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ABSTRACT 

Ultrasonic focusing technique will be having good potential in 

therapeutic applications like hyperthermia and lithotripsy. In these 

applications, ultrasound should cause minimum damage and destruction of 

normal tissues, at the same time produce high intensity pressure at the 

lesion. For this purpose, focusing of ultrasound is necessary. In this report, a 

system for continuous heating of the target (using microcontroller) is 

proposed and discussed. Here, a large number of transducers are excited 

sequentially such that at the target ultrasound is absorbed continuously but 

at other places it occurs for a brief period of time . Thus making the heating 

more in tissue at the target than at other places. In the latter part of the 

report , the tests results of different blocks of the system built are discussed. 

Test results using limited number of transmitters are also described . 
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1. Introduction 

1 . 1 Hyperthermia 

The number of persons succumbing to cancer is increasing day­

by-day and , despite the tremendous efforts being devoted to its curo, a large 

percentage of patients succumb to various diseases categorized as cancer. It 

has also been known that elevating the temperature of a malignant t issue or 

tumor can be an effective treatment for cancer. Cancerous cells are more 

susceptible to heat than normal cells . Hence the treatment of heating the 

malignant tissue is one of the methods to kill such tissues. The elevation of 

temperature for the cancer treatment is known as hyperthermia. Thus, 

hyperthermia can be defined as the heating of an area of a tissue to a 

temperature below the threshold of thermal pain or damage to normal tissue 

(in the range of 42 - 45° c or higher but not exceeding) . Ideally, the 

surrounding tissue would be maintained at a lower temperature, to minimize 

the tissue damage. 

Therefore, designing, developing and testing of a hyperthermia 

system are today's critical problems. In order to meet the requirements of 

controlled heating of tumor in a non - invasive and flexible manner, the 

hyperthermia induction equipment must satisfy the following requirements : 

1 l it should be non - invasive, 

2) it should provide a focusing or beam convergence, 

3) it should localize the heating on the target volume and prevent excessive 

heating of tissues outside the target volume . 

Following are some of the techniques for heating in 

hyperthermia. 1) Capacitive heating, 2) Inductive heating, 3) Microwave 

heating and 4) Ultrasonic heating. 

In the capacitive heating, the electrodes called pads are 

positioned on the body over the region to be treated . The pads are placed so 

that the portion of the body to be treat ed is sandwiched between them. 
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1. 1i1 ' , v1 ~ • • nci i i o high no ugh output of energy is sustained for even a 

t 1i t t im e• thl y ' 111 caus burns . 

M icrowav heating consists in irradiating the tissues of the 

t i nt · !' body with very short wireless waves having frequency in the 

rn icrow lV r gion . Typically, the frequency used is 2450 MHz. Heating 

f f t is produced by the absorption of the microwaves in the region of the 

body und 1 treatment. Here , the microwaves are transmitted from an 

mitt r, and arc directed towards the portion of the body to be treated . 

Th s w aves pass through the intervening air space and are absorbed by the 

urf ac o f the body producing heating effect. Microwaves are produced by 

high fr qu ncy currents and have the same frequency as the currents which 

produce them . A M agnetron is used for the production of high frequency 

current s of h igh pow er. 

In ultrasonic heating, the heating effect is produced because of 

th ultrasonic energy absorption property of the tissues. 

1.2 Ultrasound for hyperthermla 

1 he major consideration in hyperthermia system is to provide an 

adequ 11 te con trol o f tho cncroy deposition in the target volume and for 

maintaining a therapeutic temperature. Ultrasound in 0 .3 to 3 MHz frequency 
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range has the following properties which are favourable in clinical 

hyperthermia : 

1) short wavelength, 

2) favourable absorption characteristic, 

3) energy can be focused into a small region and at a greater depth . Because 

of these characteristics, ultrasound is being popular and, therefore used 

for therapeutical applications. 

1.3 Ultrasound focusing techniques 

Some of the important ultrasonic focusing techniques are given 

below. 

1) Direct ultrasonic beam focusing (1 J 

In this focusing method, the ultrasonic beam is focused with 

the help of either a) a mirror or b) an acoustic lens or c) geometrical structure 

of the transducer as shown in Fig.1.1 [1 ). Low resolution and image 

aberretions are their main disadvantages. Moreover, for use in short ranges a 

short wavelength is needed, which results in a aperature limitation. 

Geometric design of this technique is simple, but difficult to manufacture. 

2) Time reversal mirror ( TRM ) technique [2) 

Time reversal of ultrasonic fields represents a way to focus 

ultrasound in an inhomogeneous medium. This can be achieved by a t ime 

reversal mirror (TRM) (2) made from an array of transmit - receive 

transducers that respond linearly and allow incident acoustic pressure to be 

sampled at the target. This time reversal process is divided into three steps. 

(i) Transmitting the wavefront through medium as shown in Fig .1.2(a) . The 

target generates scattered pressure field that propagates through 

inhomogeneous media. 

(ii) The scattered pressure fi eld is then detected by a set of transducers as 

shown in Fig. 1 .2(b) . 
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(iii) The pressure field is then retransmitted by the same set of transducers in 

reversed order i.e. the transducer which detect the scattered pressure 

field lastly will retransmit the pressure field first as shown in Fig. 1.2(c) . 

Such a process allows to convert divergent waves issued from an 

acoustic source into a convergent wave focusing on the source. The basic 

principle of the technique is to receive the sound waves from different 

transducers at the same instant of time even when they are travelling 

with different velocities and through different distances. Thus increasing 

the intensity of pressure wave at the object and decreasing the intensity 

at other places. 

3) Lele [3) had proposed a scheme for ultrasonic focusing where a 

transducer is rotated around the target as shown in Fig.1.3. Here, the 

sound beam reaches the target from all the positions and hence a 

continuous pressure field is applied to the target, whereas, at all other 

places sound pressure exists only for a very small period of time. Thus 

heating the target more intensely and reducing the heat at other places. 

This method was used on patients at M.l.T. lab by Lele [ 3 ]. 

The same aim as above can be achieved by putting a number of 

transducers surrounding the target and exciting them in a sequence 

depending upon the transit time between the transducer and the target. 

1 .4 Focusing method 

Various focusing methods of ultrasound are described in the 

earlier section. The direct focusing with the help of a lens or mirror maynot be 

useful in many applications, because of variable distance of the target from 

the source. With change in distance of the target from the lens the focu sing 

will be disturbed. Also some aberrating medium in between could disturbed 

the focusing . The TRM technique could be useful in lithotripsy, where high 

intensity ultrasound for short periods are required, as lithotripsy involves 

4 
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2. 2 Focuslno procoduro 

1 ho toc l1 slno procoduro 11doptod onrlior by Snli;wrnbucJdlw I I I 

is discussod briofly horo. 1 ho f ocusino or ullrosound wovo on tho w ruol it: 

cnrricd out in o wotor tonk . Tho focusing procoduro is shown in Fig.2.1. Tllo 

targot region on which ultrasound from transducers is to bo f ocusod is fir st 

insonified by transmitting transducer. The target scatters tho ultrasound 

waves in different directions and the scattered w aves arc sensed by the 

receiving transducers (Tp1 to Tp4) . The output of all the receiver transducers 

after amplification in receiver amplifiers (R1 to R4) are given to timing logic. 

The timing logic will measure the delay from the time transmitted wave is 

sent to the time it is received by the receiver . This delay is proportional to 

distance from target to receiver. Based on this delay the timing logic decides 

the sequence in which the transducers are supposed to retransmit . 

Let Ts be the transmitting transducer which insanities the region 

of interest and let the receiving transducers Tp1 to Tp4 receives the reflected 

signals after a time delay of Ti, T2, T3 and T 4 where T1 > T2 > T3 > T 4. Then 

while retransmitting, the transducer Tp1 will be excited first and then Tp2, 

Tp3 and Tp4 after a delay of (T1 - T2), (T2- T3) and (T3- T4) respectively, after 

the excitation of previous transducer is completed. The sound waves delayed 

in such fashion would reach the target in succession. Since the hardware 

9 
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2 .3 Ultrnsound trnnsducors 

ror tho gen ration of ultrasound waves , the piezoelectric 

trnnsduc rs :uo v ry commonly used . They work on piezoelectric effect. The 

mnt rinl c hibiting this property are certain natural crystals, such as, quartz 

and tourmaline, ferroolectrics like barium titanate and lead zirconate titanate 

(PZT) . 

In selecting the operating frequency for the ultrasound system 

141. it is desirable to keep a frequency that will keep the absorbed power in 

t issues near the skin surf ace less than the absorbed power at the depth . 

The intensity at depth Z cm is given by, 

l(Z) = lo e·2Az-=t_ ------------- ( 1) 

Where,Z = unit vector in Z axis direction , 

lo = acoustic intensity at the surf ace (W /cm2l, 

Z = distance into the tissue (cm) and 

A = attenuation coefficient of the tissue (cm· 1 l 

The rate at which the energy is dissipated as the w ave travels through the 

t issue is equal to the absorbed power per unit volume, Pa that may be 

derived from the general expression. 

Pa = - \J I 

· Pa = 2 A lo e ·2AZ r.e. ---------------- (2) 

'A' is assumed to be a function of frequency, and is approximately given by, 

A = Ao f ----------------- ( 3) 

where, Ao = the attenuation coefficient in tissue at 1 MHz. 

(Ao = 1.0 d B/ cm / MHz = 0 .12 nepers /cm/ MHz) 
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f = frequency in MHz 

Therefore , q. (2) becomes, 

Pa = 2Ao f lo e·2Ao1z ---------------- - (4-) 

Also , it is necessary to keep the acoustic intensity Io below certain level. The 

relative power deposi t ion rate in the tissue (Pa / Io) is thus a function of 

frequency (f) . 

i .e. Pa I lo = 2Ao f e·2Ao12 - ------------ ----- ( 5) 

Hence, the optimal frequency, f = 1 /(2Ao Z) where Pa/ Io will be maximum. 

Assuming Ao = 0 .12 nepers /cm/ MHz, f for heating the plane waves in the 

2 cm to 5 cm range is between approximately 0.4- and 2 MHz. 

2.4 Delay generation 

A delay line is an element or component into which an electrical 

signal can be put and can be taken at its output at some later time, which 

depends upon the delay set into it, thus causing the signal to get delayed . 

Thus the time delay circuits are most important elements in the entire set up . 

The focusing ability of the system would entirely be dependent upon how 

precisely the delays in the retransmission can be controlled. Firing of 

transducers with accurate delays would result in the ultrasound waves 

reaching at the target successively, which ultimately is the aim . 

Some of the delay elements are: lumped parameter delay lines 

15), switched capacitor delay lines 16), monoshots, digital counters etc . 

Lumped parameters and switched capacitors delay lines are shown in 

Fig .2 .2 . All these delay elements can generate the desired delays if the latter 

are known already. But to m ake a closed loop system, a delay elem ent is 

required that will be able to measure as w ell as generate the desired delays. 

Digital counters, microcontrollers can be used for this purpose. The use of 

microcontroller as a delay measuring and generating device is described later 

in detail. 

1 1 
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3 . rocuslng sys tom 

3 . 1 lntrocluc tion 

In t '1 e sncnrHI .hnptcr vnrious aspec ts of ultrasonic focusing, 

such ns the method , selec tion of sy stem oloment s were discussed. In this 

,hnp tc 1 • tile schem e to get continuous heating at the target and less heat 

i'\round t he t;-irge t is discussed . The block diagram and function of each block 

of tl1c s h me arc also described . 

3 .2 System block diagram 

The scheme carried out in the laboratory consists of ultrasound 

transducers , transmitter circuit, switching network, receiver amplifier circuit, 

microcontro ller and oscillator. It is shown in Fig.3.1. It describes a method 

for continuous heating of the target while the tissues around the target gets 

hea ted t o a lesser extent . 

The scheme is proposed initially for heating a target in a water 

bath . The amount of heat energy necessory to be imparted on the target is 

not di scussed. 

The scheme involves two steps . The first step is for delay 

m easurement. Delay measurement step determines the delays that are 

required to be stored in t he m icro controller. At the end of these delays, the 

transducers are connec ted to the power oscillator to get a continuous heat at 

the t rirget. The second step invol ves a firing process during which the 

transducers are connect ed to the power oscillator sequentially for a 

predetc:rmined p eriod to get a con t inuous output at the target . 

In Fio .3. 1 , the tran smitter, Tis used to excite the transducer, Ts 

wi th iJ large spike . The transi t ti m es o f the transmitted and reflec ted signals 

rec ' tvcd a t the primnry transducers Tp1 t o Tpn are measured . For th is 

purpo :;e, the rccc 1v<~ d signals at Tp 1 to Tpn are given to receiv er amplifier 
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circuit , R through a switching network, S'N . The receiver ampl ifier amplifies 

the sign al whic h is then fed to the microcontroller, J.Jc. The mic rocontroller 

w ill m asure the delays and store t hem . During delay measurement, the 

switching c ircuit selects one transducer at a time. The switches S '1 ------ S'N 

arc controlled by the m icrocont roller and connect the transducers to the 

receiver amplif ier. 

After delay m easurement, the transducers are excited with a 

sine burst which can be generated with the help of oscillator , 0, power 

amplifie r, P and switching network SN. Details of the scheme are described 

below . 

3.3 D elay measurement 

The delay measurement set up is shown in Fig .3. 2 . Here, a 

transducer , Tp1 is selected with the help of switching network, S'N which is 

controlled by the microcontroller . The transducer, T s is excited with a large 

spike gen erated by the transmitter and Ts generates a mechanical sound 

pressure. The transit time taken by the ultrasound to reach Tp 1 is measured 

and stored in the microcontroller . Let the transit time taken by the ultrasound 

to reach Tp1 is T i . Similarly , the t ransit times T2 to Tn (the transit t imes from 

other transducers Tp2 to Tpn) are measured and stored in the microcontroller . 

3 .4 Firing step 

The firing process is shown in Fig .3.3 . During the firing process, 

the t ransducers are excited with sine burst which is generated with the help 

of osci ll at or, O and switchi ng network, SN. The switching network, SN is 

controlled by the m icrocontroller , J.Jc so as t o excite the transducers one after 

other sequent ia lly depending upon the d elays measured and stored earl ier. If 
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T1 > T 2 ----- > Tn , then, the transucer Tp1 is excited firs t with a sine burst 

of width Tx as shown in Fig. 3 .4(a). The transducer Tp2 is excited with a sine 

bust after a time delay of (T1 -T2 + Tx) as shown in Fig.3.4(lJ) . The transducer 

Tp3 is excited with a sine burst after a further time delay of (T2-T3 + Tx) as 

shown in Fig .3.4(c ) and so on . Such a type of excitation will give a 

continuous heating of the target as shown in Fig .3 .4(e) . Here, the 

transducers are excited with a sine burst instead of pulse so as to transmit 

more energy to the target . Thus the target receives the energy continuously 

while at all other places it is in bursts and hence heating is limited . 

3 .5 Mechanical arrangement 

The primary (receiving) and the secondary (transmitting) 

transducers are to be positioned in such a way that the reflections from the 

target surface can be detected by the primary transducers. This in other 

words is the geometrical focusing of the ultrasonic waves because we are 

directing the transducers towards the target. As the attenuation of ultrasonic 

waves through water is very small , it is required to dip the crystals in water. 

For this purpose a platform as shown in Fig .3 .5 is designed . The piezo 

crystals are fixed at the bottom surface of the plastic tube. These tubes are 

placed on a thin metal sheet . The metal sheet is bent such that the 

transducers it holds directs the waves towards the target . With such an 

arrangement, the crystals can be dipped inside the water and the waves 

directed towards the target. 
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is used· As its ON resistance is very very less, it reduces the loading ef feet 

on received signal. Also it produces less leakage during OFF state. The 

switches are controlled by microcontroller pins ( P3 .0 to P3 .7). In the circuit 

shown in Fig.4.3c, reed relays are used which has very low ON resistance 

( 0. 7 ohm) causing less loading on the excitation signal during firing process. 

A transistorized sw itch is use to make the reed relay ON and OFF which in 

turn cont rolled by the microcontroller pins (Pl .0 to Pl .7) . 

4 .5 Receiver amplifier circuit 

The signal available at the output of the receiver ultrasonic 

transducers are of very small amplitude of the order of few millivolts. They 

need to be amplified before feeding them to other circuit for further 

processing. The receiver amplifier circuit is shown in Fig.4.4. The amplifier 

has a bandwidth of 45 MHz [ 7, 1 O ] . It consists of a preamplifier followed by 

another amplifier with diode clipping circuits at the outputs of the both the 

stages. The gain of the preamplifier can be adjusted in such a fashion that 

the noise and echoes in the received signal are not amplified beyond the cut­

in signal of the diode. Thus the output of the center dipping circuit will be 

free of noise and echo signals . The second amplifier boosts the signal from 

clipping circuit . The amplifier is built using NE592, a differential input , 

differential output wide band amplifier [ 11]. 

4 .6 Delay circuit 

The delay generation and the delay measurement is done with 

t he help of microcontroller 89C55 [ 12]. It is a 16 bit microcontroller having 2 

internal counters which can be used as t imer or counter depending upon the 

application. The output of the receiver arr.plifi er is given t o the high speed 

comparator NE521 which compares the received signal with the reference 

signal ('3: 0.5 V) and gives out a square waveform. This w aveform is then 

given as a clock pulse to a 0 - type f lip - flop 7474 . The input of D - type flip-
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flop is held at zero. The output of 0 -type flip · flop is given to 

microcontroller pin (P2.6) (Fig.3 .2) 

The microcontroller pin (P2.6) is held to logic 1 level first . When 

a pulse generated by microcontroller is given to the transmitter circuit, a 

counter of rnicrocontroller is started. When the microcontroller receives a 

logic 0 level on its pin P2.6, it stops the counter. The reading of the counter 

is corresponding to the delay required for the ultrasonic wave to travel from 

the transmitting transducer, Ts and to reach at one of the receiving 

transducers Tp1 - Tpn. These delays are then stored in the microcontroller. 

During firing process, the delays are obtained with the help of same 

counters. The complete circuit diagram of the scheme is shown in Fig.4.5. 
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6. Experiments and results 

5.1 Introduction 

This chapter describes the experiments carried out in order to 

test the focusing ability of the system and gives the results obtained thereof· 

5.2 Results 

The scheme shown in Fig.3.1 was built using the blocks 

discussed in chapter 4. Initially the testing was carried out using a single 

transmitting and receiving transducer. During delay measurement the 

receiving transducer was connected to receiving amplifier manually. The 

receiving transducer was kept at different heights and the delay measured 

and these delays were stored in the microcontroller. The microcontroller then 
I 

decides the order in which the delays are to be rearranged. The firing process 

was observed on 8 LEDs. These LEDs simulated the firing transducers. The 

system was found to be working satisfactorily. 

Because of the problems of the mechanical assembly for holding 

the transducers that caused the misalignment and due to the reduced power 

of oscillator, the transducers placed at larger angles could not receive the 

reflected signals and hence the scheme was carried out for two transducers 

with two types of switching network (using CD 4066 during delay 

measurement and using reed relays during firing process). The strength of 

the received signal reduces approximately to 20% for 2° deviation from the 

line of alignment and 50% at 3° deviation. The results obtained are described 

below. 

Fig.5.1 a shows the pulse generated by the microcontroller (CH-
~ 

A) to trigger the triggering circuit which in turn gives a large negative spike 

(CH- B) at the output of transmitter circuit. Fig.5.1 b shows the expanded 

version of the output of the transmitting network. Fig.5.2 shows the 
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.waveform when transd . 
ucer, Ts 1s connected to the output of the 

transmitting circuit Th. h · 
· is s ows some loading effect of the transducer. When 

the resistance R4 of the t . . . . . 
ransm1ttmg c1rcu1try shown Fig.4.2 1s changed, the 

resulting transmitting f . . 
wave orm 1s shown in Fig.5.3. Fig.5.4 shows the pulse 

transmitted to the transmitting transducer, Ts (CH- A) and the pulse received 

at receiving transducer Tp1 (CH- B) . Fig.5.5 shows the pulse transmitted to 

Ts (CH- A) and the pulse received at Tp2 (CH- B). The delays between the 

transmitted pulses and _the received pulses are measured. 

Following delays were observed. 

1. Time delay between the transmitted pulse and the received pulse at Tp1 

was 101 .t.Jsec. 

4
2. Time delay between the transmitted pulse and the received pulse at Tp2 

was 84 l.Jsec. 

3. Thus the difference between the two received pulses is 17 l.Jsec. 

After the delay measurement, the microconttroller will trigger 

the transducer, Tp1 corresponding to the maximum delay first (CH- A) and 

then triggers the remaining transducer (Tp2) as shown in Fig.5.6 (CH- B). 

Fig.5 .7 shows the excitation of the transducer, Tp1 with a sine burst (CH- A) 

the continuous wave of amplitude 268 mVpp and frequency 2.5 MHz seen at 

the target spot (CH- B).This was measured using immersible transducer. 

The same procedure is carried out at other heights of transducer 

Tp1 and Tp2. The results obtained are shown in Fig .5.8, Fig.5.9 and 

Fig.5 .10. 

Efforts were made to extend the scheme using 8 transducers. 

But again due to reduced power output of the oscillator and mechanical 

misalignment at greater angles it could not be carried out successfully. It is 

required to calculate the power deposited at the target before designing the 
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w 1 rnµllftt'1 . 11'1~ 1 flllllt ~ 
111 111: h 1111 t:l 11111111 111 " I 1I111 If 11w1<1t 11 . • r 

pa nun t rs h, vc t b t 011nc1 out. 

IH tf Clrtnod t 0 llH I) ! ll (( I ho I rtl ll ' ' " ""' 

param t rs. 

5.3 Crystal parameters 

In ord r to d sign npproprloto mntchlno circuit. 1111 

characteristics of the crystal havo to b dotormlnod. Tho tosts nro cnrriod out 

to find the characteristics of tho crystal. Tho oxporlmontol circuit lo shown 1n 

Fig. 5 . 1 1 . The results obtained are doscribod bolow. 

The crystal is excited with a constant amplltudo slno wnvo . Tho 

results obtained for different frequonclos ero glvon in Toblo 6.1 . Tho 

characteristic Fin Vs Zo is shown in Fig .6.12. 

Table 5 .1: Impedance measurement of the crystal at dlfforont froquoncios. 

Vin = 7 Vpp 

Fin Vin VR Vo IR Zo 

(MHz) (V) (V) (V) (mA) (ohm) 

, 2.474 0 .247 2.29 24.7 92 .7 

2 .0 2.474 0.459 2.899 46.9 63.1 

2.5 2.474 1.555 1.484 16 . 9. 

2 .8 2.474 0 .212 2.51 21.2 118.3 

3 .0 2.474 0 .353 2.79 3b . 79 

-

Thus, the resonant frequency of tho cryslf\I llns tou11ct to l>o 2.b MHl . At 

h ·mpodanc ot tho cry!-it 11 /.o is 11pproxi111 1tuly I 0 resonant frequency. t o 1 " 

ohms. 
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5.4 Flow chart 

The flow chart for controlling the switching network, SN and 

S'N, for the measurement of delays and for firing process is given in the 

appendix A. The software is given in appendix B. 
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Fig.5.5 Excitation pulse to Ts. CH- A 

Received signal at Tp2. CH- B 
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Scope,.,eter 9 , 

A ?v' DC 10: 1 PROBE B 2\.' DC lO: l PROBE 
ls/ DIV Trig:BJ 

B 
bI 

HOLD 
CURSOR (}j'.jTA : 
SOURCE FUNCTIOti MARK on B ~ 

A @ ~ ~NONE~ c.% 

Fig.5.6 0/P at P1 .0. CH- A 

0 /P at P1 .1 . CH- B 

ScopeMe ter 97 

A 5\1 AC Hl : 1 PROBE B U:l0111V AC 10: 1 PROBE 
588ns/Oll/ Trig:AJ -6011/ 

CUR OR DATA: 

I P/P: 
268 
rtN 

FREQ : 
2.50 

14Hz 

SOURCE FUNCTION MARK on B ~ 
A i;] ~ ~NONE~ b% 

Fig.5 .7 Excitation signal for Tp1 . CH- A 

Received signal at' the target. CH- B 
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ScooeMeler 97 

A 1 v. DC 10 :t PROBE . B 5V OC Hl : 1 PPOBE 
50~!!-· ~IV Tr19:AJ -~OIV ~ 

I I I I I I dt r 
I 

I 44.0 
I 

I 
I i•s. 
I MAX-P: 

r . I _A 11.4 -- I I --
I 

v 
I 

I I 

I 

I I 

I 

I I 

I 

I 

I 
B 

1 I 

CUR!!IOR nATA : 
SOURCE FUNCTIOli MARK on B ~ 

A Ii i MM:I NOtE i e, % 

Fig. 5.8 Excitation pulse t o Ts. CH- A 

Received signal at Tp1. CH- B 

ScopeMeter 97 

A 1 V DC 18 :1 PROBE B 5V DC 10 :1 PROBE 
58µs/ OIV Trig :AJ -SDIV 

dt: 
36.8 
µs 

MAX-P: 
1-1"--t---..--~~-+--~--•A~ 11.8 

v 

- L 

CUR' OR ATA : 
SOURCE FutiCTIOl'i . MARK on B ~ 

All ~ ~ NOtlEt 6 % 

Fig .5.9 Excitation pulse to Ts . CH- A 

Received signal at Tp2 . CH- B 
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Sc op·~ ~leter <; .l 

H - 5\.' .Ac I l 0 : 1 PROBE B 280m\.' AC 18 : 1 PROBE 
50~n! /O I ~ Trig :AJ -60IV 

CUR OR DATA : 

I P/ P: 
472 
mV 

FREQ: 
2.50 

MHz 

SOURCE FUl'ICTIOM MARK on 8 immmJ 
Af;! ~ ~ t!Ot!E~ t.% 

Fig.5 .10 Excitation signal for Tp1. CH- A 

Received signal at the target. CH- B 
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lttn 

6 . SUMMARY AND CONCLUSION 

Hyperthormia ls a thorapoutic procoduro whoro a particular part of 

human body is exposed to very high energy to destroy the lesion. Focused 

ultrasound will have potential for this purpose. Continuous heating of the 

target can be achieved by exciting the transducers successively at the 

instants depending upon the transit times for the ultrasound to reach at the 

receiver transducers. The various blocks of the system i.e. transmitter circuit, 

switching network, receiver amplifier circuit, and the crystal have been 

tested · The results obtained from them are found to be satisfactory. For 

delay measurement, the pulse excitation of the transducer is convenient so 

as to avoid the cross talk between transmitted and reflected pulses. During 

the firing process, the transducer will be excited with a sine burst so as to 

transmit more energy to the target. The switching operation in the complete 

process will be controlled by the microcontroller. Due to reduced power 

output of the oscillator and mechanical misalignment at greater angles, the 

scheme could not be carried out successfully for three transducers. This 

requires the matching scheme and the transducer parameters have to be 

found out. Also it is required to design a power amplifier. But before 

designing the power amplifier, the required power to be deposited at the 

target, the conversion efficiency of the transmitting transducers, thermal 

conversion factors of the target, attenuator in the media have to be known. 

Following are the problems to be looked into. 

1) Misalignment of the sound waves. 

2) Power amplifier . 

3) 'rligh speed switches with less leakage and low ON resistance to be used 

in place of reed relays. 

4) Energy estimation to be made. 
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APPENDIX A 

Let T = 0 
Ro = 20 

Do the ailgnment 

Do t he measurement 

display the result 

No 
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No 

No 

Yes 
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Store the LSB in Ro 

INC Ro 

Store the MSB in Ro 

INC Ro 

INC T 

No 

Arrange the delays in 
asscending order 

Check for 

firing, No 
whether key 
K 1 is pressed 

? 

Yes 

Do the firing process 
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p 
.equ r s, p2 .0 
. equ rw, p2 . ] 

qu en, 2 . 2 
. qu busy , po . ·1 

s art: 
opens: 

opensl: 

opens2: 

shorts: 

shortsl: 

shorts2 : 

opena: 

openal : 

ai lgna : 
s hor t a : 

shortal : 

· rg OOO Oh 
rnov sp, ll 6f l1 
l ean disp 
mov pl,#OOh 
mov p2,ff.Offh 
mov p3,#00h 
setb p3.0 
j~ p2 . 7,ope nsl 
BJmp opens 
mov a , #32h 
mov b,#OOh 
lcall stime 
j~ p2.7,opens2 
SJmp opens 
lcall press 
mov a,#'T' 
lcall strobe 
mov a,#'0' 
lcall strobe 
mov a,#' • 
lcall strobe 
mov a,#'A' 
lcall strobe 
mov a,#OOh 
mov b,#08h 
lcall stime 

APP NDIX B 

jnb p2 . 7,shortsl 
sjmp opens2 
mov a,#14h 
mov b,#OOh 
lcall stime 
jnb p2.7,shorts2 
sjmp opens2 
mov a,#Olh 
lcall stobe 
mov a, #OOh 
mov b,#08h 
lcall stime 
mov a,#OcOh 
lcall stobe 
mov a,#'0' 
lcall strobe 
mov a,#'K ' 
lcall strobe 
mov a,#OOh 
mov b,#08h 
lcall stime 
jb p2.7,openal 
sj mp shorts2 
mov a,#32h 
mov b,#OOh 
lcall stime 
jb p2.7,ailgna 
sjmp shorts2 
lcall ailgn 
jnb p2.7,shortal 
s jmp ailgna 
mov a, #14h 
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r mov b ,ll OOh 
l call stime 
j ~b p2 .7,shorta2 

s horta2 : SJ rnp a ilgna 
mov a ,ll Olh 
l call s tobe 
mov a,llOOh 
mov b,#08h 
le all stime 
mov a ,#OcOh 
le all stobe 
mov a,#'0' 
lcall strobe 
mov a , #'K' 
lcall strobe 
mov a,#OOh 
mov b,#08h 
lcall stime 
jb p2.7,opena2 

opena2 : 
sjmp shorta2 
mov a,#32h 
mov b,#OOh 
le all stime 
jb p2.7,measa 
sjmp shorta2 

measa: setb p2 . 3 
anl tcon,#Ocfh 
anl tmod,#OfOh 
orl tmod,#Olh 
mov tlO,#OOh 
mov thO,#OOh 
clr p2 .4 
nop 
nop 
setb p2 . 4 
clr p2.3 
orl tcon,#lOh 

waita : jnb p2 . 6,stopa 
jnb p2.5,shortsrl 
sjmp waita 

stopa: anl tcon,#Oefh 
mov 20h, tl0 
mov 21h,th0 

resO: mov 15h,20h ;lsb 
mov 16h,21h ;msb 
le all resultl 
mov a,#'0' 
le all strobe 
le all result2 
mov a,#OOh 
mov b,#08h 
le all stime 

shortsr: jnb p2.5,shortsrl 
sjmp opent 

shortsrl : mov a,#14h 
mov b ,# OOh 
lcall stime 
jnb p2.5 ,shortsr2 
s j mp opent 

shortsr2: mov a,#Olh 
l e a ll s t obe 
mov a,#OOh 
mov b,#08h 
le all st ime 
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-

o e s: 

open t: 

opentl : 

opent2: 

shortt: 

short tl : 

sho rtt2 : 

openb : 

openbl: 

m 
1 

0 (' 
mo v , tt • K, 
l 11 st ob 
mo v , tt • R • 
le ll strob 
mo v ,#OOh 
mov b,#08h 
lcal l stime 
jb p2.5,opes 
sj mp shortsr2 
ljmp opens 

mov p3,#00h 
setb p3.l 
jb p2.7,opentl 
sjmp opent 
mov a,#32h 
mov b,#OOh 
lcall stime 
jb p2.7,opent2 
sjmp opent 
lcall press 
mov a,#'T' 
lcall strobe 
mov a,# 1 1 1 

lcall strobe 
mov a,#' 
lcall strobe 
mov a,#'A' 
lcall strobe 
mov a,#OOh 
mov b,#08h 
lcall stime 
jnb p2.7,shorttl 
ljmp resO 
mov a,#14h 
mov b,#OOh 
lcal l stime 
jnb p2 . 7,shortt2 
ljmp resO 
mov a,#Olh 
l call stobe 
mov a,#OOh 
mov b,#08h 
lcall stime 
mov a,#Oc Oh 
lcall s tobe 
mov a, #' 0 ' 
l call strobe 
mov a,#'K' 
l call stro be 
mov a ,#OOh 
mov b , #08h 
lcall stime 
jb p2 . 7, openbl 
sj mp shortt2 
mov a ,#32h 
mov b,# OO h 
l c all stime 
j b p2. 7, ailgnb 
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ai l gnb: s jmp s hortt2 
shortb: ~call a i l gn 

Jr:1b P2 .7, s hortb l 
s hortb l : SJmp a ilgnb 

mov a ,#14h 
mov b,#OOh 
lcal l stime 
jr:1b P2.7,shortb2 

s hortb2: SJ mp ailgnb 
mov a , #Olh 
lcall stobe 
mov a,#OOh 
mov b,#OBh 
lcall stime 
mov a,#Oc Oh 
lcall stobe 
mov a,#' O ' 
lcall strobe 
mov a,#'K' 
lcall strobe 
mov a,#OOh 
mov b,#OBh 
lcall stime 
jb p2.7,openb2 

op e nb2 : 
sjmp shortb2 
mov a,#3 2h 
mov b,#OOh 
lcall stime 
jb p2.7 , measb 
sjmp shortb2 

measb: setb p2 .3 
anl, tcon,#Ocfh 
a nl tmod,#OfOh 
o rl tmod,#Olh 
mov t lO,#OOh 
mov t hO,#OOh 
clr p2 . 4 
nop 
nop 
s etb p 2.4 
cl r p 2.3 
orl tcon,#lOh 

waitb: j n b p2. 6,stopb 
j n b p 2.5 ,short trl 
sj mp waitb 

sto pb: anl tcon,#Oefh 
mov 22h , tl 0 
mov 23h, t h 0 

resl: mov 15h, 22 h ;l sb 
mov 16h , 23h ;ms b 
l cal l r esul t l 
mov a , # ' 1 ' 
l call stro be 
lcal l r esul t2 
mov a , # OOh 
mov b ,# 08h 
l call stime 

sho r ttr: j n b p 2 . 5, s hort trl 
sjmp f ir 

s hort trl : mo v a , #14h 
mo v b , #O Oh 
lcall st i me 
j nb p 2 .5, s ho rtt r2 
sjmp fi r 
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rttr2: sno 

0 pet: 

fir : 

firl: 

fir2: 

f ir3: 

f ir4: 

mov a,#Olh 
lcall stobe 
mov a,#OOh 
mov b,#08h 
lcall stime 
mov a,#OcOh 
lcall st.obe 
mov a,#•o• 
lcall strobe 
mov a,#'K' 
lcall st.robe 
mov a,#'R• 
lcall st.robe 
mov a,#OOh 
mov b,#08h 
lcall stime 
j1? p2.S,opet. 
SJmp shorttr2 
ljmp opent 

jb p2 . 7,firl 
sjmp fir 
mov a,#32h 
mov b,#OOh 
lcall stime 
jb p2.7,fir2 
sjmp fir 
lcall press 
mov a,#'F' 
lcall strobe 
mov a,# 1 ! 1 

lcall strobe 
mov a , # 1 R 1 

lcall strobe 
mov a,#OOh 
mov b , #08h 
lcall stime 
jnb p2.7,fir4 
ljmp resl 
mov a,#14h 
mov b,#OOh 
lcall stime 
jnb p2.7,focus 
ljmp resl 

;************************************************************************** 
; Program to arrange 16 bit delays in 20h-23h in descending order in 40h-4 3h 
; **************************************************************** * ********* 

focus: mov p3,#00h 
lcall max 
mov 40h,a 
mov 4lh,b 
lcall sense 
mov 58h,@rl 

lcall max 
mov 42h,a 
T'lO V 43h,b 
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l call sen s 
mov 59h, @rl 
ljmp s ubp 

********************** . ••** . . *********** 
, ram to find interval b ************************************* * 
;Pr";**********************;tween two succesive delays 
•** ********* 

; *************************************** 

sub: 

subl: 

sub2 : 

SUb3 : 

mov r0,#40h 
mov rl,#60h 
mov r7,#0lh 
clr c 
mov a,@ro 
inc ro 
inc ro 
subb a,@ro 
mov @rl,a 
dee ro 
mov a,@ro 
inc ro 
inc ro 
subb a,@ro 
inc rl 
mov @rl,a 
j C Subl 
sjmp sub3 
clr c 
mov a,@rl 
cpl a 
mov @rl,a 
dee rl 
mov a , @rl 
cpl a 
add a , #Olh 
mov @rl,a 
jc sub2 
inc rl 
sjmp sub3 
inc rl 
mov a, @rl 
add a,#Olh 
mov @rl, a 
i nc rl 
dee rO 
djnz r7,sub 
sjmp cplp 

;*********************************************************************** ** 
;Program to find 2's compliment of data in 60 61 •••• 
I ******************************************* * *********************** *** 
Cplp : 

mov r0,#6 0h 
Cplx: mov r7,#0lh 

clr c 
inc rO 
mov a , @rO 
cpl a 
mov @rO , a 
dee rO 
mov a, @rO 
cpl a 
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cpl 1: 

add a,#Olh 
~ov •ro,a 
JC Cpll 
inc ro 
~jmp cpl2 
inc ro 
mov a,@ro 
add a,#Olh 
~ov @rO,a 
inc ro 
d~nz r7,cplx 
SJmp firing 

••***** ** ** * * * * * * * * * * * .• ******* 
'program for the firing *************** ; ••***** * * * ** * * * * *******process * * * * * * * * * * * ** * * ** * * **** * * * * * * * 
. ****** * 
I *********** *************** 
fi ring: mov pl, #OOh ********************* 

mov tlO,#Ofeh 
mov thO,#Offh 

mov a,#OOh 
mov b,#OSh 
lcall stime 

mov a,58h 
lcall timerx 

mov a,#OOh 
mov b,#08h 
lcall stime 

mov pl,#OOh 

mov tl0,60h 
mov th0,61h 
lcall stimer 
mov tlO,#Ofeh 
mov thO , #Offh 
lcall stimer 
mov tlO,#Ofeh 
mov thO,#Offh 

mov a,#OOh 
mov b,#08h 
lcall stime 

mov a,59h 
lcall timerx 

mov a,#OOh 
mov b , #08h 
lcall stime 

mov pl,#OOh 

ljmp firing 
;•·· **** ;s"kr ***************************************************************** 

"'lJ out · *** i*******;ne to find max. 16 bit data from 20h-23h. Result in b (msb), a (lsb) 
~X: ******************************************************************* 

mov r7,#02h 
mov r0,#20h 

53 



ma>'l : 

max2 : 

max:3: 

last: 

mov , 1 1· 0 

d c 
mov 

clr 

clr 

dee 

i nc 

Jn ;,, m :xn 
n t" O 

mv l, 1 0 

j n z max 111 
in o 
dj n z 7, m·1xx 
mo v b , tfOOh 
sjm las 
r o 

,#OOh 
mc;>v b,#OOh 
BJmp ma xi 
c 
mov a,r3 
subb a,r2 
mov r4,a 
cl r c 
mov a,r4 
add a,#0 2 h 
mov rS,a 
mov 08h,r2 
mov rO,OBh 
mov a,®rO 
mov 08h , r3 
mov rO,OBh 
c 
subb a,®rO 
mov a,b 
inc ro 
~ubb a,®rO 
Jnc max2 
mov b , ®rO 
dee ro 
mov a,®rO 
mov OBh , rO 
mov r2,08h 
clr c 
inc rO 
inc rO 
mov OBh,rO 
mov r3 , 08h 
d jnz r7,max4 
sjmp last 
rO 
djnz r 4 ,max2 
mov b,®rO 
dee rO 
mov a,@rO 
mov OBh , rO 
mov r2 , 0Bh 
clr c 
rO 
djnz rs,max3 
mov OSh,rO 
mov r3,08h 
djnz r7,max4 re t a = lsb of max. ; b = msb of max. 

; "'*** * **** 
;Subr . **************************************************************** ' 
'""~~tine to sense fixed data from soh - 53h correspond to desc . order 
•nae, ************************************************************** 

s ***** 
mov soh,#Olh 
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mov Slh, tl 02 h 
mov r 0,#201i 
mov rl' ff Oh 
mov r 7,# 02h 
mov r6 ,a 

sensel: mov 08h, @ro 
i n r o 
mov 09h, @ro 
c l r c 
c ' ]ne a,08h,sense2 
mov a,b 
clr c 
c~ne a,09h,sense2 
SJmp sense3 

sense2: mov a,r6 
inc ro 
inc rl 
djnz r7,sensel 

sense3: mov @rO,#OOh 
dee ro 
mov ®rO,#OOh 
ret 

****************************** ; ************************************* ***** ** 
-subroutine for stimer 
I ********************** ;* *************************************************** 
stimer: anl tcon, #Ocfh 

anl tmod,#OfOh 
orl tmod,#Olh 
orl tcon,#lOh 

waitx: jbc tfO, dwnab 
sjmp waitx 

dwnab: anl tcon,#Oefh 
ret 

;*************************************************************************' 
;Subroutine for timerx 
·************************************************************************* ' 
' timerx: 

waits: 

dwnabs : 

anl tcon,#Ocfh 
anl tmod,#OfOh 
orl tmod,#Olh 
mov pl,a 
orl tcon,#lOh 
jbc tfO,dwnabs 
sjmp waits 
anl tcon,#Oefh 
ret 

******************************************* *** 
;*************************** 
; Subroutine for resultl ************************************* **** 
;******************************** 
resultl: lcall decimal 

mov a,~Olh 
l call stobe 
mov a,#OOh 
mov b,#OBh 
lcall stime 

mov a,#80h 
lcall stobe 

mov a,#'T' 
lcall strobe 
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l l' I 

ll , ff ' • ' 
tl l t ' 

m v , <l h 
j,.. l\xl 
lj mp • l 
m a , Sh 

, 1: j- Bxl 
j m Xl 

, 1: 
m v a,36h 
j z Cx l 
sjmp Rxl 

·...:}: 
mov a, 37h 
jz Dxl 
sjmp Sxl 

:-;!: 
mov a,38h 
sjmp Txl 

·l: lcall ncode2 
le all strobe 
mov a,35h 

·1: lcall ncode2 
lcall strobe 
mov a,36h 

i\Xl: lcall ncode2 
lcall strobe 
mov a,37h 

Sxl: lcall ncode2 
lcall strobe 
mov a,38h 

':'Xl: lcall ncode2 
lcall strobe 
mov a,#' 
le all strobe 
mov a,#'u' 
lcall strobe 
mov a ,#'S' 
le all strobe 
ret 

; * *************************************************************************~ 
;Subroutine f or ailgnment 
; ******* **************************************************************** **- ~ 
ailgn: mov p2,#0ffh 

setb p2.3 
mov t l0,#0d4h ;delay of 300 us 
mov thO,#Ofeh 
lcall stimer 
clr p2.3 
mov tl0 ,#9ch ;delay of 100 us 
mov thO,#Offh 
lcall stimer 
ret 

i******** *********************************** ************ • ·s ******************* 
' Ubrout ine t d · 1 " press K for " i******* 0 lSp ay ********************************* *** ***** ** ' 
p ************************ tess: mov a,#Olh 

lcall stobe 
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rnov a,#OOh 
rnov b,#OBh 
lcall stirne 
rnov a,#OcOh 
lcall stobe 
rnov a,#'P' 
lcall strobe 
rnov a 4 #'R' 
lcall strobe 
rnov a,#'E' 
lcall strobe 
rnov a,#'S' 
lcall strobe 
rnov a,#'S' 
lcall strobe 
rnov a,#' 
lcall strobe 
rnov a,#'K' 
lcall strobe 
rnov a,#' 
lcall strobe 
rnov a,#'F' 
lcall strobe 
rnov a,#'0' 
lcall strobe 
rnov a,#'R' 
lcall strobe 
rnov a,#' 
lcall strobe 
ret 

;**************************************************************************** 
;Subroutine to find decimal of 21h(m),20h(l) & store in 34h(m),35h,36h,37h,38h 
·**************************************************************************** I 

decimal : 

store b: 

htd: 
XXXl: 

mm: 

mov 34h,#00h 
mov 35h,#00h 
mov 36h,#00h 
rnov 37h,#00h 
mov 38h,#00h 
setb psw.4 
clr psw.3 
mov a, 16h 
jz store_b 
mov r2, 16h 
mov rl, lSh 
sjmp htd 
mov r2, #OOh 
mov rl, lSh 
nop 
mov 
mov 
mov 
mov 
mov 
nop 
mov 
mov 
rlc 
mov 
mov 
rlc 
mov 
mov 

a,#OOh 
r4,a 
rS,a 
r6,a 
rO,#lOh 

a,#OOh 
a,rl 
a 
rl,a 
a,r2 
a 
r2,a 
a,#OOh 
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nn : 

11: 

XX: 

yy : 

split: 

addc 
da 
jc 
add 
da 
mov 
mov 
addc 
da 
jc 
add 
da 
mov 
mov 
addc 
da 
add 
da 
mov 
dee 
cjne 
ajmp 

add 
da 
mov 
setb 
sjmp 
add 
da 

a,r4 
a 
xx 
a,r4 
a 
r4 ,a 
a,#OOh 
a,r5 
a 
yy 
a,r5 
a 
r5,a 
a , #OOh 
a,r6 
a 
a,r6 
a 
r6,a 
rO 
rO,#OOh , mm 

split 

a,r4 
a 
r4,a 
c 
nn 
a,r5 
a 

mov r5,a 
setb c 
sjmp 11 
mov 34h, #OOh 
mov 35h, #OOh 
mov 36h, #OOh 
mov 37h, #OOh 
mov 38h, #OOh 
mov a,r4 
anl a,#Ofh 
mov 38h,a 
mov a,r4 
swap a 
anl a,#Ofh 
mov 37h,a 
mov a,rS 
anl a,#Ofh 
mov 36h,a 
mov a,rs 
swap a 
anl a,#Ofh 
mov 35h,a 
mov a,r6 
anl a,#Ofh 
mov 34h,a 
clr psw.4 
clr psw .3 
ret 

;R6-R5-R4 contains decimal value 
;of hex value form Rl-R2 

[resu lt - 34h to 38h] 
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soFTWARE DELAY ROUTINE 

i ************************************************************************** . * I 

software d e lay 
ioad the number ms d e lay i n b i nary i n egis r a ( lab) a nd b (ms b) 

nd call d e l a y a . 
loading zeros in a a nd b me ans immediate re turn 

'.equ delay, OB c h 

5 t ime: 

ok : 
t imer : 
onemil : 

bdownl: 

done: 
ret 

ncode2: 

f or timer 

push 07h 
push ace 
orl a,b 
cjne a,#OOh,ok 
pop ace 
sjmp done 
pop ace 
mov r7,#delay 
nop 
nop 
nop 
djnz r7,onemil 

djnz acc,timer 
cjne a, b, bdownl 
sjmp done 
dee b 
sjmp timer 
pop 07h 

inc a 
move a, @a+pc 
ret 
. db 30h 
.db 3lh 
.db 32h 
. db 33h 
. db 34h 
.db 35h 
.db 3 6h 
.db 3 7h 
. d b 3 8h 
. d b 3 9h 

;save r7 
;checking for a =b =OO 
;will be 00 if both 00 
;return if all 00 
;keep stack balanced 

;not all eroes, proceed 
;initialise r7, 1 
;tune the loop for 6 cycles, 1 
;this makes 2 cycles total, 1 
;3 cycles total, 1 
;count r7 down 
;total delay 5 cycles(3 . 75us X delay ) 
;count A and B down as one 
;A = 00, count B down until = 00 
;if so then delay is done 
;count B down and time again 

;restore r7 to original value 

;*************************************************************************** ' 
; sof t ware initializa tion for display 
; *************************************************************************** 
disp : c lr r s function set 

cl r rw 
0 #38h function set mov p , 

4 . 1 ms d e l a y 

1 ms delay 

mo v a,#O Sh 
mov b,#OOh 
lcall stime 
mov p0,# 3 8h 

mov a,#Olh 
mov b,#OOh 
l call stime 

1 l ine 5x 7 dots 
mov a ,#3Bh 
lcall s tob e 

5 ms delay 

func t ion s e t' 
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mmand screen and c ursor 0 co mov a , ffl h n , no bl i "k 
l c all s ob 

, play on/o f f c on ol 
;d

19 
mov a, ffO c h 
lcall stobe 

command c ursor right as data displayed 
mov a,#06h 
lcall stobe 

c lear all and home cursor 
mov a,#Olh 
lcall stobe 
ret 

*************************************************************************** * i 
'. this is the strobe routine for display 
'. ******* ******************************************************************* ** ' ~trobe : mov po, #Offh 

wait: 

stobe : 

wat: 

clr rs 
setb rw 
clr en 
setb en 
jb busy,wait 
clr en 
clr rw 
setb rs 
setb en 
mov pO,a 
clr en 
cl r rs 
ret 

mov pO,#Offh 
clr rs 
setb rw 
c lr en 
setb e n 
j b busy ,wat 
c lr en 
c lr r w 
c lr rs 
s e tb en 
nop 
mov pO , a 
c lr e n 
n o p 
re t 

. e nd 

for reading busy flag 
read signal 

this generates the enable strobe 

this pulls down EN 
write signal 
choose data ram 
enable strobe 
write to data ram 

configure pl as an input port 

read signal 

this generates the enabl e strobe 

write signal 

enable strob e 
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