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ABSTRACT

This project presents the application of MATLAB and SPICE programs for study and simulation of
the control system components. Attension is directed to an implementation of MATLAB and SPICE for
the Windows system.

Two cases study are presented. The first“case study the Simulation of the Response of a dc
Motor Driven from an SCR-Controlled Source which is the paper of WALTER W. TURNER presented on
IEEE TRANSACTION ON EDUCATION by using MATLAB program instead of BASIC program and
compared the results. Second case study and simulate the wide bandwidth swiching phase detector in
phas locked loop control system using SPICE program. Both cases are employed to demonstrate for the
study and analysis of the control system components.
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Abstract

]

This reseach study about Simulation of the Response of a dc Motor Driven from an SCR-
Controlled Source , a paper from IEEE TRANSACTION ON EDUCATION [6]. Instead of BASIC

programming, MATLAB. is used for a simulation. MATLAB's tools, simulink and script file, present



simulation of the response of a dc motor driven from SCR-controlled source. Both dc and ac source,

and their-simulations will be discussed. The response of the simulations from simulink and script file

will be compared with the response from original paper [6].
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method [2] MIFATUIUAUMTHAANVDITSUY
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- simulink  Futhuniesiielunisas file
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‘UNS:'U'IJT,F\U‘I‘B simulink W1197 block diagram U904
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2.1 TN!ﬂﬁﬂNﬂiﬁﬂﬁ]ﬁﬂ‘iﬂBﬂﬂ'l‘iﬂ'JUQNNE)IﬂS‘S
4 d
ﬂistl’dﬂﬁﬂﬂﬂﬂ]iﬂ'JUQ!JE)'IﬂuH)E)i (Armature
control of dc motor)
4 4 ¢ 4
R = ANumumueisiees (lany)
[ Armature resistance, ohm ]
AP, A\ -
L = ANUIYUBIUI0ITINIBT (18UST)
[ Armature inductance, henry ]
4 4 ‘!
i = NISUADITNIDS (oNKYT)
[ Armature current, ampare ]

E, = mménﬁnulxm‘aai;w (T:mvﬁ

[ applied armature voltage, volt }

E, = wsandon hooundy (Taamy
[ back emf, volt ]

w = AN aTag (iAo
[-angular velocity, rad/séc ]

T = torque (ﬁ'zﬁ'u.mm) [N.m]

7 = Tunsumnanudey

[ moment of inertia, N.m/(rad/secz) ]
B.= Load viscous friction { N.m/(rad/sec) ]
K, = motor torque constant [ N.m/A ]

K, = back emf constant [ V/(rad/sec) ]
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dt
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do
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dt

) ¥
AMUATAISTUAN i=0, 0 = 0,
il
talge laplace transform Tuerums 2), 3

t 4
o 4) e

Ey(s) = Kyw(s) )
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(¥ou block diagram ladadl
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Ton fi® on time¥a chopper
Torr f19 off timev04 chopper
v

D fio % voq duty cycle U89 chopper

Tox

D * 100 ®

R + Toer
1119 chopper 841417 on time AWM

i3 ‘. o o 1 A :
finomAy vV Asqumsi 9)  uasilioaylunng

L] A r'd o 1]
off time ANNANANINIAVGUY Haauns (10)

di

V=iR+L™ +E, ®
dt
di

0=iR+LT— +E, (10
dt

aminuveaessiludagili 4

zﬂﬁ 4 97 dc chopper
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msf1avINaNMsROUANBINEITELLT 1Y
um’;w'wns;tmﬂé’uﬂvw SCR MI1Uvee SCR
(11, B3] mwsenwquas navesnssuaiinu
ScR Taslynesn3nines iasatad (pulse) LAY
mns:o{ui‘iﬂmn (gate) 1ﬁaﬁmuﬂqm?'m;umsﬂ1

‘A
AISUNY9Y SCR (turn on) UAINBININMIUYANT

19U (turn off) ¥83 SCR gnfiwmunlaunseued
' 4 S
WU SCR 43 SCR sengamainuilienssua

ANAIAINDIM I, (SCR holding current)
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trigger circuit
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2 WYY 9HAY8Y MATLAB Ao script file (g

simulink

8.1.1 M391304 dc chopper Inaly script file
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* N a % P ' o o 4
unlunmsiimes lu script file FIRNUNIBYD aunan1s U script file (fudaglit 6b uas 6c

miiiresesuwegluaiuved Tsunsuaegili 6a

% Simulation of a dc motor driven from a dc chopper controlled source
% This program shows graph of armature current and motor speed for

% a chopper controlled dc motor. Parameter of this program could be

% changed by understanding the parameter below.

% The basic scheme is to use Euler's method of repeated integration

% in conjunction with the two first order equations describing the system.

% i.R+L.(di/dt)}+Kb.w =V or 0 «(la)

% J.(dw/dt)+Kt.i =B.w ..{22)

clear;

% Parameter of system for simulation

R=0.1; % R is armature resistance ( ohm %
L=0.2; % L is armature inductance (henry H
J=30; % J is moment of inertia (N*m/(rad/(s*2)) )
B=2; % B isviscous-friction (N*m/(rad/s) %
Kt=2.2;% Kt is motor-torque constant { N*m/A ¥
Kb=2.2;% Kb is back emf constant ( V/(rad/s) ;
x_axis=30;% x_axis is span of time ( seconds g
duty=80;% duty is duty cycle of signal( percent %
period=0.25;% period is time in one cycle ( seconds %

on=duty*period/100;
off=period-on;
Voltage=180;% Voltage is maximum voltage of source( Volt %
T=0.01;% T in interval time of calculation ( seconds );
% initial state
tt=0;g=0;c1=0;¢2=0;w1=0;w2=0;v1=0;x=0;
while tt<x_axis
x=x+1;
t(x)=tt;
Ton=g*period+on;
if tt<=Ton,
vi=Voltage; ‘ 4
else
v1=0;
end
2=v1/L-(R/L)*c1-Kb*w1/L;
cl=c2*T+el;
w2=(Kt*c1-B*w1)/J;
wl=w2*T+wl;
V(x)=vl;
I(x)=cl;
W(x)=wl;
te=tt+T;
if tt>(period*(g+1))
g=gtl;
end
end
% plot graph of simulation
subplot(211),plot(t,I,'w'),ylabel("current (A)'),xlabel('seconds (s)'),...
text(5,500,'Armature current for a chopper controlled dec motor'),...
title('Response of current and speed of a chopper controlled dc motor")
subplot(212),plot(t,W,'w'), ylabel(‘angular velocity (rad/s)'),xlabel('seconds (s)"),...
text(8,90,'Motor speed for a chopper controlled d¢ motor')

JU 6a Tusunsas script file $1a99M1371197U%84 de chopper
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% Simulation of the Response of a dc Motor Driven from an SCR-Controlled Source

% (modified from IEEE TRANSACTIONS OF EDUCATION VOL. 31 NO. 3 AUGUST 1988)
% This program is written to observe response of a dc motor driven from

% SCR-Controlled source. It is easy to change parameter in simulation and

% understand response of simulation. We can observe function of SCR in circuit.

% The algorithm use Euler's method of repeated integration in
% conjunction with two first order equations describing the system.

% iR+L*(di/dt}+Kw =V _m
% J*(dw/dtHBw = Ki Y V3
% In step of algorithm of program

% fori

% di/dt = V/L-(R/L)*i-Kw/L 3
% i== (di/dt)*T+i I ()
% forw

% dw/dt = (K*i-B*w)/J N )
% w = (dw/dt)*T+w (9
clear;

R=20; % R is Armature Resistance;



L=2; % L is Armature Inductance;
B=2; % B is Load viscous friction;
J=0.1; % Jis Load inertia;
f=60; % fis frequency of source signal;
T=1/(f*200);% T is Intregrating interval;
VYmax=150;% Vmax is maximum voltage of source signal;
x_axis=0.12;% x_axis is span of time in x axis;
Kt=5; % Kt is motor-torque constant;
Kb=S; % Kb is back emf constant;
F=pi*2/4;% F is firing angle;
Ih=0; % Ih is SCR's holding current;
% ¢1is current
% c2 is rate of change of current
% w1 is angular velocity
% w2 is angular acceleration
% Theta is angle of source signal
% ttis Time in seconds
% Start process
x=0; tt=0; w1=0; c1=0; c2=0; g=0; scr=0;
while tt<x_axis
ThetaF=(g*2*pi)}+F;
x=x+1;
z(x)=tt;
Theta=tt*f*(2*pi);
% SCR's Turn On condition

if ((c1==0)&(sin(Theta)>0)&(Theta>ThetaF)&(scr==0))|((c1>Ih)&(scr==1))

ser=1;,

end

if scr=1
V1=Vmax*sin(Theta);

"Vkn(x)=V1;
¢2=V1/L-(R/L)*c1-Kb*w1/L;
cl=c2*T+cl;

else
cl=0;c2=0;V1=0;

end

% SCR's Turn Off condition

if ((ser==1)&(c2<0)&(c1<=Th))|(scr==0)
scr=0;c1=0;c2=0;

end

w2=(Kt*c1-B*w1)/J;
wl=w2*T+wl;

W(x)=wl;

I(x)=c1;
Van(x)=Vmax*sin(Theta);
Vka(x)=V1;
Vak(x)=Van(x)-Vkn(x);
tt=tt+T;

if t>((g+1)/1)

g=gt+l;

end

end
% Display graph of simulation
xt=x_axis*0.3; m=0;
while m~=4
m=menu('Present','3x1 of (V,I,W)','3x1 of Vakn','Phase compare','End');
if m=1

subplot(3fl),plot(z,Van,'w',z,an,'b'),grid!xlabel('seconds’),ylabcl('V’), title(‘firing angle is pi*2/4'),...
axis([0 x_axis -200 250]),grid off, text(xt,200,'Voltage of source and Voltage to motor')
subplot(312),plot(z,],'w'),grid,xlabel('seconds'),ylabel("A"), axis([0 x_axis 0 0.45]),grid off,...

text(xt,0.38,' Armature current')

subplot(313),plot(z,W,'w'),grid,xlabel('seconds'),ylabel('rad/sec'), axis([0 x_axis 0 0.4]),grid off,...

text(xt,0.35,'Motor speed')
pause;
elseif m==2

subplot(311),plot(z,Van,'w'),xlabel('seconds'),ylabel('Van'), title('firing angle is pi/2'),...

11



axis ([0 x_axis -200 200]),grid off

12

subplot(312),plot(z,Vkn,'w'),xlabel('seconds’),ylabel(' Vkn"), axis ([0 x_axis -200 200]),grid off
subplot(313),plot(z,Vak,'w'),xlabel('seconds’),ylabel (' Vak'), axis ([0 x_axis -200 200]),grid off

subplot(211),plot(z,Vkn,'w',z,1*800,'w',z,W*700,'w"),xlabel('seconds"), axis ([0 x_axis -10 210]),grid off

31N 8 TUsunsu script file $1a89M3719Uv04 SCR

pause;

elseif m==3

pause;

end

clf;
end
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Simulation of the Response of a dc Motor Driven
from an SCR-Controlled Source

WALTER W. TURNER

Abstract—Computer simulation of dc motors driven from SCR-con-
trolled sources are described for both de and ac sources. A circuit sim-
ulation program is used for system simulation when the source is dc.
An original program utilizing Euler’s method provides simulation when
the source is ac.

INTRODUCTION

Some introductory electric machinery texts include a section on
SCR control of dc motors. To simplify the analysis, the assumption
is usually made that the armature resistance is negligible and that
the load inertia is large enough that the speed is constant. The effect
of deviations from these assumptions can be reasoned in a general
way, but detailed analysis is difficult. It is helpful to the student if
the effect of varying any one of the system. parameters can be ob-
served. Computer simulation provides an effective way of doing
this. Two types of drives and their simulation will be discussed.

s

DC CHoprPER

A typical chopper circuit is shown in Fig. 1. The free-wheeling
diode is necessary to provide a discharge path for the inductor en-
ergy. If the chopper is.assumed idcal, the motor operation can be
-determined by modeling the motor and load as ‘equivalent circuit
elements and driving the circuit with a dc voltage modulated at the
chopper duty cycle so that the input is either the full dc voltage or
zero. Most circuit simulation programs can accomplish this. Fig.
2 shows equations and the equivalent circuit. The effect of chang-
ing chopper operation, input voltage, or motor parameters can then
be easily determined from plots of motor current and/or motor speed
as functions of time. Fig. 3 shows typical plots.

SCR ConTrOL OF AC SOURCE

Simulation of the response of a dc motor driven from an ac source
through an SCR (Fig. 4) presents different problems. Several sim-
ulation programs arc available (e.g., spice and spice-like pro-
grams, PC MatLab, and others) but they cannot easily handle the
peculiarities of a SCR-controlled ac driver where the turnoff of the
SCR is determined by the current through the device. (To a first
approximation the SCR turns off when current falls to zero.) A
program has been prepared using Microsoft Basic to run on the
Macintosh. Minor modifications should permit it to run on other
machines, A copy of the program and a flowchan arc appended.
(Sce Figs. 5and 6.)

The basic scheme is to use Euler’s method of repeated integra-
tion in conjunction with the two first order cquations describing the
system. Thus, successive values of armature current and motor
speed are computed and plotted. Repeated tests of armature current

Manuscript reccived January 7,-1988.

The suthor is with the Department of Electrical Engincering, University
of Maine, Orono, ME 94469,
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——1 CHOPPER Vis a de source
i Is armature current
R w is motor speed in rad/sec
R is armature resistance
. ZS L L is armature inductance
\ - J B s system inertia
M K is motor back emf and
Kﬁ.) torque constant
- w u
Fig. 1. dc chopper circuit.
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Fig. 2. Simulation circuit for dc chopper and motor.
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Fig. 5. Flowchant for basic program.
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value will identify the time that the SCR shuts off. The motor then
coasts until the SCR fires again during the next positive portion of
the voltage wave, The input sinusoidal voltage 'may be plotted as
a r_cfc_rcgcg. N - “a

Steady state response will consist of variations of current and
spced about average values.’ This program displays the complete
trapsient plussteady state résponse. Détails of the steady state may
not show up well’qn the pjot dlic to the compression of the time
scale necegsary ;g:i'ggq] steady state within the width of the screen.
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POV Sy
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If steady state is the only response of interest, an **initial"" °
of speed that is near the steady statc value will permit the s)
to reach steady state morc quickly. Variations of DX in the
gram changes the time scale. - . - '
 The program docs not provide scalcs far the two axes. This
be done but relative results can be determined frém‘lhg:‘ uns!
plots and the printing of multiple ordinate scales is avojded. .
students can more easily understand’ the program if scale plc
commands arc not included. Fig: 7 shows a typical response.
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R{M THIY PROGKs RUNS ON w4 MACINTOSK .
KiH NAME 1S SCR CONTROLLER
.. REM TH1S FROGKAM SIMULATES THE OPERATION OF A DC MOTOR DRIVEM FROM AN iC SUUKCL THRUULH A SCK.
"HEM Re ARMATUKE RESISTANCE, L= ARMATURL INDUCTANCE, K= TORDUE ANG WELOCITY CONSTANT, J= LDAD INE
RTIA, b= LOAD VISCOUS FR!CT!O‘
REM 1=lrnEGRATlN6 INTERWL, DX 1% HORI2OHTAL INCREMENT (14 SCREENs CORRESPONDING TO T STIONDS, T7
1S TIME IN SECONDS, X 1S HORI2ONTAL DISPLACEMENT O SCRCEN CURRESHG.DING TO TT SCCONDS ,THET.WF ¢
S FIRING NHGLE IN KADIANS

R=20 .

L22

(X}

B=2

J=.1

Pl=3.141

THETAF=P1/2

T=1/12000

x=50

Ox=1

TT=0

G&=0

KEM JF 0=1 A REFERENCE SINE WAVE 1S PLOTTED. G=0 OMITS SINE WewE

8= 0

1F 0=0 GOTD 70

KEM NEXT STEPS T0 20 PLOTS A REFERENCE SINE WAVE

CALL MOVETO0(50,250)

50 BETA =TTej20eP]

V11=150¢SINCBETR)

REM w1 NEXT STEP 1S NECESSARY TO PLOT POSITIVE GUNJTIIlES UPWARD

W1=250-V11 /

X=X ¢ DX - 5

CALL LINETO (X, W) 3

=TTeT .

REM NEXT STATEMENT TERMINATES COMPUTATION WHEN PLOT REACHES RIGHT HAND EDGE OF SCREEN

1F X480 GOTOD SO

REM STEP 70 HOVES PLOT BACK TO ORIGIM FOR FUTURE PLOTTING

70 CALL MOVETO (50,250)

X=50 s

REM W1 1S VELOCITY, W2 }S ACCELERATIO, €3 1S CURRENT , €2 1S RATE OF CHANGE OF CURRENT

W=0
,80 C1=0
V=0 .

11‘-0 -— - . ey - o Syl N\

160 THETA=TTs}208P} :

1F THETACTHETAF GOTO 200

120 V=150
GOTO 205
200 Ci1=0
C2=0

G070 210

205 VI=V oSIN (THETA)

C2=V1/L-C(R/LIsCI-KsUI/L
Ci=C2eT+C}
210 WZ={KeC1-Bau1)/) .
WI=2eT U]
220 X=X+0X | J
REM FOLLOWING STATEMENT WILL PLOT BACK EMF 1F MULTIPLIER GF W1 JS K

REM 1F MULTIPLIER IS A SCALE CONSTANT SPEED UILL BE PLOTTED
REM SEE REM ¥}
Wi3=250-1000e41

CC1=250-1000eCE.. -. . . - . . R
IF X<480 GOTO 208

207 UG=QQ+}

6070 20 )

REM 0Q CONTROLS BRANCHING OF PROGRAM
208 JF QG=0 GOTO 240

230 FX=u1l

GOT0 250

240 Fx=CCi
250 CaLL LlNETO (X, FX)
TTaTTeT

1F 02»1 GOTO S00

1F THETA (THETAF GOTO 100

320 1F €150 GOTO 100

ELSE 330

350 Ci=0

C2=0

IF TT<1/60 GOTO 210 .
REM NEXT STEP 1S NECCESARY T0 RESET THE INDEX .
400 X=x-DX

6070 80

300 STOP

Fig. 6. Copy of program.
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Fig. 7. Input voltage, armature current, and motor speed for a dc motor
driven from a SCR-controlled ac source. J = 0.1, R =20, B = 2,K=

S. firing angle = x/2, DX = 0.3.

Coupled Transmission Lines Revisited

WYNAND J. LOUW

.. Abstract—This_paper, describes an algebraically simple analysis of
the parallel transmission line coupler using the eigenvalue approach.
The results are conciscly expressed in terms of two reflection coeffi-
cients and the coupler length.

1. INTRODUCTION

The properties of a pair of identical coupled transmission lines
are analyzed in some textbooks by using the principle of superpo-
sition combined with even and odd mode excitations [1]-[3]. The

ABCD or Z matrices are determined in this way, and these are then

convertcd into the $ matrix. Unfortunately, the algebraic manipu-
lations” involved are rather laborious and do nothing for student
motivation.

A very satisfying and disarmingly simple way of introducing
students to the parallel-line coupler is to derive its S matrix dircctly
from a knowledge of its cigenvectors and cigenvalucs. For a pair
of symmetrical coupled lincs, the eigenvectors can be found by
inspection, and the cigenvalues determined easily by means of flow
graphs. The elements of the S matrix are then known, being lincar
combinations of the eigenvalues.

‘ 1I. ANALYSIS

O] - ' 1®

Fig. 1. Coupled strip transmission line.

The § matrix and its modal matrix M are related as follows:
N 0
D= > = M~'SM (
0 '

with

M = [a, a, ﬂ;‘h] (

where a, to a; are the eigenvectors and A1 A the correspondi
eigenvalues. Hence,

S=M-D-M" o

By inspection, the following unit vectors are eigenvectors:

o : : (1 Jo7] ERE
Considet the two symmetrical coupled lines with clectrical length
8 shown inf striplinc form in Fig. 1. Such a structure is character- a = A n a = 2! lo
ized by two TEM modes of propagation, namely, the even and the YUl n N7 I lo
odd mode {4]. Thesc modes have the same velocity of propagation
(for the casc of a homgeneous diclectric) but different characteristic L 1 o] R ‘9-
impedances Z,. and Z,,. '
The transmission line coupler is a four-port device, so that in B lo_—i Bt lo
order to construct its S matrix four cigenvectors and the corre-
sponding four cigenvalues are required. 1 1 |o 1 1
: a=—F , a =—F .
In general, AT T B N B o
b=S-a. (]) \_1 m_ ,_l n
If @, is an cigenvector with corresponding cigenvalue N;, then
b= S- a=X\"a. (2) These vectors arc cigenvectors because the symmetry of the str

This mcans that the excitation vector a; is such that at cach port the
ratio between incident and scattered signals is A,
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The author Is with the Department of Elcctronics and Computer Engi-
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turc as well as the symmetry of the excitation will in cach ¢
ensure that the ratio of scattered to incident waves 4t cach port
the same. Two of the cigenvectors imply cven mode excitati
and two odd mode excitation. : :
The cigenvectors form an orthonormal sct, so that the m
mafrix M is unitary and hence, . )

M= (M)
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Phase/Frequency Detector
Ui

wWa/MTAudamALAeS (Phase /frequency detector) TB9ALSENELIIR9994T Tl
v -J 4#’ wA 9 o a - | &Jli‘
lrunlwasasannd ilssanauaniindrdyAe mdwsesBoudiauanudiiuan
! s - . .Ag ° ¥ - 4 < Aﬂl ® e

ANMUTBRUNN(nput) Ara iR lnnaamaresnatsiuasalsznauidrdoyae
1 v o, v 1
wafangu (phase locked loop) Fauluszunmupuuuinleundl  aRwmAmem i
v v v ] i

Wittifsudtyynduny wardryauanleunduresvafengl  usasedyyioidy

- ) i | - { o .Y -

Wanduaa phase error ( 8, ) uaraeme lldaguairas (oop fiter ) et lduTanimanny

InsadaaTaiainns ( voltage controlled oscillator ) IeaswAMNRIE IR UNaRAAG

U7 1 uasvsunursaafnamesluszuLafong

o

fari weRmamesadinseenanaamadengl  aRmamesTiveinGdu
(inear) UATRAAADA (digital) éwa‘*’uﬁ%mﬂﬂwlaﬁmﬂmefv.ﬁmﬁlguf-nnziouﬂ?zn'aummfaﬂ
ns0iaean (logic) muuﬁtytquﬂuwmmmlammmmefwmmtﬂuﬁrgrmm‘lum? (bmary)
maﬁryrqugﬂa‘maﬂu {square wave) mmaaw\lﬁmmmm@mumwummu exclus:ve«:)r gate,
edge-triggered JK filp-flop um'luTﬂmmunmomLawwtwm/w&'mwmmﬂmwr FatuFina
mef-ﬁ'ﬁmwummm'tumﬁugﬁwmuﬁmwmmmmquﬁauww {frequency error sensitive)

UATANIANRINTRAUNS (phase error sen sitive)
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7N 2 asaniamARes
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asnaTidamames Adsulaahlsunsy SPICE # Usenauauann RS flipflop

- N o 1Y - ) P
Waz additional fatches AdgLil 2 Tlwiammmidu UP uez DOWN Tatemvness UP uay

o

v v
DOWN finutua ity active low output A1319a83ngadneastiusiail

Step- Upigh u, A B ff1 ff2 M UP | DOWN
1 low low high high low low high high high
2 high low low high high low high high high
3 high high low low high high high high high
4 low high high low high high high low high
5 low low high high high high Jow high low
6 low low high high low low high high high

J ~ ;. 3 P
IR 1 wansneAnaanaimamaslunsdiiaas u, dmmnmaiphase lead)ed u,
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Step u, u, A B ff1 ff2 M UP | DOWN
1 low low high high low low high high high
2 low high high low low high high high high
3 high high low low high high high high high

4 high low low high high high high high low

5 low low high high high high [ low high high

6 low low high high low low high high high

AN 2 uandanAnIaNaTanAmesiunsdifiates u, mamAua(phase loglied u,

&ainAa1 UP uaz DOWN QN set 134 reset Iataananaqtes U, UST U,

aqnainenaiunesnad del

1. ALTTALTeY ult ﬂ?'mgﬁ'wmﬁ ut) 1 Low T8UUNAITBY u () AL set In
Up fatch 1w low (1192 1) uazeeuanasmelilans u{t) AT reset latch % s high (N1az 0)

2. BUTTELYEY uft ﬂmngﬁmmﬁ' u,t) 1l High 9819789989 uf) Az set u
Down latch T low (M19z 1) uarzeueianelilaes u,{t) % reset latch fintl 1T high
(n1e0)

VARBUNIMNTEas Then1eiu SPICE uarl PROBE (fiauand timing
diagram T84N1INLTB92945% Feutahs 4 nad]

ﬂmn?n"iu?mmmrf’m“u;;mmW\IaﬁmﬂLm'aa:ﬁqmmumnﬁmﬂmmﬁuwm g7 3a
fvaly ©, = ®, uAmaTas u, Y (ead) wdes u, Lmva!w?i'lc;tﬂuﬂﬂ‘f (pulse) 289
UP #aifinann phase error Muluuan DOWN fﬂfjhﬂ%:‘l:iﬂ%ﬂﬂq (inactive) gﬂﬁ 3b
faln o, = O, ulages u, AN (lag) @284 u, Lﬂ'\ﬁvgwmgtﬂuﬁ’aiﬂm DOWN

agenstiinl Lmmﬁqmﬁugﬂfnuumn%ﬁwmmmﬁ%uww gﬂﬁ 3¢ uamANINL
o, > @, fualn , ~ 110, UP Wluiadluanis? DOWN lumeuduas uﬂ:gﬂi’i 3d uam
anaxf DOWN uad 01 o, < o, (@, ~ 090,)

HaTBY UP Wae DOWN #lati viawnd charge integrated circuit vidasin@3enan

- ] 4 v ' — ] ' - A v .l ‘J
9173174 (charge pump) ATWladuAY U, Teazgnasiiliaaeas veo wialuaaviaifiumnud
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] rd - J ° v ]
virauAsuulsunassaa U lufianaiyinlu phase error w38 frequency error  HAnan
c o - f - - z ]
aauTugue ANITI89NATTIIALTN A1GIQATRY U o NATUAIN UP Hn1L 1 138 low (ified
A1n UP waz DOWN 1w active low output) uaz DOWN fniqzii 0 %78 high Avsgaaeq

U 4 {iAAIN DOWN Hamu 1 low) uaz UP ulu 0 (high)

o ->kAi in case of ul lead u2
ul 1 | S S 1 [~
u2 — 1 Y f 1 I . B pma— —
up I U U S U~
DOWN T T T T T
i
‘ Os 4ms 8ms 12ms
‘ Time

717 3a uamaWatimun (phase lead)

(B) in case of ul lag u2

U
ul o~ TSl | > ! T ,
u2 | 1 I i~——j — — — :
up l i T R ' :
DOWN s U u U U 5

H
Os 4ms 8ms 12ms |

Time

gﬂﬁ 3b uAAUNARNIN (phase lag)
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(C) in case of wl = 1.1w2

f

1 I L 1 l f
u2 1 J 1 J - " al I
up U u LI L L
DOWN ; T T 1
Os 4ms 8ms 12ms
Time
- o A4
gﬂw 3¢ mem'mmﬁ'a W, > O,
(D) in case of wl = 0.9w2
ul T3, 1 | 1 f 1 I 1 i
u2 1 I 1 I 1 f 1 1 I
UP T 1 T ] T
DOWN i u LI L] L]
Os 4ms 8ms 12ms
Time

.

o A d
JUP 3d uamipaniiie o, < o,
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(A) ul in phase with u2

ul
u2 — Y S sy S o — N— e SUN p— SR et
up T T T T 1
DOWN ] T T T 1
Os 2ms 4dms ems 8ms 10ms 12ms
Time
. (B) in case of ul lead u2 > 2pi
u2 S AlARGRR N MR\ O N F L ]
up ' g ! o !
DOWN T T A T
Os 2ms 4ms éms 8ms 10ms 12ms
Time
(C) in case of ul lag u2 > -2pi
- ul _ RN Ry N o2l W N f—
u2 L 1L NN Mg T SIS T WL
Up T T T T
DOWN ] § 1 U U
Os 2ms 4ms 6ms 8ms 10ms 12ms
Time

o
1% 4a uamannaz phase error = 0

J ] v
‘ﬁ;‘ﬂ'ﬂ 4b UAT 4c UWAMNNNAY phase error NINNI21 27T LWATUAYININ -27

G¢



(A) phase error = 0.05pi (D) phase error = 1.2pi
ul s W e N s T e N e B ul I s IO e e S oy N s BN
u2 SN p WY D S b S s N I u2 SN A VNS S U | 1|
UP ¥ 1 | ¥ I upP 1 1 f | 1 |
DOWN T T T | I DOWN I — 1
Os 4ms 8ms 12ms Os 4ms 8ms 12ms
Time Time
(B) phase error = 0.4 pi (E) phase error = 1.6pi
ul e B p W e I = s I & g G | ul Fo gl Ay i
u2 M1 o 1] sfroreaa \SPIed TSI 11
op L{ LI L LI LS OP w
DOWN T 1 T N T DOWN 7% 1 . T T
Os 4ms 8ms 12ms Os 4ms 8ms 12ms
Time Time
(C) phase error = 0.8pi (F) phase error = 1.95pi
ul e e Y S AU o RO ul L1
uz L L L L L TJjju2 1 1 1 I}
Up T L L I L L |fup AT\ I 1 1 1
DOWN T 1 T L I DOWN I | T T
Os 4dms 8ms 12ms Os 4ms 8ms 12ms
Time Time

1] A ’
717 5 uama phase lead N3uA1"

92



() phase error = -0.05pi

(D) phase error = -1.2pi
ul L L w e HRN e B
u2 f 1 I L 1 f 1 f L | u2 f 1 f 1 f L
Up T T T 1 I Uup T T
DOWN ¥ T I I i DOWN L ey SN s NS oy NN py NN
Os 4ms 8ms 12ms Os 4ms
Time Time
(B) phase error = -0.4pi (E) phase error = -1.6pi
ul a E e W py ¥ Bt & I ciic K0\ F amm V' Ml 1 | 1
u2 | L1 1 f 1 f 1 I uz2 . I 1 f 1 I |
UP T T T T I Up T T T
DOWN LT L L LT — DOWN i M
Os 4ms 8ms 12ms Os 4ms
Time Time
(C) phase error = -0.8pi (F) phase error = -1.95pi
- ul e W e W ps AN s IR pcces NS | RV U1 vadV 4 au
u2 i 1 f ] f | [ 1 J ] f -u2 N | E— 1 — | ]
up T 1 T L | Up T
DOWN LT L_J | I_I N DOWN 1 l 1
Os 4ms 8ms .12ms Os 4dms
Time Time

317 6 uaMY phase lag

-~
yun

Lz
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ANFINTTDlUNsFugINARANA A
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v , Al il RO 2r [T STy D 4 ot
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v 1
Ina 21 AsgLl7 6
i L] ! ] ¥ 1 1
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! -d' i = ! - v o :’/ nﬂl ° Yo - o
wumsulasuulasresa o Tuddu@aau Ml phase eror aaazzi@ainiu 0, Tia

‘J v 1 & P ' i 1 l.r/ 1
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o Y aa
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WasniundmTimudmmanas
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Qs = £ (Aw,(t) ) (12a)
8) = 2 (Aaylt) (12b)
Q,(s) = 2 (Aw,t) (12)
[0 [

2 - i - - ! [
WMz lock (@, = — ), Ayqyrnsammniads u 0 1eanaRnAmes Tuagiu
N

phase error 0,
U =K, (13)
o v A ! (¥4 r# Y ! -
amiarefinunn annduiusiluiulflnlugne 2n < 6, < 42 K, A8 detector
) Yo - )
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wanuaAINAaAes (active filten TliaR 3 lumise RawmasafiatiasuluyFanan

- @ ] ¥ « v - - < - < J
el Tl amFirudamamas ivsziuszaanlunsBuiinemasanas Annaan

NI7T
(1 + sT,)
Fs)=—————— (19)
sT,
PINANNTT (1-6) (18 ) URT (1-9)
!
N‘C,/KoKd A6
Q8 = — (1-10)

1+ s (T, +NT,/KK) s

utasanng ( 1-10 Y naglulanduseanataslananauauas o)

oyt = (AoNT,e )/ KK, (111)



31

wWitufeugunis (1-10) waz (1-11) laA1Afieedna18danIzuaunIg pullkin

NT,

+ {112)

T

anms (1411 ) venlanPameamaderqUilideminndanamnes aunsoden
‘h;a?'mé’uvm offset AN Aw, mfam’ryrmmfswﬁq

MFUT99 hold uazIe lock A=A

Awy, = © {1-13)

Awp = © (1-14)

Futufinasnismudnensraaiamirndnmane ot

a’qm”uﬁﬁm'amﬂaﬁfaﬂqﬂ mum?‘fiLﬂﬂ:ﬁirurmmmwrwmm&’wmMa/vﬁ"tmu’n
AnAumes u, ‘lu'l'nﬁtyrmru ac 0 ®, % o, /N umﬂummn ( positive polanty ) (aNe Aufu
0, >ao,/N %39 'nfmu ( Negatlve polarity ) & m3u m1 >, /N ﬂfnum:m veo lfinns
RGN (modulate) TALIANAAANENGM TR wAazgn pulkin AAmiadee WfiAnieaes
mnadiends uiulllbilanasinntnsfendmiiianeaadanguil nsvuaums Lockin
iunssinundisfiantudmiudmitnssinu pullin

Lﬁfﬂﬁ'\m?L'ﬁ'ﬂuu.um\m?'luni‘rﬁ?;ﬂ')'mﬁmmﬁrytmm'gw‘ﬁqﬁummﬁ'ﬁﬂ\iLm'n'vgw
yaaiams N fanlnatieari ﬁqgﬂi"i 8 WLIN9AsAMIINATIAALAEAANAALA Famng

] v

U edge trigger JK filp-flop e luanunsoinnulaaluaeh frequency error S'J'mu'aﬂ']

msvmadsuuuuinaimanesingledunnidulaaniag

AnaefiHNn Ma@EuLULNMTaRneWilAnEAmAmesls simple
stimulus device *mLﬂufqﬂm‘mmLﬁmd’ryrmruuuuﬁ’-ima &yrurnudalifieaniog 1 vi3e 0
il unieti independent voltage source %atﬂuﬁfzﬁmﬁmﬁmmmwuﬁai wnusia
ﬁmﬂmﬁmmﬁméf\ﬁq pqmﬁmmmqaﬂuﬁqHqﬂoﬁuﬁqqﬁnéﬁamﬁw'] 1899947 1{}8987N
drynyaniluneasiiandoun o fe 5 Taan Welmemymeasgunenl TIL Hanfamefiacty

gnraifangllln



(Ay

ul . . . . . .
u2 w

up ! ! 1 - ! !
DOWN T o LT g S [ e N
Os 2ms 4ms oms 8ms 10ms 12ms
Time
(B)

ul . : . s .

UP g = /A 42 i} L ]
DOWN T — \' &L v T ) |
Os 2ms 4ms éms 8ms 10ms 12ms
Time
(C)

. ; . : 7 :
u2 _________r*“”—f—jl______J—*“—%———1_______r——T*———’L_~__;_rf—‘”————L______f—_““‘——ﬂ______

UpP L L | m
DOWN ] T : ¥ 4 I ] | ] ]
Os 2ms o dms 6ms 8ms 10ms 12ms
Time

- o ! ada
ﬁﬂ'/l 8 LAAIMIDENAMNDNANATA

A%



33

- _ Y4 v oo cd o v ,
13nu RS flipflop vivagsaasdunsainglnsnuiaimuaniazGunuses fip-
’:’ o~ 3 ‘J - :nl ¥ . ! . o dl ¥ v
flop Yiaaaafall asaniemwnEuaues fipfiop azaslufagunsasinau uazlaunduun
d'q ar z o aa vv Y v -y '
nounntasiae  uaruananiidaudumsaensdygyinmasaalndany ulnadasan ov
UAT +5V) ANNIITIRIARAN
-d v ‘J P ] o - [ - [T 4
Waladryoramudulianias  feasingudntisaeginns TTL aamwnitladl
'Y ! a 4' - v o - ! -‘l’ ° b -
AIMBENNAUYM Tend SPICE ussquayanainatinresgunsnivanl vinlunisaideauuuy
vy v «
InalAtNMAREIALYUNTUATININTY
1 23 v ¥ A 4 e v ° ] i
waNAINY MINABINITIENAINAINDGININ  FanaaANIlTaAT  propagation delay
1 P ) & ] » 1 4 '
(muazuneglunianuin  sesgunsuuaazia s nmnasinusuTeunnn A
. 1 : 3 1 4
propagation delay 9M989293sffiAGgIIUINN LAY *INANFREBILILAIENNTAANULLILNAS
Yo Ya o C - pr | 2] Y e -
Wlnadesiuginsaiamngln 9 watasmsudsuuuugtiuuudygyolnadesiungug

4 1 v v 4
ANAnan2Nn luLmeeAANgLR 10
asu

L)

wawsimudanamestaluglnsonlsznaulussuuauaguuumlaundusiunn
@ewwuunsvineulaelilsunsy SPICE  annis@auutumavinaunuiuai lanTulnig
noui) na1aRe ansimaudnmAmessiiniiamisafianu phase error lafle 21 Tunieuan
J ; & a‘. =i C - : ~
wer 2r lumeey TaudumainanigausaaAnAnesTian1  LASEINITONIIRAL
[N ' o - - AA t [, 4
pODRUANANALNINIEEUW santanTIRaiuAMNDRANAIARNAEE TaLIIR
v o YV o aY ol -1 o v ! v -
nslaunnaainludaWTiacudamamestiatignin Wl launsuaialuasasaruaanad

v
warsTULALANULL[AUNAY



dh3725cd
o c

7A

74s00

[_ 11A

. 34
FF1 P
7410
13134
vig [L¥ee >
7420 L
]
jAF
%72?9’ r 2400
s
' '--¢VV‘-L_~___~_.__________
iy 4 u3ea 2A 12A
R35 $52 \N A DOWN
74s04
1A 74500 { 7410
B
7400

Poge Size:

digital phase/frequency

detector

A4

‘J «
U7 9 wasasa/mImaudamames

¥e



ul$atoD
u2$AtoD
up
DOWNS$SDto

(A) D:\LANG\MSIM53\REALPD1.DAT

Os 2ms 4ms 6ms 8ms
Time

10ms

12ms

“ -«
UM 10 usamanInRsuLLLTaAHeMTIAUTRINALALS

Ge



aguuaziansn

AINNTEANIHARNTTAN  ArsdeTean A TNNT28 TN1TRRNULLILARLAATIEY
- « T o it a o oAl ' e - ' et
sruupauauillssTaguannn savawssiunlaivasatinfiqanuiuananaiu Jeqaunund
agansmihanEinIseanuuLue sz uUALANlABtNIMINTAN  ASUANTIReN
) - P - v ' -
wwumslumanadinAanmitansuawasiandy - Taslalilsunsy MATLAB RiiWandu
' - ' o v
2MaelUNNIEANUULIASAATIEHSSULAILANNANNAY Fasantaat lunsvinauaslanin
B v v 1 v - L Y T
ungladnTumasanlanguijaessruumuanuivaeinaclasennusilineanilse@ns
(] £ 7 [ b 73 ©v v
mnnasiiialassuunaemsian  waneanImagaussuuasallsunes SPICE @nunsoien |
1 1 v 4 L 4 o - L
wmgunela Wasaanlilsunsy SPICE fignuaeyaragUnsuBidansaling santenne
4 al v ] . ] 73 [
REURLLNNTNURTIENIIWIARENTBTYLLITY  propagation delay  T4iTlua83A39MN N
- A B 0 v = o v
maflarasginsns TIL inlumsRguutunismiulianulna@esiunsinnimesaans
L
- - -~ Adl vd ! ’ld (v v - - !
gUnsoua nansdsuuuLn ladan inalAeaiunimaseeaaegLnsoues wn lunuy
[] t - P v ° L 4
Beadugunsodiudfsuamislmassasdnsnuasssunlang  iluastiaiuazanny
] 1 4
tRenadlann
' - ' v v vy
quifiunn  mesnuuLuasAsEnssLUAILANRTaGualanain  AoTlana

Tsunsu MATLAB uaclilsunsy SPICE saufu



MNA2D19D

{1} Jack Smith, Modern Communication Circuits, McGraw-Hill, Singapore, 1986.

[2] P.W. Tuinenga, SPICE : A Guide to Circuit Simulation and Analysis Using SPICE. Englewood Cliffs, NJ
Prenties - Hall, 1988.

(3] Roger Conant, Engineering Circuit Analysis with SPICE and PROBE, Univ. lilinois, Chicago, 1993.

(4] Roland E. Best, Phase-locked loops Theory, Design, and Applications, McGraw-Hill, New York, 1984.

(5] Roy W. Goody, PSPICE for WINDOWS Volume Il Operational Amplifiers and Digital Circuits, Prentice
Hall, New Jersey, 1996.

[6] Stephen Prigozy, “Novel Applications of SPICE in Engineering Education”, IEEE Trans. Educ., vol. 32
No. 1, february 1989.



AMARUIN N.

Transistor-Transistor Logic



39

Transistor-Transistor Logic vianiuaa (TTL)
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