |
found! 0SS€esS
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Series or parallel resistor

In manual computation for simplicity one usuallyesshe formulas of
the ideal resonant circuit. At high Q and closéh®resonance
frequencyf, the deviations becomes insignificant.

At Q >10 are the two circuits "interchangeable”.

r T
1Y e Y, :
““fe APTil DT
{/\
Alternati _ ol _[R _
oo |27 )| R
with R, N\

(applies approximately for Q >10)
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Example, parallel circuit

Parallel circuit.
C=25nF

f,= 100 kHz
BW= 1250 Hz

L=2r="7
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Example, parallel circuit

Parallel circuit.

C=25nF

f,= 100 kHz

BW= 1250 Hz

L=?r=7?
_100010° _

fO
= =80
Q=at = 1250
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Example, parallel circuit

Parallel circuit.

C=25nF . .
fo =100 kHz ;C) ol RD ,
BW= 1250 Hz
L=2r=7

f, _ 100010’ 80 > 10 justifying
Q=" 1250 -2  counting with the ideal

model.
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Example, parallel circuit

Parallel circuit.

C=25nF U Q
f, = 100 kHz ROESIE
BW= 1250 Hz
L=2r="7

f, 100010’ 80 > 10 justifying
Q=" 1250 -2  counting with the ideal

model.

f,= L L ! . =01mH

= = =0
e = @i)C  (2rloonc)@saot
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Example, parallel circuit

Parallel circuit.

C=25nF U Q
f, = 100 kHz DEA] 3
BW= 1250 Hz
L=2r="7

f, 100010’ 80 > 10 justifying
Q=" 1250 -2  counting with the ideal

model.
1 1 1
f = L= = =0 H
oS omic " @i)yc @rmoonc)ymsaot

Q= R o R = R, =27, [L[Q=2/710010° [D110°[B0=5027Q
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Example, parallel circuit

Parallel circuit.

C=25nF | | y :_L _:Q
f,= 100 kHz Answer with a series +<> o bR
BW = 1250 Hz resistor! S e
L=?r="7 = -

f, _ 100010’ 80 > 10 justifying
Q=" 1250 -2  counting with the ideal

model.
1 1 1

= L= = =01mH
271/ LC (27£,)°C  (2/rA00010%)° (250107 a

f, =

Q=" =R R =0 [L0=27010010° (01107 B0~ 50270
X, 2,0

L

1
rS:_zRP

1
—5027=08Q
80"
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Example, parallel circuit

Parallel circuit.

C=25nF | | y :_L _:Q
f,= 100 kHz Sanswer with a series +<> o bR
BW = 1250 Hz resistor! S e
L=?r="7 = -
_f, _100010° _ 80 > 10 justifying
Q= AF 1250 =80 counting with the ideal
model.

f= Lt | =1 = ! =01 mH
° 2m/LC (27£,)?°C  (27710010°)? (25010

Q=2 =R R -2 [L0=27010006 D110° BO=5027Q
X, 27,0

rs:isz:$5027=0,8§2 Luckily we did not have 1 \/[ 1 _r2j
c (L

tousethisformulato fo= 577
calculatethe L
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The inductive sensor Is a rugged sensor type available
INn many types.




Cyclists who request green? &

s
TO REQUEST
GREEN

WAIT
ON

Sorry! The
Inductive sensor Sensor does not

for bicycle work for all
William Sandqvist william@kth.se bl CyCI eSf;
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