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ABSTRACT 

Nicroprocessor control of variable voltage and 

variable frequency inverter drivers has many advantages 

over conventional analogue techniques; such as improved 

reliability, manufacture, maintanence and servicing, and 

increased control flexibility. L~ addition that, precise 

timing and sU!f~cient ha..-T'JTIonic elimination can be obtained. 

It also results fron a reduction in the complex control 

circuitry since it is replaced by microprocessor softwareo 

As conventional method, a desired sinousodial wave 

is modulated ",ith a carrier triangular "lave, hOi<leVer it has 

essentialy some defects such as: 

(a) insufficient tolerance of temperature fluctuations. 

(b) when the t\>J'o \'raves are not 'synchronised, a·short 

pulse can occur a.~d causes commutation failure. 

(c) if a precise control is desired, circuits become 

much complex, as a result, it increases cost substaintially. 

(d) analogue method can do nothing for harmonic 

minimization. 
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The digitaL control can solve these problems, in 

addition posseses the follo",ing advant1?-ges. 

(a) since data are calculated beforehand, the output 

waveform has high quality, for exam.ple of harmonic suppression. 

(b) it is easy to add new functions or to modify them 

since they are under the software control of the microprocessor. 

In this thesis, a software based pulse vlidth modulated 

(PV~l) inverter drive eystem is presentedo Emphasis is placed 

on minimization of the hardware requirements. A...n. additional 

critarion is that an efficient program structure is used in 

order to minimize the computation time required; hence increasing 

the operational speed considerably. 
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GZETQE 

I'~ikroil?lsr:ci dCD.etiv~i deEis;ken gerilim ve degi-?l:en, fre-

k2~sl~ eviriciler klasik analog yontemlerle tasarlmlanrullarla 

klyaslandlglnda birgok ustUnluklere sahiptirler. Bunlar, gliveni-

lirligin artmasl, b2,klll, imalat ve hizmetlerin kolaylal?masl ve 

dsnetim olCL'Ylaklar~D.ln artmasl olarak s~ralanabilir. Bunlara has-

sas znmanlama ve yeterli duzeyde harmoniklerin bastlrllabilme 

olanagl 3.a ilave edilebilir. Karmal?lk c.enetim devrelerinin 

sinds bir az~Da da gorullir. 

Klas:"k yontemde, istenen sinussel dalga bir t2,l?lYJ..Cl ug-

ben dalga ile modi,Ue ec.ilerek elde edilir. :E'akat bu JTontem a$a-

bJ..da slra12n~'Yl ozellikler ag~slndan yetersizdir: 

(a) slcaklJ..k deC'i$melerine 1::ar9~ hassastJ..r. 

(b) eser iki dalga e$za~anll de8ilse meydana gelebilecek klsa 

bir darbe rurtarlmda hata yaratlr. 

(c) hassas bir denetim isteniyorsa ~evreler gok karma$lk olmruc-

ta, bu ise maliyeti gok ylikseltmektedir. 

Cd) a~alog yonte~ ~~monilueri bastirabilse ozelligine sahin 

SayJ..s2~ denetim buttin bu sorunlarl Qozdugu gibi a$a~ldald 

ozeliiklere de sahiptir: 

(a) aktarlm darbeleri onceden hesapl~'Yldlgl iQin Qlkl$ dalga 

iv -
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geklinin ozelliklerini denetlemek mumklindur. 

(b) eviriciye yeni i$levler ilave etmek ya da ctegi$tirmek ko­

layd1r, gunku tum i$levler milcroi 9lemcinin yaz111m devresi tara­

f1ndan kontrol edilir. 

Bu tezde yaz1llm devresine dayall do.rbe geni$lik modulas­

yonlu evirici te.sarlmlo..nmli?t.1r. Ozellikle donanlm devresinin en 

aza indirilmesine Qall$llml$t1r. Duna ilaveten etkin bir yazl11ffi 

kullanllarak hesaplama zaSanlnl!1 kls2,1-t llmasl saglanml$, dolaYl-

. slyla da eviricinin gal:u;:-Ja I-llZl arttlrllml$tlr. 
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I. GENERAL· FEAT'URES OF INDUCTION Iv'lOTORS 

Since d.c. motors give good control characteristics, 

they are i'lidely used for the application of variable spesd 

Systems. Em\'ever ,they have some essential defects such as 

trouble on commutation or tedious maintanence over commutators 

and brushs. For this reason, induction motor speed control 

has gained importance in accordance vIi th the progr'ess in 

technoloQ". 

A. Introduction to Induction l'iotors: 

Induction motor is one in ':lhich alternating c·J.rrent 

is supplied to the stater directly and to the rotor by induction· 

\;ihen excited from a ba.la..11.ced polyphase source , it \·;ill produce 

a magnetic field in the air-gap rotating at sJ~chronous speed 

as determined by the number of poles and the applied stator 

frequency. 

The rotor may be either \'!Ound rotor or squirrel cage 

type. A wound rotor has a polyphase ';'linding smiliar tc and 

\'Iound for the same n-.unber of poles as the stator. The teroinals 

of the rotor vrindings are connected to insulated slip rings 

mounted on the shaft. Carbon brushes bearing on these rings 

.. 
-,L-
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make the rotor terminals availiable external to the motor. 

However, squirrel cage rotor has a vlinding consisting of 

conducting bars embadded in slots in the rotor iron and 

short-circuited at' each end by conducting end rings. The 

extreme simplicity and the ruggedness of the squirrel 

cage construction are the outstanding advantages of the 

induction wotor. 

B. Equivalent Circuit of the Induction Motor: 

The equivalent circuit of the induction ~otor is very 

similiar to the transformer eQuivalent circuit, since the 

induction motor is essentialy a tr8.-Tlsiormer Hi th a rotating 

secondery v!indirrg. LTl induction cotors, the stator current 

establishes a mutual flux vlhich lifl..:k:s the rotor \':indings, and 

a leakage flux induces a primary e .m.f. vlhich is proportional 

to the rate of change of stator current, and its effect may 

be represented by a series le8.-~age reactactance X~ in each 

stator phase. P"i is the stator leakage impedance. r:L'he mutual 

flux in the air-gap induces slip frequency e.m.f.s in the 

rotor and the supply frequency e.m.f.s in the stator. The 

stator current,I1 is composed of the exciting current and 

the load component of the stator current which cancel the 

mmf due to the rotor current. The exciting current I~ consists 

of the magnetizing and core loss components 1m and Ie 

respectively. The stator terminal voltage differs from the 

counter e.m.f. by the v~ltage drop in the stator leakage 
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impedance. The phasor re~ation for the phase under considerat~n 

being: 

(1.1) 

At standstill, the induced e.m.f. per phase in the equivalent 

rotor is equal to the stator e.m.f. E1, and the rotor 
frequency equals to the supply frequency fl.. \'fuen the motor 

runs ,,-lith a slip s, the rotor e .m.f • El.=sE.l. , and the rotor 

frequency f2, =sfl. • If Rl. is the equivalent rotor resistance 

Per phase, and X.l is the rotor lea.1cage reactance per phase 

the rotor current is given by: 

J?.l 
IJ..=--~--

sE.i 
(1.2) 

Rl.+jsX2.. ~t jsX,2. 

(1.3) 

In Eq., (1.2), all rotor quantities are at slip 

frequency, but in equation (1.3), they are at supply 

frequency. This shows that if the rotor is brought to 

standstill and the resistance increased from Rl. to R2.,/ s 

the rotor current is unaltered. Therefore the rotor 

equivalent circuit may be joined directly to the stator 

circuit as in Fig. 1.2 

The equivalent circuit shovlS that the total pm'ler 

P9transfered across the air-gap from the stator is: 
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(1.4) 'Vlhere q~ is the 

number of stator phases. The total copper loss is evidently: 

Pc.=~ r;:R2 (1.5) 

R1 XL 12 
(ffi\ ~ 

r+ I !If 
• 

>:Ii r 
1 Vi ~m El 

Ie 

• • 

Fig. 1.1. Stator equivalent circuit for a polyphase 

induction motor. 

R.L. X2. 

) 1; ---1T2. 1:.1 

R2 
S 

VJ. Gc Bm 

Fig. 1.2.Equivalent circuit of a polyphase induction motor. 
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The internal mechani~ power P developed by the 

motor is therefore: 

(1.6) 

P = (l-s) P9 (1.7) 

Equation.(1.7) shows that only the fraction (l-s) of 

the total power delivered to the rotor is converted to 

mechenical power, and the fraction s is dissipated as rotor 

circuit copper loss. The internal e1ectomagnetic torque 

corresponding to the internal power P will be: 

P :(l-s) w T (1.8) 

T , 

v!here w is the synchronous angular velocity of the rotor in 

mechanical radians per second. By using equation (1.6) 

1 T-­- w (1.9) 

As can be seen from equation (1.9), the internal 

torque is a function of slip at any speed. Figure 1.3 

Shows the torque-slip curve in both motor and generator 

regions. 
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Generator 

Slip as a fraction of synchronous 
~eed. 

) 
.1.. 0.8 0.6 0.4 o - 0.4- -0.6 - 0.8 

Fig.l.3. Induction motor torque-slip curve. 

C. Speed Control Systems: 

In a three phase machine, the windings of the 

individual phases are displaced Srom each other by 120 

electrical degrees in space. If the s~~etrical three 

phase 'Viindings are supplied from a balanced three phase 

power supply, a rotating field is produced. The synchronous 

speed of the induction machine is directly proportional 

vlith the applied frequency to the stator. If p denotes pole 

pairs and f is the applied frequency, the synchronous speed 

of the motor is defined as: 

60 f 
P 

rev/min. (1.10) 

If s is the slip at any speed, the speed elf an induction 

motor 'V:ill be : 

n::: ns (l-s) (1.11) 



n::: 60 f 
P 
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(l-s) (1.12) 

Equation (1.12) shovlS that the speed of an induction 

motor can be controlled by : 

(a) increasing slip 

(b) Changing pole pairs 

(c) controlling stator voltage 

(d) cha.Ylging stator frequency by keeping V If constant 

:E'or a vlOund-rotor motor, by changing external rotor circuit 

resistance causes the slip to increase. Wben slip ~ncreases 

the speed of the machine decreases. This method is rather 

inconvenient and also costly for large pm'lers since it is 

aChieved by dissipating povler as heat in the external 

. resistances. Em',ever, special auxilary machines can be used. 

to convert the pOv,1er at slip frequency and return it to the 

supply. 

Changing pole uairs ~n order to control the speed of 

an induction motor is generally applied to the squirrel cage 

type motors. For this type of control, the stator vlindings are 

so designed that simple chan'ge in stator connections changes 

the number of poles. 

The speed of an induction motor can also be controlled 

by changing only line voltage. The internal torque developed 

by an induction motor is proportional to the square of tb.e. 

applied voltage. In Figure 1.4 t\'lO different· torque-s:;.ee·;:i 

Characteristics are shovm. If line voltage is changed, the 

speed of the machine is reduced from n.l. to nl.. 
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The principal disadvantages of both line voltage and 

Slip-changing speed control are 10vl efficiency at reduced 

.speeds and poor speed regulations ''lith respect to change 

in load. 

Torque 

Load 

--" -- Seed 
n.l n.L 

Figure 1.4. Torque-speed curve for different stator voltages. 

The speed of an induction motor is directly proportional 

with the applied stator frequency. By changing applied 

frequency, the speed of an induction motor can be controlled 

in 1:100 range. 

In general, "Jhen stator frequency changes, the internal 

torque of the motor also changes. HO\'lever, in the industrial 

applications, varible drive systems are required to operate 

with either constant torque or constant power. For constant 

torque operation, stator voltage is decreased with decreasing 

stator frequency, keeping V If ratio constant. In this ''lay 

air-gap flux is kept constant. '?his is called "constant Vii 

Operation mode." Above nominal frequency, "lhen stator frequency 

increases the stator voltage is kept constant so that constant 

power operation is achieved. At very low frequencies, stator 
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leakage rea.ctance becomes competi1?le vii th the stator reactance 

so the stator e.m.f. LLis very much reduced. To keep air-gap 

flux constant, ~ must be increased Over its marked value so 

that the corresponding stator voltage curve will be that as 

shown in Fig 1.5. and corresponding torque-speed cu:':'Ve is 

'sho\rffi in Fi g. 1.6. 

v 

50 f (Hz) 
Figure 1.5. Stator voltage-frequency law for an induction motor. 

Torque 
Cnnstant toroue , -~- . 
- \ --

\ 
\ Constant p0v-ler 

I 

Figure 1.6. Torque-speed cha:::.'acteristics of operation \'li th 
constant torque and power. 



t 
'r:~' . 

- ] .. 6~"-'~ 

Figure 1.7. ShovlS the starting torque and starting 
! 

current in constant V/f mode.'ofoperation. It is evident 

that starting torque is increased and starting current is 

rather decreased. These are main advantages of operating 

at constant V/f mode. 
. 
. 1 

/ 
Torque 

K: applied frequency/ 
nOm~nal frequency. 

~----------------~------------~~------~ 
K 

0.5 1.0 
Figure 1.7. Starting torque and current at const~~t V/i mode 
of operation. 

In general, to change the stator voltage 'and frequency 

under the constant V/f condition, pulse width modulation (PvlI'1) 

is used. This technique will be explained in detail in 

chapter II. 



II. PULSE vliDTH MODULATION 

Pulse width modulation is widely used in variable 

voltage, variable" frequency drive systems. Although it requires 

a much complex hard\'lare circuitry in analogue implementation, 

improvement in digital technology has reduced the circuitry 

and increased the accuracy. Therefore, P\'IH inverter has become 

attractive in a.c. drives. 

A. Switching strategy in 'PWM: 

The easiest and most widely used type of PWH is the 

"natural sampled PWM. II Figure 2.1 shows the general features . 
of this mode of sampling. As can be seen, the modulating sine 

wave is compared directly wi tl: the triangular carrier \.;ave 

and the intersection points" determine the resultant pulse 

widths. The most important characteristic in this mode of 

sampling is that the resUltant pulse width is proportional 

with the amplitude of the modulating wave at the instant the 

switching occurs. Therefore, it is not possible to define the 

widths of the pulses using an analytic expression. ::i:he pulse 

widths can only be defined by the transcendental equation : 

1;>= ~ ~+ : (Sinwt.+ Sinwt" ~ (2.1) 

- 11 -
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d c 

r-P"'I~ 
r-

I "-II 
\ 

I 

\ .I 
:--., VI 

-'- -.-
'-

c 

1-· t--l 

Figure 2.1 Natural sampled P"IN 
a. Reference modulating signal 
b. Carrier signal 
c. P\r:H voltage 
d. Fundamental of P'rr!J>l voltage. 

,... 

details of a 

single pulse 



- 13 -

J 

I I 
v 

I 

\1 
1 I \ 

i \ 

'-+-+-Ifi; ~ 

d 

I 

Figure 2.2 Regular sampled PWH 
a. Reference modulating signal 
b. Sample' and hold modulating signal 
c. Carrier signal 
d. PWH waveform 
e. ~'undamental of P\'il·~ v:aveforrr:. 
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For this reason, it is ~,,'idely used in an~logue implementation 

and it can be used in h?,r.dware based microcomputer systems. 

Regular sampled P\~H is anoth~r technique to determine 

the switching instants. It is more attractive for digital 

control ~ystems, since it offers the possibility of defining 

the pulses analytically. Figure 2.2 shoVls the ragular sampled 

Pltw'I"I waveform. To obtain .regular sampled pulses, firstly the 

sine wave is sampled and held and then it is compared vlith the 

triangular carrier i::ave. Since the amplitude of the sine vlave 

is constant during one period of the carrier wave, it is 

possible to define the pulses using an analytic expression, 

that is: 

(2.2) 

The sampling instants can be calculated directly using Eq (2.2) 

and it forms the . basis of the sofb,.rare based microcomputer 

systems • 

. The third and the newest method is called "optimal PvIN. II 

This approach is based on the minimization of certain performance 

criteria; especially for minimization of harmonic content. The 

idea behind this statement is that sdch switching angles can 

be found so that the fundamental of the resultant waveform 

WOuld be maximum and the 10vl harmonics vlould be mininum. 

Computer algorithms to generate these opti~ised strategies 

are rather complex and complicated for main frame computers. 

However, at 10vI frequency ratios (carrier frequency/modulating 

frequency ) it is possible to \vri te dm·m the algorithms so that 
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microprocessor can utilize the solutions of the algorithms 

Solved by the main frame computer for the inter-relations 
-

of the modulation index, frequency --ratio and output frequency 

to obtain optimum waveforms. 

If it is desired to analyse the harmonic spectrum 

and if quarter wave symmetry of the waveform is assumed, 

then only odd harmonics exist and these can be defined as: 

where n corresponds to the harmonic order and m equals the 

number of switching angles per Quarter cycle. Figure 2.3 

shows a typical o-otimized P\vN waveform. 

I'Voltage 
\ ,- r-- r--

~ - ~ 

I I 

+v 

\ 
I 

i 

-v 

I 
\ 

, 

I \ i , , I 

J \ U '-- I '-- ~ L-
L--

0(. O(l 0:; q'4 0(50(6 I 
-' TT/2 ~ " 

Figure 2.3. Typical optimised P\~ waveform. 

The weighted harmonic voltage distortion of the P\ojH votage is 

defined by the equation: 

(2.4) 
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B. PWM Control Functions: 

Every ,microcomputer based PM~ inverter must control 
-.. 

three phase generation, frequency ratio, minumum pulse width, 

switching strategy and voltage per frequency. 

To generate three phase waveform, it is sufficient to 

calculate the switching pattern of one quadrant of the 'l'Javeform. 

With the aid of the symmetry, three phases are loaded to the 

memory just by shifting and / or inverting the calculated 

portion of the waveform. 

To operate \'lith constant torque, the fundamental 

component of the waveform must decrease when the output frequency 

decreases. This is achieved by decreasing the modulation index 

proportional with the fret;uency. Figure 2.4. shm'ls the relation 

bet\'leen fundamental voltage and the modulation index. 

v 

100 

50 

~------I-:------------7 Hodulation Index 

Figure 2.4. Fundamental versus modulation index 
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It is necessary to control the frequency ratio (carrier 

frequency/modulating frequency) in order to utilize fully- the 

harmonic minimization capabilities of P~1. Fourier analysis 

of the PWf>l \'laveform shows us that the output voltage has a 

fundamental, some lower harmonics and a strong harmonic at the 

carrier frequency. To block out the strong harmonic component 

at the carrier frequency, carrier frequency should be much 

higher than the modulating frequency so that the stator ,-,!indings 

accept the waveform as approximately modulating wave. On the 

other hand, microcomputer must calculate the output pattern 

during one period. Therefore, there is a trade-off between the 

frequency ratio and output frequency. Undoubtadly, it is 

desirable to operate the system at the maximum carrier 

frequency. Em'lever vlhen the frequency ratio increases, the 

calculation time increases, so the maximum output frequency 

is reduced. The solution is called "discreate integer ratio 

adaptive mode. II At this mode of control, the frequency ratio 

for maximum output frequency is determined, and frequency 

ratio is increased when the output frequency decreases. The 

frequency is changed in integer steps at discreate points in 

the output frequency range and therefore the corresponding 

carrier frequency varies between a maximum and a minimum 

val ue '-'Then ratio changes. 

Minumum pulse width is restricted by the pO\,Ter elements 

of the inverter. Ninumum pulse \yidth is so chosen that the 

delay of the power element should be smaller than the 

minumum pulse width, therefore commutation failure is prevented. 

Commutation failure is generally known as a problem in the 
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natural sampled technique. In regular and optimum PWM techniques 

since the switching pattern is under the soft,.,are control of 

the microcomputer, commutation failure does not occur. If the 

pulse width is smaller than the required one, pulse dropping 

is done. 

C.Software Based P\~I: 

In general, the svJi tching pattern of the P\-JN inverter 

is either calculated by softvlare of the microcomputer or 

determined by external hard''lare. In the former, CPU is 

responsible of performing all control functions in addition to 

s\<litching pattern. However in the latter, the only required 

thing by microprocessor is to generate variable frequency 

modulating wave. Figure 2.5 ShO .... ,S a typical hard,,,are based 

scheme. 

In hardware based system, memory contains sampled 

and,held sine wave values. The output frequency is determined 

by variable frequency clock. Clock interrupts C?U and at each 

transition, CPU choose the corresponding sine wave value and 

sends it to the multiplier. C~U also determines the modulation 

index and puts it into multiplier'~ Hultiplier multiplies 

modulation index "lith the corresponding sine vlave value. It is 

then compared with a triangular carrier wave. For a three phase 

operation, multiplier is multiplexed and extra comparators are 

added. The advantage of the hard\·.~are based system is the operating 

speed of the inverter. The maximum s\·:i tching frequency is only 

limited by the povler circuit. The heart of the system' is the 
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multiplier. In such a configuration, hardware multiplier should 

be used. If softvJare multiplier is prefer~ed, speed is reduced 

significantly, so the outstanding advantage of the hardware 

based system gets lost. The major disadvantage is the increased 

cost of the system. In addition to microcomputer, the configuration' 

needs external hardware and it increases cost substantially. 

~\rom the vie\"JPo:'nt of engineering, nothing can be done to obtain 

optimal PWi'l wavefo~m. 

iable var 
fr 
in 

eq. 

, 
microprocessor 

and 

memor;r 

triangular 

vlave 
genere.tor 

. 

.. 
modulation 

lindex 
-

multiplier -
P\'Jr-l 

,--~put 

V 
7 

co:::::arator 

]'igure 2.5. Bard"'!are based scheme o 

These disadvantages are eliminated by using a soft\'lare 

based system. In this method, quarter wave of one hertz sine \,lave 

rs sampled and held and stored in memory as a loak-uT-' table. 

l'iodulation index is also stored in memory in a desired resolution. 

When the required frequency is greater than 50 Hz., motulation 

index is unity, for the 10"l.'ler values of 50 Hz., modulation index 

decreases linearly. The pulse ,·[idths of the output waveform is 
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calculated by the equation (2.2). To minimize the computation 

time of the pulse \vidths, the second term of the equation (2.2) 

which is a multiplication operation is performed for all possible 

combinations on off-line and stored into RAM as look-up table. 

In the case of a frequency demand, microprocessor just selects 

the results of the mul tipl'ications from the look-up table 

corresponding to the current value of frequency. 

In the des.ign, the on-line computation time is al\'mys 

kept less than the output period. The first term of the equation 

(2.2) is al\vays constant \'lhatever the modulating frequency is. 

Since discreate integer ratio adaptive mode is adopted, frequency 
ratio changes in steps when the frequency changes. Therefore, 

since the period of the carrier wave T, is kept constant, \'lhen 

ratio ch~~ges total Demory in which output pattern is stored 

changes. In other words, when output freque~cy decreases, the 

total memory increases. I'1emory increases step by step in order 

to increase the timing accuracy, to block out the beat frequency 

effect and to minimize harmonic distortion. 'Iable 2.1. shm·!S 

the output frequency range, frequency ratio, memory dinentions, 

carrier frequency fu~d modulation index. Since the power transistors 

used in the inverter designed has a maximum collector-emiter 

breakdovm voltage of 100 volts, invert.er d.c. power supply \<las 

adjusted to 100 volts. Since tested squirrel cage induction 

motor has a nominal voltage 220 V, 100 volts corresponds to the 

16 .Hz. stator freauency vlhen the mJdulation index is unity and 

decreases linearly "'lhen the modulation index decreases. Therefore, 

if the motor used has a 220 volts of nominal voltage, maximum 

allowable speed is 480 rev/min. for a four pole motor. However, 
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the frequency rlli'l.ge of the· inverter c.an be increased just by 

replacing the power transistors used in the inverter. 

System has an analogue to digital. converter to.set the 

reference speed. The flowchart of the P\>IN inverter is shm'm 

in Figure 2.6. 

output 
freg. 

16-11 

11-6 

6-1 

Table 2.1 

freq. modul. 
r.p.m. ratio index 

480-330 60 1-0.79 

330-198 80 0.79-0.51 

198-30 96 0.51-0.21 

memory 
byte/180 

496 

640 

768 

carrier freq. 

960-660 

880-480 

576-96 
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p~rform all multiplications 
Wl th all values N by Sine value 

Get ADC value 

Determine N for f 

Determine R for f 

Calculate pu~se \'lidths 
for one half cycle. 

oad pulse ·\'lidths into 
emory for one phase 

phases 

Determine C for f 

Out memory 

Figure 2.6 Flovlchart of the P\'ll"i inverter schemes. 

Get ne\>/ ADC 
value 



III. Th-vERTER 

Inverters are used to transfer energy from a d.c. source 

to an a.c. load of . arbitrary frequency and phase. In motor drive 

systems, inverters employ thyristors or pov:er transistors as 

controlled s\'litching elements to form the desired a.c. waveforms. 

Depending upon the applications, single phase inverters, three 

phase self-commutated or forced commutated inverters can be used. 

A. Three Fhase Inverters: 

The three phase inverter has a minimum of six sltJi tching 

elements arranged in a bridge configuration; these elements. are 

sv/itched sequentially to s;y-nthesize at the a.c. terminals of the 

inverter bridge a set of three phase voltages which are applied 

to the motor. In the case of a thyristor inverter, the thyristors 

are turned off by commutating capacitors either by the on-coming 

thyristors or by auxiliary thyristors •. Former is called IIself 

commutation" and the other is called IIforced commutation mode ll 

VIi th forced commutation, the conduction time of each thyristor 
~ 

Can be controlled independently of frequency for pu-~oses of 

\·raveform or voltage control. Figure 3.1 shm'lS a thyristor 

inverter. This circuitry can be operated at either two thyristors 

in conduction at the same time or three thyristors in conduction. 

Table 3.1 shO\'lS the firing sequence of the thyristors for both 
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.8 c 

Figure 3.1 Three phase thyristor inverter. 
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Figure 3.2 Basic operation of three phase inverter. 
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operation modes'. 

Operation by keeping three thyristors in conduction is 

generally preferred to the other since all three terminal voltages 

are predetermined. In other, only t\oJ'o terminal voltages are lmovffi, 

the third terminal voltage can not be determined. 

+E 

-£ 

-tE I 

-£ 

Figure 3.3. Output \oJ'aveform of the inverter. ··'~~D\\~Wt.:1 

~\ltl\l.\(,\Il\\WB\S\l6\ RII ' 
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Tl I T4- I Tl 

I ! 

I I T3 T6 :T3 I T6 
I 

T5 I T~ I T5: I T2 
o :LiT 

(a) Firing sequence for 180 Qegrees conduction. 

o 

(b) Firing sequence for 120 degrees conduction. 
Table 3.1 Firing seauence of. the thyristors. 

The sequence in which the thyristors of the inverter in 

Figure 3.1 operated to obtain three phase output waveform is 

shown in ]'ig. 3.2. if the thyristors are replaced \<lith switchs 

and the load is represented by a Y connected set of impedances. 

Each step in the figure corresponds to 60 degrees on the output 

waveform. The vlaveforms of the phase and line voltages are shovm 

in :F'ig. 3.3. 'In this mode of operation, relation betv;een variable 

voltage and variable frequency is achieved by me~~s of a voltage 

controlled oscillator, that is; v!hen frequency decreases the 

SUPPly voltage also decreases. Ho\·rever, in the case of PWM 
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inverter, there is no need to change the supply voltage of the 

inverter. D.C. Power supply is always constant whatever the 

output frequency is, the only thing that changes is the 

fundamental component of the output waveform. In this 

implementation, the amplitude of the fundamental component is 

determined by the microcomputer. Figure 3.4 shows the pulse-\,lidth 

modulated line and phase voltage waveforms. 

r~nl ~ 
i ! ,I II Ii 

1 I 
U i' ~~ 

(a) Inverter line voltage. 

, ~)~ 
1 

" I I r\~~ .. 

~ , 

(b) Inverter phase vo~ tage. Tor 
Figure 3.4 Inverter l~ne and phase voltages ~ a Y con~ected 
load. 
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B. Transistor as Power Control Element in Inverters: 

Transistors were considered as 10\,1 power elements to 

produce and amplify some signals in analogue and di~i tal systems 

,in 1960s. The need for high power transistors to amplify the 

signals in the output stages of the audio amplifiers quickened 

the evolution of the pOvler transistors. 'I'oday, power transistors 

are so improved that they have become alternative pm'fer control 

elements to thyristors due to their fast switching capabilities. 

Figure C.3 is the block diagram of the three phase 

transistor inverter implemented in this thesis. Six power 

channels provide the required pulses to supply three phase 

energy to the motor. All power cnannels are identical. As a 

pm.;rer transistor, BDX53G Darlington transistors were used. 

Their maximum collector current is ei€ht ~peres ~~d maximu~ 

collector- emi ter brea.kdm·,'n voltage is 100 volts. Therefore, the 

external d. c. povler supply should be 100 volts and has a current 

capability of about 10 amperes. Such requirements are best 

served by a voltage re sulated. switching supply \\'hich minimiz es 

power dissipation. In the design, optic isolators are employed 

to isolate the power circuit from the microcomputer kit. 



IV. NICROC01·.!PUThR h.IT 

As the microc~mputer of the inverter, an Intel 8085 A 

based general purpose microcomputer vIas designed and used to 

produce commutating pulses and to perform all the control 

functions of the inverter. 

A. Specifications of tbe System: 

A general purpose 2icroco~puter kit contains CPU, volatile 

and non-volatile memory, ke;rboard and displa;:.r p"eripherial units 

and serial and parallel ports for user. System is so designed 

that it can be seperately used as a microcomputer kit. The block 

diagram of the system is shown in Figure b..l 

Intel 8085 A is an eight bit processor which has 

seperately serial in and serial out capability directly with 

accumulator, and five seperate interrupt pins. In the system it 

is operated at maxiillu71 clock frequency; that is 6.14-4 1'1Hz. and 

it can be easily replaced vlith a 10 NHz. version in order to 

increase the system speed. 

The system contains one 2716 EPROM, two 2114 RAMs, one 

CPU 8085 A, one octal latch, t\vO PPIs 8255 and the subroutines 

of the control program were stored in EPR01'1. Total memory of 

- 29 -
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the system is three kilobytes, which is sufficient for most 

practical applications. The octal latch~is used for demultiplexing 

the data lines. One of the PPls is used for communicating with 
<--

keyboard and display, the other is reserved for user. The 

keyboard is organized as 4X? matrix and display is considered 
as seven segment lines and six selecting lines. 

I' 

1/ It " "JI 

Control Bus 
.-. 

Addres 
T\ '""--1--'"' B 

s Bus 
us 

EFRON RAH CPU FPI I ADa ~ I/o 
. . Ports ~ 

L 
I Display I 

r Keyboard 

Figure 4.1 Block diagram of the system. 

The memory map of the system is as follows: 

0000H-07FFH 

0800H-OBFFH 

EFROI~ Addresses 

RM1 Addresses 

The port organization 0: the system is as follows: 

00 Display segment address-

01 Keyboard row address 

02 Upper part of port C is keyboard column address, lower part 
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is the display select lines 

03 Address of control word 

04 Port A of user PPI 

05 Port B of user PPI 

06 Port C of user PPI 

07 Control address of user PPI 

Since 8255 has two addressing lines, A~ selects the chips, 

Ao and A~ specifies. the address of selected ports. 

Systems has 23 key keyboard in addition to reset key. Fig. 

4.2 ShO\'lS the key organisation. 

[DATA I I DECRi In{RMTJ 

GJ G G ~ /EXECT 1 

[EJ GJ G 0 ICNTRLI 

0 QJ ~ ~ IEXIT I 

GJ W ~ GJ 0 
Figure 4.2 Key organisation. 

B. Keyboard Organisation: 

The keyboard is organised as 16 hexadecimal digits, and 

five control keys in addition to a reset key. The reset key is 

an individual push button which is connected directly to the 
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reset pin of the microprocessor. It gives a hcird\'lare reset to 

the over~all system. When applied, microprocessor goes to the 

first address location and executes the initialization 

program of the ports and makes the "system ready to get data 

from the keyboard. Once the reset key has been pushed a slash 

is displayed at the leftmost display and all the others are 

blank. This shows that the incoming digit from the keyboard 

specifies the address to be inuutted. 

The data key acts as a cursor. ~~en display co~tains 

an address and its content, if data key is pushed, slash is 

displayed. This enables the user to enter the address digits~ 

After the address is entered, if this key is pushed it gives 

the control of the ke;yboard tc data. In other words, during 

slash is being displayed if data key is pressed then incoming 

digits are accepted as data digits until.it is pusnec a~ain. 

After address is entered, not only data key, but also increm:mt 

and decrement keys give the control of digits to data. 

If the increment key is pushed, the displayed adQress 

is incremented by one, and its contents are displayed.' Likevlise, 

it is decremented vlhen the decrement key is pushed. 

\"fuen the execute key is pressed, the system starts to 

execute the program from the displayed address location. The 

system monitor program specifies end instruction as FF in 

hexadecimal number. After the program is exacuted, system 

goes to warmstart ~Dd displays slash. 

The control key is assigned to give the control of the 

keys to the PWH control application. The flovlchart of the 

monitor program is shovrn in Fig. 4.3 



N 

Figure 4.3 Flowchart of the 
monitor program. 
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START 

digit 

I--~=---t+t datky 

dcrmnt 

J.n.cmnt 

contrl 



I 
..;:j­
I'C) 

DIGIT 

ADDRS 

Figure 4.4 Flowchart of the DIGIT 

DATKY 1 

1 

b'igure ll·.5 :b"'lOvlchart of DATKY 



lI\ 
K\ 

DCRMNT 

ADDR 

Figure 4.6 Flowchart of DCRffi~T 

n~Rl\'INT---1 

Figure 4.7 ]l,lowchart of llfRMNT 



V.EXPERII;;jEHTAL RESULTS AHD CONCLUSIONS 

A. Experimental Results: 

The microprocessor based speed control circuitry was 

designed ~nd built as eA~lained in the above chapters. The 

connection diagrams of both the microprocessor kit and the 

inverter are shm·m in Appendix C. 

The system ':7as tested on different induction machines and 

it "las verifiec. that snooth control of speed '.-las possible. 'I'he 

highest op2rating frequency is l:"mi ted to 16 liz. m"ling to the 

rating of the Darlin[tQn transistors used. 

The relation bet\'Jeen input voltage and the output 

frequency is obtained as that sho\·.TD. in J;'ig. 1.50 Since the 

modulation index is increased l~nearly, the linear relation 

bet",reen output frequ.ency and e:l>.rpected stator voltage is achieved. 

B. Conclusions: 

In the thesis, by using P\VI-j, technique, microprocessor 

based inverter is implemented. The advantages of the system can 

be stated as [ollOl-js: 

(a) in conventional method, variable vOltage is implemented by 

a controlled rectifier. However, in the P\*l technique since the 

d.c. pO\ver supply of the inverter is al'l:lays constant, Cos¢ is 
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always unity, therefore reactive power consumption is zero. 

(b) since Itdiscreate integer ratio adaptive mode" is used, 

harmonic minimization is achieved by keeping s\·,ritching frequency 

as high as possible at the operating frequency. 

(c) since the algorithm is essentially based on a type of 

modulation, all the system parameters can be changed by soft\'Jare. 

It '"as demonstrated that the P\~1'1 technique can control the 

speed of an induction machine in a 100:1 range. 

Speed 

J.ncreased 
load 

in 

Figure 5.5 The ~nput-output characteristic of an induction motor. 

c. Suggestions: 

System is essentially implement'ed as an inverter. If a 

closed loop operation is desired, it can be achieved "rith the 

modifications as explained beloi-/. 

The ideal input output characteristics of an induction 

motor are sho\ID in Fig. 5.5. 

The system can be operated in closed loop e,s sho\'m in 

Fig.5.6. The speed information is obtained from the output of the 
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tachogenerator. The current information is obtained from the load 

current.' 

tef. 
'peed 

Rectifie 

Tachogenerator 

_~.+>.I:' ~_-;Speed 
Control-

Invert er 1--_--' 

Current 
Control 

Gate 
Control 
Circuit 

Figure 5.6 Closed lOOD oper~tion of the induction motor. 

In the case of any increase in reference speed, speed 

controller produces higher current output than the output of 

the inverter, so the output of the current controller increases. 

'I'his also increases the modulation index and the output frequency. 

\fuen the stator current increases, it causes the rotor current 

and the output speed to increase. Similiar argument holds in the 

C~Se of any decrease in reference speed. 



LOC. 

0000 

0002 
0004-

0007 
0009 
OOOC 
OOOE 
OOOF 
0010 
0011 
0014 
0016 
0017 
0018 
OOlA 
OOlC 

OOlD 
OOlE 
OOlF 
0040 
0043 
0045 

APPENDIX A 

HONITOR PROGRAE OF' TEE NICROCOHPUTER 

OBJ. CODE 

3E 82 

D3 03 
31 :FF 0:2 

3E 00 
21 DO OB 
06 06 
77 
23 
05 
C2 OE 00 
3E FD 
77 
23 
06 05 
3E FF 
77 

23 
05 
C3 40 00 
C2 lC 00, 
3E 00 
~2 DE OB 

N S~i:'l'lT SOURCE STATEHENT 

EVI A, CNT\'ffiD 

OUT FOET'C 
LXI SF, STK 

;Initialization of 
system PPI, port 
A,C output, port 
B input. 

;Initialize system 
stack. ! 

I 

0000 
0001 
0002 
0003 
0004 
0005 
0006 
0007 Ll 
0008 
0009 
0010 L2 
0011 
0012 
0013 
0014 
0015 
0016 

HVI A, 0 
LXI E, TIDil? 
HVI B, 06 

; Initialize disple.yJ 

0017 
0018 

~~i ~,A 
DCRB 
JNZ L2 

HVI A FD , 

0019 L3 
0020 

HOV H A 
IKX H' 
HVI B,5 
HVI A,Fj?-
HOV M,A ;Load display arra:5j 

wi th the code of I 
slash. I 

0021 
0022 
0023 
0024 

INX H 
DCR B 
JNP Iffi\QADR· 

! 
I 

; Continue at NE\'lADIi 
0025 NEvlADR JNZ L3 

HVI A,O 0026 
0027 
0028 
0029 
0030 
0031 
0032 
0033 

STA TEl'"iPP 
; -
DISPLAY: 
continously refreshs the seven segment 
displays, and~bet\'leen two refreshings, 
checks whether any key closure occurs 
or not. In the case of closure, st'ops 
refreshing and gets key value. 
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LOO. 

0048 
004A 
004D 
004E 
0050 
0053 
0055 
0056 
0057 
0059 
005B 
005D 
005E 
0061 
0062 
0065 
0067 
0069 

0070 
0071 
0072 
0073 
0074 
0075 
0076 
0078 
007B 
0070 
007E 
007]' 
0080 

0082 
0085 
0086 
0087 
0088 
0089 
008A 
008B 
0080 
OOaF 
0090 

OBJ. OODE 

IE 70 
21 D6 OB 
7B 
D6 10 
OA 3A 01 
D3 02 
5F 
7E 
D3 00 
3E 02 
06 BO 
05 
02 5D 00 
3D 
02 5B 00 
3E F:E 
D3 00 
03 30 01 

7E 
47 
07 
07 
07 
07 
E6 OF 
21 D4 OB 
77 
E6 OE' 
23 
77 
09 

21 D4 OB 
7E 
07 
07 
07 
07 
23 
86 
2A DC OB 
77 
09_ 
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...... ; .. 

M STI-IT SOURCE -STATEl'IENT 

0034 DSPLY 
0035 
0036 L4 
0037 
0038 
0039 
0040 
0041 
0042 
0043 
0044 L5 
0045 L6 
·0046 
0047 
0048 
0049 
0050 

IWI E,70 
LX:! H,ARRAY 
I10V A,E 
SUI 10 
JZ El~A, 
OUT PORTC 
NOV E,A 
IVIOV A, !vI 
OUT PORTA 
IWI A,2 
LVI B,BC 
DCE B 
JNZ t6 
DeR A 
JNZ L5 
HVI A FF , 

," 

;delay for refresh. 

;blanks display. 

0051 ; continue at DEY AI':i 0052 ; __ ~. ___________________________________ ___ 
OUT PORTA 
.nIP DEVAH 

0053 LOC])AT: 
0054 ;gets the content of the address stored in 
0055 ;EL, breaks it· into tvlO digits, and stores 
0056 .; them into TEF;P4- and TEI-iP5. Destroys reg. 
0057 ;A,E, and ~~. 
0058 LOCDAT EOV A,N 
0059 !10V B,A 
0060 RLO 
0061 F.LC 
0062 RLC 
0063 liLO 
0064 ANI OF 
0065 ~XI H, TEHP4 
0066 !'lOV N,A 
0067 ANI OF 
0068 INX H 
0069 NOV I'i,A 
0070 RET 
0071 ______________________________________ __ 
0072 
0073 
0074 
0075 
0076 
0077 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 

; DATA: 
; gets the contents of TEHP4 and TEMP5, forms 
;them as a datum, and stores it into address 
;stored in BL. Destroys reg. A,HL. 

DATA LXI H, OBD4 
HOV A N , . 

RLC 
F.LC 
RLO 
RLC 
ThTX H 
ADD H 
LHLD OBDO 
NOV M,.A 
RET 



LOC. 

0091 
0093 
0096 
0098 
0099 
009c 
009D 
009E 
009:£;' 
OOAO 
00A3 
00A4 
00A5 
00A6 
00A7· 
00A8 
OOA9 
OOAA 
OOAB 
OOAC 
OOAD 

OOAF 
00B1 
00B4 
00B6 
00B7 
OOBA 
OOBB 
'OOBC 
OOBD 
OOEE 
00C1 
00C2 
00C3 
OOC4-
00c5 
00C6 
00C7 

OBJ. CODE 

06 00 
21 D3 OB 
3E OF 
BE 
CA 9E 00 
34 
C9 
2B 
BE 
CA A7 00 
34 
23 
70 
C9 
2B 
34 
23 
70 
23 
70 
c9 

06 Oli' 
21 D3 OB 
3E 00 
BE 
CA BC 00 
35 
c9 
2B 
BE 
CA C5 00 
35 
23 
70 
c9 
2B 
35 
23 
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M STr1T SOURCE STATEr'lENT 

;INRADD: 0087 
0088 
0089 
0090 

;increments the address stored in TErti? 
;locations-. ]'ormat is as fo11ovlS: 

0091 
0092 
0093 
0094 
0095 
0096 
0097 
0098 

; TEr,lP: contains· HSD of the address 
TE~~l: contains one of the digits 
TEI'1P2: II "". !I " 

~EI1P3: contains LSD of the address 
; TEl'lP4: contains NSD of the data 
; TEI'LP5: contains LSD of the data. 
;destroys reg. A,B,li,L. 
; INRADD I'WI B, 0 

0099 
0100 
0101 
0102 
0103 
0104 Ll 
0105 
0106 
0107 
0108 
0109 
0110 
0111 L2 
0112 
0113 
0114 
0115 
0116 
0117 

LXI H, TEr-lP3 
NVI A OF 
C

- , 
r·t!? I-1 

JZ L1 
nm 1>1 
RET 
OOX H 
Cr-I!? M 
JZ L2 
n~R N 
INX H 
HOV IvI,B 
RE~1 

DCX H 
.llfR Ifr 
IHX H 
NOV H,B 
INX H 
I~iOV IvI B 
RET ' 

0118:------------------------------------~ 
0119;DECADD: 
0120;decrements the address stored in TEl-IP 
0121;locations. Destroys reg. A,B,H and L. 
0122 DEC ADD I-WI B, OF 
0123 LXI H,OBD3 
0124 NVI A,O 
0125 cr-lP M 
0126 JZ L1 
0127 DCR M· 
0128 RET 
0129 L1 DCX H 
0130 CNP H 
0131 JZ L2 
0132 DCR 11 
0133 n~x H 
01 34 NOV I~ B 
0135 RET ' 
0136 L2 DCX H 
0137 DCR M 
0138 INX H 



LOC. 

00C8 
00C9 
OOCA 
OOCB 

OOCC 
OOCF 
00D2 
00D4 
00D5 
00D6 
00D8 
001>9 
OODA 
OODC 
OODD 
OODE 
00nE' 
OOEO 
00E1 
00E2 
00E5 

00E6 
00E9 
OOEE 
OOEC 
OOED 
OOEE 
OOE]' 
00]'0 
OOIn 
00]'2 
00F3 
00]'4 
00~\7 

00E'8 
00F9 
OOFC 
OO}l'D 
OOFE 
a OFF 

OBc.T. CODE 

21 DO OB 
01 D6 OB 
16 06 
5E 
E5 
3E 1D 
83 
6F 
26 01 
7E 
02 
E1 
23 
03 
15 
C2 D4 00 
C9 

21 DO OB 
OE 02 
7E 
07 
07 
07 
07 
23 
46 
80 
OD 
CA FC 00 
]'5 
23 
C3 EB 00 
6F 
F1 
67 
09 
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1'1 STI1T SOURCE STATET1ENT 

0139 
0140 
0141 
0142 

MOV M,B 
INX H 

'. HOV I~ B , 
RET 

0143;--------------------------------------
0144;ECHO: . 
0145;~onverts the digits stored in TEr·lP 
0146;locations to the seven sGgment display 
0147;code,and stores into ARRAY locations. 
0148;Destroys reg.A,B,C,D,E,H,L. 
0149; ECHO LXI H,TElljp 
0150 LXI b,ARRAY 
0151 IWI D 6 
0152 Ll HOV E' 11 
0153 PUSE H 
0154 IIWI A,lD 
0155 ADD E 
0156 HOV L,A 
0157 NVI li,l 
0158 hOV A,I1 
0159 STAX 
0160 POp H 
0161 n~X H 
0162 TI\X B 
0163 DCR D 
0164 J'l;Z Ll 
0165 F.E~· 
0166; 
0167;GETADD: 
0168;combines the digits· stored 2.n r:i:El-iF 
0169;locations and forms them as an address 
0170;and puts the result into ~~. 
0171;Destroys reg. A,B,C,H,L. 
0172 GETADD LXI H, TEI·tp 
0173 FLVI C,2 
0174 L2 EOV A,g 
0175 p~c 
0176 RLc 
0177 RLC 
0178 RLC 
0179 ll~X H 
0180 l'-10V B, M 
0181 ADD B 
0182 DCR C 
0183 JZ Ll 
0184 PUSH PSv1 
0185 ll\X H 
0186 JHP L2 
0187 L1 HOV L,A 
0188 POP PSW 
0189 HOV H,A 
0190 RET 
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LOC. OBJ. CODE 1'1 STI'1T SOURCE STATEHENT 

0130 3E 21 0191 DEVAH flWI A,21 ;delay for blank time' 
0132 3D 0192 L7 DCR A 
0133 02 32 01 0193 J1~z L7 
0136 23 0194 TI\X H 
0137 03 4D 00 0195 JI"JP L4, 
013A DB 01 0196 ENA IN PORTE ; checks \'"hether any key 

0197 closure. 
01 30 E6 7F 0198 ANI 01 ;masks unused bit,. 
013E FE 7F 0199 CPI7F 
0140 OA 48 00 0200 JZ DSPLY ;jumps in the case of no 0201 closure. 
0143 OD 06 02 0202 CALL DDLY ;calls delay subroutine 

0203 for debounce. 
0146 DB 01 0204 KEY ll\ PORTB 
0148 E6 7F 0205 ANI7F 
014A FE 7F 0206 CPI7.f!' 
014C OA 48 00 0207 JZ DSPLY ;continues to refreshing 

0208 if key is released. 
014F 06 00 0209 EiVI B,O 
0151 IE FE 0210 LVI E,FE ; scans rovl, gets column 

0211 value, if gets a zero 
0212 stops sCaIlning. 

0153 16 04 0213 I·NI D,4 
0155 7B 0214- ~·r.O\,i LOV A,E 
0156 . D3 02 0215 OUT PORTC 
0158 07 021( RLc 
0159 5F ·:)218 I·~OV E A 
015A DB 01 0219 TI;: PORTB 
015C E67F 0220 ANI7F 
015E FE 7F 0221 CPI7F 
0160 026E 01 0222 JNZ FCOL 
0163 78 0223 EOV A,B 
0164 C6 07 0224- ADI07 
0166 47 0225 HOV B A , 
0167 15 0226 DCR D 
0168 02 55 01 0227 JNZ ]'ROW 
016B 03 E5 01 0228 JflIP KEY 
016E 1]' 0229 FCOL RAR 
016F D2 76 01 0230 J1'W DONE' 
0172 04 0231 TI\R B 
0173 036E 01 0232 JI.IJ? lWOL 
0176 26 01 0233 DOl'i"'E HVI H,Ol ;key number'in reg.B 
0178 68 0234 f-iOV L,B 

;entered digit {n 0179 46 0235 I,mv B,H reg.B 
017A 3E 10 0236 KITI A,10 
0170 B8 0237 CHP B 
017D F2 A6 01 0238 J.P DIGIT ; jumps if a digit is 

0239 entered. 
0180 3C 0240 INR A 
0181 B8 0241 CHp B 
0182 CA 2F 02 0242 JZ DTKY ; jumps if data key is 

0243 entered. 
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LOC. OB,J. CODE H STI'1T SOURCE STATEMENT 

0185 
0186 
0187 

018A 
018B 
018C 

018F 
0190 
0191 

0194 
0195 
0196 

0199 
019A 
019E 

019E 
019F 
OlAO 
01A3 
01A6 
01A9 
OlAE 

OlAE 
OlBl 
01B2 

01B5 
01B6 
OlB7 
01B8 
01B9 
OlBA 
OlBB 
OlBC 
OlBD 
OlEE 
OlBF 
OlCO 

OlCl 

01C4 
01C7 

OlCA 

3C 
B8 
CA 47 02 

3C 
! B8 

CA 66 02 

3C 
B8 
CA 85 02 

3C 
B8 
CA 91 02 

3C 
B8 
CA 00 00 

3C 
B8 
CA 00 00 
C3 E5 01 
3A DE OB 
FE 00 
C2 DO 01 

21 DE OB 
34-
21 Dl OB 

7E 
23 
4E 
23 
56 
70 
2B 
72 
2B 
71 
2B 
77 

CD E6 00 

22 DC OB 
CD 70 00 

CD CC 00 

0244 
0245 
0246 
0247 
0248 
0249 
0250 
0251 
0252 
0253 
0254 
0255 
0256 
0257 
0258 
0259 
0260 
0261 
0262 
0263 
0264 
0265 
0266 
0267 
0268 :OIGI~ 
0269 
0270 
0271 
0272 
0273 
0274 LL 
0275 
0276 
0277 
0278 
0279 
0280 
0281 
0282 
0283 
0284 
0285 
0286 
0287 
0289 
0290 
0291 
0292 
0293 LLl 
0294 
0295 LLX 
0296 

TIiR A 
" Ci'JP" B 
JZ D:t,CRIvl 

IHE A 
CI'jp B 
JZ n~CRH 

n~R A 
CHI? B 
JZ EXECT 

n~R A 
CI'-l]? B 
JZ GOTEL 

n~R A 
CHI-' h 
JZ EXI'r 

IhR A 
Cl'J? E 
JZ :E.RROR 
J1-.1' bOi\" 
LDA OBDE 
CPIoO 
JNZORA 

LXI H OBDE , 
INR M 

;if decrement key is 
entered, it jumps. 

;jumps if increment key 
is entered. 

;starts to execute the 
user program. 

;starts to execute the 
p\'m control program. 

; jumps to the warmstart 
,.,ai ts a ne,., instruction. 

;retu~ns to monitor. 
;Qeans key is released. 

; jumps if de.te. digits ~ 
entered. I 

LXI H, TEl,]Pl; starts to shift the 

HOV A,Ivl 
ThX H 
NO-I[ C ,N 
n~X H 
NOV D H , 
l'10V N,B 
DOx H" 
MOV N,D 
DCX H 
NOV ~l,C 
DCX H 
MOV M,A 

address digits. 

;address digits "are 
shifted in the T.EEi?s. 

CALL GETADD;shifted address are 
loaded into EL. 

SELD TENFP 
CALL LOCDAT;~~IP4" a.'I1d" TENP5 ar~ loa 

. ,·n.th the content O.i. HL. 
CALL ECHO ; TEMPs are converted to 

seven segment codes. 
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LaC. OBJ. CODE M STMT SOURCE STATEHEN1:' 

OlCD C3 E5 01 0296 J}1P SON 
OIDO FE 01 0297 ORA CPL. 01 
01D2 CA B2 01 0298 JZ LL 
01D5 21 D5 OB 0299 LXI li, TEi-IP5 
01D8 7E 0300 EOV A,r·j 
01D9 70 0301 NOV N B , 
OIDA 2B 0302 DCX H 
OIDB 77 0303 NOV 1>1 A , 
OIDO CD 82 00 0304 CALL DATA 
OlDF 2A DO OB 0305 LRLD OEDC 
01E2 C3 C7 01 0306 J11P LLl 
01E5 DB 01 ,0307 SON n~ PORTB plaits until the key 

0308 is released. 
01E7 E6 7F 0309 ANI 7i' 
OlE9 FE 7£ 0310 CPI 7]' 
OlEE C2 00 02 0311 JNZ LL3 
OlEE CD 06 02 0312 CALL DDLY ;delay for debounce. 
01F1 CD 06 02 0313 CALL DDLY 
01F4 DB 01 0314 n~ PORTB ; checks v,hetter key is 

0315 released. 
OlF6 E67F 0316 ANI7F 
01F8 FE7F 0317 CPI,?], 
OIFA CA 48 00 0318 JZ DSPLY ; j~mps if key is rG1sase 
01FD C3 E5 01 0319 JNP SON 
0200 CD 06 02 0320 LL3 CALL DDLY 
0203 C3 E5 01 0321 JJ.il? SON 
022F 21 DE 013 0322 DATKY LXI li,OEDE ·check if C'.lrsor is at , 

0323 data or address digits. 
0232 3E 00 0324 i'WI A,OO 
0234 BE 0325 CHP I~ 
0235 CA E5 01 0326 JZ SOH 
0238 3C 0327 II~R A 
0239 BE 0328 CHP 1'-1 
023A CA 42 02 0329 JZ LL4 
023D 3C 0330 DTR A 
023E 77 0331 Jl10V E,A 
023F C3 E5 01 0332 JI'jp SON 
0242 35 0333 LL4 DOR M 
0243 35 0334 DOR N 
0244 C3 00 00 0335 JNP um'OR 
0247 21 DE OB 0336 DCRI·1HT LXI H,OBDE ;decrements the current 

0337 address and displays tb 
0338 content. 

024A 3E 00 0339 I-WI A,O 
0240 BE 0340 CJ'jp N 
024D CA E5 01 0341 JZ SON 
0250 3C 0342 n\"R A 
0251 BE 0343 CNP N 
0252 C2 56 02 0344 Jl\Z LL5 
0255 34 0345 n~R t-1 
0256 2A DC OB 0346 LL5 LBLD OEDC 
0259 2B 0347 DOx H 
025A 22 DC OB 0348 SRLD OEDO 
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LOO. OBJ. CODE N STHT SOURCE STATEHENT 

025D CD 70 00 034-9 CALL LOCDAT 
0260 CD AF 00 0350 CALL DEC ADD 
0263 C3 OA 01 0351 JHP LLX 
0266 21 DE OB 0352 INCRN LXI H,OBDE ; increments the currer 

0353 address and displays i 
0354- its content. ' 

0269 3E 00 0355 IWI A,O 
026B BE 0356 CHP N 
026C CA E5 01 0357 JZ SON 
026F 30 0358 INR A 
0270 BE 0359 Cl·jp r.l 
0271 C2 75 02 . 0360 JI~Z LLY 
0274 34 0361 nm 1'1 
02~5 2A DC OB 0362 LLY LELD OEDC 
02 S 23 0363 n~x H 
0279 22 DC OB 0364- SE.LD OBDC 
0270 CD 70 00 0365 CALL LOCDAT 
027F CD 91 00 0366 CALL n~RADD 
0282 C3 CA 01 0367 Jl1iP LLX 
0285 3A DE OB 0368 EXECT LDA OEDE ;executes the user 

0369 progra8 from the 
0370 displayed address. 

0288 FE 00 0371 CPI 0 
028A CA E5 01 0372 JZ SON 
028D CD E6 00 0373 CALI, GETADD 
0290 E9 0374 PCRL 

0375 
0376 ; DDLY: 
0377 ;rcfreshs the display 10.6 msec. Destroys 
0378 ;reg.A,B,D,H,L. 

0206 06 70 0379 DDLY NVI B, 70 
0208 21 D6 OB 0380 LXI H,ARRAY 
020B 78 0381 L4 NOV A B , 
020C 1)6 10 0382 SUllO 
020E C8 0383 RZ 
020F D3 02 0384 OU~I PORTC 
0211 47 0385 !-lOV B,A 
0212 7E 0386 MOV A,M 
0213 D3 00 0387 OUT PORTA 
0215 3E 03 0388 f'WI A,-3 
0217 16 Fl 0389 L2 HVI D,Fl 
0219 15 0390 Ll DCR D 
021A C2 19 02 0391 JI'l'Z Ll 
021D 3D 0392 WR A 
021E C2 17 02 0393 Jl;z L2 
0221 3E FF 0394 HVI A ]'F , 
0223 D3 00 0395 OUT PORTA 
0225 3E 40 0396 foWl A,40 
0227 3D 0397 L3 DCR A 
0228 C2 27 02 0398 JNZ L3 
022B 23 0399 n~x H 
0220 C3 OB 02 0400 JI·lP L4 
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LOC. OBJ. CODE N STNT SOURCE STATEMENT -

0401 ; Key-position-code to key-interna1-code 
0402 con~ersion table. 

0100 15 0403 DEFB CONTROL IffiY 
0101 16 0404 D&'B Ul'ifUSED 
0102 12 0405 DEE'B DECRENElijT KEY 
0103 17 0406 DEll'B EXIT KEY 
0104 OF 0407 DElrB HT:X-F 
0105 13 0408 DEFB INCRENENT 100 
0106 14 0409 DEFB EXECUTE IffiY 
0107 l?F 0410 ·D~B UhUShD 
0108 00 0411 DEb'B lii!.X-0 
0109 01 0412 DElrE HXX.-1 
010A 03 0413 D~B liEX-3 
010B IiF 0414 DEh'B Ui,USbD 
010C FF 0415 D&'b UhUBLD 
010D 02 0416 DBFB HEX-2 
010E OD 0417 DE.\:B HEX-D 
010F 04 0418 D&'B HEX-4 
0110 11 0419 D~j:, DATA KEY 
0111 FF 0420 DEhB ur~USi;D 
0112 FF 0421 TI-.t:,;Fb lJ1~US}:;D 

0113 08 0422 DEFB hEX-8 
0114- oc 0423 DEfi'B HEx-C 
0115· OA 0424 DEb'!) .hEX-A 
0116 OE 0425 DElrB liEX-E 
0117 05 0426 vAc'B o'EX-5 
0118 07 04-27 D&':O l::iE1.-7 
0119 013 0428 DEirE 1:iEX-B 
011A 09 0429 DRim hF:X-9 
011B 06 04~0 DEi'B hr.K-6 

04 1 
0432 
0433 ; Display code convertion table. 

011D 02 0434 DEE'E HEX-O 
011E 5B 0~35 DEFB HEX-I 
011F 21 0436 DEFB HEX-2 
0120 11 0437 DEFB HEX-3 
0121 58 0438 DEFB EEx-4 
0122 14 0439 .DEFB ~EX-5 
0123 04 0440 DEFB EEX-6 
0124 1B 0441 DEFB f':EX-7 
0125 00 0442 DEFB HEX-8 
0126 10 0443 D~13 HEX~'9 
0127 08 0444 DEFB HEX-A 
0128 4l!- 0445 DEFE liEX-B 
0129 26 0446 DE.!!13 EEX-C 
012A 41 04-47 DEFB REX-D 
012B 24 0448 DEFB EEX-E 
012C 2c 0449 DEFB IillX-F 



APPENDIX B 

SOFTvJARE OF TEE P\'lM Th-vERTER 

LOC. OBJ. CODE 1'1 STf'IT SQlJRCE STATEHENT 

0291 21 00 00 
0294 16 00 
0296 OE 08 
0298 78 
0299 OF 
029A 47 
029B D2 9F 02 
029E 19 
029]' 7B 
02AO 17 
02Al 5F 
02A2 7A 
02A3 17 
02A4 57 
02A5 OD 
02A6 02 98 02 
02A9 OE 05 
02AB 70 
02AO 37 
02AD 3F 
02AE IF 
02.AF OD 
02]30 02 AO 02 
02B3 DO 
02B4·· 3G 
02B5 "09 

OOOO;HULTPLY: 
0001 ;mul tiplies mOdulation index by sam~jled, and 
0002;held sine values. Result in reg o Et. 
0003;Destroys regs. A,B,O,D,E,H,L. 
0004 NULTPLY LXI H 0 
0005 EVI D'O 
0006 I·:lJI 0: 8 
0007 Ll f.iOV A B 
0008 RRG ' 
0009 MOV B A 
0010 JIW L~ 
0011 DAD D 
0012 L2 I,IOV A E 
0013 RAL ' 
0014 ~lOV E,A 
0015 f.10V A,D 
0016RAL 
0017 I'iOV D,A 
0018 DOR G 

;initialize regs. 

0019 J1~Z Ll 
0020 NVI G,05 
0021 I'10V A,H 
0022 Lll STG 
0023 GHG 

;result in EL. 
; c:letermine deci!!:al POil 

0024 RAR 
0025 DCR O· 
0026 JI~Z Lll 
0027 RNG 
0028 ll{R A 
0029 RBr 
0030; __ ------------------------------------0031; PRFI'l : 
0032;performs all necessarymultiulications by 
0033;using subroutine JwlUIb:.t'LY and- stores the 
0034.results as look-up table in memory location 
0035; labelled Tr1P. 

-48-
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LOC. OBJ. CODE M STMT SOURCE STATENENT 

)300 
)302 
)304 
)307 

)30A 

030C 
030D 
030E 
°30F 
0310 

0311 
0314 
0315 
0316 
0317 

0318 
0319 
031A 
031B 
031E 
031F 
0320 
0323 
0324 
0327 
0329 

032B 
032E 
0330 
0332 
0335· 
0337 
0339 

033C· 

033E 
033F 
0340 

3E 03 
66 F5 
]"1 00 08 
21 C5 07 

OE OF 

F5 
E5 
C5 
D5 
5E 

CD 91 02 
Dl 
Cl 
El 
12 

13 
23 
OD 
C2 OD 03 
Fl 
3D 
CA 35 03 
3D 
CA 2E 03 
3E 02 
06 DE 

C3 07 03 
3E 01 
06 C9 
C3 07 03 
3E 03 
06 BO 
21·D4 07 

OE 14 

F5 
E5 
C5 

;TMP address locations: 0036 
0037 
0038 
0039 
0040 
0041 
0042 L5 
0043 
0044 
0045 
0046 
0047 
0048 
0049 
0050 Ll 
0051 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
0059 
0060 
0061 
0062 
0063 
0064 
0065 
0066 
0067 
0068 
0069 
0070 
0071 
0072 
0073 
0074 L4 
0075 
0076 
0077 L3 
0078 
0079 
0080 
0081 
0082 
0083 
0084 
0085 
0086 
0087 
0088 

L55 

Lll 

TIv:iPl -0800H 
THP200 -08CFH 
NVI A,NBR 
i-IVI B,NODXl 
LXI D, Tr~jpl 
LXI H,TBLE 

hVI C, S\ ... TIffiR 

PUSH PS\'l 
FUSH H 
PUSH B 
PUSH D 
MOV E N , 
CALL HUL'I'PLY 
POP D 
POP B 
POP H 
STAX 

TI\"X D 
Il~X H 
DCR C 
JKZ Ll 
POP PSW 
DCR A 
JZ L3 
DCR A 
JZ L4 
EVI A,:NBRI 
HVI B HODX2 , 
JHP L5 
HVI A,NBR2 
EVI B,HODX3 
JHP L5 
HVI A,NBR3 
roNI B,NODX4 
LXI H,TBLEI 

f1VI C,SWliliRl 

PUSH PS\'/ 
PUSH H 
PUSH B 

;loads it with M ValU4 

;loads the address 
of the Sin values 
look-up table. 

;loads reg C with the 
number of Sin values 
corresponding to 
R:=60. 

; save registers. 

;loads reg.E "lith the 
first Sine value. 

;stcres the result 
into IJ::1J? 

;loads the other E 
value. 

;loads EL v!ith the 
beg~~~ing of addrs. 
into that Sin valuE 
for R ==80 are storE 

;loads reg.C \·lith tl 
nUI!lber of Sin val U4 
for R =80. 

;save registers. 
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, 
LOC. OBJ. CODE N STI1T SOURCE STATEHENT 

0341 
0342 

0343 
0346 
0347 
0348 
0349 
034-A 
034B 

034C 
034-D 
0350 
0351 
0352 
0355 
0356 
0359 
035B 
035D 
0360 
0362 
0364 
0367 
0369 
036B 

036E 

0370 
0371 
0372 
0373 
0374 

0375 
0378 
0379 
037A 
°37B 
037c 
037D 
037E 
037F 
0382 
0383 

D5 
5E 

CD 91 02 
Dl 
Cl 
EJ. 
12 
13 
23 
OD 
C2 3F 03 
Fl 
3D 
CA 67 03 
3D 
CA 60 03 
3E 02 
06 99 
c3 39 03 ' 
3E 01 
06 99 
c3 39 03 
3E 04 
06 6B 
21 E8 07 

OE 18 

F5 
E5 
C5 
D5 
5E 

CD 91 02 
Dl 
Cl 
El 
12 
13 
23 
OD 
C2 71 03 
Fl 
FE 04 -

0089 
0090 
0091 
0092 
0093 
0094-
0095 
0096 
0097 
0098 
0099 
OlOO 
0101 
0102 
0103 
0104 
0105 
0106 
0107 
0108 
0109 
0110 
0111 
0112 
0113 
0114-
0115 
0116 
0117 
0118 
0119 
0120 
0121 
0122 
0123 
0124-
0125 
0126 
0127 
0128 
0129 
0130 
0131 
0132 
0133 
0134-
0135 
0136 
0137 
0138 
.0139 
014-0 
0141 

L4-4 

L33 

L555 

Ll11 

PUSH D 
NOV E 1>1 ',-

CALL r-lULTPLY 
POP D 
POp B 
POp H 
STAX 
n~X D 
Il~X H 
DCR C 
Jl~Z L11 
POP PSVI 
DCR A 
JZ L33 
DCR A 
JZ LlJ-lJ-
I"NI A,lillR4-
HVI B I-lODX5 
JHp L55 
1>:VI A,lillR5 
EVI B EODX6 

. JI.JP L55 
l--;VI A, NER6 
EVI b,HODX7 
LXI E,TBLE2 

1-1VI C SWNbR2 , 
PUSH PS\,l 
PUSH H 
PUSH B 
PUSH D 
~lOV E N , 

CALL NULTPLY 
POP D 
POPB 
POFH 
STAX 
INX D 
n~x H 
DCR C 
JNZ L111 
POP PSW 
CPI NER6 

;loads reg.E ",ith the 
first Sin value 
corresponding to 
R=80. 

;loads EL vlith the 
beginning of addrs. 
of look-up table 
into that Sin values 
for R=96 are stored. 

;loads regC with the I 

number of Sin values I 

;loads regE ''lith the 
first Sin value 
corresponding to 
R~96. 



LOC. 

0385 
0388 
0389 
038B 
038E 
0390 
0393 
0394 
0396 
0399 
039B 
039E 
039F 
03Al 
03A4 

03A5 
03A6 
03A9 
03AA 

03AB 

03AC 
03AF 
03B2 
03B3 
03B4 
03B6 
03B9 
03BB 
03BE 
03CO 
0303 
0305 
0308 
030A 
030B 
030C 
030D 
030E 
0300 

OBJ. CODE 

02 8E 03 
3D 
06 50 
03 6B 03 
FE 03 
02 99 03 
3D 
06 4A 
03 6B 03 
FE 02 
02 A4 03 
3D 
06 36 
g~ 6B 03 

~~ 48 07 
85 
6F 

4E 

21 DO 08 
11 00 08 
59 
78 
FE 2E 
FA BE 03 
OE OF 
03 OA 03 
FE 10 
FA C8 03 
OE 14 
03 OA 03 
OE 18 
05 
lA 
13 
47 
3E 08 
90 
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M STI"IT SOURCE STATEII'IENT-

0142 
0143 
0144 
0145 
0146 LX 
0147 
0148 
0149 
0150 
0151 LXX 
0152 
oi53 
0154 
0155 
0156 LXXX 
0157 

JNZ LX 
DCR A '. 
MVI B,HODX8 
J}iP L555 
CPI NBR3 
Jl\IZ LXX 
DCR A. 
I;'IVI B,I·IODX9 
JhP L555 
CPI NBR4 
Jl~·Z LXXX 
DCR A 
IWI B,HODXI0 
JEP L555 
RET 

;performed all 
multiplications and 
stored into TMPs. 0158 ; __________________________________ ~-------

0159 ; LOAD: calculates tp values and loads into 
0160 ;memory. The resultant tp values are storsd into 
016l ;first three bits of the memorYclnitially,regB 
0162 ; should contain the current freQuency value. . 
0163 ; Destroys all registers. Eemory dirJension 
0164 ;depends upon R. 
0165 ; DEGO DEG60 DEG90 DEG120 DEG180 
0166 ;For R 60 08DOR 0970E OgCOE OAlOE CAB OR 
0167 ;For R 80 08DOR 09B5H OAlOH OA7EH OB50E 
0168 ;For R 96 08DOE 09DOH OA50R OAOOE OBDOH 
0169 ; LOAD MOV A,B 
0170 LXI R,ADRS 
0171 ADD L 
0172 NOV L,A 
0173 
0174 
0175 
0176 CALCI 
0177 
0178 
0179 
0180 
0181 
0182 
0183 
0184 LK2 
0185 
0186 
0187 
0188 
0189 
0190 
0191 
0192 
0193 
0194 

LK3 
LL3 
LL33 

I'lOV C 1'1 , 
LXI H,DEGO 
LXI D,THPI 
HOV E C , 
MOV A,B 
CPI Rl 
Jill LK2 
EVI C, S\'INBR 
J1v1J? LL3 
CPI R2 
IN LK3 
hVI C, S\'llffiRl 
JI'1J? LL3 
l"NI C, SHNBR2 
PUSH B 
LDAX 
ThTX D 
i'10V B,A 
r-iVI A,T/2 

. SUB B 

;determined the THP 
location. 

;gets the correspondin€ 
FlSin value. 

;chose the proper R. 

;deternined that R=60 

;determined that R=80 

;determined that R~g6 
;save frequency valueo 



LOC. OBJ. CODE 

03Dl F5 
03D2 FE 00 
03D4 CA EC 03 
03D7 47 
03D8 3E 00 
03DA 77 
03DB 23 
03DJ 05 
03DD C2 DA 03 
03EO Fl 
03El 47 
03]:2 3E 10 
03E4 90 
03E5 47 
03E6 3E 01 
03E8 77 

03E9 23 
03EA 05 
03EB C2 E8 03 
03EE OD 
03EF C2 CB 03 

03F2 Cl 
03F3 79 
03F4 FE 0]' 
03F6 CA lA 04-
03]'<) n'E 14-
03FB CA OC 04 
03FE 11 DO OA 
0401 D5 
0402 11 DO 09 
0405 D5 

.0406 11 4F OA 
0409 C3 25 04 

040C 11 713 OA 
040F D5 
0410 11 B5 09 
0413 D5 
0414 11 OF OA 
0417 C3 25 04 

041A 11 10 OA 
041D D5 
041E 11 70 09 
0421 D5 
0422 11 BF 09 
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M STMT SOURCE STATEHENT 

0195 PUSH PS\'/ 
0196 CPI 0 
0197 JZ L21 
0198 I'10V B A 
0199 

, 
r-WI A,O 

0200 LLI MOV M,A 
0201 INX H 
0202 DaRB 
0203 JNZ LLI 
0204 L21 POP FSW 
0205 HOV B,A 
0206 foWl A,T 
0207 SUB B 
0208 NOV B,A 
0209 f-NI A,l 
0210 LL2 !-lOV N,A 
0211 
0212 ThlC H 
0213 DCRB 
0214 JNZ LL2 
0215 DCR C 
0216 JEZ LL33 
0217 
0218 Rl FOP B 
0219 LOV A,C . 
0220 CFI mv1~BR 
0221 JZ Dl 
0222 CPI S\'.1~3Rl 

0223 JZ D2 
0224 LXI D,OADO 
0225 PUSH D 
0226 LXID,09DO 
0227 PUSh D 
0228 LXI D,OA4F . 
0229 J1-lP CALLC 
0230 
0231 
0232 D2 LXI D,OA7B 
0233 PUSH D 
0234 LXI D,09135 
0235 PUSH D 
02;6 LXI D,OAOF 
0237 JI'IP CALLC 
0238 
0239 

LXI D,OAlO 024-0 Dl 
0241 PUSE D 
0242 LXI'D,0970 
0243 FUSH D 
0244- LXI D,09BF 
0245 
0246 

i ; loaded tp into memo] 

;loads logic ones 
memory. 

; loaded betvleen DEGO 
and DEG90 for phase 

;restore frequency. 

; saved DEG120, DEG60 i 

andDEG90 addresses 
for R=96. 

;saved DEG120, DEG60' 
a..l1d DEG90 addresses: 
for R::.80. 

;saved DEG values f01 
R==60. 
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LOC. OBJ. CODE M STMT SOURCE STATEll!ENT 

0425 lA 0247 CALLC LDAX 
0426 OF 0248 RRC 
0427 DA 3E 04 0249 JC ]:;6 
042A 3E 00 0250 lV!v.;I: A,O 
042c 77 0251 L7 hOIl M,A 
042D 23 0252 n~X H 
042E IB 0253 DCX D 
042F 3E CF 0254 NVI A CF 
0431 BB 0255 CNp E' 
0432 C2 25 04 0256 Jl~Z CALLC 
0435 3E 08 0257 ~~J ~,08 0437 BA 0258 
0438 C2 25 04 0259 JI~Z CALLC 
043B C3 43 04 0260 JI"IP LOADBI 
043E 3E 01 0261 L6 I"NI A,1 
0440 C3 2C 04 0262 JHP L7 ;loaded memory between 

0263 DEG90 and DEG180 for 
0264 R phase. (bit zero) 

0443 01 DO 08 0265 LOADBl LXI B, DEGO 
044-6 E1 0266 POP H 
044-7 2B 0267 DCX H 
044-8 OA C268 Bl LDAX 
044-9 OF 0269 RRC 
044-A D2 62 04 0270 JNC LI0 
044-D 3E 02 0271 I-iVI A,2 
044F B6 0272 ORA M 
0450 77 0273 HOV I'i A 

0274-
, 

04-51 2B DCX H 
0452 23 02~5 n~x B 
0453 3E CF 02 6 t·WI A CF 
0455 BD 0277 CI'lP L' 
0456 C2 48 04 0278 JI~Z Bl 
0459 3E 08 0279 EVI A,08 

. 04-5B BC 0280 Cr-IF Ii 

045C C2 4-8 04- 0281 Jl~Z Bl 
045F C3 68 04 0282 JHP LOADYI 
0462 3E FD 0283 LI0 I~WI A,FD 
0464- A6 0284 ANA N 
0465 C3 50 04 0285 JI':;P Lll ;loaded DEGO to DEG60 

0286 for phase B.(bit 1) 
04-68 01 DO 08 0287 LOADYI LXI B,DEGO 
046B El 0288 . FOP B 
0460 2B 0289 DCX Ii 
046D OA 0290 LDAX 
046E OF 0291 RRe 
046F DA 87 04 0292 JC L12 
0472 3E.04 0293 EVI A 4 

0294 
, 

0474 .B6 ORA l'1 
0478 77 0295 L13 MOV I1,A 
0476 2B 0296 DCX H 
0477 03 0297 INXB 
0478 3E CF 0298 EVI A,CF 
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LOC. OBJ. CODE N STI'lT SOURCE STATEf1ENT 

047A BD 0299 CMP L 
047B C2 6D 04 0300 J1\fZ Y1 
047E 3E 08 0301 NVIA,08 
0480 BC 0302 CNP H 
0481 C2 6D 04 0303 JNZ Y1 
0484 C3 8D 04 0304 J1{p LOADB2 

' 0487 3E FB 0305 L12 IWI A FB 
0489 A6 0306 Al\A I'1' 
048A C3 75 04 0307 JI-JP L13 ;loaded from DEGO to 

0308 DEG120 for phaseY . 

3B 
0309 (bit 2) 

048D . 0310 LOADB2 Dcx SP 
048E 3B 0311 DCX SF 
048F 3B 0312 DCX SP 
0490 3B 0313 DCX SP 
0491 E1 0314 POP H 
0492 C1 0315 POp B 
0493 OB 0316 DCX B 
0494 OA 0317 B2 LDAX 
0495 OF 0318 RRC 
0496 OF 0319 RRC 
0497 OF 0320 RRC 
0498 DA BO 04 0321 JC L1 
049B 3E FD 0322 I'NI A,PD 
049D A6 0323 Al-;A 1-1 
049E 77 0324 L2 lriOV N A 
049F 23 0325 n\"x H' 
04AO OB 0326 DCX B 
04Al 3E CF 0327 HVI A,CF 
04A3 -B9 0028 CI-iF C 
04A4 C2 94 04 0329 JI~Z B2 
04A7 3E 08 0330 }iVI A,8 
04A9 B8 0331 CHP B 
04AA C2 94 04 0332 JNZ B2 
04AD C3 B6 04 0333 Jl{1? LOADY2 
04BO 3E 02 0334 L1 I':NI A,2 
04B2 B6 0335 ORA N 
04B3 C3 9E 04 0336 JHP L2 ;loaded from DEG60 t~ 

0337 DEG180 for phaseB 
0338 (bit 1)· 

04B6 3B 0339 DCX SF 
04B7 3B 0340 DCX SP 
04B8 3B 0341 DCX SP 
04B9 3B 0342 DCX SP 
04BA C1 0343 FOF B 
04BB E1 0344- POP H 
04BC OB 0345 DCXB 
04BD OA 0346 LDAX 
04BE OF 0347 RRC 
04BF OF 0348 RRC 
04CO DA D8 04 0349 JC L1 
04C3 3E FB 0350 I'TVI A,FB 



LOO. 

0405 
0406 
0407 
0408 
0409 
040B 
0400 

'040F 
04Dl· 
04D2 
04D5 
04D8 
04DA 
04DB 
04DE 

04DF 
04El 
04E4 
04E5 
04E7 
04EA 
04ED 
04FO 
04F2 
04F5 
04F8 
04FB 
04FE 
04FF 
0501 
0502 
0503 
0504 
0505 
0506 
0507 
0508 

0510 
0513 
0514 

OB~T. OODE 

A6 
77 
23 
OB 
3E OF 

. B9 
02 BD 04 
3E 08 
B8 
02 BD 04 
03 DE 04 
3E 04 
B6 
03 06 04 
09 

3E FF 
32 OF 08 
78 
:BE 2E 
FA FO 04 
21 AF OA 
03 ]'E 04-
FE 10 
FA FB 04 
21 4F OB 
03 FE 04 
21 OF OB 
7E 
FE FF 
08 
07 
07 
07 
B6 
77 
2B 
03 FE 04 

2A D2 OB 
EB 
21 DO 08 
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~1 STI1T SOUROE STATEEENT 

0351 
0352 L2 
0353· 
0354 
0355 
0356 
0357 
0358 

I 

! 

0359 
0360 
0361 
0362 Ll 
0363 
0364 
0365 
0366 

SON 

ANA ~1 
r.10V M,A 
nrx H 
DCx B 
l'TVI A,OF 
OHP 0 
JNZ Y2 
MVI A,8 
ONP B· 
JNZ Y2 
JL1P SON 
IVNI A,4 
ORA M 
J}1p L2 
RET ;loaded from, DEG120 t~ 

DEG180 for phase Y I 

0367 
0368 
0369 
0370 
0371 
0372 
0373 
0374-
0375 
0376 
0377 
0378 
0379 
0380 
0381 L2 
0382 
0383 
0384 
0385 
0386 
0387 
0388 

(bit 2) -
• I 

,~~~---------------------------------

0389 
0390 
0391 
0392 
0393 
0394 
0395 
0396 
0397 
0398 
0399 
0400 
0401 
0402 

; ~""EGTV : 
;complements the s\dtching pattern stored in 
;the firs~ three bits, and stores them· into 
;bit3, bit4 and bit5. 
; destroys registers A, E and L. 

KEG7'V HVI A,FF 
STA TNP200 
EOV A,B 
OPI Rl 

L3 
DONE 

IN L2 
LXI H, DEG180 ;for R 96. 
JhP DONE 
OFI R2 
en! L3 
LXI H~ DEG180 ;for R 80 
JEP Dul-i"L 
LXI H, DEG180 ;for R 60 
nOV A,H 
CPI FF 
Rz 
RLO 
FLO 
RLO 
ORA M 
NOV M,A 
:DCX H 
JI.J? DOr.""E 

; 
;ODTFA'i: 
; outputs the sVli tching pattern one cycle. 
;destroys registers A,B,D,E,li,L. 

OUTPAT LELD QBD2 ;loads memory lenght 
XCHG 
LXI H,DEGO 
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LOC. OBJ. CODE r·l STET SOURCE S'I'ATEHENT 

0517 7E 0403 L7 NOV A,M 
0518 23 04-04 mx .H 
0519 BE 0405 CbP l'l 

051A C2 4-0 05 0406 JNZ LY ;checks whether data 
OLI·07 are changed or not. 

051D 06 02 0408 NVI B,02 
051F .05 0409 L DaR B 
0520 02 IF 05 0410 JNZ L 
0523 D3 04- 0411 LA OUT PORTA 
0525 IB 0412 DCX D 
0526 E5 04-13 PUSH 11 
0527 2A D4 OB 0414 LBLD TEl'1P2 
052A EF ·04-15 RST 
052B El 0416 POP H 
052C 06 02 0417 I\WI B,2 
052E 05 0418 LL DCRB 
052F 02 2E 05 04-19 J}IZ LL 
0532 00 0420 HOP 
0533 3E 00 04-21 I'WI A,O 
0535 BB 04-22 CEil? E 
0536 02 17 05 0423 JKZ L7 
0539 BA 04-24 CEP D 
053A 02 17 05 04-25 Jl~Z L7 
053D 03 4-9 05 0426 JI.;: L8 
0540 00 04-27 LY I\OP 
0541 . 3E 38 0428 r'WI A, TRIST 
0543 D3 04- 04-29 OUI POR.TA 
0545 7E 0430 FiOV A,J.i 
0546 03 23 05 0431 JI.;p LA 
0549 2A D2 OB 0432 .L8 LHLD TEEFI ; outputs negative hal 

0433 cycle. 
0540 EB 0434 XCHG 
054D 21 OF 08 0435 LXI H,DEGO 
0550 7E 0436 LI0 EOV A,M 
0551 23 0437 INX H 
0552 BE 0438 cr-p 11 
0553 02 7B 05 0439 JI~Z Ll'Y 
0556 00 04-4-0 NOF 
0557 06 01 0441 HVI B,l 
0559 05 04-42 LLL DCRB 
055A C2 59 05 044-3 JNZ ill 
055D F6 80 04-44- LAl ORI 80 
055F 2F 04-45 CHA 
0560 D3 04- 04-4-6' OUT POR1J:'A 
0562 IB 04-47 D01: D 

0563 E5 0448 FUSE E 
0564 2AD4 OB 044-9 LELD TEl-:22 
0567 EF 0450 FeST 
0568 El 0451 FOP E 
0569 06 02 0452 KvI B,2 
056B 05 04-53 . LLI DCRB 
0560 C2 6B 05 0454 JNZLL1 
056F 00 0455 NOP 



LOC. 

0570 
0572 
0573 
0576 
0577 
057A 
057B 
057C 
057E 
0580 
0581 

062D 
062F 
0631 
0633 
0635 

0638 

063A 
063C 

063F 
0641 
0642 
064-4 
0645 
0646 
0649 
064A 
064B 
064E 
064F 
0651 
06,54 
0657 
065A 
065D 
065E 
065F 
0662 
0665 
0667 
066A 

OBJ. CODE 

3E 00 
BB 
C2 50 05 
BA 
C2 50 05 
C9 
00 
3E 38 
D3 04 
7E 
C3 5D 05 

3E B8 
D3 04 
3E 38 
D3 04-
CD 00 03 

DB 05 

FE 08 
FA DB 06 

06 08 
F5 
E6 FC 
F5 
C5 
CD A5 03 
C1 
C5 
CD DF 04 
78 
FE 2E 
FA 65 06 
21 DF 01 
22 D2 OB 
21 59 07 
85 
6F 
22 D4 OB 
C3 8F 06 
..FE 1C 
FA 7B 06 
21 7F 02 
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N STl·IT SOURCE STATEMENT 

0456 
0457 
0458 
0459 
0460 
0461 
0462 
0463 
0464 
0465 
0466 
0467; 

LYY 

lWI A 0 , 
Cl\jp E 
JHZ L10 
cr·;p D 
JHZ L10 
RET 
NOP 
HVI A,TRIST 
OUT PORTA 
110V A M , 
JI.rp LAl 

0468; nAll-IF: 
0469; Gets the frequency value, determines the 
0470;frequency ratio, memory dimension, and the 
0471; COU-Tlt number. Outputs the sl'Ji tching pattern 
047 2; one cycle than checks ,.,hether the frequency 
0473;ch:mges or not. If changed,· calculates ne\1J 
0474;pe..raoeters. 
0475 LVI A,STRTF 
0476 OUT FORTA 
0477 !-TVI A 38 
0 , """x ' +/~ OUT PORTA 
0479 CALL PRFl~l 
0480 
0481 I..AT 
0482 
0483 
0484 
04-85 
0486 
0487 
0488 
0489 L5 
04-90 
0491 
0492 
0493 
0494 
0495 
0496 
0497 
0498 
0499 
0500 
0501 
0502 
0503 
0504-
0505 L22 
0506 
0507 

IN PORTE 

CPI SNAL 
JI'l BASA 

I-lVI B,SHAL 
FUSH PS\'j 
ANI FC 
PUSH PS'tl 
FUSE B 
CALL LOAD 
FOp B 
FUSH B 
CALL l\fEGTV 
i·10V A~B 
CPI R1 
JIIj L22 
LXI H,DURTN 
SBLD TEl/IP1 
LXI H,TABLC 
ADD L 
EOVL,A 
SELD TENP2 
JI.rp L2 
CPI R2 
JIll L33 
LXI H, DURTN1 

;gives start pulse 
to ADO. 

; all multiplications: 
are performed offlin 

; gets Trequency valuei 
I rom .ADO 0 : 

·if , 
one 

i 
f is smaller thanl 
Hz.' jump to BASA.! 

! 

;determines memory 
1enght. 



LOC. 

066D 
0670 
0673 
0674 
0675 
0678 
067B 
067E 
0681 
0684 
0685 
0686 
0687 
0688 
0689 
068C 

068F 
0691 
0693 
0695 
0697 
069.A. 
069c 

069E 
069F 
06AO 
OESAI 
06A4 

06A7 
06.A.8 
06A9 
06AA 
06AB 
06AE 
06AF 
06BO 
06Bl 
06B5 
06B6-
06:67 
06B8 
06BB 
06BC 
06BF 

06Cl 

OBJ. CODE 

22 D2 OB 
21 7E 07 

·85 
6F 
22 D4 OB 
C3 8F 06 
21 FF 02 
22 D2 OB 
21 AA 07 
85 
6F 
Cl 
4E 
C5 
21 20 06 
22 D4 OB 

3E B8 
D3 04 
3E 38 
D3 04 
CD 10 05 
3E 38 
D3 04 

Cl 
Fl 
B8 
CA B5 06 
FA AE 06 

04 
04 
04 
04 
C3 44 06 
05 
05 

85 44 06 
Fl 
'F5 
B8 
C.A. BF 06 
47 
C3 44 06 
DB 05 

B8 

- 58 -

-
N STI-IT SOURCE STATEHENT 

0508 
0509 
0510 
0511 
0512 
0513 
0514 L33 
0515 
0516 
0517 
0518 
0519 

·0520 
0521 
0522 
0523 
0524 
0525 
0526 
0527 L2 
0528 
0529 
0530 
0531 
05-? ~~ 

0533 
0534 
0535 
0536 
0537 
0538 
0539 LX 
0540 
0541 
0542 
0543 
0?J+4 
0546 
0547 
0548 DUSlfli 
0549 
0550 
0551 
0552 NE\vVL 
0553 
0554-
0555 
0556 
0557 
0558 NE\~ 
0559 
0560 

SELD TEl'-TI?l 
LXI H,TBLEC 
ADD L 
HOV~L A , 
SELD TEHi?2 
Jf"JP L2 
LXI E,DUHTN2 
SELD TEI{Pl 
LXI H,TBLEC 
ADD L 
I'~OV L,A 
POP B 

. J.10V C h , 
FUSH B 
LXI E,DOI\GU 
GELD TEHP2 

1·:V"I A, STRTP 
OUT PORTA 
i-NI A,38 
our PORTA 
CALL OUTPAT 
EVI A,38 
OUi' POR:r'A 

POP B 
FOP A 
CEi? B 
JZ lill\'iVL 
Jh DUSm( 

INR B 
Il~R B 
n~R B 
n~R B 
JHP L5 
DCR B 
DCR B' 
DCR B 
JEi? L5 
FOP Pl:)\'l 
FUSE PS\'J 
Cl":;P B 
JZ NE'ti 
EOV B,A 
J1'IP L5 
n~ PORTB 

CIvIl? B 

;nov!, TEf"iPl contains 
memory lenght, TEI''IP~ 
contains addrs of 
count number. 

;output one cycle. 

;inverter channels aJ 
in tri-state. 

;if f s0211er than 
desired freq. jump 
DUSU:;{ 

;checks whether freq~ 
changes. . 
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LOCo OBJ. CODE I-1 STl'IT SOURCE STATEr'rENT 

06C2 CA D6 06 0561 JZ L55 
06C5 FE 08 0562 CPI SIv'"lAL 
06C7 FA DB 06 0563 <. JM BASA 
06CA Dl 0564 POP D 
06CB F5 0565 PUSH PSv-l 
06CC E6 FC 0555 ANI FC 
06CE F5 0567 PUSH PSyJ 
06CF 78 0568 f>10V A,B 
06DO E6 FC 0569 ANI FC 
06D2 47 0570 NOV B,A 
06D3 C3 45 06 0571 "HTI? LLL 
06D6 F5 0572 L55 PUSH PS\l/ 
06D7 C5 0573 PUSH B 

i 06D8 C3 8F 06 0574 .nTI? L2 I 
I 06DB 3E R8 0575 BAf3A I>'iVI A, STRTP p . .f ADC value isl 

0576 smaller than onJ 
0577 Hz. 'Vlai ts here .1 

06DD D3 04 0578 OUT PORTA 
I 

06DF 3E 38 0579 IIWI A,38 
06El D3 04 0580 OUT PORTA 

I 06E3 3E 25 0581 EVI A,DLC 
I 06E5 3D 0582 LIB DCR A I 

06E6 C2 4A 06 0583 JI~Z LIB 
06E9 C3 38 06 0584 JNP LAT 
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LOO. DEFE. 

;Sine values table for R 60. 
0705 IB 
0706 35 
0707 4F 
0708 68 
0709 80 
070A 96 
070B AB 
0700 BD 
070D OE 
070E DD 

g~~~ ~ 
07Dl FA 
07D2 FE 
07D3 FF 

;Sine values table for R 80. 
07D4 14 
07D5 28 
07])6 30 
07D7 4F 
07D8 62 
OTD9 74 
07DA 85 
07DB 96 
07DC A6 
07DD B4 
07DE 02 
07DF OE 
07EO D9 
07El E3 
07E2 EO 
07E3 F3 
07E4 F8 
07E5 FO 
07E6 FE 
07E7 FF 

;Sine values table for R 96-. 
07E8 11 
07E9 21 
07EA 32 
Om 42 
07EC 52 
07ED 62 
0'lLt; 71 om 80 
07F0 8E 
07Fl 9B 
07F2 A8 
07F3 B4 
07F4 CO 



LOC •. 

07F5 
07F6 
07F7 
07F8 
07F9 
07FA 
°7FB 
°7FC 
°7FD 
07FE 
07FF . . 

DEFE. 

CB 
D4 
DD 
E5 
EC 
Fl 
F6 
:B'A 
FD 
FE 
Pli' 
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; Count' number table for R 60 
0789 3D 
078A 00 
078B 00 
078C 00 
078D 00 
078E 00 
078F 00 
0790 00 
0791 00 
0792 00 
0793 00 
0794 00 
0795 00 
0796 00 
0797 00 

,. 0798 C9 

;COunt number table for R 80 
0799 
079A 
079B 
079c 
079D 
079E 
079F 
07AO 
07Al 
07A2 
°7A3 
07A4 
07A5 
07A6 
07A7 

, 07A8 
07A9 
07AA 
07.A:B 
07AC 
07AD 

19 
19 
19 
19 
19 

~ 
7E 
7E 
7E 
7E 
3D 
7E 
3D 
3D 
3D 
3D 
00 
3D 
00 
C9 
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· LOO. DEFB. 

;Count number table for R 96 
07AE 78 
07AF 5E 
07BO 4B 
07Bl 3F 
07B2 35 
07B3 2E 
07B4 28 
07B5 23 
07B6 IF 
07B7 10 
07B8 16 
07B9 14 
07BA 12 
07BB 10 
07BO OF' 
07BD OD 
07BE 00 
07BF OB 
0700 OA 
0701 09 
0702 08 
0703 07 
07C4- 06 

; Address 
0748 
0749 
074A 
074B 
0740 
074-D 
074E 
074-F 
0750 
0751 
0752 
0753 
0754 
0755 
0756 
0757 
0758 
0759 
075A 
075B 
0750 
075D 
075E 
075F 
0760 
0761 
0762 

convertion te.ble 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
Bl 
99 
99 
99 
99 
99 
99 
81 
81 
81 
81 
81 
81 
60 69 
69 
69 

-"69 



- 63 -

LOO. DEFE. 

0763 69 
0764 55 
0765 55 
0766 55 
0767 55 
0768 55 
0769 55 
076A 55 
076B 41 
0760 41 
076D 41 
076E 41 
076F ·41 
0770 41 
0771 2D 
0772 2D 
0773 2D 
0774 2D 
0775 2D 
0776 2D 
0777 IE 
0778 IE 
0779 IE 
077A IE 
077B IE 
077C IE 
077D OF 

·077E OF 
077F OF 
0780 OF 
0781 OF 
0782 OF 
0783 00 
0784 00 
0785 00 
0786 00 
0787 00 
0788 00 
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COPY/PI 

PWM WAVEFORM HARMONIC 

ANALVSIS 

Read!! 
LIST-180 
10 DIll TIIB01,V(BOI 
20 INPUT Xl, II 
30 PRINT/P TABIIO);" ";Xl 
35 PRINT /P TAB I 10l;· '; II 
37 PRlNT/P 
40 I=2tf/ll:rO=0:K=1 
50 TIIK)=Xt(1+XltSINIIOII!2 
60 K=K+1:l0=IO+X:THKJ=IO:K=K+l 
70 IF XO}=f!2 THEN 90 
80 GOTO 50 
90 K=I:IO=O 

100 Tl(Kl=Tl(KJ+IO:IO=IO+X 
110 IF XO>=f/2 THEN 130 
120 K=K+2:GOTO 100 
130 FOR NFl TO 31 STEP 2 
140 l=t:X2=0 
150 FOR l=l TO K-l 
160 X2=((-I)~l)tCOS(NtTlll)I+X2 
170 NEXT 
180 X2=2tX2:YINJ=(4jINtf»).ll+X2) 
Ready 

lao X2=2.X2:Y(N)=(4/IN'fl).ll+X2) 
190 PRINT/PTABIIO)jIVlljHj"l= "jVIHI 
200 NEXT 
210 Sl=O 
220 FOR 1=1 TO 31 STEP 2 
230 Sl=SI+(VIII/I)A2 
240 HElT 
250 S2=SQR(Sl){Vll):PRINT/P:PRINT/P 
260 PRINT/PTABIIOlj·~"jS2:PRIHT/P:PRIHT!P· 

------------------":PRINT/P:PRINT/P 
Ready 
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RESULTS 

V( 1)= 0.94158258 
V( 3)= -0.043379699 
V( 5)= -.76408215E-02 
V( 7)= -0.012032389 
V( 9)= -.59636139E-02 
V( 11)= -.70448929E-02 
V( 13)= -.47760303E-02 
V( 15)= -.51260733E-02 
V( 17)= -.41013012E-02 
V( 1°)= -.41906037E-02 
V( 21)= -.37209044E-02 
V( 23)= -.37130975E-02 
V( 25)= -.35317308E-02 
V( 27)= -.35117321E-02 
V( 29)= -.34905417E-02 
V( 31)= -.35241359E-02 

II;D: ifrfi'i5i!l 1. 000 1216 

IIWS:C9H .. n.jiiWmt=>!*frP O. 9 
lI;#1ii=Ul~[::WW!Blail(.W::W 60 

V( 1)= 0.84324571 
1,,.' ( 3)= -0.031893363 
V( 5)= -0.013522946 
V( 7)= -.44268905E-02 
V( 9)= -0.011800861 
V( 11)= . 23354374E-04 
V( 13)= -0.010708359 
V( 15)= . 17686704E-02 
V( 17)= -0.010119364 
V( 19)= . 26518928E-02 
V( 21) = -.98182453E-02 
V( 23)= . 31416064E-02 
V( 25)= -.97091265E-02 
V( 27)= • 34032841E-02 
V( 29)= -.97548323E-02 
V( 31) = • 34983226E-02 

fi;D;."f.... 1. 0000872 
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·Wr;!:!DUiic·);.mr:v.... O. 8 
Mii!WLMWiitIIt!!!_reum;.. 60 

V( 1)= 0.74509135 
V( 3)= -0.021233083 
V( 5)= -0.018686409 
V( 7)= • 25239982E-02 
V( 9)= -0.016993282 
V( lU= • 64823565E-02 
V( 13)= -0.01604696 
V( 15)= • 81058946E-02 
V( 17)= -0.015605797 
V( 19)= .90053108E-02 
V( 21) = -0.015464852 
V( 23)= • 95979416E-02 
V( 25)= -0.015541902 
V( 27)= 0.010039651 
V( 29)= -0.015814401 
V( 31) = 0.010401017 

1I;H:'lItWiM 1. 0000654 

IIw&1=£nUflt.]iI.m:t&:.... O. 7 
. lIailt=:::£I!WjitlWl!iI~;;;t...... 80 

V( 1)= 0.66065286 
V( 3)= -.88390168E-02 
V( 5)= -0.0173181 
V (. 7)= . 65435488E-02 
V( 9)= -0.016021475 
V( 1U= . 91738424E-02 
V( 13)= -0.015340956 
V( 15)= 0.010297023 
V( 17)= -0.015013854 
V( 19)= 0.010959673 
V( 21)= -0.014886185 
V( 23)= 0.011436475 
V( 25)= -0.014892707 
V( 27)= 0.011832992 
V( 29)= -0.015005471 
V( 31) = 0.012200952 

Uj!,uf¥'H" 1. 0000345 
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IIN~mlftHtitiWmt=}!*±W! O. 6 
IljilftLl!@iiSI!li~ftiJt..... 80 

V( 1)= 0.56225441 
\.I ( 3)= -.20212334E-02 
V( 5)= -0.020090615 
V( 7)= 0.01075217 
V( 9)= -0.018898301 
\.I ( 11>= 0.013017635 
V( 13)= -0.018345039 
\.I ( 15)= 0.014037326 
~i ( 17)= -0.018132021 
\.I ( 19)= 0.014691231 
V( 21) = -0.018119387 
V( 23)= 0.015214004 
V( 25)= -0.018251857 
V( 27)= 0.015699072 
V( 29)= -0.018509144 
\.I ( 31)= 0.016195925 

Il;iJ!lnfWSM 1. 0000508 

IJNG!=rnft~t.JII.rmt§:.wew O. 5 
.iijj(::X::ll!t4iiS!II;n~t.,.. 96 

V( 1)= 0.47008409 
V( 3)= • 33951635E-02 
V( 5)= -0.018581649 
\I( 7)= 0.012012494 
V( 9)= -0.017666566 
V( 11)= 0.013583387 
V( 13)= -0.017266234 
\I( 15)= 0.014307979 
V( 17)= -0.017116434 
V( 19)= 0.014785597 
V( 21) = -0.017111155 
V( 23)= 0.015176544 
V( 25)= -0.017208297 
V( 27)= 0.01554418 
V( 29)= -0.017390589 
V( 31) = 0.015921088 

II.;H! I "f1llll!H@ . 1 • 0 0 00 6 8 4 
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.~r:r.mB.~!I:.~;.fW:~_ .. 0.4 

.:aarulllWilWli;';fHt-.. 96 

V( 1)= 0.3716448 
V( 3)= .80044596E-02 
V( 5)= -0.019966465 
V( 7)= 0.014660176 
V( 9)= -0.019197803 
V( 11)= 0.015932408 
V( 13)= -0.018907015 
V( 15)= 0.016558184 
V( 17)= -0.018841856 
V( 19)= 0.017007179 
V( 21)= -0.018913219 
V( 23)= 0.017407093 
V( 25)= -0.019087753 
V( 27)= 0.017810112 
V( 29)= -0.01935351 
V( 31) = 0.018244848 

II;D!'II'P¥W¥M 1.0001544 

.lim:mnil( .. l,.mt#}: ..... 0.33 
S"i£l!@,W9;·a':Ji.wse 96 

V( 1) = 0.30281279 
V( 3)= 0.010899987 
V( 5)= -0.020661075 
V( 7)= 0.01625672 
V( 9)= -0.020012479 
V( 11)= 0.017324041 
V( 13)= -0.019800407 
V( 15)= 0.017879853 
V( 17)= -0.019793326 
V( 117')= 0.018306284 
V( 21)= -0.019915591 
V( 23)= 0.018708776 
V( 25)= -0.02014034 
V( 27)= 0.019131791 
V( 29)= -0.020459445 
V( 31) = 0.019601146 

M)!Jlltjifi#ii 1.0002875 
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.iU:r:lDftil(.J~~ 0.27 
ilI;IIa=UL~W iIM!*a:u;«....... 9 6 

'V( 1)= 0.24386363 
V( 3)= 0.01316413 
V( 5)= -0.021076112 
V( 7)= 0.017456532 
V( 9)= ;-0.020541712 
V( 11>= 0.018350578 
V( 13)= -0.020397993 
V( 15)= 0.018845359 
'V( 17)= -0.020439289 
V( 19)= 0.01925004 
'V( 21)= -0.020602533 
V( 23)= 0.01965136 
V( 25)= -0.020866657 
V( 27)= 0.020087182 
V( 29)= -0.021226795 
V( 31)= 0.020580856 

1I;Hii'@*M 1. 0005183 

lliiit;!:!DUilt.JiI.rmt=}t¥9M o. 18 
B!iiJij(§X!!lW'itiM • .:-5,ii(....... 96 

V( 1) = 0.1555263 
V( 3)= 0.016182194 
V( 5)= -0.021386194 
V( 7)= 0.01896395 
V( 9)= -0.021042295 
V( 11>= 0.019601675 
V( 13)= -0.021002061 
V( 15)= 0.020002357 
V( 17)= -0.021112666 
V( 19)= 0.0203693 
V( 21)= -0.021331684 
V( 23)= 0.020761722 
V( 25)= -0.021647086 
V( 27)= 0.021207648 
'V( 29)= -0.022058897 
V( 31)= 0.021726565 

~lliMI!!i'¥M 1. 0015437 
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