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Abstract 

Closed chest catheter ablation is one of the surgical 

interv·entians far removing disorders in conduction pathways in the 

endocardium, The aim of this project is ta develop a system for 

(a) delivering regulated power to the surgical site, (b) 

mani taring endacardium surface electrograms before and after the 

ablation, and (c) monitoring electrode-tissue interface 

temperature far control 1 i.ng the lesion si·ze created b'!-· ablation, 

The care of the system is a power modulator with output power of 

5fJ W, ~carrier frequency of 500 kHz is amplitude modulated to 

provide waveforms for three different surgical activities namel'!-·: 

cut, coagulation and blending, The modulating waveforms are 

generated through a DIA port of a PC add-on data acquisition card, 

The output of this power modulator is mani tared and three 

different tones are generated for facilitating in identification 

of the different activities, Far finding out the e»:act site of 

ablation, the endacardium electragram amplified b"}I' an ECG 

amplifier is sampled through AID port of the data acquisition caro· 

and monitored on the PC screen, Electrode-tissue interface 

temperature is monitored throi.igh a temperature sensor AD 59e and 

AID port of the data acquisition card. This temperature can be 

used to control the power delivered to the ablation site and 

thereby ta control the size af lesion created. A switched made 

poi-'.·er supply has also been developed as required for the power 

modulator. The pokier modulator output is isolated from the system 

groµ_nd through a ferrite core transformer. 
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CHAPTER 1 

INTRODUCTION 

The heart provides nutrition, and oxygen through continuous 

pumping of the blood into the lungs and into the peripheries. It 

is also, responsible for removing wastes like carbon dioxide from 

the different body parts. This spontaneous and self-sustaining 

pumping action of the heart is because, it has a special system: 

1. for generating rhythmical electrical impulses, spontaneously, 

leading to rhythmical contraction of the heart muscle, and 

2. for conducting these impulses rapidly throughout the heart 

resultin g in co-ordinated contraction of the myocardium. 

This rhythmical, conduction system of the heart is susceptible to 

damage by heart disease, · espec ially by ischemia of the heart 

tissues resulting from poor coronary blood flow. The consequence 

is often an abnormal heart rhythm, along with an adverse effect on 

the pumping efficiency of the heart. 

The adult human heart normally contracts at a rate of about 

60-90 beats per minute. Fig.1.1. illustrates the excitatory 

and conductive system of the heart that control s these cardiac 

contractions. The figure shows: 

A. the S-A node i ,, which the normal rhythmic self- excitatory 

impulse is generated, 

B. the inter-nodal pathways that conduct the i mpulse from S-A 

node to A-V node~ 

C, the bundle of HI S , which conducts the impul s e from atria into 

the ventricles . a nd 

D. the left and right bundles of Purkinje fibers, which conduct 

the cardiac impulse to a l l parts of the ventricles [1]. 
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Normally, following excitation of card i a c mu sc le, there is 

a relaxation pha s e , until a new signal begin s in the S-A node. 

However, under certain situations like infar ction in the 

myocardium, this normal sequence of e v ents does not occur. 

Instead, the cardiac impulse sometimes circulates in the cardiac 

muscle without stopping. This is the phenomenon called re-entry or 

the circuit movement [1,2]. This re-entry can cause abnormal 

patterns of cardiac contraction or abnormal cardiac rhythms that 

completely ignore the pace-setting effects of the S-A node. This 

is a totally abnormal situation, and can cause very serious 

cardiac arrhythmias, including ventricular arrhy thmias, in which 

the heart beats at higher rate than the normal beating rate, with 

or without co-ordinated contractions of the cardiac muscles. 

In the majority of cases, anti-arrhythmic drug treatment is 

effective in suppressing such arrhythmia [3]. However, 

approximately 25 percent of patients can not be cured through drug 

therapy, or develop unaccep~ able side effects [3]. Therefore, some 

kind of surgical intervention is required. Surgical interventions 

such as encircling ventriculotomy have been used in attempts to 

control medically untreatable arrhythmias [3]. In which, all 

possible sites of arrhythmogenicity are elec t rically isolated, 

from surrounding healthy tissue. For that after opening the 

ventricle, a perpendicular incision is made i n the endocardium 

along the entire outer limit of the endocardi fibrosis, thus 

separating infarcted tissue from healthy tissue. However this 

technique is inv a s ive, risky and may gener ate mo r e side effects, 

if incision made is not of proper size. The cl o sed chest cardiac 

catheter ablation is an useful alternative for encircling 

ventriculotomy. In which radio frequency curren t is used for the 

destruction of the arrhythmogenic b i olog i c al tissue. This 

technique can be used for ablation of accessory pathways, created 
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by infarction in endocardium, in close proximity 

structures like the AV node or HIS bundles. 

to critical 

1.1 CLOSE CHEST CATHETER ABLATION 

In the closed chest catheter ablation, catheter-electrodes 

are introduced into a vein (e.g. jugular vein) and advanced to the 

atria-ventricular cavities, under fluroscopic guidance (4). The 

catheter is a hollow tube of variable length and bore, made of one 

of many substances such as soft or hard rubber, gum, elastic, 

glass, silver, or even optical fibres. The electrodes at the tip 

of the catheter can be used for sensing or stimulating. Radio 

frequency energy is applied through these electrodes for 

performing the ablation process. Ablation can be performed with DC 

shocks applied through the catheter. However, this technique has 

several problems, including variability of the size of the 

ablation lesion at a given energy setting, production of a 

pressure wave, and incapability of the catheter to withstand high 

voltages and currents [5]. By the use of radio frequency 

alternating current, most of these limitations can be avoided. The 

radio frequency energy can be supplied through a standard 

electrosurgical unit. The ablation causes 

direct electrical tissue heating as well as 

contiguous tissue. 

myocardial injury 

by passive heating 

by 

of 

Before perfo~ming this ablation process, one has to find 

out the correct site to b~ ablated. By ensuring that the ablation 

is localized to the precise area where arrhy thmia arises, we can 

destroy the area completely. Unipolar electrograms derived from 

the tip electrode at the ablation site can be useful for this 

purpose. Close contact between the ablation elecirode and ablation 

site may be obtained by fluroscopic inspection, and by observing a 

high rate of rise of the unipolar electrogram vo ltage, and 



appearance of S T segment elevation in this electrograms [3] . F i g . 

from 1.2 shows the difference between the electrograms derived 

normal tissue and arrhythmogenic tissue . 

The ablation done by radio frequency energy should be 

controllable. Otherwise, lesions created by this ablation process, 

may cover the non- defective site. The control of lesion size can 

be done by controlling the electrode-tissue interface temperature, 

This in turn depends on the radio frequency power ~nd time for 

which it has been s upplied. Also, it has been observed during 

radio fr equency ablat ion , that if temperature 

electrode-tissue interface increases to more than 100°C 

will result in boiling of blood plasma and adherence of 

plasma proteins to the electrodes. This can be seen 

of the 

denatured 

by the 

formation of coagulant and thrombus on the electrode surface as 

well as occasional adherent on tissue on catheter removal. 

Coincident with these, a sudden rise in electrical impedance and 

resultant rapid decline in r-adio frequency current also is 

observed [5] which is shown in Fig.1.3. The temperature of the 

electrode-tissue interface has to be control led fDr· 

side effects . 

avoiding any 

1.2 OBJECTIVE 

A typical experimental set-up for ~he cardiac 

process is illustrated in Fig. 1.4. The overall opera tion 

system proposed is as follows: 

ablation 

of the 

A. Cardiac catheterization - the catheter having tip electrodes 

is introduced in the vein and advanced 

region , under fluroscopic guidance. 

to the endo-cardial 

B. Identification of the site for a blation through measurement of 

endo-cardial electrograms. 

C. Having identified the region of ablation, the r-adio frequency 

4 



energy is supplied through the power 
(electrosurgical unit) which ablates the region 
lesions . 

modulator 

by ,creating 

D. Monitor i ng of the electrode tissue interfac~ t~mp~rature 
during st imulat ion for controlling lesion size by 
the r-adio frequency 

regulating 
power supplied to the ablation site 

through a temperature feedback system. 

The aim of this project is 

(a) To develop a system (Electrosurgical Unit) capable of 
applying radio freq uenc y energy for closed 
ablation. 

er.est catheter 

(b) To provide the ability to d~termine the e;.:act site for 
ablation using electrograms and post-ablation moni tc·,....ing of 
these electrograms as a measure of the efficiency the 
ablation. 

(c) To Monitor and control electrode-tissue temperature for 

limiting lesion size. 

The implementation of the system for the closed 
catheter ablation has been divided into following modules: 

chest 

1. Computer controlled power modulator (Electrosurgical Unit). 

2. Power modulator output monitoring. 
..,. 
·-' - Interface cir-cuitry for data acquisition 

electrodes for monitoring electrograms. 
from catheter 

4. Electrode tissue interface temperature monitoring and feedback 

5. 

control of radio frequency pdwer supplied 

sur-gical unit. 

Software development {data acquisition, 
modulating signals, controlling of radio 

from the electro 

generation of 

fr-equency power-, 
on-line electrogram display on monitor, timer setting and 
indi c ating ar-rangement, feedback program for control of 

5 



temper- a tur-e). 

6. Modul a tor power supply. 

1.3 OUTLINE OF THE REPORT 

Chapter 2 discusses the functioning of the electro 

sur-gical unit (computer- controlled power modulator) along with the 

carr-ier signal generator- and gate d r i ve circuits. Test results are 

also discuss ed. 

Chapter 3 p resents o u tpu t :: ircu i ts, which 

include the elec tro s urgic a l o u tput monitoring, elec t rograms and 

temperature monitoring at the a blation site. 

monitoring 

Chapter 4. 

Softwar-e for 

electrograms 

generat ~ng modulating signals 

and temperature is discussed in 

and 

the 

Chapter 5 discusses the high voltage d.c. 

required for tht:" µower modulator. 

The last chapter presents the summary of 

and also proposes the suggestions for future work. 

6 
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CHAPTER 2 

COMPUTER CONTROLLED POWER MODULATOR 

2.1 INTRODUCTION 

The computer controlled power modulator is the main part 

of the surgical diathermy unit and serves the functions of an 

e lectrosurgical unit. It provides radio frequency current to 

generate heat in tissues either by direct application of power to 

the electrodes in the body or by striking an electric 

using appropriate techniques, the rf current can be used 
arc. By 

to cut 
tissue and coagulate blood vessels, and thus replaces the 
conventional scalpel in many surgical applications. This chapter 
will i ntroduce the power modulator (electrosurgical unit). Th2 
design aspects of basic functional circuits of a particular solid 

state power modulator are also presented here. The output 
monitoring for different surgical activities of the power 
modulator is discussed in the next chapter. 

2.2 POWER MODULATOR 

Electrosurgery uses radio frequency (power) in the range o f 

100 kHz - 10 MHz [2). This frequency range is selected to avoid 

i· intense muscle activity and the electrocution hazard which occurs 
if lower frequencies are employed. The action of surgical 
diathermy machine depends on the heating effect generate~ by 
radio-frequency power which is delivered to the patient's body. 

The high frequency current flow s through the sharp edge of a wire 

loop, or bent loop, or through the point of a needle into t issue, 

wf 1ich is ultimately responsible for a very high current density at 

+he de livery poin t [2]. This point is kept in contac t with the 
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tissue which is to be destroyed. The tissue is heated to such an 

extent that the cells immediately under the electrode are torn 

apart due to boiling of the cell fluid. The return path of this 
high frequency current is throug t a 

establishes a large contact area wi t h 
reference electrode, which 

the patient so that the 

return radio frequency current deve l ops very little heat at this 

electrode. Fig. 2.1 shows the set 

typical electrosurgical unit can 

waveforms namely cut, coagulate and 

application. 

up for 

generate 

blend, 

electro-surgery. 

different types 

depending upon 

A 

of 

the 

The overall operation of the electrosurgical unit 

depends mainly on two factors: the amount of power delivered at 

the surgical site and the waveform used. Different surgical 

activities like cutting, coagulating, and blending use different 

types of waveform for delivering power to the surgical site [6]. 

The waveforms for the above mentioned activities are shown in the 

Fig. 2.2. The waveform for cut acti~ity is purely a sinusoidal 

waveform, and can be obtained by modulating the sinusoidal carrier 

by a constant l~vel modulating signal. The ~~v~f0rm for 

coagulation is repeated sinusoidal pulses. It can be 

modulating the carrier with a sinusoidal burst 
obtained by 

of repeated 

frequency fm. The waveform for blending is the combination of cut 

and coagulation. The modulating signal for it is the sinusoidal 

burst with the additional de superimposed on it. Hence, 

effectively, the electrosurgical unit generates different 

amplitude modulated waveforms wi~h power amplification. 

From surveying the data sheets and relevant literature 

we have decided the specifications of the power modulator, 

developed in this project. These are as follow: 
to be 

!.Output power 50 W. 

2.0utput voltage 500 V p_p. 
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3.Frequenc y of output signal should be 500 kHz. 

4.Capable of three different surgical 

(a) cut, (b) coagulate, and (c) blend. 

5. 0utput should be isolated from earth. 

2.2.1 Circuit of the power modulator 

activities, namely: 

In this unit , the various output waveforms are generated 

by modulating a 500 kHz sinusoidal carrier with appropriate 
modulating waveforms. The necessary output power could have been 
obtained either by using a modu l ator followed by power amplifier 

or by using power modulator. In the first case the power amplifier 

required will have to be biased for amplifying all the frequency 
components of the modulated signal. So, we can not use class C or 

upper class power amplifier, which have higher power eff~ciency. 

Hence, we have decided to use a power modulator. 

The circuit diagram for the power modulator is shown in 

Fig. 2.3 [6]. Here a BJT is cascaded with a MOSFET. The car·rier 
signal is applied at the gate of tbe MOSH-_T. This carrier signal 

is in a pulsatile waveform. The modulating signal is applied to 
the base of the BJT. And the resonant circuit is tuned to the lhe 

carrier frequency (i.e. pulse repetition rate of the gate drive). 

The Q-factor of this resonance circuit is adjusted in such a way 

that it can pass signal of frequency range f + f , where f is 
c - m c 

carrier frequency and f is modulating signal frequency. Here the m 

outpct power can be controll~d through c~~trolling the base 

voltage of BJT. Thus by this circuit, both the power amplification 

and amplitude modulation can be achieved, simultaneously. 

We have used the same principle to achieve power 

modulation, except that the BJT is replaced by a MOSFET. Here, the 

BJT is replaced by the MOSFET because of (a) relative simplicity 
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of MOSFET gate drive circuit, and (b) availabi lity of the MOSFET 

at the required ratings. The circuit diag~am for the power 

modulator is shown in Fig.2.4. Here an n - channel enhancement type 

power MOSFET is cascaded with another n-channel ·n hanc e ment type 

MOSFET. The lower transistor Q is used as a switch, which 
1 

controls the total conduction time of upper transistor Q . This i s 
2 

used as the power controlling device, since the outpL. : power can 

be controlled through its gate voltage. The gate voltage of Q is 
1 

a pulsatile waveform whose pulse repetition rate is the carrier 

frequency of the final modulated signal. By varying the duty cycle 

of this waveform the total condLtct i on period of both the 

transistors can be var ied. 

A tank circuit is used at the drain of Q . It is tuned 
2 

at the fundamental frequency of the carrier. The high frequency 

transformer of the tank circuit acts as a power transfer device to 

the load connected at its secondary. It also provides isolati on 

between the load and the high voltage power amplification circuit 

and blocks d.c. current flowing through the load. The diode used 

between the tank circuit and drain of Q prevents negative vol L.? • ? 
2 

on the drain of Q . The gate signal for (I is derived from a 
2 2 

digital-to- analog port of a data acquisition card with the help of 

a computer. 

As stated earlier, our aim is to design 

modulator which can give the output power of 50 W at 500 kHz 

frequency, with peak to peak voltage as 500 V. This power is 

applied to the patient's body through active electrode . The 

impedance observed between active 

electrode is approximately 200 n, 
electrode 

if the 

and reference 

temperature of 

electrode-tissue interface is less then 100 °c [4]. Therefore the 

maximum current flowing through the load (here patient's body), 

and hence through secondary of isolation transformer Tl is 0.5 A. 

10 



The pr imary- to- secondary ratio of the isolation 

is 1:1. Therefore. s ame amount of c urrent will 

transformer used 

flow throug h the 

primary of T
1

• Thi s 

switching devices Q 
1 

applied to the power 

current also will 

and Q • and diode 
2 

modulator is 250 V. 

flow through both the 

D • Maximum de volt~ge 
:1 

Therefore, the maximum 

bl oc king voltage across both the switching devices Q and Q • and 
1 2 · 

diode D is 2 5 0 V. Also the frequency of operation is 5l)0 kHz, 

both 0
1

, Q
2 

selected a re high speed. higher current c apaci t y, 

high voltage capacity n-channel power MOSFETs. Q 
1 

is of 

and 

type 

IRF830, and Q is of type K1357. The data sheets of both Q and Q 
2 . 2 1 

are shown in the Appendix D. Here, it shou ld be noted that as 0 
1 

is acting as a s witc h it should be of s witching type MOSFET and Q 
2 

i s acting as power amplifier, i t should have sufficient power 

handling capacity. Also, the output power is directly controlled 

through the gate voltage of Q • So , for lowering the voltage level 
2 

of this gate voltage Q 
2 

must have low limit of threshold voltage. 

The diode D 
1 

is of type BY26C and have ratings sufficiently higher 

then required. The data sheet of which is also presented in 

Appendi>: D. 

The tank circuit is tuned at !:·00 kHz. Here the 

inductance of the primary winding of the isolation transformer is 

approximately 300 µH. So, the capacita n ce c calculated from 

formula f = 1 / \"2n LC ) 1
/

2 
· --7 F T he 1 is .j~' p • 

1 

capacitance C selected 

should have working voltage more then 500 

pF with 680 V working v oltage. 

1 

V. We have used c = 
1 

The design of high frequenc y transformer required 

tank circuit is given in the Appendix A. 

11 
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2.2.2 Analysis of the power modulator circuit 

The Id v s V characteristics for a 
ds 

n-channel 

enhanc ient type MOSFET are shown in Fig. 2. 5 and Fig. 2.6 [7]. 

From these we can see that there are two regions of operation: the 

triode region and the pinch-off region. The boundary between these 

two region~ is determined by V = V or equivalently gd t 

v = V - V • Where V = gate threshold voltage. 
ds gs t t 

In the triode region, the vs v 
gs 

characteristic, is 

by 

2 

!B [ ( V V ) V - 1I2V J 
gs t ds ds 

( 2 .1) 

where V > V and V S ( V V ) • 
g8 t ds gs t 

In the pinch off region the current Id is constant for a 

shown 

given 

value of V This is also called as saturation region, and in 
gs 

this region the current Id is given by 

Id=l/2 !B CV V )
2

• 
gs t 

(2.2) 

where V ~ V and V > (V V ) • This relation is shm"r1 
gs l ds gs l 

in Fig. 

2.6. 

From equations (2.1) and (2.2) it can be seen that drain 

current is directly dependent on gate to source voltage. Therefore 

by controlling the gate voltage ~f the Q the total drain cu~rent 
2 

in the cascaded circuit can be controlled, and the power delivered 

to the load can be controlled. 

The tank circuit is driven by Q • The 
2 

frequency of the tank circuit is given by the equation 

12 
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f=l/(2 rr L C )
1

'
2

• The overall efficiencv of the power modulator 

depends on R • 
p 

the effective p a rallel 

turn depends on R 
g 

resistance of the t a nk 

circuit, which in the effective dynamic 

resistance of the dr i ver Q . The dynamic resistance of the driver 
2 

depends on the class of o peration. This class of operation 

directl y depends on the total conduction period of the driver 

MOSFET which can be controlled through the t period of the 
on 

gate 

waveform of t he lower MOSFET Q . For achieving higher efficiency 
1 

t period of this gate waveform should be minimum. But as we go 
on 

on decreasing t he t 
on 

period the more and more harmonics will be 

presented at the output. For filtering out these harmonics the 

l>Jhic h in turn Q-factor of tank circuit should be high enough . 

causes problem in tuning t he resonance circuit . So we have to 

trade off between efficiency and the tuning difficulty 

resonance circuit, and accordingly t of 
on 

lower MOSFET Q has to be selected. 
1 

the gate waveform 

2.3.1 Circuit of the carrier signal generator 

of 

For generating the pu]satile waveform for the ~ate voltage 

of Q the circuit shown in Fig.2.7 is used [ 8] . Here the principle 
1 

of positive feedback is used. The LM339 is a high speed quad 

comparator IC. The capacitor of v alue 120 pF is connected between 

the inv erting terminal of LM339 a nd ground. The separate charging 

and discharging path is provided through diodes and var iable 

resistors. One path, through R and D will charge 
.. 1 

capacitor the 

the capacitor. The and the other path. R and D wi11 discharge 
. 5 2 

t time where charging time constant will decide the as 
on 

discharging time constant will decide the t time of the pulsed 
o ff 

waveform. The 15k0 resistance at the output is a pull-up resistor. 

The total hysteresis of the loop will be set through selection of 

R, R and R . The value of all these three resistances is 
1 2 3 

chosen 



to be 560 KO. Two Schmitt inverters are used at 

proper wave shaping. 
the output 

2.3.2 Analysis of the carrier signal generator circuit 

for 

To analyze thi s circuit assume that the output is 

initially high. For t his to be true~ the voltage at the negative 

input must be less than the vo~tage at the positive input. 

Therefore, capacitor C is discharged. The voltage at the 
1 positive 

i nput is given by 

v 
>~ 

R 

If R =R =R • then 
1 2 3 · 

v =':> 
>! 

+ 
2 

v 

V R 
cc z 

{ F: 
1 I I R 

" 

/3. 
cc 

{ 2.::::) 

) 

(2.4) 

Capacitor C will charge up through R so that when it has cha1-ged 
1 4 

up to a value equal to V the comparator output will switch. x 
With the output V = GND. the v 2 luP ·-:·I' ' ) is redL:ccd by th;? 

0 . ,, 

hysteresis network to a value given by: 

v 
}~ 

v 
}{ 

v 
cc R ! I R) 

2 3 

R +(R I IR ) 
1 2 3 

V I 3. 
cc 

Therefore the charging time and discharging 

V ar-e given as~ y 

v 
y 

= Vmax ( 1 - e 

14 

-t /RC 
on • 1, , 

(2.5) 

(2.6) 

time equations for 

During charging. 

(2.7) 



V = \Ima>: 
y 

e 
- t ff/RC 

0 5 2 
During discharge. 

( 2. B) 

AssL1ming comparator can switch between gnd and +V and 
cc 

considering the diode drop: 

Vma >: 

therefore 

therefore 

and 

1 /[2(1 - Vbe)J = e 
-toniR C 

4 1 

-tof f iR C 
5 1 

and 

2.4 GATE DRIVE CIRCUIT FOR THE Pc.JER MODULATOR 

(2.9) 

(2.10) 

(2.11) 

(2.12) 

(2.13) 

The MOSFET is essentially a voltage - controlled device . 

A voltage of specified limits must be applied between gate and 

source in order to produce a current flow in the drain.The 

threshold voltage of the upper rESFET Q 
2 

l.S 6.(i V. So, for 

controlling the drain current of u and so the controlling of 
2 

output power it required to have a gate signal of level more then 

6 V. We have decided to derive this gate s ignal from the the 

digital - to-ana log port of data acqllisition add_on card. The 

ma ~<imum signa l level available from this port is 5 V. Hence, for 

getting require voltage level, the amplification of this voltage 

signal is essential. Here, the voltage signal coming out from 

digital-to-analog port of data acquisition card is first buffered 

through an opamp and then applied to the gain control circuit. 

15 



Also, since the gate terminal of the MOSFET 

isolated from the source by a silicon oxide layer, 

is elect ric .::. l l y 

only a smal l 

leakage current flows from the applied voltage source int::. lhe 

gate. However, for effective switching of t h e MOSFET 15 

necessar-y to deli ver sufficient current to charge t he input 

capacitor in the desired time. This is accomplished simpl y by 

having an emitter follower before app l ying the signal to the gate 

of Q 
2 

2.5 POWER SUPPLY REQUIREMENT 

As the outpu t power requirement for the power modulator 

developed is 50 W ma x imum, it is necessary to have a po wer 

of higher wattage rating. Also the voltage level of outpu~ 

supply 

1 s ::'·00 

V peak-to-peak and the transformer- primar-y to secondary turn ratio 

selected is 1:1. The voltage at the transformer secondary switch 

between +250 V to -250 V. And transformer only couples the ac 

voltage the voltage level at primary should also be switched in 

such a way that the ac voltage level at the primary 

So, if the de supply to the tank circuit and so 

remains 

to the 

500 v. 
power 

modulator is kept at least at 250 V, then the 

primary can switch betvH? <' 'I 250 V above and 250 V 

v oltage at 

below from 

the 

the 

average level of 250 V, whi c h is a supply v oltage. Here, have 

neglected the ac losses across the switching dev ices, during their 

on time. Hence it is necessary to have a 250 V de power supply for 

power modu lator. Al so the ma x imum load current is 0.5 A, w~ have 

decid e d to have a de power suppl y of 250 V and 0.5 ~ , output. The 

maximu m power output is hence 125 W. The design and descri pt ion o f 

this power supply is presented in the c hapter 5. 

Both the gate drive circuit and carrier signal generator 

circuit require a +12 V low voltage supply. The gate drive circuit 

requires the +16 V supply. 

16 



2.6 TEST RESULTS AND DISCUSSION 

The actual waveforms at the secondary 

transformers are shown in the Fig . 2.10 to Fig . 2.15. 

and Fig. 2.11 are waveforms required for cutting in no 

load conditions respectively. Simi larly Fig. 2.12 •nd 

2.14 

of 

Fig. 

load 

Fig. 

2.15 

the 

2 .10 

and 

2.13 

ar e are waveforms for coagulation and Fig. 

wavefor ms required for blending in no load 

and 

and 

Fig. 

load cond it l_ons 

respect i ve ly. Load used here is a potato. The 

animal is also carried out. 

From the waveforms it is clear that 

voltage 

actual testing 

when the load 

waveform connected at the secondary, the output 

remaining sinusoidal, and also peak to peak voltage level 

on 

not 

gets 

reduced. This is because when load is connected the equivalent 

impedance of tank circuit will be changed, which in tL1rn changes 

the Q factor of the tank circuit, which in turn changes the wave-

shape of the output waveform. Also when the load is connected lhe 

current will flow in the secondary. For counter balancing this 

(current) additional current will also flow in the primar y , which 

will effectively change ~ the dynamic resistance of the driver. 
g 

This also changes the Q factor of the tank circuit. Also the 

voltage is lower than the no 

dropped across R • 
~ 

load vol tage as some voltage 

load 

1-S 

On the animal testing of this power modulator is carried 

out and the cutting action i s observed on it. The animal selected 

was guinea~pig . The effect of cutting on gL1inea-pig was bett er 

then that on potato. Coagulation and blending activities are also 

observed on the potato. In the case of coa~ulation the effect was 

not prominent. The probable reason far thac is voltage level may 

17 



the case of coagulation, when test 
not be sufficient in 

blending the effect 

is 

is 
performed on the potato. In the case of 

observed on the potato. But it is very difficult to separate out 

the effect of blending activity with that of cutting, visually. 

The V vs V and V vs V plots are shown in· the Fig. 
g2 nl g2 fl 

2 . 1 6 and Fig.2.17 respectively. Both the plots show that output 

voltage is directly proportional to gate voltage af upper MOSFET, 

and so the output power. 
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3.1 INTRODUCTION 

CHAPTER 3 

OUTPUT MONITORING 

The output of the power modulator is essentially an 

amplitude modulated waveform. Different modulated signals can be 

depending upon generated from the output of the power modulator, 

the t ype of surgery to be performed. In our case three dif ferent 

activities namely, 

accordingly three 

CL1t, coagulation and blending are chosen 

different waveforms are generated from 

output of the power modulator. 

and 

ti1e 

For facilitating identification of each activity during 

surgery, an audio tone is generated. It is different for different 

activities. It is generated by using modulating signals 

themselves. The modulating signal can available before the output 

power amplification stage. But it will be better if the modul ating 

signal is derived from the modul ated output of the power 

modulator, since it can also reflect the nonlinearity or improper 

functioning of the output stage . The modula~or output monitoring 

circuit is built for monitoring the output of power modulator. 

For determining the ablation site, the electrograms are 

monitored. It can also be useful in finding out the effectiveness 

of ablation process, by post-ablation monitoring. The ECG 

monitoring circuit is u sed for that purpose. 

The electrode-tissue interface temperature has to be 
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monitored for controlling the power delivered to the ablation 

site. For that temperature monitoring circuit is used. 

In this chapter the design and description of each of 

the three monitoring circuits are presented along 

supply required for them. This will be followed 

for the same . 

3.2 POWER MODULATOR OUTPUT MONITORING 

A block diagram of the circuit for 

by 

with po~'>ler 

test results 

monitoring the 

modulator output is shown in Fig. 3 .1. An additional second C<r',' 

winding on the transformer in the modulator tank ( 1 

Fig. 2.1) is used for monitoring the modulator output. By u s ing 

the additional secondary, the main output, to be used for electro 

surgery, remains isolated the monitoring circuit. rhe 

monitoring secondary wind i ng is 1 turn only and gives an output of 

25 v p_p when the modulator's main output is at 500 V p_p. Th i s 

is attenuated 

circuitr y . In 

to 

the 

input signal 

monitoring 

level required 

circuitry, first 

signal is retrieved from the modulated envelope and 

for monitoring 

the modul e.ting 

is given to 

the modulating signal detection circuit wh ich detects one of 

three demodulated signals or no-signal condition and generates one 

of the four different possible outputs. The outputs 

corresponding to the three modulating envelopes of 

z • 
1· 

cut, 

Z , and Z 
2 3 

blending 

or coagulation are used to se lect one of the three different RC 

time cQnstants of audio tone generator in tur-n 

generates one of the three audible tones of 1000 Hz, ::'·00 Hz and 

250 Hz respectively [2]. The output of the audio tone generator is 

given to the speaker through power 

signal Z is used for 
4 

resetting 

amplification 

the output of 

20 
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circuit in no-signal condition and thus to ensure no 

for no input signal to monitoring circuit. 

output tone 

3.2 . 1 Demodulator 

The circuit diagram of the demodulator is shown 

3 . 2. It is an envelop detector [9]. A diode D is placed 
1 

in Fig. 

in series 

with the parallel combination of load resistance R and 
1 

c . Followed by a first order low pass filter. Here the 
1 

will charge to the peak of each carrier cycle and 

capacitor­

capac i tor 

discharge 

through the resistance R • The RC time constant should be adjusted 
1 

such that load voltage can change fast enough to follow the 

modulation env elope. A lQw pass filter made of R and C has been 
2 2 

included for further eliminating the effect of carrier from the 

demodulated output. 

3.2.2 Audio indicator 

Audio indicator detects the three different waveforms 

namel y cut, coagulation and blending coming out from the power-

modulator. These waveforms are s hown in Fig. 2.1 . The waveform for 

cut is constant level de signal whereas the waveform 

coagulation is a sinusoidal burst of repetition rate of 10 kHz . The 

waveform for blending is same as waveform for coagulation with de 

signal superimposed on it. For coagulation, the mod u lating 

envelope change between 0 V to Vp. Thus, the minimum level for 

coagulation waveform is at zero vo ltage level, whereas the 

minimum lev el for cut and blending waveform is not at zero voltage 

level. This fact can be used here to detect either waveform is of 

coagulation or it is of cut or blending. Also, the cut waveform is 

a constant level de signal which differs from other two by no ac 
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/ 

quantity in the wav eform . ~ his second f act can be used 

whether the waveform is cut or ei ther coagu l a t i o n or 

to detect 

blending. 

With consideration of both the d i f f e renc e s we can 
d ete c t wh ether 

c oagulation or- blend i ng . All thesE· thr-ee 
waveform is of cut , 
wav eforms hav e non-zero average va l ues . The s e f ac t c a n b e used fo r 

detecting the no-signal conditio n. The circ ui t o f audio 
i n d i cator 

i n to tvJo differen t parts: (a ) Env elope de tectinq 
is di v ided 
circu i t, and (b ) Tone generator circ u i t. In th i s su b s ec t ion 

the cir cu its are discuss ed. 

both 

(a) Env elope classifier circuit 

The circuit fo r detecting the modulating envelop i s 

"':"!' ~ ·-· . ·-·. The output of the demodulator circuit l. s 
shown in Fig. 

a pplied t o the input o f 
the c ompar- a tor U , -t hr-ough res is tanc e 

1 . 
F: • 

l 

D 
2 

the p r o tection d iodes connected acr-oss 
a nd are Diodes D 

1 

inv e r- ting and non in v erting terminals of the comparator u • 1 . 
111here 

tet- mi nal ar,d 
is connected betviee n the inverting 

as Diode D 
3 

up resistance R 
2 

is connected b F t ween supply 
ground. The pull 
voltage and open collector output of the c ompa r ato r U . The 1 

of the comparator U is applied to t he passiv e high 

output 

filter pas s 
.1 The pass i ve high 

which is followed by an a.c. detecto r circuit. 

pass filter is made up of the capacitor C 1 
and the resista nc e R 

3 

The two transistors 0 a nd Q are used 
1 2 

in the 

circuit. Here both the trans i s tors a re wor k i ng a s 

The v alue of the resistance R 4 

such t ba t the charging t ime of 

and the c apacitor C 2 

the capacitor C 
2 

a . c . detector 

the s vi i t c h es . 

are se 1 ec tt?d 

i s v e r-y muc h 

greater than the time period of inpu t a.c. signal is presented a t 

the base of the transistor Q . So, when a. ~ . signal 
.1 

at the base of the transistor 

transistor Q , the capacitor C 
.1 . 2 

Q dur in l_ 
1 

vJill be 

22 
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d isc h a rged 

is pres ente d 

time of t h e 
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t ransistor Q and during OFF time of the t r a nsistor Q • the 
1 1 . 

capacitor C
2 

will not be a ble to c harge up to a l evel suc h tha t 

the transistor Q can turn on. 
2 

Therefo r e, when an a.c. signal 

whose t i me period i s less then time c on s tant R C 
4 2 

at the base of 0 
1 

the transistor Q 
2 

n o t t urn 

i s 

o n 

p r·esen ted 

a n d thE 

output X will be at a high level. If the a. c . =ignal i s not 

presented at the base of the transistor 0
1

, t he capacitor C 
2 

get time to charge sufficientl y to turn on the t r ansisto r 

output X will be at low level. 

Q 
2 

and 

The output of the demodulator c irc uit is al so a pplied to 

the passive high pass filter, made up of the series c 
3 

capaci t o r 

and the parallel resistanc e R . This h i gh p ass filter 
6 

to an a.c. detect circuit, whose output is ~ a beled a s 

Fig. 3. 3 . 

Both the output x and y are applied to 

i s app 3. ied 

y in the 

the l og i c 

circuitry, which generate the three different outputs a s per the 

logic level of input X and Y. The logic c ircuit i s made up o f two 

CMOS inverter and three CMOS AND gates . T he three d if f ererit 

outputs generated from this logic circ uit is labeled a s z • 
1 . 

z • 
2· 

and Z The output Z shown in figur e is the output f rom aver-agir:g 
3 4 

filter, which is u s ed here to detec t n o -signal condition . 

In the case o f cutting a nd bl e nding s ignals 

of the c omparator U will remain high at the lev el of 
1 

voltage. Hence, there is no a.c. s igna l present at the 

the output 

the s ui:;p ly 

i nput of 

the a.c. detector circuit. Therefore output X will remain 6~ a low 

level, almost at the ground level. In the cc;.-;e of the coag ula t ing 

signal, the output of the comparator will 

voltage and ground therefore the output 
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remain high, at the level of supply voltage. 

Similarly the output y of the second a.c. detectcr-

circuit will remain at the low level for cutting and at the 

level for coagulating and blending. Depending upon the level o f X 

and Y one of the three outputs of the logic circuit will g high . 

The levels of outputs Z , Z and Z with different levels of \ and 
1 2 3 

Y are shown in table below: 

Input x y z z z waveforms 1 2 3 

Cut Low Low High LovJ Low 

Blend Low High Low High Low 

Coag High High Low Lo~" High 

(b) Tone generating circuit 

The circuit for generating tone is shown in Fig 3 . 4. 

Each of these three outputs Z , Z • 
. 1. 2. 

and Z from envelope detec ting 
3 

circuit is applied to the control pins of the three different 

analog switches. The inputs of these three analog switches 

connected to the supply voltage and outputs are connected to pin 7 

of U through three different res i stances . The U is a LM 
5 5 

::.::,5 and 

is used as an astable multivibrator. The frequency of the OLttput 

waveform of it can be controlled through selection of the 

resistors 

R , R , 
10 . 1 1 . 

generated. 

R • R • R , R and the capacitors C . The resistors 
10· ii" 12· 13 6 

and R will decide the three different tones to be 
12 

The frequency of tone generated is given by eqL.1atio11 
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wher-e, R 

T = 0.693 (R + 2R ) C 

= R 
10 

or- R 
u 

or- R 
12 

13 6. 

The selection of r-esistors R or R or R 
10 11 12 

in 

mult iv ibrator circuitry will be decided by the three 

( 3 . 1) 

the astable 

outputs z 
1 ' 

of envelope circuit respec ti y' e l ,, . the detecting Z and Z 
2 3 

Finall y the output of the tone generator circuit is applied to 

speaker through power amp li f ier Q 
!:i 

The volume can be controlled 

by poten tiometer P 
1 

Outputs Z • Z and Z from 
1 . 2 3 

are applied to the tone generating 

envelope 

circuit. 

detecting circuit 

One of the t hree 

analog switches will be turned on and one of the three resistor-s 

R R and R will be selected. 
10' 11 12 

And therefor-e one of the 

RC time constants of audio tone generator circuit will be selected 

and three different audible tones will be generated for 

diffe r-en t activities, cutting, coagulating and blending. The table 

below shows the output tone against the logi c levels 

Z Z • Z and Z 
1' 2 · 3 4 

of 

z z z z Output Tone 
j 2 3 ' 

High Low Low High Tone for Cut 

Low High Low High To ne for Blend 

Low Low High High Tone for Coag 

- - - Low No tone 

25 
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3.2.3 Test results 

Separate testing of audio indicator vJas performed ty 

applying modulating signals from funct ion generator . For each of 

the activity namely: cut, coag and blend, an appropriate 

modulating signal is applied. In each case distinct tone i=:. 

heard. Fnr each of the three cases the modulating signal should t e 

appropriate for proper audio output. The analysis for each 

waveform for input range against possible output tone is presented 

in table below: 

TYPES OF WAVEFORM SIGNAL LEVEL POSSIBLE OUTPUT 

Min. Max. TONE 

Cut .. · (i. 7 v - Tone for Cut 

-: (). 7 v -:·· r . 7 \l No tone .. .. \._J • J 

Coag < o. 7 'J 0.7 v Tone for coag 

> 0.7 v > o. 7 v tone for- Blend 

< o. 7 v .. .· ( j . 7 '•/ No tone ·. 

Blend ·,, 
·' o. 7 v > 1.4 'J tone for Blend 

< o. 7 v > 0.7 v tone for coag 

+ min. leve l 
., o. 7 v < . 1. 4 v tone for cut ... 

< 0.7 v '· 
.. 0.7 v No tone .. 

+ min. level 
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3.3 ECG MONITORING 

When a depolarizat ion wave transmits through the 

the electrical current flowing into the heart tissues, spreads 

all the way to the surface of the body [ 1 J • If electrodes are 

placed on the body surface, electrical potential generated by the 

heart can be recorded. The recording is known as the 

electrocardiogram . By analyzing this ECG, functioning of heart can 

be predicted. Ischemic heart tissue will not be able to transmit 
the e]ectrical current generated due to depolarization of the 

heart. Therefore, if the electrodes are kept in contact with these 

ischemic zones then electrical potentials will not be 

at the electrode-tissue interface. This fact can be utilized 

determining ischemic regions and also the ablation site. It cc:.n 

also be useful for determining the efficiency of ablation procEss. 

by monitoring post ablation electrograms. 

3.3.1 Circuit of ECG monitoring 

The ECG monitoring circuit are basically an ECG 
amplifier, the circuit for which is given in the Fig.3.~. The 
catheter electrodes pick up electrical potentials from the 
endocardial region and apply them to the ECG amplifier. The 
design of this amplifier is based on considerations of good 

common-mode rejection. The circuit used here was given by M.Fostik 

(10]. It is primarily a two stage instrumentation amplifier made 
with five operational amplifiers. The input amplifiers U and U 

constitute a differential amplifier with a 
4 !5 

variable differential 

gain and unity gain for common-mode signals. Maximum differential 



gain is 40 for this stage. The differential gain for this stage is 

given by 

1 + 
2R 

4 

R 
6 

(3.2) 

The first stage gain is limited to 40 to prevent saturation caJsed 

by electrode d.c. offset. R -C and 
4 1 

desired high frequency cut off of 100 

R - C 
!5 2 

Hz. 

are used to provide 

The second stage is 

formed by U and U as the same configuration as the first. 
6 7 

but it 

is a.c. coupled at the i nput using C -R 
3 7 

value chosen to give a low frequenc y 

and C -R , 
4 8 

cutoff at 

which 

100 

have 

Hz. The 

differential gain of this stage is set to 25 by adjusting R So 
1 1 

overall maximum differential gain of amplifier is 1000. u and U 
1 2 

are two buffers which connect the electrodes to the two stage 

differential amplifier. Also the mismatch of the electrode source 

resistances causes common-mode signal to a differer.tial mode 

signal due to finite input impedance. It is desirable to redu::e 

this common mode voltage. This can be accomplished by attaching a 

third electrode to the patient. This electrode provides a 

low-impedance path between the patient and the a mplifier commo~ so 

that common mode voltage is small. For this driven right 

circuit is used [11]. Here a third electrode is not connected 

leg 

to 

the ground directly, because, if the circuit is not isolated , 

dangerous currents could flow through the third electrode. The 

output of this ECG amplifier is sampled through data 

card and displayed on the computer screen. 

acquisition 

3.3.2 Test results 

ECG amplifier developed here is tested with apJJly'ing 
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sinusoidal signal from the function 

obta1ned a re listed below: 

Differential gain Ad = 909 

CMRR = Ad/Ac 

Input impedance 

Output impedance 

93 .1 5 dB 

= 1.88 MD 

= 389 0 

generator . The 

The frequency response is shown in Fig. 3.6, and typical 

resu l ts 

ECG wav eform derived using surface electrodes is shown in Fig. 3.7. 

3.4 TEMPERATURE MONITORING 

The sudden rise in the e lectrical impeddnce during radio 

frequency ablation is due to the elevation of electrode-ti s~.ue 

interface temperature above the boiling point [4]. This results in 

lowering the radio frequency power delivered to 

sight. If the electrode-tissue interface temperature 

less than 100°C for the duration of energy delivered 

of plasma along with its associated impedance rise 

the abl a !::.1c.11 

is maint.=: ined 

then boiling 

should not 

occur. Therefore the continuous mon i tori rig of electrode- t issue 

temperature is required. 

3.4.1 Circuit of temperature monitoring 

Here monitoring of electrode-tissue interface is done 

through a temperature sensor AD ::.90 which produces an DU t. pu t 

current proportional to absolute temperature. The data 

AD 590 is presented in Appendix C. IT is used as a high 

current regulator passing 1 µA for every rise of 

sheet f o r 

impedance 

1 °c of 

temperature. The circuit for converting this current to vol ~age i s 

shown in Fig. 3.8. Here the zener diode is acting as a constant 
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voltage source. R
2 

and R
3 

are adjusted for 

temperature sensor will supply the current 

calibration . Here. 

depending to 

the 

the 

tempera ture. Total cur rent passing through the feedback resistance 

R and R is I 1_) and 
!5 6 

I 
c 

( 3. 3) 

where I 
c 

is the current which will be determine by 

resistance and zener R ' F: 2 3 
vo ltage Vz. Output voltage 

proportional to the c urrent I
0 

and the feedback resistance<.:-... '.:. c=.nd 

R6. 

I = 'v I ( R +R > 
c 2. 2 3 

( 3 . 4 ) 

Here the output voltage is set to 

input temperature of 75 °c. At 

supplied by the temperature sensor 

zer- o 

this 

corresponding to an 

temperature the curr-ent 

is I = 273+75 = 348 µA t as per 

the data sheets. For output voltage to be zero for this particular 

temperature the current Ic should be same a s It' 

output current I will be zero at this temperature. 
0 

is V ther1 

i:;; + R 
2 3 

I 
c 

so that the 

I f zener voltage 

( 3 . 5) 

Now for every degree centigrade change in tempera t ure the current 

It changes by 1 µA. For putput to be changerj 

degree centigrade change the 

selected by 

v 
0 

R +R =----
!5 6 

I 
0 

resistances 
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and R6 should be 
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The values selected are listed in the circuit diagram. Thus the 

change in output voltage is directly in accordance with the c h a n ge 

in input temperature. This voltage is sampled by the data 

acquisition card during the ablation and the information derived 

from it is used to cont~o] the 

modulator. 

3.4.2 Test results 

o utpu t 

The input temperature vs output 

supplied by power 

voltage character i ::. ti c 

for is shown in Fig. 3.9. From the f i gure it is clear that the 

characteristic is linear through out the temperatu r e range 

interest. 

3.5 POWER SUPPLY FOR MONITORING CIRCUITS 

The power supply required for v·ar ious moni 1-oring 

circuits are as follow: 

1. Audio Indicator +12 \f v • 

'") 
...:... . ECG monitoring circuit +12 •...; and - 12 •...; . 
..,. 
~· . Temperature monitoring circuit +12 ·...; and -12 •...; . 

Total CL.r rent requirements of all three mo nitoring circuits is 

600rnA ma x imum from +12 V supply and 

supply. 

40 mA 

For meeting this requirement the 

regulated power supply is designed, which 

ma ;-:imum 

s eparate 

i s capable 

from -12 ·/ 

low voltage 

of g iv ir-.g 

output of +12 V with maximum current output of 1 A and -12 V vii th 

ma x imum current of 100 mA. This power supply is separate from the 
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low voltage power supply required for the power modula tor 

peripheral circuits. 

3.6 ASSEMBLY 

All three monitoring circuits are bread boarded and 

tested separately. Three different PCBs are developed for them. 

The pcb layouts for all these three monitoring circuits are shown 

in the Appendix C. Along with components placement. For housing 

these three pcbs a metal box of size: depth = 9 inches, width = 9 

inches, and height = 6 inches has been fabricated. 
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CHAPTER 4 

SOFTWARE 

4.1 INTRODUCTION 

In the closed c hes t c atheter ablation there are main twc 
activities namel y : 1. finding out the ablation site =.nd 
applying the regulated pov-Jer to the ablat ion site found . The 

ablation site can be found out by monitoring the endocardia l 

electrograrns. And the power applied to the surgica l site can be 

controlled by controlling the level of the gate voltage of 0 of 
2 

the power modulator. Also, during the application of regulat~d 
power the electrode-tissue interface temperature has to be 
monitored. For all 

these activities mentioned above we have 
decided to use a computer. 

The output voltage of the power modulator is the 
amplitude modulated waveform. This amplitude modulation can be 

achieved through applying the gate voltage of upper MOSFET 02 in 

F ig. 2.3. As from the equations (2.1) and (2.2), it can be seen 

that the drain current I of 02. and so the output load cur rent is d . 

in direct proportion of the input gate vo ltage of 02. 

varying the level of inpu t voltage to gate of 0 2, the 
So. by 

currE·nt 
level in the output and so the level of voltage developed a cros5 

the load can be varied.Thus, the gate signal of 02 does not o~l\ 
act as modulating signal but also it acts as a rni tput po1•1er­

controlling signal. This con trol cum modulating sign6l can be 

generated through hardware also. But it has been decided to 
generate this modulating signal through D/A port of data 
ar~Gis iti on CArd. For ~hAt Dynalog' s pc 

card PCL 218 is used. 
add-on dat~ acquisiti3n 



For finding out the ablation site t he e lec t rograms 

derived fr o m the catheter electrodes has to be monitored. For 'ha t 

the analog o utput of the ECG amplifier ci rcuitry is sampled 

through analog-to-digital port of the data acquisition 

the digital data is used to produce the incoming ECG signal on the 

computer screen. 

The electrode tissue interface temperature should not be 

exceed more than 100 °c for preventing any abnormal impedance rise 

(4]. For- that electrode-tissue interface temperature has to 

monitored. For that purpose the output of the temperature 

monitoring circuitry is sampled through anal og-to-digital port of 

the data acquisition card . The temperature monitored is disp l a yed 

on the screen and same is used to c ontrol the output power of the 

power modulator through controlling the amplitude of the 

modulating signal generated. 

In this chapter the algorithms for all 

base activities mentioned, are discussed. 

three computer 

4.2 GENERATION OF THE MODULATING SIGNAL FROM DAC 

Three types of modulating signals are to be generated 

for th r ee different surgical activities. So, the sof tviare 

development for generating the modulating s ignals is di v ided into 

three parts: generation of modulating signal for (a) cut, ( b) 

coagulation, and (c) blending. Here, the modulating 

decided empirically and it equal to 10 kHz. 

frequency is 

The modulating waveform for cut is a constant 

signal and waveform for coagulation is the sinusoidal 

repetition rate of 10 kHz. The waveform for blending 
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addition of cut and coagulation waveforms, which also has 
repetition rate of 10 kHz. 

For generating the any of the three modulating signals 

describe above, a common procedure adopted is as below: 

1. Initialize the data acquisition card . (The details of 

data acquisition card is given in the Appendix *> 
2. Set the data sending rate on the D/A port, through the 

setting of data acquisition card. 

this 

pacer 

3. Generate corresponding data set required for generating 
particular type of modulating signal. 

4. Send generated data set to the DIA port with 
sending rate, unless interrupted. 

Here, for generating the data sets for 
waveforms a universal equation is used. 

dt D l v l + ac component 

where ac component = A sin (2 n f n T ) if value ? 0 
m s 

where 

= 0 if value ~ 0 . 

dt = data that to be sent on A/D port 

D lvl = DC level 

A = Amplitude 

f = Modulating frequency m 

T = sampling interval s 
n = no of samples 

For cut A = 0 so the ac component = O, 

which gives equ. dt = D lvl. 

_,. i= 
.... ) 1 ... J 

predeterinine 

all 

( 4 . l) 



F 
coagulation 0 lvl = 0 which gives the equ . 

. or 

dt = ac component 

Here, 
f = 10 kHz. Total 20 samples are taken during one 

m the data 
period 100 µs. i.e. at every 5 µs interval 

this data set of 

n T ). But, as 
s 

so, for this case n = 20 and T~= 5 µS. 

represents the one cycle of sin (2 IT f m 

waveform require for the coagulation, 

cit = A sin (2 IT f n T ) when sin (2 n f 
m s ffi 

positive. 

cit = 0 otherwise. 

(4 . 2) 

cycle o f 

is sampled 

20 data 

from the 

n T is 
s 

(4.3) 

The value of A controls the amplitude of output modulating signal. 

For blending the signal is summation of both cut and 

So, the equation for blending modulating signal is 

coagulation. 

cit D lvl + ac component. 

The ac component is calculated as in the case of coagulation. 

Ones the data set is generated, each and every data of 
that data 

set is sent to the D/A port of the data acquisition card with the 

predetermine data sending rate. Here, the data sending rate is ~et 
signal can be 

to 10 kHz. The amplitude of the output modul d ting 

control through value of D_lvl if the signal is of 
cut, through 

value of A if the signal is of coagulation 
and through value of 

D lvl or (and) A if the signal is of blending. 
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4.3 MON\TORING OF THE ELECTROGRAMS 

ECG signal s are v ery l CI W f reqL1enc y signa l s 

frequenc y less than 100 Hz. 

sAmpled through AID port of 

For moritoring th i s ECG 

data 21cquisi t ion 

s ignal, i l l s 

The sarr.p l i -·<J 

rate is s e t to '.:?00 Hz. The signal f r om ECG amplifier i s ci ppl iec i.•J 

the one channel of ADC o f data acquis 1tior1 card. The s ampling ra t E~ 

is set through the pacer trigger o f the data a c quisition c~rd . 

Graphics routine is written to d i spla y the samp led val Ge of ELG 

signal. But for display ing this sample v alue the proper scalin g as 

to be done as per the graph-mode pi xel sett i n g o f the mon i t or . 

Facility has been provided for 

incoming signal. Though the 

changing 

graphics 

the sample 

routine 

rate o f Lf·.e 

is .l r' 

execution, the on line displaying of ECG s i gna l is made pc ssib~2 

because of low sampling rate . The t ime interv a l betvieen lhu 

successi v e sample is 5 ms. 

Also, the stor·age facility· is made for storing las L e:r12 

minute data of ECG signa l . These da l a are stored in the file. B~t 

for av o i d in g the data tr a r : s f er time in the f i 1 e i f the f i 1 e i :; .l , , 

the hard-disk_. the vir· tual disk i s ct-eated in the wurking ram. h 1.d 

ECG data are written in the ·f i 1 e on that virtual disk. 

monitoring of ECG can be terminated thr-ough k-ey i nterruptio,·. 

key board. 

4.4 TEMPERATURE MONITORING 

fro m 

The electrode-tissue interface temperature is moni to red 

continuously, during the generation of modulating signal .1.n 

signal from stimulation phase. Now for generating the modulating 

DAC it is essential to send data to DAC at the predetermine 

sending rate. So, the monitoring of the temper-a tu re is dOl rE 

simultaneously with the generation of modulating signal, then it 
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15 
a time critical activity. Therefor·e , for minimizing the tur.e 

for monitoring, interrupt service of rr omputer is used. Interrup~ 

r-ou tine is 

temperature 

developed 

monitoring 

for rneasuriny 

circuit. The 

the temperature fr "uni 

rate of generation of 

interrupt for monitoring temperature is set to 20 Hz. Which is 500 

times lower then the rate of mcriulating signal gener-ated . Ti.e 

temperc.tLir-e read fron. CiDC is in the form of voltage. Thi s voltage 

is conver-ted intn temperature using 

chapter "":! ·-· ~ for temperature monitoring 
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CHAPTER 5 
\ 

MODULATOR POWER SUPPLY 

5.1 INTRODUCTION 

As stated in chapter 2, power modulator requi res a 

voltage de supply with following requirements . 

1) output v oltage of 250 Vanda current rating 0.5 amp., 

2) isolation from ac power mains, 

3. regulation of output de voltage against variations 

mains voltage and variation in load current. 

in input 

These requirements can possibly be met by either a series pass 

linear regulated supply or by a switching regulated supply. 

In a series pass linear regulated suppl y [12,13]. an 

isolation transformer, steps up or steps down the ac mains voltage 

to the appropriate value. The secondary voltage is rectified and 

filtered and then applied to the series pass regulator. Output de 

voltage is sampled and applied to the feedback control circuit 

which provides negative feedback to the series pass regulator for 

regulating output de voltage. In this power supply, the isolati on 

transformer operates at the line frequency, and hence size o f 

transformer is relatively large and overall power supply is bulky. 

Also, efficiency of the series pass linear power supply is low due 

to the large dissipation of the power in the series pass elements. 

Most of these problems are overcome in switching mode 

power supply (SMPS) [12,13]. Out of several SMPS designs 

available, one particular type, namely the half bridge converter 

type was selected for this project. In this chapter, the circuit 

description of the power supply, selection uf components, assembly 

of the power supply, and test results will be presented. · 



5.2 CIRCUIT OF THE SWITCHING REGULATED POWER SUPPLY 

Fig.5.1 shows a simplified block diagram of a switLh111g 

regulator power supply, also known as switching mode power .s ~pply 

( SMPS) . In this scheme the ac mains voltage is directly rectified 

and filtered to produce an unregulated de voltage, which in 

is applied to a switching element. The switch is operated 

t...1r .-1 

at a 

high frequency, in the range of 20 kHz to lMHz, chopping the de 

voltage into pulses with a high repetition rate . This pulsati lt.:-

waveform is fed into the isolation transformer, stepped up or down 

to an appropriate va lue and then recti f ied and filtered to prcJduce 

the required de output vo ltage V . This output 
0 

controlled by varying the duty cycle of the 

voltage 

chopped 

can be 

wavef.:::rm 

generated by making switching element on or off. A portion of th1s 

output vo ltage V 
0 

is monitored and compared again st a f i -: ed 

reference voltage, and the error signal is used to control the 

on-of f times of the switch, and thereby the duty eye le of tr1e 

chopped waveform. Thus regulation of the output vo ltage is 

achieved. Since the switch is either on or off, it dissipates very 

litt le power , resulting in a high overall power supply efficienc, . 

Another advantage is that the size of t h e transformer can be quile 

small due to high operating frequenc~. 

There are va rious SMPS circuits, basically differing ir. 

the configuration of the s witchi ng element s : (1) single sw.i.tch , 

(2) half bridge push-pull, requiring two switching devices, and 

(3) full bridge push- pull requiring four switching devices [13] . 

The first one is simplest but it suff ers from the problem o f 

saturation of the transformer core . We have decided to use 

half-bridge converter configuration, because of the relative 

complexity of driving circuits f or the full-bridge con ver ter. The 

switching elements can be BJTs, power MOSFETs, or gate turn-off 
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thyristers. We have selected MOSFETs as switching elements, 

because the drive circuits are relatively simple and these de~ices 

were avail able for the required ratings. 

subsection, we will be discussing the circuit 

power s upply in three parts 

( a ) Input rectifi er and f ilter circuit, 

(b) Con v erter circuit, and 

( c ) Feedback and con trol circuit. 

In the fol lol-'nng 

schematic of this 

5.2.1 Input rectifier, filter , 

circuit 

and surge current suppresso r 

The circuit for input rect i fier and stage lS 

shown in the Fig. 5.2. Here, the four discrete diodes are used lo 

form a bridge type of full-wave r-ectifier [1 3 ]. \.>lhen 

these rectifier diodes, 

considered: 

the f ollowing specification 

1 ) ma~i mum forward rectif ier current, 

2) peak inverse vo l tag e (PIV) rating , 

3) surge current capability. 

Rectifier stage is followed by filter. Here 

valued capacitors are used in series . This connection is 

here for two reasons: This filter stage is followed by 

selecting 

should 

equa :!. 

conver-ter 

stage, which is a half bridge type of converter. In wh ich one end 

of pr i mary of the power transformer has to be connected to a point 

at a potential half way between input points. The capacitors C and 
1 

C • a n d resistors R and R provide y at a potential o f V /2 
2 · 1 2 2 tn 

with respect to y • where V is the unregula ted de vo ltage output 
3 · in 

between y and y . This voltage V 
1 3 in 

is connected 

circuit. Further, by using two capacitors in series, the voltage 

rating for each capacitor gets halved. Here, it s hou ld be noted 
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t ha t capa c ito r v a lue for f i ltering 

i nd i vi dua l c a pacitors. 

act i on is h al f of 

In it i a 1 1 y "'hen t he a c ma i ns is swit c hed n n, 

c a paci t ors c 1 and 

discharged state, 

c 
2 

in the filter circui t wi ll be 

and therefore the initial charging current 

the 

will 

be limited b y dynamic resistances of diodes of bridge rect ifier 

on ly. This initial charging current called surge current is of a 

large v alue. For limiting this surge current , a n input s urge 
current suppressor 

introduced in the 

has been dev ised. Resistanc e R 
!5 

charging path of the capacitors. 

has been 

Once the 
capaci t ors get charged, this r esistance R 

5 
is shor t ed by r e l a y 

Rl . The re l a y R l is n o rmall y 
i 1 

r emains i n off s:. t a te . it i. = 
not energized. The two ends of resistance R 

5 
is connected bet·~·Jeen 

centra l terminal and on terminal of the relay RI 
1 

relay Rl is energized. the resistance R will 
1 . 5 be 

voltage divider made of R and R samples 
3 4 the 

So, i.o'ihen 

bypassed. 

unregulated 

t he 

The 

de 
voltage V and the sampled voltage is applied ln to the st-Ji tching 
transistor Q through zener diode Z 

3 1 The transistor Q 
3 

is used to 
drive the relay Rl . The ratio R and R are 

1 3 4 adjusted such that 
when the capacitors C and C are charged 

1 2 
across R 

• will be sufficient to turn on the 

ful 1 y, the 

transistor 

resistance R limits the current passing through zener cs 

voltage 

Q • 
3 

The 

diode 

and through base of Q • The zener diode Z will ensure that the 
3 1 

z 
1 

(I 
3 

will not turn on before capacitor C and C are charged 
1 2 · 

The diode D is the flywheel diode and provides path for 11 

when relay Rl de-energizes. 
1 

5.2.2 Half bridge converter circuit 

full y. 

The half bridge converter circuit, is shown in Fig. 5 . 3. 

It uses two MOSFET switches in push-pull configuration, and 
adopted from the circuit using BJTs given in [13]. The unregulated 

is 
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de input V is applied between y and y
3 

• y
3 

of Q and 
1 

is the r :erence 
t n 1 

point for this circuit. The source dr-ain of Q a r-e 
2 

connected together- at y
4 

and this point is connected, thr-ough 

capacitor C
3

, to one end of pr-imar-y of transformer- T
1

( whi ch 

provide isolation as well as transformation). The other- end of ~ he 

primar- y winding is returned to y . Dur-ing opera tion , either-
2 

devices will be off, or one of them will be on. When Q turn s 
1 

Point y goes to the line y generating a 
• 1 ' 

voltage pulse 

V /2 . When Q turns off and Q turns on, the 
1 n 1 2 

polarity of 

transformer primary reverses, since it is now connected to 

both 

o n .. 

o f 

t he 

l i11e 

y , generating a negative pulse of V . / 2. The turn-on-tur-n -of i 
3 Ln 

action of Ql and Q2 therefore will generate a V peak-t8-pe~K 
t n 

pulsatile waveform. which in turn is stepped Llp, rectif iea ar d 

filtered to produce the QUtput de veiltage . The vo ltage 

imposed on each switching device i.e. the maximum voltage 

it in off-state is V. Here Q and Q 
in. 1 2 

c.re n-c hannel MOSFETs , used 

as switching devices . The capacitor C 
3 

i·ii 11 pr·event any de cur. ent 

flowing in transfer-mer, thus prevent i.nc;i 

current could have r-esulted due to 

ceire se<tura tior:. 

asymmetric 

ThlS - t t• u_ 

- . 
~· 

switching devices. or due to unb&lance in poter1lial diffE!r E:l lL(:::S 

across y y and y y . 
J 2 2 3 

The s witching frequency of the MOSFETs is generall y kept 

constant. The rectified and filtered de cutout vo ltage depend s o~ 

V and duty cycle of the pulses. and ther e fore c an be contr·olled 
ln · 

by contra 11 ing the re 1 ative pu 1 se i-1 i dth of the gate vol tag es . The 

figur- e a lso shows typical gate c ontrol wavefo r m and the volt~gP 6t 

Y under ideal safe operation of dev ices. 
4 

Diode D and D are the 
5 6 

two flywheel diodes and 

connected from drain to source of Q and Q 
.1 2 

respectively . Thev 

used to provide current path for any current in primat-y of the 

powe~ transformer, during when the s witching devices are off. T hi s 
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current lags behind the voltage at the primary 

effect of the transformer primary. 

due to 

The transformer T used here is pulse 
1 

transformer. Which is capable o f handling the required 

the frequency of interest. The output vol tage from t he 

of power transformer is pulse type of waveform. Since 

induc. li '.le 

type of 

povJe r at 

seconcia1 y 

the pulse 

frequency is generall y kept in the range of 20 kHz to lMH~ , the 

rec ti f .ier-s used in the converter- s-t age should be capab l e of 

oper-ating at this frequency. Here, four diodes ar-e used to 

constitute a br-idge r-ectifier fo r r-ectifying the output pulsatile 

waveform of secondary of tr-ansformer. The r ectifier 

followed by filter stage, which is a LC filter and 

r-educe ripple in the output de voltage .. 

5.2.3 Feedback and control circuit 

An amount of output voltage is sampled 

used 

and 

stage is 

here to 

to 

the feed back and c ontrol circuit for regulating the output 

voltage. This circuit shou ld retain isolation between the primary 

and secondary side of the transformer T . Also it 
1 

s hould provide 

appropr-iate gate drives for switching devices Q 
1 

and Q . The block 
2 

diagram of feedback cir-cuit is shown in the Fig . 5 .4. 

The feedback voltage i s converted to the frequency us111g 

voltage-to-frequency converter. Thi s ,5 followed by a n 

opto-isolator, and a frequency-to-voltage converter. Th.i.s 

arrangement provides de-to-de i so lation. This feedbac~ s.:i..gnal is 

applied to the inverting input of an err-or amplifier . The 

non-inver-ting input of the er-ror amplifier is being connected to 

the refer-ence vo ltage. The output of the error- ampl if ier is used 

to modulate the pulsE width of the output of pulse ~'ll idlh 

modulator-. The output s of pulse width modulator- are u sed lo 
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L~ntrol the on and off time of switching devices of the 

c rcuit, through driver circuitry. 

converter 

Here as the Olltput vo ltage 

Lnverting input of error amplifier 

increases the voltage to the 

of pulse width modulator 

increases so the amplifier output decre ases, which in turn 

decreases the pulse width . This results in r~uction of duty cycle 

2 ,·,d consequent I y, a reduction in the relative on-time of both the 

r,w1tching devices. Therefore the average value of o u tput voltage 

wJ]l decrease. Thus we have a negative feedback, ~Jhic h stabilize 

the output . 

5 . 3 CIRCUIT COMPONENTS IN THE POWER SUPPLY 

The des i gn specification s of power s upp l y are s et t o ~50 

~ and 0.5 A output voltage and current respective l y, as mentioned 

1n chapter 2. T he regulation of output voltage for t h is power 

- 1pply is empirically selected as l'l. with variation of input ac 

mJ1ns from 200 V to 250 and >.Yith va riation of output load 

cur-ent from 0 to O.':C A . P:lso the output ripple factot- is aimed to 

less than 1 'l. >'>ii th the voltage range and current range are 

c-i o>cified for output voltagP regulation . As, This power· supply i s 

directly operated from ac m2ins, the unregl1lated d e voltage 

V to the converter rircuit is 
II 

-·ihere E is 
IYI 

ther~fore 

\' =2E In ( 5 . 1) 
t n ro 

the peak value of input ac voltage 

v = 2 ( -12 * 230 I n (5.2) 

'·) = 32\) '..) 
~n 

input 



ThL:-r c--Tore the chopped signal at the primary Gf the 

trc=.n<: former T 
1 

is between +160 V. 

The transformer pr.l.mary cLwrent.. can be calcul ated b ·1 lhe fo~lc..-a r 1y 

formula [13] 

I = 
c 

p 
out 

where P is the output power 
out 

n is the converter efficiency 

6 is the ma{imum duty cycle 
max 

Typical values for n is 0.7 and 6 
max 

.lS 0.9. 

The primary current for above values 

(5.3) 

is (l. 62 I~ . Th.;..s 

primary current will flow through the switching devices. Al so ttie 

maAirnurn blocking voltage across each device is V 
tn 

therefon? i_ :-:e 

s witching devices selected, must have current 

•.> .62 A and vo ltage rating more then 320 V. 

The selection of circuits components 

r-ating n1ore 

for this 

•;uppl y ~11 l l be discussed in three parts as in pr-evious section . 

5.3.1 Circuit components i~ input rectifiE.-r, filter and surge 

current suppressor circuit 

With output power P : 125 W~ and assumed efficiency 
out 

)/ = 0.7 after input rectifier- stage 

P = P I YJ = 178 ~.;, and 
i.n out 

•16 

' 



the input current for the bridge rectifier, 

I = P . / V = 178 /320 = 0 . 55 A. 
in in in 

(5.5) 

Current flowin~ through each diode of input rectifier is 

thus 0.55 A and maximum blocking voltage is maximum input voltage 

from ac mains. Four diodes selected for input rectifier- are G f 

type lN 5404. They have ma>: imum for-war-d r-ectification 

capability of 3 A, peak inverse Voltage bl ocking capability of 600 

v and sur-ge current capability of 30 A. 

Assuming that the design can tolerate a ripp l e o f 

peak-to-peak and that the capacitor- has to maintain the ~cltage 

level for- every half cycle (10 ms), the capacitance for- ir·ir·u t 

filter- can be calculated from the formula (9] 

C = I t I fi'..J = 0 . 5::'· (10 * 10 ~·) / 25 220 * 
- ~. 

1~) w F 

' c. • \ 
\ I • 0) 

Since L. is made of C and C in ser-ies, the required value ar- e 
t 2 

c = c 
1 2 

= 2C = 440 µF.As both the ca pacito1·s c:1re )n series tt--1e 

voltage str-ess across ~ach capacitor wil . be V /2 
Ln 

160 'v'. 

Here, C and C are 470 µF each, 
1 2 

with wor •. ing voltage of 400 V . 

R and R are bleeder resistances of 10 r value eac h, 
1 2 

which provides the discharge path to the capac itors C and C when 
1 2 

input mains is switched off. To tal discharge time for 2ach 

capacitor is 10 K * 470 µF = 4. 7 s . The wa ttage capacity o f each 

resistance should be (160 10 = w. sel ected 

resistances have wattage capacity of 10 W. 

In the surge current suppressor c ircuit, the relay Rl 
1 

is 12 V, 150 0 relay. The minimum current requi red to ener-gize 
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this relay is 12/150 = 0.08 A. The transistor Q 
3 

is BEL 

transistor- with ma~~ imum collector current = 1 A. The 

is +12 \I. For limiting the supplied to the collector of 0
3 

collector current to 0.1 A, the resistance R is selected 
7 

pcvJer 

to be 

12 /C>. 1 120 o . The zener diod e is ~f 5 .6 V value. R is 33 ~ di I(. 

R • 
R • 
VR • 
v. 

l. s 

is 

= 
VR 

7 

5 For unregulated 

(320 * 5) /38 ::::,, 42 v . 
VR + v + '·) + VR 

6 z b& 7 

= (0 . 08 * 120 0) = 

3 

voltage V = 320 V . the voltage 

For selecting R the equation 
6 

is used. Here. V = 5.6 V, 
z 

'·) 
b& 

9 • 6 V • So • 'v'R ~ '.:.'. 6 V • 
. 6 

The base 

= o. 7 

current 

of Q 
3 

is O. 1 mA. So, the v alue R = 26/0.1 = 260 K. 
6 

We ha-...1e used 

R = 270 K~ The fl ywhee l diode D 
6 i1 

is BY 1 26 diode. 

5.3.2 Circuit components in half bridge converter circuit 

The transformer primary current wi ll pass through 

the switching devices Q an d Q Also the ma >: imum blocking VG l tagE 
1 2 

on each device is v 
ll'• 

The frequency of SvJi tching for these 

switching devices is ~.o kHz in this power supply. Here Q and [I 
1 2 

are selected MOSFETs of type K1357, which has maximum CUfTEil t 

capacity of 3 A and maximum drain to source vo ltage capacity is 

800 V. It can b e operated up to 3 MHz of switching frequenc.j . 

Series capacitor C will 
3 

transformer, thus preventing the 

prevent the de bias 

core satura tion. The 

capacitor 

capacitor 

c 
3 

s hould 

forms a 

handle 

resonant 

the f LI l 1 

ci r cuit with the output 

inductor. The resonance frequency of which is given by 

1/2 

to the 

s.eries 

fhts 

filter 

f = 1 I 2 rr (L * C 
R R 3 

( 5. 7) 

where f is the resonance freq uency 
R 

L is Reflected filter inductance. 
R 
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The reflected filter inductance to the transformer primary is 

L = 
R 

N /N ) 
p s 

2 
L 

where L is the output filter i nductance. Therefore 

1 

c 
3 

= 
2 

4 rr 
'J 

f~ (N /N ) L 
R p 9 

2 

(5.8) 

( 5 - 9 ) 

In order for charging of the coupling capacitor C to 
3 

be l.::..near, 

the resonance frequency must be chosen to be well below the 

converter switching frequency (13]. For practical purpose 

where 

Here, 

Here, C 
3 

f = 0.25 f 
R · s 

(~·-10) 

f is converter switching frequ ency. 
s 

f = ~.o kH:z 
s 

f = 12.::. kH:z 
R 

N/N=l/1.75 
p s 

L = 14 µH 

therefore C = 0.35 µF. 
3 

has a selected va lue = 0 . 2 µF (two 0.1 µF c. apac i t c.n' 

parallel). 

Both the diodes D and D are s witching diodes and 
!5 6 

capable of switching at the frequenc y of operation which is 50 kH:z 

in our case . Both D and D are of type BA159. 
~ 6 

As the output de voltage required is 250 V de, 

maximum voltage swing required before rectification is +250 I' .,,. 

the 

at 

secondary of the power transformer if the input to primary o f 
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ma ,': i mum power transformer is of square wave type. Considering the 

duty cycle of chopped pulsatile waveform at primary i s 0.9 the 

required secondary voltage at the secondary of 

15 ~250 I 0.9 ~ +280 V. Therefore, primary 

ration required is 320/560 = 1/1. 75 . 

power transf wr .11Er 

to secondary 

The frequency of operation has been selected to be 

kHz, hence ferrite core, in ~hich losses at 

low, is used in the transformer core. 

designed for 125 W power. 

presented in Appendix A. 

The details 

The 

on 

high frequenc y 

transformer has 

transformer core 

The maximum load current is 0.5 A. This current 

5(; 

are 

been 

]. s 

flow through the diodes of output rectifier. Also ma x imum peak lo 

peak secondary voltage of power transformer is 560 v . Therefore 

maximum blocking voltage across each diode is 560 V as the bridge 

rectifier is used. Her-e diodes selected have type full wave 

for-ward current capacity of 3 with peak inverse voltage 

blocking capacity of 800 V and capable of operating at kHz 

frequency. The BA159 type diodes are selected. 

• LC type filter-ing cir-cuit is used at the output f or 

removing the ripple fr-om the output de vo ltage . For ripple less 

then 1 'l. value of inductor- selected is 14 µH and the va lue of 

capacitor C can be calculated from the formula [9] 
" 
y = 0.47 I 

where y is the r-ipple factor for LC type filter [9] 

w is the fr-equency of operation 

(5.ll) 

For y = 0.01 and w = 50 kHz, C ~ 10 µF. Here C i s • • 
value 40 µF with wor-king voltage of 500 V. 
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s.3.3 Circuit components in feedback and control circuit 

The block diagram for feedback and control circuit 1. s 

shown in F ig. 5.4 and discussed early in subsection The 

function of this circuit is to control the duty c;cl~ of the ga t e 

drive of the converter MOSFETs, so that the output de ·101 tage J. s 

main tain constant, for varying input ac m~ins voltage and 

load current. This is to be achieved by r. ompar-intJ a o f 

output ;cltage with a f i >:ed reference •.·oltage. Here IN E? 

s el ected a reference voltage of 2.5 V. Her e R3 i s selected as 50 K 

resistance. Where as R 13 variable resistance of 10 K value. 

value of R4 can be adjusted such that the output from 

2.5 v. 
samp l er 

For voltage-to-frequenr.y conversion, we have used 

part of the PLL c hip, CD 4046 IC ( National Semiconductor ) . 

output is a s quare wave , whose out put 

input voltage, and 

freqL1enc y deper1ds 

r-es i stance R 
~ 

\-JI I 

vo ltage-to-frequency char-acteristic is as shown in the Fig . 

for C = 0 . 01 µF and R = 10 K. 
5 ~ 

The 

is 

\/CO 

T !.e 

c:: t.. ..... .. w, 

The square output of the voltage-to-frequency 

conver-ter- is applied to to the f r-equenc: y-to-vo 1 tage 

through opto-isolator- in or-de r tei de-to-de i so 1 a t::. .Jn • 

Opto-isolator- of type 6N 1 36 is used her-e for- isolating the o u tput 

fr-om input. Buffe r- IC CD4041 is u s ed befor-e applyincJ the oL,tput ..., f 

opto-isolator to the frequency - to- voltage converter. 

The frequency-·to- voltage cunver te r used her-e is LM '.2917 

(National Semiconductor-). Whose Ollcput vol~age is pr-oportion a l to 

the i.nput fr-equency. Her·e, as the vo l tage input :::.o 

,,10 l tage-to-frequency conver-ter var- ies , the frequency inJJu t to ti 1e 

frequency- to-voltage gets varied. for- achieving the ScHflE' 

f 



variation in the output voltage of frequency-to-vo lt8ge c on\1er le:-

it is necessary to linear relationship between voltage l n r;•_, t to 

the voltage-to-frequency ::onvt=-r "\et ar.d voltage OU t .JL 

frequency-to:-vo 1 tagr,- c. cm v·er-ter-. Th 1 s re 1 a tionship 

represented in Fig . 5.7. 

is g r aphic. .:.:. l, 

For pulse modulation, have used LM 

( Nat ional semiconductor). It generates two differ-ent Output r_, 

pulsatilP waveforms, duty cycle o f which ca1 be controlled 

through input vo l tage. The internal block diagram OT this pu l St:' 

width modulator is shown in Fig. =·. 8. This chip has an 

ampl ifier whose · inverting input is connected to the ou-t.pu :. 

de - t o-de isolation c1rcuitry and non-inverting input is 

to the fi xed reference voltage. The chip also as 

osci ll ator, whose frequency can hE:· selected by the e>:ter-nal E .; .. ,..:J 

C components, in Fig. 5.5 is R and C respectively . 
14 8 

T he 

freq uency o f this· oscillator is gi.ven by for-mu la f= 1/R C 
l .... 8 

have selected va lue of R 
14 

as variable resistor, so that 

OU t.pLl C. 

frequency can be altered . The current value is set to 50 kH2 . 

Depending upon the differen c e i::eb..ieen two input:; of 

amplif ier , the output duty cyLle will \lary. Here, 

cyc l e fo1- output pulsatile \-iave·form is 4=• i : and both 

a r e never be at high level at a time. 

the 

Though MOSFET is voltage dr i··. 1~n device, 

OL' t p t, ts 

due tc.. 

gate-to-sou rce capacitance, the gate current require should 2lso 

be appropriate, for proper operation of MOSFET. Also, r '"' 1 f 

bridge type of converter 01 requires floating point gate drive . 

For meeting both these require ments t he MOSFET driver IR'.211(, 

(International Rectifier) ls used. It is a monolithic high voltage 

and high speed dua 1 driver with i ndependent f 1 eating high s i de a11d 

fixed low side reference output channels. Its inputs at-e 

compatible with CMOS outputs or with LSTTL outputs u sing p ull Llj..j 

• 



resistors. The dual outputs is applied to the gate of both the 

switching devices. The data-sheet for this MOSFET driver is 

in the Appendi x D. 

given 

5.4 POWER SUPPLY FOR FEEDBACK AND CONTROL CIRCUIT 

The feedback and control circuit also provides de-to-de 

isolation for maintaining the isolation achieved by isolation 

transformer in the converter circuit. For maintaining this 

isolation it is necessary to have isolated power supplies for bott1 

side circuitry of opto-isolator. The reference point for vtof a n d 

input side of opto-isolator is the circuit z Whe r e 
2 

ground as 

reference point for output of opto-isolator and rest of 

feedback and control circuitry is reference point y
3

• S· the 

power supplied to frequency-to-voltage converter and to input side 

of opto-isolator is with respect to circuit ground that and z 
3 

for remaining circuitry of feedback and control 

respect to reference y
3

• 

circuit is i"li t h 

The circuit diagram of both the power s upply is shown in 

Fig 5.9. The input power is derived from the ac main s wi t h 

isolation cum step down transformer. For a voiding two dif f erent 

input transformers a signal transformer is used with two separate 

secondaries. As, the output voltage level of both the 

supplies are same, the VA ratings of both the secondaries are al s o 

same. Both the secondaries outputs are applied to two sepa r a t r= 

bridge type of full wave rectifiers, which in turn followed b y 

capacitor type of filters. For getting regulated output voltage, 

the outputs from filters are applied to the 3 pin IC regulators . 

This feedback ard control circuit typically requires +12 

V power supply on either side of opto- isolator with respect to 

corresponding references. This is the output from 3-pin regulator. 

53 

• 



Here, we ha v e used LM781 2 a s r egulator , which requ ires 

minimum 2 .5 V v oltage d i ff erence betwe en its i nput a nd its o utp ut, 

for proper regulati o n action of output voltage S o , t he 

unregu l ated o utput ur1 l S a t l eas t 12 + 2 .5 = 14. 5 V. Th i s i s the 

voltag e ou tput from c apac itor filt e r. Which by 2V I n: , 
rn 

is giv en 

where V is the ma x imum output v oltage of secondary 
m 

voltage. for 

2V / n: = 14.5 V, V comes out to be 22 V. And so the voltage rating 
m m 

of both secondar-ies is from o to 'v / -./2 ~ 15 V. The curr-ent 
m 

for both t he sec ondaries selected i s 1 A. As the br-idge t y p e 

full-wa v e rettifier i s used the ma xi mum b 1 C•C ki n g vo ltage a cros!:' 

each diode is equal to V = 22 V. Here 1N4001 type of diodes a r e 
m 

used for constituting bridge rectifier. The diode selected have 

maximum blocking voltage is 100 and ma:<imum forward cur- r en t 

limit is lA. For capacito~ filter 1000 µF capacitor 

voltage of 50 V is used. 

with work i ng 

5.5 ASSEMBLY AND TESTING 

All three circuits of p o wer s upply are first a ssembl ed 

and tested separ-atel y , and mounte d o n differ-ent PCBs. Each of lJ,E• 

input rec tifier and filter circ uit, and the feedback and contr o l 

circuit are mounted on a single PCB, where as the half 

converter circ uit is mo unted on two different PCBs. A metal box o f 

size: depth = 355 mm, width = 3 05 mm and height = 152 mm 

(14 * 12 * 6 ) is fabricated for housing all these PCBs. The l o w 

voltage power supply for feedback and control circuit is a l s o 

assembled, tested. It also housed in the same metal box. 

The output voltage obtained from the power suppl y is 

observed for half an hour. It was remained constant at 2~·0 v 
without any significant heating of the components used. 

The ripple showr at the output was 4 v peak to peak . 
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Therefore the ripple factor is 4/250 = 0.016. 

Variation in output voltage is observed for change 
input ac mains voltage. It has been observed that the outpL1t 
voltage remains constant for the input voltage variation in the 
range of 190 V to 255 V. Thus the regulation of output voltage is 

achieved for this range of input variation. 

With load the output voltage regulation is achieved for 

the range 0 to the 0.3 amp. of load current. 

The insulation testing 

and z • x and z • and x and z 
2 2 t • 2 2 

between ~erminals x 
t 

is carried out with 
In all cases it is more then 500 MO. 
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CHAPTER 6 

SUMMARY 

6.1 INTRODUCTION 

The closed chest catheter ablation is one o·f the 

surgical interventions for removing 

are responsible for life threatening 

achieved by applying radio frequenc y 

conduction pathaways, which 

tachycardias. This can be 

(RF) energy 

introduced into the endocardium through cardiac 

The RF can be supplied through an electrosurgical 

to electrode, 

catheterization. 

unit. But for 

avoiding complications, it is necessary to c ontrol the size of the 

lesion created during ablation process. This lesion size lS 

dependent on the electrode-tissue interface temperature a nd 

temperature is dependent on RF power delivered. The aim of this 

project is to develop a system which can be used for co1; . ·o l led 

supply of RF ener-gy to ablation site through monitoring of 

electrode-tissue interface temper-ature. Also it can be useful for 

monitoring the endocardial surface electrograms before and after 

the ablation, which can be useful for finding out the correct site 

for ablation, and for evaluating the efficiency of the ablati on. 

6.2 SYSTEM DEVELOPED 

System for c 1 osed chest catheter ab 1 at.ion is proposed ir i 

the block diagram form. The system developm~nt had been divided 1n 

number of small modules: 

1. Computer controlled power- modulator (Electrosurgical Unit). 

2. Modulator output monitoring . 
..,. 
...) . Interface circuitry for data 

temperature monitoring circuits. 
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4. Software development for generating modulating 

control of output power, monitoring and display 

temperature. 

5. Modulator power supply. 

of 

signal, 

ECG and 

In the computer controlled power modulator. three 

different modulated signals namely: cut, coagulation, and blending 

get output of are generated. The design objective was to 

modulator to 500 V p-p at 500 kHz with the maximum power 

power 

output 

power 50 W. The actual output achieved from the power modulator is 

500 V p_p at 415 kHz. The frequency of output signal is different 

from specified frequency because of tolerances in the transformer 

primary inductance value and capacitor value of the tank circuit. 

these power modulator are The modulating signa l s for 

generated by softwdre ~ith the help of data acquisition add_on 

c ard. These modulating signals are interfaced to the power 

modulator with the help of gate drive circuitry, discussed in 

Chapter 2. The ou tput of the power modulator 

modulated signal. By controlling the level of 

is an 

these 

amplitude 

modulating 

s ignal voltage level of output can be controlled. Hence the output 

power can be controlled through these modulating signals . 

For facilitating the identif ication of different 

surgical activities the output of power modulator is monitored and 

three different tones are generated for these three different 

surgical activities. For that a small voltage level signal is 

obtained by incorporating another secondary winding of lesser 

turns along ~ith the main secondary winding of the outpu t power 

transformQr of the power modulator. Modulating signal s are derived 

from the modulated output signal of the power modulator, and 

applied to audio ~ndicator circuitry, wl1ich in turn, can produce 

three different tones, by decoding these modulating signals . 



Fo r c on t ru l l1ng the lPsion s -size , created 

app li c ation of 

control the 

this radio frequency power, 

electrode-tissue interface 

it is necessar , 

b y 

t.L> 

tempe r-ature monitoring circuit is 

tempera ture. F or 

built, ~..ihich monitors 

that 

ti IE-

temperature at the e l ectrode - tissue interface and provides the 

temper·ature in f ormat i on to t h e compute r t h rough dai_a acquisi i o r1 

card. r h e informa t ion o f thi s temper-ature is u sed to control l1 1e 

output power for controlling t h e electrode-tissue interface 

temperature. 

1: or .id ent J f y ing the a L tual s urCJica l s ite .J.. n thE· clus P-d 

chest catheter ablation, the electrograms are monitored, f r that 

the ECG monitoring circu i t is deve l oped. The monitoring 

electrog ~ams will al s o be useful in knowing effectiveness 

ablati on p rocess . 

of these 

of the 

As the output power of power modulator varies ~-.1.l th 

dravm variation in the t y pes of s urg ery , 

varies. t herefore it is necessar-y 

suppl y . The switched mode regul ated 

a nd 

to 

therefore 

have a 

supply 

current 

reg u la t ed 

of i ·:::. 

design e d for thi s purpose. The 

power 

power required other 

periphera l s o f power mo d u l a tor a nd for mo nitoring c1r ~uits are m~ t 

through separate l o w vo ltage power s upplies . 

6.3 APPLICATION TESTING 

result s 

The testing for each mo dule wa s carried 

for each module have been presented 

chapters. The testing of whole system was al s o 

out. 

in 

T he test 

respec tive 

carried out by 

integrating each and every modul e . Due to practical limitation of 

testing and non -avai lability of catheter with temperature sensor 
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mounted on it. the actual closed chest catheterization 

be done. 

could nut 

The radio frequency power generated "by the power 

modulator can be applied to the surgical site through catheter 

electrodes configuration or by simple electro surgical electrodes. 

depending upon requirements. The testing of this power modulator 

was done on vegetables namely: potato and tomato and also the 

test ing 1~ carried out on the animal (Guinea-pig ) . The subJec t 

under testing had been put on the referer1ce electrode and thP rf 

power from the power modulator had been applied through the needle 

t ype active electrode, under the control of computer. Different 

s urgical activities, duration of power and maxi mum 

electrode-tissue interface temperature had been supplied to the 

computer. In both the vegetable and the animal testing the 

cutting a nd blending effect is observed, but it was difficult to 

isolate them v isually. It was also noted here that the effect of 

tissue destruction observed was better on the animal than 
the 

observed 

done on 

but 

the 

on 

it was not 

tissues of 
vegetable. The coagulation effect was 

prominent. The animal testing was 

intestine, on the muscle tissues and on the skin tissues . 

The testing of ECG monitoring circuitry is done by 

taking surface electrograms. The ECG monitoring circuitry is 

designed for monitoring the ECG signals from the endocardium. The 

signal amplitude of ECG picked up from endocardium has higher 

amplitude than the ECG picked up from surface of the body. Gain of 

ECG amplifier is set corresponding to the endocarium ECG signal. 

The temperature of electrode-tissue 

but not during the application 

interface 

of RF 

is also 

power, as 
monitored , 
excessively high voltage generated at the electrode-site, during 

app l ication of RF power , can cause failure of low voltage circuit 
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components in the t emperature mo nitoring c ircuit. 

The genet-a ti on o f modul a ting f r otri 

acquisition card of c omputer 

output from power modulator . 

is a lso observ ed, with 

The results are as per 

c orr-espor1 d ing 

e >:pec t atior •. 

Also, the control of o u tput power of the power modulator-

car-ried o u t b y contro lling the level of 

obser-ved. The res ults are satisfactory, 

threshold level the power- output is totally 

level c ontrol of modulating signal. 

The pov-1er required for power 

modulating 

and after 

c ontrollable 

modulator i s 

can b e 

th r- o ug h 

s u ppli ed 

through the s wi tchi n g mode power s upply des.gned. The powe r suppl~ 

is tested during n o- load and load c onditions . The results are we ll 

within the tolerance range . 

6.4 SUGGESTIONS FOR FUTURE WOR K 

The specifications for the power modulator ar-e chosen 1o 

meet the requirements of radio frequency power in the closed ches t 

catheter ablation. But if the same power modulator is to be u sed 

as normal e l ectrosurgical unit, available commerc i ally, it 15 

necessary to increase the power level of output signal 

modulator . Also for improving the per-formances of the 

of powe t­

di ffe ren t 

surgical activities: cut, coagulation , and blending, the v clt .=. g e 

l evels of output waveforms must be increased [2]. For that t h e 

secondary tur-ns of the output power transformer of power modul 2 t o r 

have to be increased . But that increas e will increase the c u r r ent 

ratings on the primary side. Whi c h in turn inc r eas es 

ratings of switching devices at the primary side. Here, we have 

used the sw i tching devices at the primary of power transfor me r of 

6 time more capacity than output current specified in our case . 

So, when increasing the secondary turns, the current limitaticn c f 
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components used in power modulator has to be considered along with 

the consideration of output power requirement from the power 

supply. 

The temperature sensor used here is not an electrica ~ly, 

isolated. Due to that when the high voltage radio freq uency signal 

is applied to lhe surgical site, the temperature can not be 

measured simultaneously, because it can damage the low voltage 

temper2.b .. 1re mcJnit.or1ng circ111try. Actually, _n pr·actic-=d 

1mpleil1enta tion of clclsed chest Ccitheter ablation, a catheter 

having thermister mounted on can be used. The thermister of which 

is electrically isolated but thermal!>' conductive from tr,e 

electrode. So, by having this type of catheter it is possibl e to 

monitor temperature during application of RF power, and thereby a 

closed loop control system for controlling radio frequency power 

can be ensured. Also, the temperature monitor circuit can be 

modified such that it can be protected from high voltage. 
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Fig. 2.3 Schematic of hybrid cascade power modulator 
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APPENDIX A 

HIGH FREQUENCY TRANSFORMER 

lhe step by step design procedure for designing a high 

frequency transformer is given i.n t he reference (28]. ln our 

circuit of the appl ication this transformer is used in the tank 

power modulator. T he design procedure with our 

given below: 

specification is 

1. Specification d ata : 

Maximum ratings: 

Primary voltage = 500 V, primary current = 0.5 A. 

Secondary_l voltage 500 V, secondary_! current = 0.5 A. 

Secondary_2 voltage = 25 V, secondary_2 current = 0 .1 A. 

Primary inductance = 3 00 µH approx. 

Frequency of operation = 50~ kHz. 

2. Selection of the magnetic materia l for core : 

The frequency vs loss factor plots f o r various magnetic 

material have been s tudied [15]. From that s tudy the ferrite 

materi.a l HP3C of the Central electronics limited is s elected. 

For the sawe fre que n cy this mater1al has ::ompara ti ·.Je 1 y lower 

loss then other materials data g i ven [15] . 

3 ~ Selection of core type: 

From relat i ve study of ditterent core construction [l5] the pot 

core 30/19 is selected . T h e magnetic 

core i s given be low. 

Cor-e f a ctor 

r~ f-fec t i ve length 

~f -f ective Are a 

Fftective Volume 

1 /A 
e e 

I 
2 

A 
e 

\.' 
e 

G. :.::;. mm 

= 4~ cnm 

136 mm 

= 6120 mm 

characteris t ~ cs of 

-:i 

2 

-~· 

Ap p>: . weight 

AL value 

:::.6 gms/set 

1250 (+ 25 %) 

µi = 2300 
0 

Curie temperature > 13Qi c 

94 

th i s 



F 1 u>: densi -i:y B 

4. Number of turns ,, 
AL value = L I N~ Where L is t h e i nductance in nen o Hen ry and N 

is the number of turns. For pri mary the inductanc e spe~1t1ed 

is 300 µH app-ro :-:imately. Taking this figL1re into account f or 

give AL value N is coming out to be 16 turns . With taking ! 75 % 

tolerance of AL into account the namer of turn selected f o r 

primary is = 20 turns. Also care has taken such that ma x f J LD: 

density can rise half of the maximum specified, to avoid 

saturation effect of core material. The maximum flu x density is 

given as 

B 
max = 

E 
rms 

8 

* 10 
4.44 N Ae f 

A in square cm, f 
Ee in volts. 

rms 

in hertz, 

For our case N = 20, Ae = 136 2 
mm , f = 500 kHz, E =500 V. 

rms 
With these data B = 828 gauss = 82.8 mT. 

max 
maximum flux density specified. 

It is 

primary turns * secondary voltage 
Secondary turns = 

primary vol ta.ge 

less then 

From this equation the secondary_ ! turns are selected equal to 20 

and sec ondar-y _2 turns are selected eqi;al to 1. 

5. Insulation used: due to high prtmary and secondary voltages for 

good isolati o n my lar mMteriaJ 

s e condary winding. 

is used between ,=1,nd 

An ano ther high frequency transformer is also u s ed 

s witching mode riower supply. Which has EE - type (E-42 X 2 1 X q, 

ferrite core of HP_C material .The magnetic characteristi~s a t 
~· 

it, is given below: 

Core factor 1 /A 1.01 
-1 

= mm 
e e 

Effective Length 1 = 108.6 mm 
e 

:2 
Effective = lCZI /' . :::.. mrn A rec> Ae 

Effectiv2 Volume v 11671!.~ 
~~. 

= mrn 
e 

95 

in 



Appro>:imate Weight = 5 1 gms l set. 

AL value = 2613 ( + 25 /. i 
µi = 2300 

Curie temperature ~ 131ll oc 
Flu>: density = 3900 mT 

----- ~ 



APPENDIX B 

SPECIFICATIONS FOR DATA ACQUISITION CARD PCL- 208. 

Analog Input (A/D Converter) 

Channels 

Resolution 

Input range 

16 single-ended or 8 differen tial. 

12 Bits. 

Unipolar +10V, +5V, +2V, +lV. 

Bipolar : +/-10V~ +/-5V, + / -2.5V, + /-lV, + / - 0. 5V 

Conversion type Successive approximation. 

Conversion speed: 60 kHz. 

Accurac y +/-(0.001% of reading) +/- 1 bit. 

Linearity +/- 1 bit. 

Analog Output (D/A Converter) 

Channels 

Reso lut ion 

Output Range 

Conversion type 

Linearity 

output drive 

Settling time 

2 channels. 

12 Bits. 

0 t~ +5V wi th on-boa r d -5V reference. 

12 bit mo n olithic multiplying. 

+ /- 1/2 bit. 

+ / - 5mA max. 

5 microseconds. 

Programmable Timer/Counter 

Device 

Counters 

T i me b ase 

Pacer Output 

INTEL 8254. 

3 channels~ 1 6 Bit- 2 Channels permanently 

conf igured as prog r~mma~Je pacer. 

Pacer (c hannel 1 and 2) ; 10 MHz or 1 MHz. 

0.00023 Hz to 2.5 M~z -

Interrupt Channel 



Level IRQ 2 to 7. 



Oo 
0 

0 

Oo 

1. 

APPENDIX C 

PCB LAYOUTS 

for ECG Pcb layouts 

( 3. :· Silk sid e 

' fll 
oCJO 

ock1o 
'Z. 0 Ir.] 0 

0 CJ,_~ 

0 
0 IJ, 

oDcf>.s-

flll ~ OCJO 0 LJ 0 C: I 0 ...C.C:. 

ooo D o~o ~o o~o ~ oao 
o ~ o ~ o o 0 ll o "'o 

ll<·Doo ~ <Doo• oD~oaE?o OB 0 0 3 0 0 
0 P.'I o~o u, Dd 0 0 0 !!!:i.o 0... 

oc:;ogo OD 0 0 0 0 o~o Cl•·ll OeLJ~ 0 
U3 ''i\i,. 0 ~ 0 ~ Q 0 Q 2,.._ o o' ~ Bo 

o CJ o o CJ o c!>-o o o V, o""; a 

g g R.,- OB De .DA10 0 0 Q 0 oeq. 
u 0 0 0 " 0. 0 0 c:tts-- ()> OCJO :.t 0 Q ~ 

~~ 0 0 

0 

ECS & TC 

oO 
0 

0 
0 

0 
0 
0 

0 
0 
0 
0 

8 
0 

0 

oO 



•• • 

• •• 

I OCl 

~ ,. (j ~-. ' 



Cc) Component side 

. ,.,.,,,..._/, 

•• ~ • • • • 
• • 

• • • • • • ---- • • • • • --• • -- -- • -- • -·- • -- - -- • --• - -• -- • • - • • • - - • I • • • - • • • • I • -• • • • • • • • --- • • • • -• • • • • -- -- • • - - •• -- • -- --• • --• • -- -- -- -- • • • ·- - • • -- • • • • • • .. 
• •• .:.iJ 

\ D I 



2 . Pc b layouts for a ud i o ind i c ator 

00 
0 

0 
00 

( .a ~ S i lk side 

DO 

0 

DO 

00 

A-4" 0 

Do 
~Qro o 
0 0 

0--C:.1 -o 0 Ca 
000000000000000000000000 a'{! 0 8 
888888888888888888888888 ° 
00~000000000000 

888888000888888888888888 

I D'Z... 

8c;, 
0 

00 



ib) Solde r side 

•• • 

• •• 

• ••••••••••••••••••••••• 111111111111111111111111 

111111111111111111111111 • ••••••••••••••••••••••• 



\c) Compon ent side 

•• .==l • 
• • • • - • - • • - • • • • - • 

• 

·I • • -- ---- --• •• • -• -• • • • -- --• • • -- --• • -- --• •• • • -- --• • • • • • • • • • • • -- • • • • • -- • • • • -- • • • • • -- • • • • • • • • • • • • • • • • • • 
- - •••••••••••••••••••••••• • •••••••••••••••••••••••• •••••••••••••••••••••••• 

• -- -- •••••••••••••••••••••••• .. :I • •••••••••••••••••••••••• •• • ••••••••••••••••••••••• 



3. Pcb layouts for carrier signal generator 

(.:i) Silk side 
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(c) Component side 
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FEATURES 

• Linear current output 1,.AJ°K 
• Wide range: - 55°C to + 150"C 
• Two-lemilnal device: Voltage In/current out 
• Laser trimmed to :t 0.5"C calibration accuracy 

(AD590M) 
• Excellent linearity: :t: Cl.S°C over lull range (AD590M) 
• Wide pcwer supply range . • 4V lo + 30V 
• Sensor Isolation from case 
• Lowcost 

GENERAL DESCRIPTION 

The A0590 Is an lntegrate<klrcult temperature transducer 
which produces an output current proportional to absolute 
temperature. The device acts as a high impedance conslanl 
current regulator, passing 1,.A 1·K for supply voltages be· 
tween + 1.v and + 30V. Laser trimming of tho chip·s thin film 
resistors is used to calibrate the devica to 298.2,.A outpul at 
298.2.K ( + 2s•q. 

The A0590 should be used in any temperature·sensing appli· 
cation between - ss·c and + 1so•c (O•c and 1o·c for T0·92J 

SCHEMATIC DIAGRAM 

I. 

. 
il'I wntch conventlona·1 electr1ca! ten-:P11fil 
currontly employed. The l"lherent low cost o ~ 
Integrated circuit combined with the ellml · 
circuitry makes the A0590 an attractive alt 
temperature measurement situations. 
cultry, precision voltage amplifiers. res·rwl!IC~§ii 
circu1lly and cold·junction compensation a19 
apptyino the A0590. In the simplest applicat 
power source and any voltmeter can be used; 
temperature. · 

PIN CONFIGURATIONS 

p 
·' '. j1 :. 

,, It 
,/ ;; 
'/ /j 

c 'J 
C•SC " I Ii -

\\ 
,\ 

\. 

ORDERING INFORMATION 
NON·LINEARITY T0·52 CERAMIC T0-92 I 

10·52 and Ceramic Package 
Operate - 55"C 10 + 150"C 
T0·92: 
Opera le o·c 10 .. 1o·c 

("Cl 

: 3.0 

::. 1 ~ 

: 0 .8 

: c. 
'0 ~ 
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PACKAGE 

A05901H 

A0590JH 

A0590KH 

A0590LH 

A0590MH 

PACKAGE PACKAGE 

A0590tF A05901ZP 

A0590JF A0590JZI" i 
A0590KF A0590KZR I 
A0590LF -
A0590MF - ; 



LAL.I"'~ -
~j.ssoLUTE MAXIMUM RATINGS fTA .. + :r..·cuntna 011>orw11e no1e<11 . .. ,...,. 

fJ ,rc:tVol!:>gefV + tov-) ..... ............... .+ 4-CV AatedPerfocmanr..e Temoerature Range -· ----
~evonage(V + tov-1 ...... . ...... ........ -2<JV T<>-92.. .... . . . . .... ....... o•cto + ro·c 
· kdo"'" Voltaoe!CHe '°v • orv-1 ....... .. :t 200\' TO-!l:l Ceotmtc .. -55-Cto + 1so·c :;,ge Temperalure Ranot . . . . . -65•Cto + 175-C LeadT~pe<atureCSoioen1'Q. 10~ ... +300•c 

,.,st> ,~ovc thou /lstec1 unc1er .. Absolute Mu/mum R•trngs ·• m•y cauu perm•nent damage to the device. TM>e •r• atreu r•llngs only 
~, tu•CI" .,,,,,operation of the device at these or eny of~ conc1rt1ons •bore those Indicated"' the o~r•t1on•t 1ectlon1 ol th• 1p.clf1ce 
;:., ,1 .a• ompl1ed. E>posure to •b•olute murmum retrng condrtrons for utr:nded pr:11ods m•y •fleet d .. lc• nllablllty 

SPECIFICATIONS (Typical •alues al TA z + 25·c. v• = 5V unless olherw1se noledl 

CHARACTERISTICS AD5901 AD590J AD590K AD590l AD590M UNITS 

..-
outoul 

Nom•nal Oulpul Current 798.2 298 2 298 2 296 2 298.2 •"' 
ti • 25'C (298 2°K} 

! Norn·r+al Temperatute 1.0 10 10 '0 1.0 •AJ•K 

Cct-ff1c1ent 

r (a1t111a11un Error :r10.0mu ~ 5.0 ma• '2 5 ma> '!: 1 0 maJ :r0.5mu ·c 

I ~ • 25' C (Notes} 
I 
r l.t>SC!ule Error 

i - 55'C 10 + 150'Cl 
I Wllhout Ex1ernal :t 20.0 max ~ 10.0 maa '5.5 ma. '3 0 maa i: 1.7 ma) ·c 
! Callt>ration Adjus1~en1 
' With Extern al Calibration 15 8 max :::3.0 max :t 2.0 ma• t 1 6 m~• ~1.0maa ·c 

i 
Ad1uslmenl 

I Non·L1neerlly _:t3.0 mu :t1.5mu :t0.8mu ~ 0 .4 max :t0.3ma1 ·c 
Repealat>illty (Nole 2} :t0.1 max :1:0.1 mu :::0.1 max :::01 max :t.O.t max ·c 

I .oo~ Term Drift (Nole 3) :t0.1 max :t 0.1 max :t 0 1 max :::01 max :r0.1mu •cimonth 
I 

Cu .. rn1 Noise 40 40 40 • C 40 
,-

pAhJHZ 

Pv,.e• Supply Rejection 

I 
• 4 < V .. < + 5V 0.5 

I 
0.5 05 OS 0.5 •AIV 

• S< V + < + 15V 0.2 0.2 0.2 02 0.2 , AN 

• ISV -:c V + < + 30V 0.1 0 I 0 t 0 I O.t .A;\· 

Case l solal ion to Eilher Lead 1010 10'' 1010 1010 1010 II 

I 
Elltel•ve Shunt Capacilance 100 100 100 100 100 pF 

I f1e.:1rocal Tu1n·On Time (Nole I ) 20 20 20 20 20 ,s 
' 
I 

Rt:·!rse Bias Leakage Curu:nr 10 10 tO •C tO pA I 

i tN'l:t 4 ~ 

I 
Po .. er Supply Range + 4 to .. 30 .,. 4 to +JO + 4 to •JO .... 10 .. 30 .. 4 lo + 30 v 

l 

Ho1u 1. Ooos not l~ch .. Je sell !'>eating ellects. 

2. Maximum devialion t>elween + 25'C reading a lier lemperature cyclin~ oetween - 55' C ana .. t50'C(0°C and 1o·c torT0-92). 

3. Condillons: Constanl + !>V, constanl + 1~5:c . 

4. Leakage current dout>les ever} .. tO'C. 

5. Mechan•cal s1ra;n on oackage (especially T0·92) may d•Slu•t> callt>ration ol devoce 
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~ IRF430 • 
: ~ IRF830 • 

IRF431 
IRF831 

• 
• 

IRF432 • 
IRF832 • 

IRF433 
IRF833 H 

S iliconix 
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• Cl() 
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>O 
) <'? 
t Cl() 
- u.. 
c:: 0:: 

500V MOsP0WeR0
ment Mode 

These power FETs are designed especially for offline switch111g regulators, converters, 
solenoid and .relay drivers. 

FEATURES 
• High Voltage 
• No Second Breakdown 
• High Input Impedance 
• Internal Drain-Source Diode 
• Very Rugged: Excellent SOA 
• Extremely Fast Switching 

BENEFITS 
• Reduced Component Count 
·• - Improved Performance 
• Simpler Designs 
• Improved Rellablllty 

Product Summary 
Part BVoss 1DS(ON) la Package 

Number 

IRF-430 SOOV 
1.50 4.5A 

IRF431 -450V 
T0·3 

IRF432 SOOV 
2.00 4A 

IRF433 -450V 

IRF830 SOOV 

450V 
1.50 -4.5A 

IRF831 
T0·220AB 

IRF832 soov 
IRF833 -450V 

2.00 -4A 

ABSOLUTE MAXIMUM RATINGS (Tc= 25°C unless otherwise noted) 
Draln.SOurce Voltage 

IRF430, 432, Sj(), 832 . . • . . . . . . . . . . . ... .. . . ... ... . SOOV 
IRF-431, -433, 831, 833 . . • . .••.•.... ••.. .. . . • . .. . . 450V 

Drain-Gate Voltage 
IRF430, 432, 830,832 .. .. . . . . . • . • • .... SOOV 
IRF431, 433, 831, 833 .. ... . . . . . . . • , . .. .... . 450V 

Continuous Drain Currant, Tc• 2s•c1 
IRF430, 431, 830, 831 . . .. . ....... . ... . .... . ..... . :t: -4.5A 
IRF432,433,832,833 .. ....... . . . .. . ... ... ... . . . . . . :t:-4A 

KAGE DIMENSIONS 

0 11' llfAJI 
IJ 4 ]'9, 

L , · 

OMO ~J_ 
O"QO llO~J 

PIN 1 - Gate 
PIN 2 - Source 
CASE - Drain 

017' ~ "'''' t- ,,,,,,,-f Ol'SO ii.HI 

I """ l___J 

I I I I 
, , 0911 t ,~;;:, 
t0 '6JJ M I N 

,:;~, w.a..x 
801H (HOS 

0 , ,, f,1 ()1/'<J 

;-,;; iJu~1 

T0·204AA (T0·3) 

Pulsed Drain Current? ••. • .. . ••.. • ..••. . • . . ........ • :t: 18A 

Gat•Source Voltage . . .... . . . .. ..... . .. ... • . .. ... • :t:-40V 

Maximum Power Dissipat ion . ..... . . .. . . .... . ... .. .. . 75W 
Linear Deratlng Factor •. .• ••.. . •. . . . •..... .... 0.6 W/"C 

Operating and Storage Temperature . .. . .•... . - 55 to 150"C 

Not ea: 
1. l imited by package dissipat ion. 
2. Pulse test - 80,.s to 300,.s, 1 % duty cycle . 

PIN 1 - Gate 
PIN 2 & TAB - Drain T0·220 AB 
PIN 3 - Source 

2-28 Siliconix 

I 
I 

I 
I 
I 
I 

I 

I 

\ 
i 

I 
I 
I 

I 
l 



ELECTRICAL CHARACTERISTICS (Tc= 2scc unless otherwise noted) 

P1r1meler P•rt Min Mu , Unit Tut Condltlon1 Number 

Stille 

IAF430, 2 
IRFBJO, 2 

500 

BVoss Draln·Source Breakdown v V GS "'0, lo"' 250,.A 
IRF431, 3 
IRF831, 3 

450 

Vos""' Gate Threshold Voltage All 2 4 Vos• V0 s. lo• 1 mA 

loss Gate-Body Leakage All ::1:100 nA Vos• ::1:20V, Vos•O 

loss Zero Gate Voltage Drain Current All 
0 .25 Vos= Rated Vos. Vos= o 

mA 
1.0 Vos• Rated Vos, Vos•O, Tc• 125'C 

IRF430, 1 4.5 

IO(onl On-State Drain Current 
IRF830, 1 

Vos• 25V, Vos• 10V (Note 1) A 
IRF431, 3 

4.0 
IRF831, 3 

IRF430, 1 1.5 
Static Drain-Source On-State IAF830, 1 . ' 

0 Vas• 10V, 10 "' 2.5A (Note 1) ro$(on) Reals lance IRF432, 3 
2.0 

IRF832,3 

Oyn1mlc I 

Ota Forward Transconductance All 2.5 s Vos= 100V, 10 "'2.5A (Note 1) 

C1u Input Capacitance 800 

Con Output Capacitance All 200 pF Vcs=O, Vos=25V, '= 1 MHz 

Cru Reverse Transler Capacitance 60 

td(on) Turn-On Delay Time All 30 

t, Rise Time All 30 V00 •200V, 10=2.5A, RL =SOQ, Ag= 100 ns 
locotQ Turn-Off Delay Time All 55 (Fig. 1) 

'• Fall Time All 30 

Or1ln·Source Diode Cha'8clerl1tlc1 

Typ 

Vso Forward On Voltage All -1.2 v Is"' -4.5A v GS= 0 (Note 1) 

t,. Reverse Recovery Time All 400 ns 

Nole: Relor lo VNDA50 Design Curvu (See Section l) 
1. Pulse test: 80 ,s- 300 ,s, 1% duty cycle. 

TEST CIRCUITS 

FIGUR 
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L.!l~ - - - - - _J 
Cs< 50 pF 

FIGURE 2 JEDEC Re.,.....e Recovery Circuit 
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Gcnoral DescrlpHon 
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'"""''''on f1V"" -!-s•c to • 12s•c ..,,d ,, ~-=k~ in 
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.. ..,,. 
~. 

4" ~GA~::>------·-~ --

I 
•1v·---~~~~~-1 . ... ~ 

.I 
··~·1 
·~1-.., 

_ .. , .. , ,I 

·h•-

.. 

0 

,.,_. 

I ... .... 
_...,,.,., .. 
........ 
-·----

~k>Qord in tiV...r • hnmotoc: 16-lud 011' UI Of 

. 16~od moldt-d OIP (NI. 

Features 
• Con\pl"'!tc IWM °'°""' ' ,oncrol ci1w1t1y 

• f•Niv•ncv .Oiull•bl• lo O'UIH "'"" 100 ltHt 
• ~ fttWC"ncv 1ub11ity _...tth t•""'1Cr•tut1 

• l oul QU•f'loet"I C\fH•nl ltu 1".,, 10 mA 

• Ou1l 1ht'•n1t1~ o•tput 1witchc' fQI both pu"' pull 

or •i"9't-41t\dtd aopli<.,tiOfU 

• Currt n t limit v.-. pC1f 1tr prOtrf' •dH ••1t'""' compt)l'Ml'n t 

pro1t<l•O."\ 

• On chip p1otf'Ct1on ~:n11 t11.cn 1•vt' j unct ion ttmpt"r 

1turt end output cu1nnt 

• SV. SO mA lirllfJt f99-Jlltut output ...,a i l•l.11~ t o uw-r 
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[-·- ~GC3f~ VOLTAGE 
G[=i~DGE CH~IVE~ 

14-P!N MOLDED DIP PACKAGE 

Gener~! Description 

Tlif: IR2110 is a monolithic high voltage and high 
'..'.;:i0t;d dual dfr;er with independent floaiing ;ail high 
:·!de and fixed rail low side referenced output chaff­
: :c:~. Ti1e device inputs ·are compalible v1ith slandard 
c::,os ou:puts or with LSTIL outpu:s using pu!!up 
r'.::Sis:or:,. U:1ique HVIC technology and circuit design 
E::·,;,~!c hi~1 '1 speed and IO'I.' dissipatio;i translation of 
:~·,;:· lq)ic level inputs into corresponding low im­
:..,:: d:::~ce outµui sv:ings wi:h respect to t11e floe:t:ng 
~.:·d t!•e fixed suppiy rail. The flo2iing channel can 
i .. ; cc·r11igu; ccJ ;o cfr ive ;in n·C li<Jnnel r10 ::~r MOSrET 
.::. :. IG :.;I \":!~u~e> ~ourcc vo1;;ig~ i::; i.1p tc ~J)O ,·cit:: lrc- :"11 
. · 1 . !'.1?1;0 CO t'i"1 !nO~l p:n. 

·: ._ : ··~~: i ;Q i::; lyp!c;;ily us~d to drive t.i9t1 vo'.:cg:. 
::, :; . .. ; ; ,~ · r. ~Y::~·r r .. mSFETs or IGS:~- in ll;;lkri\:'91·. 

'· : . . :'. -'. X\'. < : :i or c'.;·,~: r ~o;.,o log!es. /11J;il.c«.';o; 1S i!1<.iu J·~ 

·. ··.c · .. ·· G 1-· ~'.·.-c : :_ ~r. ~.·h'? ~· . n-1otor r:~n! :c,1··. i: i :t · r~c::r s, 

~.·:· ~ ;L~!·a ~.!::~·~ : ~ 1c·:s ~:lcJ l1 i9h c ·; ; ._:- · ~=·~· 1 ': 1 ::. ~~ 

Fentures 

O SOOV rated floating supply offset voltage 

· t:3 10V/ns floating supply dv /dt immunity 

0 2A peak output current capabili:y per channel 

C 25ns. switd1ing ·time with 1000pf load 

a 100ns proj)agation delay time 

D 1 io 5 MHz maximum repetitive ra!e depcnd!ng 
on power dissipation 

I:! CfviOS Schmitt-triggered in[)uts 1·.'!tl1 hysteresis 

D 1 O to 20\1 output drive o;:ie r<:t:r:g vol!?.ge r .~nr.~ 

C iS:r.W tn::-:1 ciuic~ccnt f)Cll'.'(.' r d:s~:p2tion 1-.·i:~~ 1;;\i 

SL;pply 

U;1dcr·\·0ii <.'JC locl;oL:; 

--- ---------·-------- -- ·- -----, -
. ;· .. • _ic:·.! Conc,,o·c\ ic ·:• I 

- - ---- ------ : 
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//IR2110 

~ Absolute DC Ratings<D . 
(Reier to the Functionnl l31o-:k Oiaor;im section for the defin' is end rc lercncC',., ol till' pnrnmeters.) 

Max Symbol Parameters . Min 

Vs Ollsct Supply Voltage l -_---~----5-00----1-----~ 
Vas · Floating Supply Voltage -- - 0.5. 25 

>---v-H-0------;---H-ig_h_S_id_c_C.:.h-an_n_a_l_O_u_IP"' Voll.go--~ - • ·t=- · 0.5 _ __v_a_s_+_O_.!'i ___ ~ 

\ 1 CC Fixed Supply Vollagc - 0.5 25 
--.. -- -----~-------i 

VLQ Low Side Chnnncl Output Vollage - 0.5 Vee+ 0.5 
Voo Logic Supply Voltage . - ------r----o-.-5---...i----2-5----1 

Unit 

v 

V1N logic Input Voltage (HIN. LIN t. SD) - 0.5 Voo .. 0.5 

Recommended DC Operati'ng Conditions 

Symbol Parameters --r---,.ii~ --- Max Unit -~ 
. --

Vas . Floating Supply Voltage 10 20 
I . 

\'HQ High Side Channel Output Voltage 0 Va 

Vee Fixed Supply Voltage 

I 
10 20 

VLO 

I 
Low Side Channel Output Voltage .. 0 Vee v 

Voo Logic Supply Voltage _L -3--r \'H 
V11~ I Logic Input Vollage (HIN, LIN, SO) I 0 I voo 

I 

Vss ·I logic Supply Offset Voltage 

~'-- T 1 .0 I I -1 .0 .__ __ 
MCJximum Transient Conditions 

Symbol Parameters Max Unit 
-.., 

! 
f.-

dV[3Sldt Floating Sup:>ly St:irtup Transient~' 75 V/us 

dV5/dt Offset Supply Operating Tr<lnsirnt1" 10 V/ns 
----

Thc;m.::I Characteristics 
-,---------------------------· ----; ··-------..,- -----I 

. I Paro;;r.ctcrs l.lin Max • Un:1 
I ·---- --·· - --- - --'--- ·-

Packag~ Power Oissir:;ition ~-,. TA. < = 2S e __ _ - ____ : __ -~X ! ___ ':1~·~· 
Thermal Rcsist;,nce, Jur.ction to Amti•C'nl - ! 70 1 Cf<> 

Srmbol 

:--T--- ·----:----------- - ----------·---.. -·-
,Jr. .. :r. I Maximum Junction Tempcr;itt:rc 1 

~---- ·------ ...&.---- - - -~- ·-·--

--- . -----· --- ---
1 150 I 

. __ !_ __ _ .,_ --- - - ·· . 
Ts ' Stor<igc Tempcrah?re i 

---- - - ----'. 
I 1:;0 : 

---------- - - ·--· --
1· L Le:nd Tcmperalure (~older mg, 10 !:!'con:.!~) 

T· 
" Cpcr2ti;ig Ambient Tcmpcr?.luic . . ;(l 125 __ __,_ ___ _ 

Static Electric2I Characteristics@ 
<Vee= \'Gs= Voe= 15\!, COM = Vss = ov and TA = 25°C unl.:.•ss o:t.rrw1sc s;icc::;to) 

v 

:: l' 
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