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The Gate to Source Capacitor
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Capacitors, C
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Polyester capacitor ~ Ceramic capacitor

Electrolytic capacitor Tantalum capacitor AC Motor capacitors
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# [deal linear capacitor

1 1 g A
F=—D=——andv=IF =>g=¢—v =g=Cv —
g s A 1 / 1 Q—CV
ngé
/

# The unit of capacitance is Coulombs/Volt, or Farads (F). Name after
Michael Faraday (1781-1867), an English physics and chemist.
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Element law for a capacitor

# The capacitance is defined as

C= dq or dg=Cdv
dv
® The element law of a capacitor can be found as:  — —q
O
=4 _ o
dt dt

# The branch voltage of a capacitor depends on the entire past history of

its branch current, which 1s the essence of memory.

L.
v(t) =— jldf——j ld7+_jld VU)ZV(%)"‘EJ;OZdT

a()=q(t,)+ [ids
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Switch and Initial Condition

..S‘r ]S] terforA‘l '1? T chy lg

® (=0"and¢=0"
o _ R 220 SU_
® Switching at =0 - c‘{\ oo 0
ve(07) = timve(t) ve(0© fzmv t cy + ¥
c(07)= fimve(@) ve(©")= fimvc®) iy BEERNGD
t<o t>0
® v(07) 1s the initial condition for v.. -
N
ve(®)=ve(0)+— [ ic(r)dr
CJ0
+
N _ 1 ¢0F,
ve(0F) =ve(0)+ [ Lic(o)dr
® When i, (7) 1s finite,
0" )=vc(0” 0")=gc(0”
ve(07)=vc(0 ) qc(07)=gc(0 )
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Electric Energy Storage — "o Someindg

Associated with the ability to exhibit memory is the property of energy
storage, which is often exploited by circuits that process energy.

The energy is stored in the form of electric field .

Electric energy w, stored 1n a capacitor

P.=iv = dwE:iv = dWE—v@ = dw, =vdq
dt dt dt
N vdg =Ly =L Ly
wE—jOde—OCdQ—2C—2Cv

Unlike a resistor, a capacitor stores energy rather than dissipates it.

1g> 1
sz—q—z—Cv2
2C 2
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i-v Behaviors of Capacitor

® [ts current depends on the changing rate of voltage v.
# Steady state characteristics

#® The capacitor is an open circuit to DC at steady state.

dv,
i, =C—==0
de dl.

#® The capacitor is a short circuit to high frequency signals at steady state.

Assume ve = V sin(wt),

dv As w —0, ic—0o0, similar to
C

= wCV cos(wt) ..
dt a short-circuit.

i =C

® The voltage on a capacitor does not change abruptly. Discontinuous

change in the capacitor voltage requires an infinite current.

® For finite current, - (O+) =vc(0)
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The Inverter Chain
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® Apply node method: ’W\/ +
Vc_V1+CdL:0 R C = K(,‘(t)
R dt Vi (t )
Given:
1

v,(t)=V,=5Viort=0
v(0)=V, =0V 1s the given initial state value of the capacitor.

RC % +v. =V, =5V The input drive switch from 0 to 5V forz >0

dv %SV %SV
RC—~+v.=V,=5Vfort>0
dt 5
C

il
oV
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Method of homogeneous and
particular solutions
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Find the particular solution, v .
Find the homogeneous solution , v .

The total solution is the sum of the particular and homogeneous

solutions , vy =vVp+ vy

Use the 1nitial conditions to solve for the remaining constants.

Chapter 9, EE2210 - Slide 11/34



The Particular solution v

A
_JJ‘““\N ‘/w_,!’l’
3 ) CAPT
=l S
=
3 2 )

Center for Advanced Power Technologies
National Tsing Hua University, TATIWAN

R C — -
v, (¢) B
1
# Find the particular solution, v p.
dv
® v, :any solution that satisfies the original equation RC a’ip +Vep =3V
® Use trial and error : Try vp =5V,
d d5
RC ZCP +7p =5V = RC—-+5=5 Worked!!
{ [
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The Homogeneous Solution

Find the homogeneous solution , v .

Vg isolution to the homogeneous equation RC dvey

by setting the input drive v, to 0.

. . . 4
Assume solution is of this form : v, = Ae’

A St
RC dde +Ae" =0 = RCsde” + Ae" =0 = RCs+1=0
t
1 1
Characteristic equation| RCs +1=0 | = S=———=——
RC T
The homogeneous solution , v;:
t
Ve = Ae K€ WA +
n R C= V("(I )
. . v,(£) (= -
RC 1s called time constant 7.
i
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The total solution is the sum of the particular and homogeneous

solutions:

t
_ _ RC

Use the initial conditions:
vo(0)=V,=0V

to solve for the remaining constants.
0 0

Vo=0=V,+ de *¢ =5+ Ae
= A=V,-V,=0-5=-5V

Y

The total solution v :

p t t

=54 (0—5)e RC =35/ 1—¢ A€

ve =Vi+ Vo=V, )e *
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Capacitors, C

#® Parallel connection

7
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v o= o= === )
- (/1 Cg C'h,
#® Series connection
= -
+ 11 I
v C C's n
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Inductor, L
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Toroid inductor Wound inductor Transformer

AC line inductor AC shunt inductor
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Inductor
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Area A

# Total Flux linkage A

2
A
A=ND=NAB = NAu& uN ] A="Li
5 [ /
N-°A
L=u l

# L has the units of Webers/Ampere, or Henrys (H). Name after Joseph
Henry (1797-1878), an American physics.

Chapter 9, EE2210 - Slide 17/34



5 CAPT

P o7 & Center for Adva 'lPewer Technologies
<G National Tsing H University
N

Element law for an inductor

o—
#® The inductance 1s defined as * g
d\ L
L=% o di=Ldi YT
di )
® The element law of a inductor can be found as: ¢
_dA_di
dt dt

® The branch current of an inductor depends on the entire past history of
its branch voltage, which 1s the essence of memory.

i(t)=— Ivdf——rovdr+% de ) =il)+— J;Ovdr
A() = Alty)+ [ vdz
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Switch and Initial Condition

® =0 andr=0"

® Switchingatz=20

i (07) = limig () ip(07)=limi () C) % L (*)
t—0 t—0
<o >0

® v(07) 1s the initial condition for v..

_ 1 ¢t
(0 =ig(0)+ [ _vi(o)de

b oo 107
i1 (07)=i; (0 )-I—EIO_VL(T)dT

® When i, (7) 1s finite,

i (07) =iz (07) AL(07)=2,(07)
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Associated with the ability to exhibit memory is the property of energy
storage, which is often exploited by circuits that process energy.

The energy is stored in the form of magnetic field .

Magnetic energy w,, stored in an inductor

Po=iv = Mgy o D g
ds dt  dt

2 g |
= ] /1’: —_ ’:——:—L.
Wy, J.Ozd J;) La’q WAL I

Unlike a resistor, an inductor stores energy rather than dissipates it.

2
Wy, =l/1—=lLﬂz
2L 2
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i-v Behaviors of Inductor

# [ts voltage depends on the changing rate of current i.
# Steady state characteristics

#® The inductor is a short circuit to DC at steady state .

ide
v, = L= =0
de dt

#® The inductor is an open circuit to high frequency signals at steady state.

Assume ir = [ sin(wt),

Ji
v, = L — L1 cos(wt) -
dt to an open-circuit.

As @w —00,v;,—00 similar

® The current through an inductor does not change abruptly. A
discontinuous change of the inductor current requires an infinite voltage.
# For finite voltage, i (()+) =iy (0 )
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Inductors, L

#® Parallel connection

Ly Lo

#® Series connection

L4 Lo
_‘h.
v 7
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Excitations

# Step function;

A

>
t
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0 if 1<0
u(t):{1 ;f;;o

u(t_to) _ {? if 1<t

if 1>1,
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Excitations
® Pulse
A
0 i > 1
# Ramp function
A
0 1ft<0
r(t) = [ u(t)dt =
t 1t >0
> -~
7
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Excitations {

R
® Impulse; |
50 du(t) 0 t>45,t<-5, A—=0
& dt X S <t< S, A=0
HIE
A -
- /_ _d(tydt =1
«—> t 2
A . )
® Sincei0)= vc(0")—vc(07) =V,
V1) ,
: ' i
Y i(t)
V(1) C — CV
v, AV
L
> 0 » 1
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Impulse C APT
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® Since v;(0) =
0 »
. + ) _
ir(07)—ip (0 ) =1
V()
A
ALl
>
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Switch Open .
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Boost converter
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Boost converter
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Switch Closed 7, s
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Boost converter

The analysis assumes the following:

The switching period is 7, and the switch is closed for time DT and open for
(1 —D)T.

The inductor current is continuous (always positive).

The capacitor 1s very large, and the output voltage is held constant at
voltage V.

Steady-state conditions exist.
The components are 1deal.
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When Switch is Open @ CAPT
ﬁ "w-,:v:l\-“:sr IEIett l1 TA igH qupuwe ‘{x!l'A[%\%ﬂNs
Vi — VS_ VO
+ g +
Vs ~ Vo
v =V~ = LdlL dlL:Vs_Vo Ai, A V-V,

dt dt L At (1-D)T L

Vs =V,)A-D)T
L

(AZL )open =

Chapter 9, EE2210 - Slide 30/34



CAPT

& Center for Advanced Power Technologies
National Tsing Hua University, TATIWAN

il o O O—e
+ 'L n
Vs Py v,

Ji iV : :
v = =19 i i Vs Ay AV

dt d L At DT L

: V.DT
(AZL)closed = I
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VL
VS
Vs _ Vo

Closed

Open

(AZL )open + (AZL )open — O

DT
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DT

L
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o _ 1ot o T dig
v — i vp = inR ve = & fm odt vy, = L%
7 — — VR T oy — rdv. ;oo— 1 t-‘.‘ -
L — U 1= £ ic =C L = 7 ff{_ v dt
Pow E __ 22 R — 1-‘12? W = 1(*. 2 W, — 1L,-2
ower, Energy | pr = iz R = 3 ‘o = 5CvE Vi = 35Lig
o — ¥ 1 _ v_1 3T
Series Req = MRy Con = Zek Leqg = XLy
[ N o 1 _ 1
Parallel Rl — T Ceq = 2CY, L., L
DC steady state (same) open-circuit short-circuit
ir,

Continuity

(no restriction)

U
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Fundamental Circuit Variables ai
Elements |

® 4 fundamental circuit variables: current, i; voltage,v; charge, g;

magnetic flux linkage, 4 (¢ instead A of is adopted 1in this slide).

® 6 mathematical relations (or Elements) might be construed to connect

pairs of these 4 fundamental circuit variables.

-—fw\,—-@i o

Resistor Capacitor
dv = Rdi dg = Cdv

et

o—J00—o | o[[|[[re

Inductor Memristor
dp = Ldi dip = Mdqg

(s
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dip = vdt




