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Circuit Simulator

Download LTSpice from the web site of Linear Technology
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What Is Spice?

SPICE: Simulation Program with Integrated Circuit Emphasis
A language which describes electronic circuits (corresponding to circuit diagrams).

ex) a CR circuit and a dc power source *0---R1---1---C1---2---V1---0

R10110
C11220
V1205

Graphical user interface: Circuit diagram END
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Operation example
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Outline today

3.2 Two terminal-pair passive circuits

3.2.1 Impedance matching (concept)

3.2.2 Poles and zeros of transfer function and
Bode diagram

3.2.3 Image impedance

3.2.4 Impedance matching with terminal-pair
clrcuits

3.2.5 Fidelity and distortion

3.2.6 Filter circuits



Impedance matching

? Vous (iw) = Vo(iw) — Zow (iw) J (iw)
ke P = Re(VouJ) = Re (Z*—l—g*tZ—FOZ t)
7 2
Vout = |‘/b| R Z
V @ |Z+ Zou1:|2 e( )
0

2
v Maximum power: P .. = 4R|‘(/;| F
° €\ Lout

Impedance matching condition: Z — Z:ut




Zeros and Poles of Transfer Functions
s ™

(s—B1)(s— B) {a;}: Poles
(s —ai)--- (s —ay) 1B} Zeros)

Wi(s)=hB

Bode diagram
log |W (iw)| = log | B| + Zlog| iw — B;)| — Zlog| w — aj)|,

J=1 J=1

arg(W (iw)) = arg(B) + Z arg(iw — B;) — Z arg(iw — a;)

W(s) = ! df e® d*6 e®(1 — e**)
s+ 1 = — = —
d(logw) e +1°  da? (e2* 4 1)2
arg|W| =0 dlog|W(iw)) ez d(og|W]) 2

logw =2 d(logw)  1+ex’ dz2 (14 ex)?



Effect of a Pole on the Real Axis for Bode Diagra
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Effect of a Resonance Pole (Finite Imaginary Part

W(s) = 10°F
(5) s+ 1— 1wy
(QJO > 0)
10"
(fake example) S
AN
107
g lw/\ 103 ] ]
i W = of -
[ &0 i i
. 5 |
: 1F | i
1 > - \ . ’ iLﬁ |

1 | | |
—1 10 10 107! 10° 10! 10° 10°
(6))




Image parameters

| OZ 7 O— Z, and Z,, are image
21 1= G2 | |z impedances
I_Oi —O_I
O 02—
A B
CS Vl] (¢ ») T V2 | |22
o— 0
‘/1 — A‘/Z — BJQ)
h=Chm bl EEF Rt ==
1 2
\
‘/2 — —JQZQ Z2 _ DZl =+ B
\ CZi+ A



Image parameters

AB DB
“1=\ep %mel

v ¢_w@5 ¢Eﬂ,i%;:¢§w@5+VEa

VidJ 1 J Zo V;
6 _ 11 4 S [4e
CE=NTnL VNzTh Vzy - VAPV

6: Image propagation constant
0=a+if (o8 €R)

Image attenuation constant Image phase shift




Image parameters

A
A= 7lcosh6’, B = +/Z1Z5sinh 0,

2

1 Lo
C = sinh¢, D = 4/—--cosh@
V 4122 A

Z1, Z>, 8. Image parameters




Impedance matching with two terminal-pair circuits

O
5 & b) R
C D
o— -
AB BD
ABLD =0 R =\Gp B=\74g

O

R — > RROU — B C
CR+ D’ CRou + A .= B/

A=D=0 R, =

B=C=0 Ry/R=A/D

Matching transformer

n = v/R/Rou




Fidelity and distortion in wave transformation

Linear response: w(t) = Z{u(t)}
w(t) = Agu(t — 19) .. W(iw) = Age U (iw)
=(iw) = Age

No distortion condition:

|=(iw)| = Ay, arg|=Z(iw)] = —wmg
(1) No filter effect
rw) = 229 (4) = arglE(iw)

(2) No dispersion in group delay

Breaks (1): amplitude distortion, (2): delay distortion



Effect of distortion

Sinusoidal amplitude distortion (amplitude modulation)

A(w) = a1 cos(mw) + ap, P(w) = —Tow

T o

1 [ .
w(t) / A(w)U (iw) e @2 ) gy,

— 00

1 [ .
=5 dwU (iw){a cos(miw) + ag}e™ =)

T — 00

1 [~ . . .
= N dwU (iw) [ao + %(6”1“’ R 6_”1“))} giw(t—o)

a
= agu(t — 1) + é[u(t — 70+ 71) +u(t — 10 — 71)]

Paired echo



Effect of distortion

Sinusoidal group delay distortion

Aw) = Ay, ¢(w) = —Tow + by sin(mw)

b
expliby sin(rw)| = 1+ 22—,1(6”1“’ —e
i

—ile)

w(t) = Aglu(t — 19) + %{u(t —To+7) —u(t —719 — 71)}

Paired echo



Distortion

(paired echo)

Cosine
Amplitude
Distortion

Sine
Delay
Distortion




Filter Circuit

4 A Transmission h
Low pass filter
\ > %)
4 A Transmission )
Band pass
filter
)
\. /

g A Transmission
High pass filter
s
Transmission
Notch filter
\_




Transmission

Vs (iw)
V1 (iw)

Voltage transmission coefficient: T'(iw) =

logT =log |T| + targT = —a — i3

attenuation Phase shift

Ji — </,
O .
A B
5 Vl ] (C D) T VZ Zz
O— O -
Square root power transmission coefficient

o _ [P _ RyA+ B+ CR{Ry, + DR,
B=\DPp, /R Rs




Terms for Filters

Z(iw) = A(w)e'®@)

(Transient Band)

o~
~

e
<

I Stop Band

Transmission or Gain

I
I
I
I
I
I Pass Band |
I
I
I
I
I
I
I

o

| Cut-off Frequency



Ideal filter (not exist)

S I o Ideal low pass filter
é E(ZCU) = AoH(wo — w)
% Heaviside function
— w
o W ’
1=
S 0 . dw
w(t) = / Aoe“"tz—
T T
“0 dw
= Ag / — cos wt
_wg 2T
sin wot ,
= 2A0f0 L — 2A0f081110(2f0t)

Wo



] P(w)

—1T/T T[I/T

, SIN T
SlIlC(ZC) _ oV\/\/\/\/ \/\/\/\/\7
T

10 5 0 5



Constant K type filter




Butterworth Filter

1

G*(iw/wo) = |H (iw)|* = 1+ (w/wp)2n

10°

10t |

107}
16

10'3 1 | 1 | 1 | 1 1 1
10°° 107 10! 10° 10* 10° 10°




Bessel Filter

Inverse Bessel Polynomial

n=3
By =1, Bi(s)=s+1 o .
Buls) —(2n — VBurs() + Boa)s? -
B, (s)

00000

|5 l: H ::I



Chebyshev Filter

G, (iQ) = | H, (i) = !

1+ eT2(Q)

: Ripple coefficeint

T.,: n-th order Chebyshev polynomial




Quartz crystal filter

CRYSTAL FILTER

MODEL

FREQ. ,
s

ND.

(#7%) YAKUMO TUSIN

Response (dB)

-60
4433.25 44335 4433 75 4434 4434 25
Frequency (Hz)



Packaged filters

Web selection page

http://www.minicircuits.com/products/Filters.shtml

Mini-Circuits
Band Pass
19.2 — 23.6MHz 500hm



http://www.minicircuits.com/products/Filters.shtml
http://www.minicircuits.com/products/Filters.shtml

Classification with the number of energy storages

(a) (b)

(a) Single energy storage 1

(b) Double energy storage




WP E (Transient Response)

w(t) = / " B (iw)U (iw)et X

_oo 7
. Heaviside
" 0 t<o0,
X H(t)=41/2 t=0,
t g t >0




Simple application

R
O— " \\NV\—e—0O
wt) C==
@) —O
¢
e
—2mi—— — lim
2m1 e=0




Calculate the voltage V over capacitor C, by using Norton theorem.

o [ -1




Obtain F-matrices for the circuits below.

(a) (b) (c)




The switch below is turned on at t = 0.
Obtain the time evolution of voltage v henceforth.




