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Abstract

Closed chest catheter ablation is ane af the surgical
interventions for removing discrders in conduction pathuwsys in the
endocardium. The aim aof this project is toc deveiop & system for
() delivering regulated paower ta the surgical site, {(b)
monitoring endocardium surface electrograms before and aatter the
ablatian, and (c) monitoring electrode—tissue intertace

temperature faor controlling the lesicn size created by sblaticn.

The core af ;he svstem is & power modulator with cutput power of
58 W. A carrier frequency of 588 kHz is amplitude modulated to
provide wavefarms for three different surgical activities nameliy:
cut, coagulation and blending. The modulating waveforms a&are
génerated through a L/A port of & PC add—on data acquisition card.
The ocutput orf this power modulator is monitored and three
different tones are generated for facilitating in identiticstion
of the different activities. For finding cut the exact s=site of
abiation, the endocardium electrogram amplitied by an ECHG
amplifier is sampled through A/D port af the datzs acquisition card
and monitored on the FPC screen. Electrode—tissue interface
temperature is moﬁitar@d through & temperature sensgr AD 528 and
A/D part of the data acquisition card. This temperature can be
used to centrol the power delivered toc the ablation site and
thereby to contral the size of lesicen created. A switched mode
powsr supply has alsc been developed as required for the power
modulatar. The power maodulator cutput is isclated fraom the system

graund through & 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 intoc the peripheries. It
is also, responsible for removing wastes like carbon dioxide from
the different body parts. This spontanecus and self-sustaining
pumping action of the heart is because, it has a special system:

1. for generating rhythmical electrical impulses, spontaneocusly,
leading to rhythmical contraction of the heart muscle, and
2. for conducting these impulses rapidly throughout the heart
resulting in co-ordinated contraction of the myocardium.
This rhythmical., conduction system of the heart i= susceptible to
damage by heart disease,  especially 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

65070 beats per minute. Fig.1i.1. illustrates the excitatory

and conductive system of the heart that controls these cardiac

contractions. The figure shows:

A. the 5-A node i, which the normal rhythmic self-excitatory
impulse is generated,

B. the inter-nodzsl pathways that conduct the impulse from S5-A
node to A-Y node,

C. the bundle of HIS5; which conducts the impulse from atria into
the ventricles, and

D, the left and right bundles of Furkinje fibers, which conduct

the cardiac impuise to all parts of the ventricles [1].




Normally, following excitation of cardiac muscle, there is
a relaxation phase, until a new signal begins in the 5-& node.
However, under certain situations like infarction in the
myccardium, this normal sequence of events does not occur.
Instead, the cardiac impulse sometimes circulates in  the cardiac
muscle without stopping. This is the phenomencon 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 5-A node. This
is a totally abnormal situation, and can cause very SseBrious
cardiac arrhythmias, including ventricular arrhythmias, 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 t33. However,
approximately 25 percent of patients can not be cured through drug
therapy., or develop unaccep'able side effects [Z]. 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, alt
possible sites of arrhythmogenicity are electrically icsolated,
from surrounding healthy tissue. For that after opening the
ventricle, a perpendicular incision is made inn  the endocardium
along the entire outer limit of the endocardi. . fibrosis., thus
separating infarcted tissue from healthy tissue. However this
technigque is invasive, risky and may generate more side effects,
if incision made is not of proper size. The closed chest cardiac
catheter ablation is an useful alternative for encircling
ventriculotomy. In which radio fregquency current is used for the
destruction of the arrhythmogenic biological tissue. This

technique can be used for ablation of accessory pathways, created

I




by infarction in endocardium, in close proximity to critical

structures like the AV node or HIS bundles.

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
atrio-ventricular cavities, under fluroscopic guidance ([41. 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. Kadio
frequency energy 1is 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 wvariability of the size of the
ablation lesion at & given energy setting, production of a
pressure wave, and incapability of the catheter to withstand high
voltages and currente [(53. By the uwvse of radic freguency
alternating current, most of these limitations can be avoided. The
radio freguency energy can be supplied through a standard
electrosurgical vnit. The ablation causes myocardial injury by
direct electrical tissue heating as well as by passive heating of

contiguous tissue.

Before performing this ablation process, one ha=s to find
out the correct site to ke ablated. By ensuring that the ablation
is localized to the precise area where arrhythmia arises, we can
destroy the area complietely. Unipolar electrograms derived from
the tip electrode at the ablation site can be useful for this
purpose. Close contact between the ablation elecirocde and ablation

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

high rate of rise of the unipolar electrogram wvoltage, and




appearance of ST segment elevation in this electrograms [3]. Fig.
1.2 shows the difference between the electrograms derived from

normal tissue and arrhythmogenic taissue.

The ablation done by radico 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 tuwrn depends on the radio fregquency powsr and time Ffor

which it has been supplied. Alsc, 1t has been observed during
radic frequency ablation, Hat if temperature =it the
electrode—tissue interface increases to more than 100°C  then % o

will result in boiling of blood plasma and adherence of dgenatured
plasma proteins to the electrodes. This can be seen by the
formation of coagulant and thrombusz on the electrode surftace as
well as occasional adherent on tissue on catheter removal.
Coincident with these, a sudden rise in electrical impedance ard
resultant rapid deciine in radio freguency current alsoc is
observed [5] which is shown in Fig.1.3. The temperature of the
electrode—tissus interface has to be controlled for avoiding any

cside effectes.
1.2 OBIECTIVE

A typical experimental set—up for the cardiac ablation
process is illustrated in Fig. 1.4. The overall operation of the
system proposed is as follows:

A. Cardiac catheterization — the catheter having tip electrodes
is introduced in the vein and advanced to the endo—cardial
region. under fluroscopic guidance.

B. Identification of the site for ablation through measurement of
endo—cardial electrograms.

C. Having identified the region of ablation., the radio freguency




ENSrgy is Supplied through the power modulator
telectrosurgical unit) which ablates the region by .Creating
lesions.

D. Monitoring of the electrode tissue interface temperature
dufing stimulation for controlling lesion size by regulating
the radio frequency power supplied to +the ablation =site

through a temperature feedback system.

The aim of this project is

’g_—,

To develop a system {(Electrosurgical Unit) capabie
applving radio frequency Eneréy for closed chest Catheter
ablation.

{b) To provide the ability to dotermine the exact =ite for
ablation using electrograms and post—ablation monitoring of
these electrograms as a measure of the efficiency of the
ablation.

{c) To Monitor and control electrode—tissue temperature for

limiting lesion size.

The implementation of the system for the closed chest
catheter ablation has been divided into following modules:
1. Computer controlled POwer modulator (Electrosurgical Unit).

2. Power modulator output monitoring.

.

- Interface circuitry Ffor data acquisition from catheter

electrodes for monitoring electrograms.

4. Electrode tissue interface temperature monitoring and feedback
control of radio frequency power supplied from the electro
surgical unit.

3. Software development (data acquisition, generation of

modulating signals, controlling of radic frequency power ,

on—line electrogram display on monitor, timer setting and

indicating arrangement, feedback program for control of




temperature).

&. Modulator power supply.
1.3 OUTLINE OF THE REPORT

Chapter 2 discusses the functioning of the electro
surgical unit {(computer controlled power modulator) along with the
carrier signal generator and gate drive circuits. Test results are

also discussed.

3 presents output monitoring circuits. which

f
incliude the =lectro surgical output monitoring, electrograms and

temperature monitoring at the ablation site.
Software Ffor generating modulating signals and
monitoring electrograms and temperature is discussed in the

Chapter 4.

Chapter 5 discusses the high wvoltage d.c. power supply

required for the power modulator.

The last chapter presents the summary of this proj=sct

and also proposes the suggestions for future work.
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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
electrosurgical unit. It provides radio frequerncy current to
generate heat in tissues either by direct application of power to
the electrodes in the body or by striking an electric arc. Ey
using appropriate techniques, the rf current can be used to eut
tissue and coagulate blood vessels, and thus replaces the
conventional scalpel in many surgical applications. This chapter
will introduce the power modulator {electrosurgical unit). The

design aspects of basic functional circuits of a particular s=o

‘state power modulator are also presented here. The ocutput

moniitoring for different surgical activities of the power

madulator is discussed in the next chapter.

2.2 POWER MODULATOR

Electrosurgery uses radio frequency {(power) in the rangs of
100 kHz - 10 MHz [2]. This frequency range is selected to aveid
intense muscle activity and the electrocution hazard which occocurs
if lower frequencies are employed. The action of surgical
disthermy machine depends on the heating effect generated By
radio—frequency power which is delivered to tre patient’'s body.
The high freguency current flows through the sharp edge of a wire
loop, or bent ioop, or through the point of a needle into tissus,

which is ultimately responsible for a very high current density at

the delivery point [Z2]. This point is kept in contact 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 tofn
apart due to boiling of the cell fluid. The return path of this
high freguency current is througt a reference electrode, which
establishes a large contact area with the patient so that the
return radioc frequency current develops very little heat at tHis
electrode. Fig. 2.1 shows the set up for electro-surgery. n
typical electrosurgical unit can generate different types of
waveforms namely cut, coagulate and blend, depending upon the

application.

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 ([&].
The waveforms for the above mentioned activities are shown in the
Fig. 2.2. The waveform for cut activity is purely a sinusoidal
waveform, and can be obtained by modulating the sinusoidal carrier
by a constant ievel modulating signal. The waveform Tor
coagulation is repeated sinusocidal pulses. It can be obtained by
modulating the carrier with a sinusoidal burst of repeated
freguency fm. The waveform for blending is the combination of cut
and coagulation. The modulating signal for it is the sinusoidal
burst with the additional dc superimposed on At Hence,
effectively, the electrosurgical unit generates different

amplitude modulated waveforms with power amplification.

From surveying the data sheets and relevant literature
we have decided the specifications of the power modulator, to be
developed in this project. These are as follow:

1.0utput power 50 W.
2.0utput voltage 500 ¥ P_P-




r

i Z.Frequency of output signal should be 500 kHz.

4.Capable of three different surgical activities, namely:

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

S.0utput should be isolated from earth. . |

2.2.1 Circuit of the power modulator

In this wunit, the variocus cutput waveforms are generated '
by modulating a S00 kHz sinuspidal carrier with appropriate '
modulating waveforms. The necessary output power could have been
obtained either by using a modulator foliowed by power amplifier
or by using power modulateor. In the first case the power amplifier
required will have to be biased for amplifying alli the freguency
components of the modulated signal. Soc, we can not use class C or

upper class power amplifier, which have higher power efficiency.

Hence., we have decided to use a power modulator.

The circuit diagram for the power modulator is shown in
Fig. 2.3 [4]. Here a BJT is cascoded with a MOSFET. The carrier
signal is applied at the gate of the MOSFET. 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 the
Carrier freguency (i.e. pulse repetition rate of the gate drive}.
The G-factor of this resonance circuit is adjusted in such a way
that it can pass signal of frequency range fc o fm, where fE i=
carrier frequency and fm is modulating signal frequency. Here the
output power can be cuntrnllgd through cohitrolling the base
voltage of BJT. Thus by this ciréuit, 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




of MOSFET gate drive circuit, and (b) availability of the MOSFET
at the required ratings. The circuit diagram for the power
modulator is shown in Fig.2.4. Here an n—-channel enhancement type
power MOSFET is cascoded with another n—channel 'nhancement type
MOSFET. The lower transistor Gi is used as a switch, which
controls the total conduction time of upper transistor GZ. This is
used as the power controlling device, since the outpu: power can
be controlled through its gate voltage. The gate voltage of Qi is
a pulsatile waveform whose pulse repetition rate 1is the carrier
frequency of the final modulated signal. By varying the duty cycle
of this waveform the total conduction period of both the

transistors can be varied.

A tank circuit is used at the drain of Gz. It is tuned
at the fundamental frequency of the carrier. The high Treguency
transformer of the tank circuit acts as a power transfer device to
the load connected at its secondary. It alsc provides isclation
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 Gz prevents negative volts 2
on the drain of Gz. The gate signail for GZ is derived from a
digital—-to—analog port of a data acquisition card with the help of

a computer.

As stated earlier, our aim 1is to design the power
modulator which can give the output power of S0 W at 500 kHz
frequency, with peak to peak voltage as 300 V. This power is
applied to the patient’'s body through active electrode. The
impedance observed between active electrode and reference
electrode is approximately 200 @, if the temperature ot
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 T1 is 0.5 A.

10




The primary—to—secondary ratio of the isolation transformer used
is 1:1. Therefore, same amount of current will flow tihrough the
primary of Tn' This current also will flow through both the
switching devices Gz and GZ, and diode Di. Maximum dc voltage
applied to the power modulator is 250 V. Therefore, the maximum
blocking voltage across both the switching devices Gi and GZ, and
diede D 1is 250 V. Also the frequency of operation is 500 kH=z,
both G’, Gz selected are high speed., higher current capacity. and
high voltage capacity n—channel power MOSFETs. Gi is of type
iRFB830, and GZ is of type K1337. The data sheets of both Gi and Uz
are shown in the Appendix D. Here, it should be noted that as Gl
is acting as a switch i1t should be of switching type MOSFET and Gz
is acting as power amplifier, it should have sufficient power
handling capacity. Also. the output power is directly controlled
through the gate voltage of Gz' So, for lowering the voltage level
of this gate voltage Gz must have low limit of threshold wvoltage.
The diocde D1 is of type BY26C and have ratings sufficiently higher
then required. The data sheet of which 1s also presented in

Appendix D.

The tank circuit is tuned at G500 kHz. Here the
inductance of the primary winding of the ispliation transformer is
approzimately 300 pyH. So, the capacitance C1 calculated Trom
formula f = 1/{(27 L C1)1/2 is 337 pF. The capacitance C1 selected

should have working voltage more then 500 V. We have used C = 3350
;&

pF with 680 ¥ working wvoltage.

The design of high freguency transformer reguired Tor

tank circuit is given in the Appendix A.

1x




2.2.2 Analysis of the power modulator circuit

The Id vs Vds charactericstics for a n—channel
enhanc: ent type MOSFET are shown in Fig. 2.5 and Fig- 2.6 ¥
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 regions is determined by V 4 Vt or equivalently
9

Y =Y — V. Where V = gate threshold voltage.

ds gs t t

In the triode region, the Il VS Ugs characteristic, 1is shown

C

by

2
= ( e Wy = 2 ¢ 4
Id B [\Vgg VL)/dS 1/~Vd5] o I

where -V = N and ¥ <{V = N).
gs t ds gs t
In the pinch off region the current Id is constant Ffor a given
value of ¥ . This is also called as saturation region, and in
as
this region the current Id is given by
I1=1/2 B (V_~- V)°. (2:2)
d gs t
where V = VL and Vd = VL). This relation 1is shows: 1in Fig.
as s

gs
2.

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 of the Gz the total drain current
in the cascoded circuit can be controlied, and the power delivered

to the load can be controlled.

The tank circuit is driven by Gz. The resonance

frequency of the tank circuit is given by the equation




f=1/(2 m L 3%, The overall efficiency of the power modulator
depends on Rp. the effective parallel resistance of the tank
circuit, which in turn depends on R , the effective dynamic
resistance of the driver Gz- The dynamii resistance of the driver
depends o©On the class of operation. This class of operation
directly depends on the total conduction periecd of the driver
MOSFET which can be controlled through the tOh period of the gate
waveform of the lower HMOSFET G‘. For achieving higher efficiency
t period of this gate waveform should be minimum. But as we go
agndecreasing the tOh period the more and more harmonics will be
presented at the output. For filtering out these harmonics the
G—factor of tank circuit should be high encugh. Which 1in turn
causes problem in tuning the resonance circuit. So we have to
trade off between efficiency and the tuning difficulty - of

resopnance circuit, and accordingly t of the gate waveform of
o

n
lower MOSFET 91 has to be selected.
2.3.1 Circuit of the carrier signal generator

For generating the pulsatile waveform Tor the gate wvoltage
of D1 the circuit shown in Fig.2.7 is used [8]1. Here the praimciple
of positive feedback is used. The LWM3E? i= & high speed guad
comparator IC. The capacitor of value 120 pF 1= connected betwesn
the inverting terminal of LM339 and ground. The separate charging
and discharging path 1is provided through dicdes and variable
resistors. One path, through R‘ and D1 will charge the capacitor
and the other path, R5 and D2 will discharge the capacitor. The
charging time constant will decide the toﬁ time where as
discharging time constant will decide the toﬁrtime of the pulsed
waveform. The 15kQ resistance at the output is a pull—-up resistor.

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

Rx’ Rz and Ra' The value of all these three resistances is chosen




to be 560 KQ. Two Schmitt inverters are used at the output for

proper wave shaping.
2.3.2 Analysis of the carrier signal generator circuit

To analyze this circuit assume that the output is
initially high. For this to be true, the voltage at the negative
input must be less than the voltage at the positive input.
Therefore, capacitor C: is discharged. The voltage at the positive

input is given by

W7 Ff

i ol
V. = {23

R+(F§||R)

2 1
it B =R zﬂa‘ then
Y =2 % J5. (2.43
b cc

Capacitor Ci will charge up through R4 so that when it has charges
up to a value egqual to Vy + the comparator output will switch.
With the output UD = BND, the vaiue ~¥ V., 1is reduced by. the

hysteresis network to a value given by:

Y { Rzgl R3)

25
VV 55 SO { 3
R +{R | |R)
1 2 3
Vv - Y £ Fs ({2.56)
H cc

Therefore the charging time and discharging time equations for

Vy are given as,

Vy = Vmax ( 1 — e } During charging.

(2.7)




— gy

Vy = Vmax e During discharge.
(2.8
ssuming comparator can switch between gnd and +V and
€6

considering the diode draop:

L T
Vma 2ES {\cc Vbe) {(2.9)
—tanR4C
therefore 1 /(21 -V, )l =e ' and {2.10)
~toff/R_C,
- » n?l —r LY - t=d rl.ﬂ_
1.5 2%k vbe)] = 3 {2.11)
therefore ton = REC In E 2{(1-V. 13 (2.32)
4 1 be
and
toff = RC In [ Z2{1-¥. )1. (2:.13)
5 2 be
2.4 GATE DRIVE CIRCUIT FOR THE POWER MODULATOR
The MOSFET is essentially a voltage — controlled device.

A voltage of specified limits must be applisd between gate and
source in order to produce a current Fflow in  the drain.The
threshold voitage of the upper MOSFET Dz 5 O N By TforF
controiling the drain current of Gz and =so the controlling of
output power it required to have a gate signal of level more then
& V. We have decided to derive this gate signal from the the

digital-to—-analog port of data acguisition add_on card. The
maximum signal level available from this port is 5 V. Hence, for
getting require volitage ievel, the amplification of this wvoltage
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.
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Also, since the gate terminal of the MOSFET is electrically
isolated from the source by a silicon oxide layer, only a small
leakage current flows from the applied voltage source into the
gate. However, for effecbive switehing wof the MOSFET at 15
necessary to deliver sufficient current to charge the input
capacitor in the desired time. This 1is accomplished simply by
having an emitter follower before applying the signal to the gate

af el .
2
2.5 POWER SUPPLY REGUIREMENT

As the output power reguirement for the power modtulator
developed is 50 W maximum, it is necessary to have a power supply
of higher wattage rating. Also the voltage level of ocutput is 500
V peak—to—peak and the transformer primary to secondary tuwrn 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 remains SU3 V.
So. if the dc supply to the tank circuit and so to the power
modulator is kept at least at 250 V., then the voltage at the
primary can switch betwesn 250 V above and 250 V below from the
average level of 250 V, which is a supply voltage. Here, we have
neglected the ac losses across the switching devices, during their
on time. Hence it is necessary to have a 250 V dc power supply for
power modulator. Alsco the maximum load current is 0.5 &, we have
decided te have a dc power supply of 250 ¥ and 6.5 &, output. The
maximuem power output is hence 12% W. The design and description of

this power supply is presented in the chapter 5.

Both the gate drive circuit and carrier signal generator

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

reguires the +146 V supply.




2.6 TEST RESULTS AND DISCUSSION

The actual waveforms at the secondary of the
transformers are shown in the Fig. 2.i0 to Fig. 2.i53. Fig. 2.10
and Fig. 2.11 are waveforms reguired for cutting in no load and
load conditions respectively. Similarly Fig. 2.12 viad - Fafs AT
are waveforms for coagulation and Fig. 2.14 and Fig. 2.15% are
waveforms required for blending in no load and load conditions

respectively. Load used here is a potato. The actual testing on

animal 1is also carried out.

From the waveforms 1t i1s ciear that when the load is
connected at the secondary, the output wvoltage wavetorm 15 not
remaining sinusoidal, and also peak to peak wvoltage level gets
reduced. This is because when load is connected the eqguivalent
impedance of tamk circuit will be changed, which in  tuwrn  changes
the G factor of the tank circuit, which in turn changes the wave-
shape of the output waveform. Also when the load is connected the
current will flow in the secondary. For counter balancing thas
{current) additional current will alsoc flow in the primarvy, which
will effectively change % , the dynamic resistance of the driver.
This aiso changes the O fictar of the tank circuit. Also the load
voltage is lower than the no 1load voltsge as some voltage 1s

dropped across Rg'

On the animal testing of this power modulator is carried
out and the cutting action is observed on it. The animal selected
was guinea—pig. The effect of cutting on guinea-pig was better
then that on potato. Coagulation and blending activities are also

observed on the potato. In the case of coaijulation the effect was

not prominent. The probable reason for that is voltage level may




ot be sufficient in the case of coagulation, when test 1

n

performed on the potato. In the case of blending the effect 1=
observed cn the potato. But it is very difficult to separate out

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

The ¥ vs V and V vs V plots are shown in the ity .

g2 nl g2 fl
5 46 and Fig.2.17 respectively. Both the plots show that output
voltage is directly proportional to gate voltage of upper MOSFET ,

and so the output power.




CHAPTER 3

OUTPUT MONITORING

3.1 INTRODUCTION

The output of the power modulator is essentially an
amplitude modulated waveform. Different modulated signals can  be
generated from the output of the power modulator, depending upon
the type of surgery to be performed. In our case three different
activities namely, cut, coagulation and blending are chosen and
accordingly three different waveforms are generated from the

ocutput of the power modulator.

For facilitating identification of each activity during
surgery, an audio tone is generated. It i=s 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 modulsating
signal is derived from the modulated output of the power
modulator, since it can also refliect the nonlinearity or improper
functioning of the output stage. The modulator output monitoring

circuit is built for monitoring the output of power modulator.

For determining the ablation site, the electrograms are
monitored. It can alsoc be useful in finding out the effectiveness
of ablation process, by post—ablation monitoring. The ECE

monitoring circuit is used for that purpose.

The electrode—tissue interface temperature has to e
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monitored for controlling the power delivered to the ablation

cite. For that temperature monitoring circuit is used.

In this chapter the design and description of each of
the three monitoring circuits are presented along with pOwWeEr
supply required for them. This will be followed by test results

for the same.

3.2 POWER MODULATOR OUTPUT MONITORING

A block diagram of the circuit for monitoring the
modulator ocutput is shown in Fig. o S, An additional secondary
winding on the transformer in the modulator tank cIFrcuiait (T1 i1
Fig. 2.1) is used for monitoring the modulator output. By using
the additiomnal secondsry,., the main ocutput, to be ussd for electro
surgery, remains 1solated from the monitoring circuzit. The
monitoring secondary winding is 1 turn onmly and gives an cutput of
25 V p_p when the modulator’'s main output is at 500 V  p_p. This
is attenuated to input signal level required for monitoring
circuitry. In the monitoring circuitry, first the modulating
signal is retrieved from the modulated envelope and is given to
the modulating signal detection circuit which detects one of the
three demcodulated signals or no—signal condition and generates one
of the four different possible ocutputs. The outputs 21’ Zz,aﬁd 23
corresponding to the three modulating envelopes of cut, blending
or coagulationm are used to select ome of the three different RC
time constants of audio tonme generator circuit, which in turn
generates one of the three audible tones of 1000 Hz, H0O Hz and
250 Hz respectively [2]. The output of the audio tone generator is

given to the speaker through power amplification stage. Control

signal 24 is used for resetting the output of +tone generator




circuit in no-signal condition and thus to ensure no output tone

for no input signal to monitoring circuit.

%.2.1 Demodulator

The circuit diagram of the demodulator is shown in  Fig.
Z.2. It is an envelop detector [7?]. A diode D: is placed in series
with the parallel combination of locad resistance R1 and capacitor
C . Followed by a first order low pass filter. Here the capacitor
will charge to the peak of each carrier cycle and discharge
through the resistance Ri. The RC time conmstant should be adjusted
such that locad voltage can change fast enough to follow the
modulation envelope. A laow pass filter made of Rz and Cz nas been

included for further eliminating the effect of carrier from the

demodulated output.
3.2.2 Audio indicator

Audic indicator detects the three different waveforms
namely cut, coagulation and blending coming out from the power
modulator. These waveforms are shown in Fig. 2.1. The waveform for
cut is constant level dc signal whereas the waveform for
coagulation is a sinusoidal burst of repetition rate of 10 kHz.The
waveform for blending is same as waveform for coagulation with dc
signal superimposed on it. For coagulation, the modulating
envelope change between O V to Vp. Thus, the minimum level for
coagulation waveform is at zero voltage level, whereas the
minimum level 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

& constant level dc signal which differs from other two by noc ac
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quantity in the waveform. This second fact can be used to detect
whether the waveform is cut or either coagulation or blending.
with consideration of both the differences we Can detect whsther
waveform is of cut., coagulation = Or blending. All  these three

waveforms have non—-zTerc average values. Thece fact can be used for

detecting the no—-signal condition. The circuit of audio indicator
is divided into two different parts: {a) Envelope detecting
circuit, and (b) Tone generator circuit. In this sub section both

the circuits are discussed.
{a) Envelope classifier circuit

The circuit for detecting trhe modulating envelop 1S
shown in Fig. 3.3- The output of the demodulator circuit 13
applied to the input of the comparator U1’ “hrough resistance o
Diodes D1 and D2 are the protection diodes connmected acro
inverting and noninverting terminals of the comparator Ui, wheres
as Diode D3 iz connected between the inverting terminal and
ground. The pull up resistance Rz iz connected between supply
voltage and open collector output of the comparator Ui. The output
of the comparator U1 is applied to the passive high p&ass Thod e
which is followed by an &.C. detector circuit. The passive high
pass filter is made up of the Capaciltor Ci and the resistance Rg.
The two transistors Gi and GZ are used in the a.c. detector

circuit. Here both the transistors are working &s the switches.

iected

i
iy
M

The value of the reaisﬁance ﬁ4 and the capacitor Cz are
cuch that the charging time of the capacitor Cz is wvery much
greater than the time periocd of input a.c. signal is presented &t
the base of the transistor Gl. So, when a.o. signal is presented

at the base of the transistor Gl during rhe OW time oOF the

transistor G1’ the capacitor Cz will be discharged through Lhe




transistor Q: and during OFF time of the trancsistor Gl, the
capacitor CZ will not be able to charge up to a level such that
the transistor Gz can turn on. Therefore. when an &a.c. signal
whose time period is less then time constant R4C2 r is presented
at the base of Q1 the tranmsistor Gz will not turn on and the
putput X will be at a high level. If the a.c. csignal 1is niot
presented at the base of the transistor G;’ the capacitor Cz will
get time to charge sufficiently to turmn on the transistor Qz and

output X will be at low level.

i

The output of the demodulator circuit is also applied to
€3

tor 24
3

= applied

m

the passive high pass filter, made up of the series cap
and the parallel resistance RG. This high pass filter 1

toc an a.c. detect circuit, whose ocutput is iabeled &s ¥ inm the

Both the ocutput X and Y are applied to the locgic
circuitry, which generate the three different ocutputse as per the
logic level of input X and Y. The logic circuit is made up of two
CMOS inverter and three CHMOS AND gates. The three different
outputs generated from this legic circuit is labeled as 21, 22,
and 23. The output 24 shown in figure is the output from averaging

filter, which is used here to detect no—-signal condition.

In the case of cutting and blending signals the output
of the comparator U1 will remain high at the level of the supply
voltage. Hence, there is no a.c. signal present at the input cof
the a.c. detector circuit. Therefore output X will remain a. a low
level, almost at the ground level. In the cese of the coagulating
signal, the output of the comparator will switch between supply

voltage and ground therefore the output of a.c. detector will




remain high, at the level of supply voltage.

Similarly the output ¥ of the second a.c. detector
circuit will remain at the low level for cutting and at he high
level for coagulating and blending. Depending upon the level of X
and ¥ one of the three outputs of the logic circuit will g high.
The levels of outputs 21’ Zz and Zs with different levels of X and

Y are shown in table below:

Input X ¥ : 7 2
waveforms 1l 2 3
Cut Low Low High Low Low
Elend Low High Low High Low
Coag High High Low Low High

{b) Tone generating circuit

The circuit for generating tone is shown in Fig 3.4.
Each of these three outputs 21’ 125 and 23 from envelope detecting
circuit is applied to the control pinse of the three different
analog switches. The inputs of these three analog switches aire
connected to the supply voltage and outputs are connected to pin 7
of U5 through three different resistances. The U5 is & LM S5% and
is used as an astable multivibrator. The freguency of the output
waveform of it can be controlled through selection of the
resistors R1o’ T I

X
14" 12°

Rio’ Rai’ and sz will decide the three different tones to we

R1a and the capacitors Cd. The resistors

generated. The freguency of tone generated is given by eguation




= s AR % 28K, ) E PR O

R =K or R or R .
where, 10 14 12

The selection of resistors Rxo or R11 ol sz in the astable

multivibrator circuitry will be decided by the three outputs 21,
Zz, and 23 of the envelope detecting circuit respectivels.
Finally the output of the tone generator circuit is applied tc a
speaker through power amplifier Gs' The volume can be controlled

by potentiometer Pi.

Outputs Zx’ Zz_and 23 from envelope detecting circuait
are applied to the tone generating cireuit. One of the three
analog switches will be turned on and one of the three resistors
Rxo’ R11 and sz will be selected. And therefore one of the thres
RC time constants of auwdioc tone generstor circuit will be sslected

and three different audible tones will be generated for three

different activities, cutting, coagulsting and blending. The table

below shows the output tone against the logic levels of output
R L 2. and 7 .
1 2 3 4
Zz Z zZ Z Output Tone
1 2 3 4
High L ow Low High Tone for Cut
Low High Low High Tene for EBlend
Low Low High High Tone for Coag
- i a4 Low No tone
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3.2.3 Test results
Separate testing of audic indicator was performed by
applying modulating signals from function generator. For each of
the activity namely: cut, coxg and blend., an appropriate
modulating signal is applied. In each case distinct tone is
heard. For each of the three cases the modulating signal should be
appropriate for proper audio output. The analysis Tor each
waveform for input range against possible output tone is presentsd

in table below:

TYFPES 0OF WAVEFORM SIGNAL LEVEL PUHSSIBLE BUTREUT
Mairi Max. TONE
Cut LT M = Tone Tor Cut
8 0. L et N Mo tone
Coag £ BaZ ¥ 72 Mgl N Tone for coag
b ) e S > a7 N tone for EBlend
o ey TN S BT A Mo tone
Bilend e R N > 1.8 W tone for EBlend
B AR tone for coag
+ min. level
(. i e LV tone for cut
e A TN No tone
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3.3 ECG MONITORING

When a depolarization wave transmits through the heart,

the electrical current flowing intc the heart tis=sues, spreads

all the way to the surface of the body [13. If electrodes are

placed on the body surface, electrical potential generated by the
heart can be recorded. The recording is krnown as the

electrocardiogram. By analy=zing this ECG, furre tioning of heart can

be predicted. Ischemic heart tissue will not be able t

o transmit

the electrical current generated due to depolarization of the

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

ischemic zones then electrical potentials will not be develcped

at the electrode-tissue interface. This fact cCan be utilized inm

determining ischemic regions and also the ablation site. It can

also be useful for determining the efficiency of zblation process

%

by monitoring post ablation electrograms.

3.3.1 Circuit of ECG monitoring

The ECG monitorimg circuit are basically ann ECS
amplifier, the circuit for which is given in the Fig.3.5 The

catheter electrodes pick up electrical potentials from the

endocardial region and apply them +to the ECG amplifier. The
desigrn 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

U
s

variable differential
1

gain and unity gain for common-mode signals. Maximum

with five operational amplifiers. The input amplifiers 'u'4 ard

constitute a differential amplifier with a

differentia




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

given by

The first stage gain is limited to 40 to prevent saturation caused
by electrode d.c. offset. R4—C1 and RS—CZ are used to provide
desired high fregquency cut off of 100 H=z. The second stage 1is
formed by L!‘_j and U7 as the same configuration as the first. but 1t
is a.c. coupled at the input using Ca_R? and C4_Ra’ which have =
value chosen to give & low frequency cutoff st 160 H=z. The
differential gain of this stage is set to 25 by adijusting R11' So
overall masximum differential gain of amplifier is 1000, U1 and Uz
are two buffers which comnnect the electrodes to the two stage
differential amplifier. Alsoc the mismatch of the electrode source
recistances causes common—mode signal to a differential mode
signal due to finite input impedance. It is desirable to reduce
this common mode voltage. This can be accomplished by attaching a
third electrode to the patient. This electrode provides &
low—impedance path between the patient and the amplifier common SO
that commorn mode voltage is small. For this & driven right leg
circuit is used [11]. Here a third electrods is not connected to
the ground directly, because,., if the circuit is not i1soizated,
dangerous currents could flow through the third electrode. The
cutput of this ECG amplifier is sampled through data acguisztion

card and displayed on the computer screen.

3.3.2 Test results

ECG amplifier developed here 1is tested with applyving




r LT

e

sinusocidal signal from the function generator. The re

sultis
obtained are listed below:
Differential gaim Ad = 09
CMRR = Ad/Ac = 9%.15 dE
Input impedance = 1.88 MQ
Output impedance = 289 O
The frequency response is shown in Fig. 3.6, and typical
ECG waveform derived using surface electrodes is shown in Fig. 3.7.
3.4 TEMPERATURE MONITORING
The sudden rise in the electrical impedance during radio

frequency ablation is due to the elevation of electrode-ti

4l

m

> S L1

inter face temperature above the boilimg point [43. This results in

lowering the radio fregquency power delivered to the ablation

sight. If the electrode—-tissue interface temperature is maintzined

less than 100°C for the duration of energy delivered then boiling
1

of plasma along with its associated impedance rise

should not

occur. Therefore the continuous monitoring of electrode—-tissue

temperature is required.
3.4.1 Circuit of temperature monitoring

Here monitoring of electrode—-tissue interface 1s done

through a temperature sensor AD 590 which produces an ocutput

current proportional to absolute temperature. The data sheet for

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

current regulator passing 1 wpuA for every rise of 1 o

2 at
temperature. The circuit for converting this current to voliage is

shown in Fig. 3.8. Here the zener dicde is acting

as a constant




voltage source. Rz and Rs are adjusted for calibration. Here. the
temperature sensor will supply the current It depending to the
temperature. Total current passing through the feedback resistance

Rs and RG is ID and
1. =1 + 3 P 3L

where Ic is the current which will be determine by

1

resistance R_, Ra and =zener wvoltage Vz. Output wvoltage 1

2
proportional to the current Iﬂ and the feedback resistances .5 and
R&.
I =N 7 (R=*E QeI
(= z e iy

Here the output voltage is set tc zero corresponding to  an

input temperature of 73 Be. At this temperature the current

supplied by the temperature sensor is It= 273+75 = 248 uA  as per
the data sheets. For output voltage to be zeroc for this particular
temperature the current IC should be =same as It’ so that the

[ves]

| ocutput current I':J will be zeroc at this temperature. If zener wvoltage

is L then

Now for every degree centigrade change in temperature the current
It changes by 1 pA. For output to be changed 100 mV  for every

degree centigrade change the resistarnces RS and R4 should be

selected by




The values selected are listed in the circuit diagram. Thus the

chamge in output voltage is directly in accordance with the change

in input temperature. This voltage is sampled by the dats

acguisition card during the ablation and the informaticn derived

from it is used to control the output power supplied by power

modulator.

Z.4.2 Test results

The input temperature vs output voltage characteristi

for is shown in Fig. 2.%2. From the figure it 1is clear that the

charactericstic is limear through out the temperature range ol

interest.
3.5 PODWER SUPFLY FOR MONITORING CIRCUITS

The power supply reguired for various monitoring

circuits are as follow:

1. Audio Indicator +12 ¥

Y =
ErE monitoring eircait +12 ¥V anc —12 V.
2. Temperature monitoring circuit +12 ¥V and —12 V.

Total current reguirements of &1l three monitoring circuits is

&00mA maximum from +12 V supply and 40 ma  maximuam  from —-12 Y

supply.

For meeting this reguirement the separate low wvoltitage
E

regulated power supply is designed, which 1is capable of giwving

output of +12 V with mazximum current output of 1 A& and —12 ¥ with
mazimum current of 100 mA.

This power sugpply is separate from the




low voltage power supply required for the power modulator

peripheral circuits.

=.6 ASSEMBLY

A1l three monitoring circuits  are bread boarded and
tested separately. Three different FCEs are developed Tfor them.

The pcb layouts for all these three monitoring circuits are =hiown

in the appendix C. Along with components placement. For housing
these three pcbs & metal box of size: depth = 7 inches., width = 7

snd height = &6 inches has been fabricated.

inches.




CHAPTER 4

SOFTWARE

4.1 INTRODUCTION

In the closed chest catheter ablation there are main twc
activities namely: i 15 finding out the ablation site and 2.
applying the regulated power +to the ablation =site fourd. The
ablation site can be found out by monitoring the endocardial
electrograms. And the power applied to the surgical =site cam  be
controlled by controlling the level of the gate voltage of 4 of
the power modulator. flso, during the application of regulated
power the electrode-tissus interface temperature has to be

monitored. For all these activities menticned 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 Q2 in
Fig. 2.3. As from the equations (2.1) and (2.2), it can be seen
that the drain current Id of G2, and so the output load current is
ire direct proportion of the input gate voltage of 02. 50, by
VREYing the level of input voltage to gate of a2, the current
level in the output and so the level of voltage developed across
the load can be varied.Thus, the gate signal of G2 deoes net only
act as modulating sigmal but alsoc it acts s & cutput  power
controlling signal. This control cum modulating signal can be
generated through hardware alcso. But it has been decided to

Generate this modulating signal through D/6 port of data

gEQtdsition card. For that Dynalog’'s PC  add—on  dats acguisition
E8htUPCL. 218 ie nsed.




For fimding out the ablation site the electrograms
derived from the catheter electrodes has to be monitored. For that
the snalog output of the ECG amplifier circuitry .is sampled
I through analog—to-digital port of the data acquisition card and
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
s Eor that electrode—tissue interface temperature has to
monitored. For that purpose the output of the temperature

monitoring circuitry is sampled through analog-to—digital port of

the data acquisition card . The temperature monitored is displayed
on the screen and same is used to control the output power of the
power modulator through controlling the amplitude of the

modulating signal generated.

In this chapter the algorithms for &1l three computer

base activities mentioned, are discussed.

4.2 GENERATION OF THE MODULATING SIGNAL FROM DAC

ri Three types of medulating signals are to be generated
for three differemt surgical activities. So, the software
development for generating the modulating signals is divided intcoc
} three parts: generation of modulating signal for (a) cut, (1)
i coagulation, and {(c) blending. Here, the mcdulating freguency 1is

decided empirically and it equal to 10 kH=z.

The modulating waveform for cut is a constant level dc
signal and waveform for coagulation is the sinusoidal burst o

repetition rate of 10 kHz. The waveform foir blending is the




' addition of cut and coagulation waveforms, which also has

repetition rate of 10 kHz.

For generating the arny of the three modulating signals

describe above, a common procedure adopted is as below:

1

Initialize the data acquisition card. (The details of this
data acquisition card is given in the Appendix ¥)

Set the data sending rate on the D/& port, through the pacer
setting of data acquisition card.

Benerate corresponding data set reguired for generating =
particular type of modulating sigrnal.

Send generated data set to the D/A port with predetermine

sending rate, unless interrupted.

Here, for generating the data sets for ailil three

waveforms a universal equation is used.

dt = D_1lvl + ac component 14.1)

where ac component = A sin .2 fﬂ n T_ ) if value > O
i I~

=0 At walues € 0.

where dt = data that to be sent on A/D port
D_1ivl = DC level
A = Amplitude
fm= Modulating frequency
Ts= sampling interval
n = no of samples
For cut A = 0 s0 the ac component = 0O,

which gives equ. dt = B_ 3,




For coagulation D_lvl = O which gives the e=squ.
4t = ac component T

Here s fm= 10 kHz. Total 20 samples are taken during cne cycle o©F
BEricd 100 ps. i.e. at every 5 us interval the data dis sampled
e for this case n = 20 and T = 9 e this data set of 20 data

representS the one cycle of sin {2 fm n TE). But, as from the

waveform regquire for the coagulation,

dt = A sin 2 ®w f i T .} when =i (2 m F R S i1s
m s i =
positive.

dt = O otherwise. T
The value of A controls the amplitude of cutput modulating sigrial.

For blending the signal as cummation of both cut and coagulation.

So, the equation for blending modulating signal is
dt = D_1vl + ac component.
The ac component is calculated as in the case of coagulation.

Ones the data set 1s generated, each and every data of that data
cset is sent to the D/A port of the data acguisition card with the
predetermine data sending rate. Here. the data sending rate 1is =et
to 10 kHz. The amplitude of the output modulating csignal can LE
control through value of D_lvi af the signal is. of cut, through

value of A if the signal is of coagulation . and through valus o1

D_1lvl or {and) A if the signal is of blending.




4.3 MONITORING OF THE ELECTROGRAMS

ECG signals are very low frequerncy signals hbawving
frequency less than 100 Hz. For moritoring this ECG signal, it 1s
gampled through A/D port of data acquisition card. The sampliag
Fate i set to 200 Hz. The signal from ECG amplifier is appliec to
the one channel of ADC of data acquisition card. The sampling rate
i= set through the pacer trigger of the data acquisition card.
Graphics routine is wratten to display the sampled value o
signal. But for displaying this sample value the proper scaling as
to be done as per the graph—-mode pixel setting of the monitor.
Facility has been provided for changing the sample rate of tLhe

incoming signal. Though the graphics routine is slower i

executicon, the on line displaying of ECG signal is made possibl
because cof low <sampling rate. The time interval betwesen  Leo

=

successive sample is S ms.

Aflso, the storage facility is made for storing last  oche
minute data of ECG =signal. These data are stored in the file. Eut
for avoiding the datzs transfer time in the file if the file 13 10

the hard-disk, the virtual disk is created in the working ram. Aod

ECGE data zre written irn the file om that virtual cdisk. T he
monitoring of ECG can be terminated through key interruptic. from
key board.

4.4 TEMPERATURE MONITORING

The electrode—tissue interface temperature is monitored
continuously, during the generation of modulating signal in
stimulation phase. Now for generating the mocdulating signal from
DAC it is essential to send data to DAC at the predetermine
sending rate. So, the monitoring of the temperature is OCOnE

simultaneously with the generation of moduiating signal, then it




je a time critical activity. Therefore, fTor minimizing the

time

for monitoring, interrupt service of computer is used. Interrup:

routine 1s developed for measuring the temperature froum
temperature monitoring circuit. The rate of generation
interrupt for monitoring temperature is set to 20 Hz. Which is

times lower then the rate of mcodulating signal generated.

Lo
of
556

The

tempersture read from apc is in the form of voltage. This veoltage

ije converted into temperature using the formula developed

chapter %, for temperature monitoring circuit.

i




CHAFTER S

MODULATOR POWER SUFPPLY

5.1 INTRODUCTION

ne stated in chapter 2, power modulator reguires a high
voltage dc supply with following reguirements.
1) output voltage of 250 ¥ and & current rating 9.5 amp..
2y isolation from ac power mMairns,
%. regulation of output dc voltage against variations in input
mains voltage and variation in locad current.
These reqguirements can possibly be met by gither & SEBrliEes pE&SE

linear regulated supply or by a switching regulated supply -

in a series pass linear regulated supply TAZ2,4351, Et)
ijeplation transformer, steps up or steps down the ac mains voltage
to the appropriate value. The secondary wvoltage is rectified and
filtered and then applied to the series pass regulator. Output dc
voltage is sampled and applied to the feedback control circuit
which provides negative feedback to the series pass regulator Tor
regulating output dc voltage. In this power supply, the isclation
transformer operates at the line freguency . and hence =size of
transformer is relatively large znd overall power supply 1s bulky .
Also, efficiency of the series pass linear poOwWer supply is low dus

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

Most of these problems are overcome in switching mode
power supply {(SMFS) £12,133. Dut of zeveral SHMPS designs
available, one particular type, namely the half bridge canverter
type was selected for this project. In this chapter, the circuit
description of the power supply. celection of components, assembly

of the power supply, and test results will be presented.
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5.2 CIRCUIT OF THE SWITCHING REGULATED POWER SUPPLY

Fig.5.1 shows a simplified block diagram of a switching
regulator power supply, alsc known as switching mode power  sapply
(sMps). In this scheme the ac mains voltage is directly rectified
and filtered to produce an unregulated dc voltage, which in turn
ic applied to a switching element. The switch 1is cperated at =«
high frequency, in the range of 20 kHz to iMHz, chopping the dc
voltage into pulses with a high repetition rate. This pulsatile
waveform is fed into the isoclation transformer., stepped up or down
to an appropriate wvalue and then rectified and filtered to produce
the reguired dc ocutput voltage UD . This output wvoltage can be
controlled by varying the duty cvycle of the chopped waveform
generated by making switching element on or off. A portion cf this
ocutput voltage VD is monitored and compared against & fised

refererice voltage., and the error signal is used to control th

m

pn—off times of the switch, and thereby the duty cycle of th

i)

chopped waveform. Thus regulation of the output voltage WC i

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

In

little power., resulting in & high overall power supply efficiency.
Another advarntage i=s that the size of the transformer can be guits

small due toc high operating freguency.

There are various SHMFS5 circuits, basically differing in
the configuration of the switching elements : (1) =ingle switch,
(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 suffers from the problem of
saturation of the transformer core. We have decided to use
half-bridge converter configuration, because of the relative
complexity of driving circuits for the full-bridge converter. The

Switching elements can be BJTs, power MOSFETs, or gate turn—off




thyristers. We have selected HMOSFETs a&as switching elements,
pecause the drive circuits are relatively simple and these devices
Nere available for the required ratings. In the following
subsection, we will be discussing the circuit schematic of this
power supply in three parts

(20 Tnpict | rectifier and filter sarcuit,

{b) Converter circuit, and

tic) Feedback and comtrol circuit.

5.2.1 Input rectifier, filter, and surge current suppressor

circuit

iyl
]

The circuit for imput rectifier and Tilter tage 1
shown in the Fig. S5.2. Here, the four discrete diocdes are used to
form a bridge type of full—-wave resctifier [13]. bdhen selectin
these rectifier diodes, the following specification should e
censidered:

1) maximum forward rectifier current,
2) peak inverse wvoltage (FIV) rating,

Z) surge current capability.

Rectifier stage is folliowed by filter. Here two egual
valued capacitors are used in series. This connection is eoploved
here for two reasons: This filter stage is followed by converter
stage, which is a half bridge type of converter. In which one end
of primary of the power transformer has to be connected to a point
at a potential half way between input points. The capacitors Zlanﬂ
Cz’ anﬂ resistors R1 and Rz provide ¥y at & potential of ?Lh L2
with respesct to S wheres Vih is the unregulated dc voltage ocutput
between e and il This voltage Vin is connected to converter

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

i
o

Fating for each capacitor gets halved. Here, it should be not
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that capacitor value for filtering action dis half of the twe

individual capacitors.

Imitially when the ac mains is switched o the
capacitors C! and C2 in the filter circuit will be inr the
discharged state, and therefore the initial charging current will
be limited by dynamic resistances of diodes of bridge rectifier
only. This initial charging current called surge current is of a
large value. For limiting this surge current, an input  surge
current suppressor has been devised. Resistance Rs hac
introduced in the charging path of the capacitors. Orce the
capacitors get charged, this resistance Rﬁ is shorted by relay
Rll. The relay Rli iz normally remains in off ctate, wher it is
rnot energized. The two ends of resistance R5 ie connecitsed between
central terminal and on terminzal of the relay Rli. So, when the
relay Rl: is energized, the resistance R5 will be bypacssed. The
voltage divider made of Rg and R4 samples the unregulatsd dc
voltage V”}and the sampled voltags is applied to the switching
transistor Ds through zener diode 21. The transistor QB is used to
drive the relay Rli. The ratio RS and R4 are adjusted =uch that
when the capacitors C1 and Cz are charged fully, the voltage
across R4 will be sufficient to turn on the transistor ma. The
resistance Rd limits the current passing through zener diode Z1
and through base of G - The zener diode 2 will ensure that the G
will not turn on befnre capacitor C and Cz are charged fullf-
The diode D is the flywheel diode and provides path for current

when relay Rl1 de-ensrgizes.
S:2.2 Half bridge converter circuit
The half bridge converter circuit, is shown in Eifg: "S5

It uses two MOSFET switches in  push—pull configuration., and is

adopted from the Circuit using BJTs given in [13]. The unregulated




3
point for this circuit. The source of G and drain of Qz are
1

dc input th is applied between y and Yo Y is the v ierence
1

connected together at ¥, and this point is connected. through
capacitor Cg, to one end of primary of transformer Tlfwhlch
prDVidE isolation as well as transformation)}. The other end of the
primary winding 1i=s returned to Y, During operation, sither both
devices will be off, or one of them will be on. When Giturns T
point y, goes toc the line T generating & voltage pulse of
VinEE. when Gi turns off and Gz turns on, the polarity of the
transformer primary reverses, since it is now connected to line

y o generating a negative pulse of W e P The bturs~or—tarp-of{

3 G

action of Q1 and Q2 therefore will generate a WV peak—to-peak
N

213

pulsatile waveform, which in turn i1s stepped up, rectified an

filtered to produce the output dcoc voltage. The voltage strecs

it
i

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

in

it in off-state is Ui ) Here G; and Uz sre n—channel MOSFETs, ussd
as switching devices. The capacitor C3 will prevent any dc curivent
flowing in transfcrmer; thus preventing core saturation. This do
current could have resulted due to asymmetric operation of
switching devices, or due to unbalance in potential differences

across y’yz and yzya.

The switching freguency of the MOSFETs is generally kept
constant. The rectified and filtered dc outsout voltage depends  on
Vm and duty cycle of the pulses, and therszfore can be controlled
by controlliing the relative pulse width of the gate voltages. The
figure also shows typical gate control waveform and the voltage atb

y‘ under ideal safe operation of devices.

Dicde D_ and Do are the two Tlywheel diocdes and ar
b

i

il
"ﬁ
il

ctonnected from drainm to scurce of G: and Qz respectively. They
used to provide current path for any current in primary of the

power transformer, during when the switching devices are off. This




current lags behind the voltage at the primary due te inductive

effect of the transformer primary.

The transformer T1 used here is pulse type of
transformer . Which is capable of handling thes reguired power at
the frequency of interest. The output voltage from the seconcdary
of power transformer is pulse type of waveform. Since the pulse
frequency 1is generally kept in the range of 20 kHz to 1FH=z, the
rectifiers used in the converter stage should be capable of
operating at this freguency. Here, TfTour dicdes are used o
constitute a bridge rectifier for rectifying the output pulsatile
waveform of secondary of transformer. The rectifier stage is
fopllowed by filter stage., which is & LC filter and used here to

reduce ripple in the output dc voltage..
RS Feedback and control circuit

An amount of output voltage is sampled and appliec to
the feed back and control circuit for regulating the cutput
voltage. This circuit should retain isolation between the primarcy
and secondary side of the transformer T1' Alsc it should provide
appropriate gate drives for switching devices Gi and Gz. The block

diagram of feedback circuit is shown in the Fig. 5.4.

The feedback voltage is converted to the freguency u=sing
voltage-to—-freguency converter. This = followed by ar
opte—-isolator, and a freguency—to—vol tage converter. This
arrangement provides dc—to-dc isclation. This fesdback signal is
applied to the inverting imnput of an error amplifier. The

non—-inverting input of the error amplifier is being connected to

EE

the reference voltage. The output of the error amplifier is use
to modulate the pulse width of the output of pulse width
=

modulator. The outputs of pulse width modulator are used

44




fFf time of switching devices of the converter

]

conptrel the on and

¢ rcuit, through driver circuitry.

Here a=s the output voltage increases the voltage to  the
inverting input- of error amplifier of pulse width modulator
increases so the amplifier output decreases, which in turn
decreases the pulse width. This results in reduction of duty cycle
and conssguently, & reduction in the relative on—time of both the
ewitching devices. Therefore the average value of output voltage

will decrease. Thus we have a negative feedback, which stabilize

the output.

e CIRCUIT COMPONENTS IN THE POWER SUPFLY

The design specifications of power supply are set to 250
Yoand 9.5 A output voltage and current respectively, as mentioned
in chapter 2. The regulation of output wvoltage for this power
SNMpElve 1= empirically selected as 14 with varistion of imput ac

mains from 200 VY to 250 VYV and with wvariation of output load
current from O to O.% A. Also the output ripple factor is aimed to
less than 14X with the wvoltage range and current range are
specified for output voltage regulation. As. This power supply is
directly operated from ac mairs, the unregulated doc voltage input

W ntc the converter circuit is

where Em is the peak value cf input ac voltage

Y — = G A R 5. 2)

in

therefore L} = J®IO Y




Bre the chopped sigral at the primary of the powWeEr
rmer T: is betweern +1&60 V.

ansformer primary current can be calculated by the fo.lcwing

out

max N

1 3 is the cutput power
-~ oul
' n is the converter efficiency

is the ma<imum duty cycle

values for n i=s 0.7 and émax is 0.9.

-tThe primary current for above values is. 0.62 A. Thas
current will flow through the switching devices. Alsoc the
 h1ucking voltage across each device is Vu\’ therefore ins
g devices selected, must have current rating more ther

and voltage rating more then 320 V.

- The selection of circuits components for this power -

" will be discussed in three parts as in previous section.

“ircuit components in  input rectifier, filter and surge

rrent suppressor circuit

With output power Poul = 125 W, and assumed efficiency

‘after input rectifier stage

in out

S = P /' = 178 W. and {5.4)
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.Ehé input current for the bridge rectifier,

1 = F ’N = 178 /320 = 0.5

N in in

o

(218 (e I

Current flowing through each diode of input rectifier 1is
thus 0.55 A and maximum blocking voltage is maximum input voltage

from ac mains. Four diocdes selected for input rectifier are of
type 1N 5404. They have maxzimum forward rectification current
capability of 3 A, peak inverse voltage blocking capability of &0O0
Y and surge current capability of Z0 A.

fssuming that the design can tolerate a ribp}e of 25 ¥
peak—tn—peak arnd that the capacitor has to maintain the vzltage
ievel for every half cycle (10 m=sl, the capacitance for inpuat

filter can be calculated from the formula £9]

b4
! .

NIt s AN = G.55 {10 % 10 e A2 = 296 ok b

Sirice L is made of C1 and CZ in series, the reguired value are
ol = Cz = 2C = 440 wF.As both the capacitors are in series the
voltage stress across each capacitor wil. be UL/E = 1460 V.

n

Here, C1 and Cz are 470 uF each, with wor:-ing voltage of 40C Y.

-

R1 and Rz are bleeder resistances of 10 K value each;,
which provides the discharge path to the capacitors C1 and Cz when
input mains is switched off. Total discharge time for =ach
capacitor is 10 K % 470 uF = 4.7 s. The wattage capacity of each
resistance should be (160 V)Ef 10 K = 2.5 W. The selected

resistances have wattage capacity of 10 W.

In the surge current suppressor circuit, the relay R11

is 12 ¥V, 150 Q relay. The minimum current required to energize




this relay is 12/150 = 0.08 A. The transistor O is BEL 100N

transistor with maximum collector current = 1 A. The power
csupplied to the collector of 03 is +12 VM. For limiting the maxzmum
collector current to 9.1 A, the resistance R? is selected to be
12/0.1 = 120 Q. The zener diode is of 5.6 V value. Rs is A5 K anc
R‘ is 5 k. For unregulated voltage V”f 320 V¥V, the voltage SCrose
ERac (520 ¥ 5)/38 > 42 V. FTor selecting Rd the eguation

VR‘ = VRG + Vz + "Jbe + UR? is used. Here, '\)22 i 'Jb& = G 7

WeRIR = {0.08 ¥ 120 Q) = 9.6 V. 5o, VRG ~ 265 V. The base current
: 7
of @ is 0.1 mA. So, the value Rd = 26/0.1 = 260 K. We have used
3

R = 270 K. The flywheel diocde D11 is BY 1246 dicde.
G
5.3.2 Circuit components in half bridge converter circuit

The transformer primary currvrent will passe through both
the switching devices Gi and Gz. Also the maximum blocking voltage
on each device is V”; The freguency of switching for the=e
switching devices is S0 kHz in this power supply. Here Qi and Gz
are selected MOSFETs of type K1357, which has maximum curreint
capacity of 2 A and maximum drain to source voltage capacity is

800 VY. It can be ocperated up to 3 MH:z of switching frequency.

Series capacitor Ca will prevent the dc bias toc the

m
i

transformer. thus preventing the core saturation. The cserz
capacitor Ca should handle the full primary current. This
capacitor forms a resonant circuit with the output filter
inductor. The resonance frequency of which is given by

b 07 307

=1L o (L RS ) (. 2)
R 3

where fn is the resonance freguency

LR is Reflected filter inductance.
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The reflected filter inductance to the transformer primary is

2
.= MNI/N Y L {
R P =

tn

-8)

where L is the output filter inductance.

1

Therefore

s 199}
3 2 o =
&7 F. MM L
R r s

In order for charging of the coupling capacitor Eg to be linear,

the resonance frequency must be chosen to be well below

converter switching freguency [13].

the

For practical purpose

i, = 0.2 1 {5.16)
R s
where el e converter switching freguency.
s
Here,
f = B0 kH=
s
£ = 12.5 kH=
R
N /N = 1/1.75
P S
L = 14 wH
therefore Ca = 0.35% uF.
Here, C  has a selected value = 0.2 uF (two 0.1 pF capacitor iy

paralliel ).

Both the diodes D5 and Dd are switching diodes

capable of switching at the frequency of operation which is 50

in our case. Both D5 and Dd sre of type BALSS.

As the output dc veltage required is 250 V dc. the

maximum voltage swing required before rectification is +2530 V¥V at
Secondary of the power transformer if the input to primary of




power transformer is of sguare wave type. Considering the maximum
duty cycle of chopped pulsatile waveform at primary is ©.9 the
required secondary voltage at the secondary of power transforaer
je 250 / 0.9 =~ #2830 V. Therefore, primary to secondary torn
ration required is 320/3560 = 1/1.75.

The frequency of operation has been selected to be G5O
kHz . hence ferrite core, in which losses at high frequency are
low, is used in the transformer core. The transformer has been

designed foir 125 W power. The details on transformer core is

presernted in Appendix A.

The maximum load current is 0.5 A. This current will
flow through the dicdes of output rectifier. Also mazimum peak to
peak secondary voltage of power transformer is G560 V. Therefore
maximum blocking voltage across each diode is 560 V as the bridge
type full wave rectifier 1is used. Here diodes cselected have
forward current capacity of 32 A, with peak 1inverse voltage
blocking capacity of 800 V and capable of operating at 50 kHz

frequency. The BA1539 type diodes are selected.

» L C type filtering circuit is wused at the output for
removing the ripple from the output dc voltage. For ripple less
then 1 % value of inductor selected is 14 pyH and the value of

capacitor C4 can be calculated from the formula [9]

y = 0.87 / (4 oL B =~ 1) (5.11)
where » is the ripple factor for LC type filter [93

w 1s the frequency of operation

For » = 0.01 and w = 50 kH=, C4 ~ 10 pF. Here C4 is of

value 40 ,F with working voltage of 500 V.




5,3.3 Circuit components in feedback and control circuit

The block diagram for feedback and control circuit ie
chown in Fig. 5.4 and discussed early in subsection S.2.2%. The
Function of this circuit is to control the duty cycle of the gate
drive of the converter MOSFETs, so that the ocutput dc voltage is
maintain constant, for varying input ac mains voltage and varying
¥6ad current. This is to be achieved by comparing a sample of
putput voltage with a fixed reference voltage. Here we have

Lz AN~ )
¥

cplected a reference voltage of 2.5 Here RS is cselected as 50 K
resistance. Where as R 15 variable resistance of 19 K value. The
<+

value of K4 can bz adjusted such that the output from samplier i=

2

For voltage—to—freguency conversion, we have used NCO
part of the PLL chip, CD 3046 1€ {Mational Semiconductor ;. [t=
putput is a square wave, whose output frequency depends O Lhe
input voltage,. capacitor c and resistance o The

5 =

vaeltage—to—frequency characteristic is as shown in the Fig. e

for C5= 0.01 ¢F and R_= 10 K.

The sguare wave output of the voltage—to—freguency
converter is applied to to the freguenocy—-to-voltage l.aver ter
through opto—isoclator in order too achieve dc—to-dc isclation.
Opto—isolator of type 6N 136 is used here for isolating the ocutput
from input. Buffer IC CD4041 is used before applying the output of

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

The frequency—-to-voltage converter used here is LM 2917
(National Semiconductor). Whose output voltage is proporticnal to
the imput freguency . Here, as the voltage input )

voltage—-to-frequency converter varies, the freguency input to the

frEquency—to—voltage gets wvaried. Now, for achie?ing the samne




variation in the output voltage of frequency-to—voltage converter
‘it is necessary to linear relationship between wvoltage input to
the voltage—-to—frequency converter and voltage out o {1 aim
frequency—tor-voltage converter. This relationship is graphicsall,

= -y

represented i Fig. el

For pulse width modulation, we have used LM SEZ4
{National semiconductor). It generates two different outputs
pulsatile waveforms, duty cycle of which can be controlled
through input voltage. The internal block diagram of this pulse
width modulator is shown in Fig. T = This chip has an erc-or
amplifier whose inverting imput is connected to the output af
dc—to—dc isclation circuitry and non—inverting input 35 connec ted
to the fixzed reference voltage. The chip alsoc as an internel

oscillator, whose frequency can be sslected by the external & and

i

By components, in Fig. 5.5 is R14 and Ca respectively. The output
frequency of this oscillator is given by formula f= lfR14Ca e
have selected value of R14 as variable resistor, =so that this
frequency can be zltered. The current value is set to S0 kHz.

Depending upon the diffesrence Lbetwsen two inputs  of Error
amplifier, the output duty cycle will vary. Here., masximuam dut
cycle for output pulsatile waveform is 45 % and both the outputs

are never be at high level at a times.

Though HOSFET is voltage driven device, due te
gate—to—source capacitance, the gate current reguire should =z2lso
be appropriate, for proper operation of MOSFET. Alsc, in half
bridge type of converter B1 requires floating point gate drive.
For meeting both these requirements the MOSFET driver IRZ110
(International Rectifier) is used. It is a monolithic high voltage
and high speed dual driver with independent floating high side and
fixed low side reference output channels. Its inputs are

Compatible with CMOS outputs or with LSTTL outputs using' piail | up

n
FJ




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

ewitching devices. The data-sheet for this MOSFET driver is given
in the Appendix D.

5.4 POWER SUPPLY FOR FEEDBACK AND CONTROL CIRCUIT

The feedback amd control circuit also provides dc—to—dc
isplation for maintaining the isoclationm achieved by isolation
transformer in the converter circuit. For maintaining this
isplation it is necessary to have isclated power supplies for both
side circuitry of opto—-isolator. The reference point for vtof and
input side of opto-isclator is the circuit ground z, - Where as
reference point for output of opto—-isolator and rest of the

feedback and control circuitry is reference point vy Sr the

- — 1

3
power supplied to freguency-to-voltage converter and to input side
i cpto—ispolator is with respect to circuit ground =z and that

for remaining circuitry of feedback and controcl circuit is with

respect to reference Vg

The circuit diagram of both the power supply i1s shown in
Fig 5.9. The input power is derived from the a&ac mains with
isolation cum step down transformer. For avoiding two difierent
input transformers a signal transformer is used with two separate
secondaries. As, the output voltage 1level of both the power
supplies are same, the VA ratings of both the secondaries are also
same. Both the secondaries outputs are applied to two separate
bridge type of full wave rectifiers, which in  turn Ffollowed by
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 reguires +12
V power supply on either side of opto—isolator with respect to

Corresponding references. This is the ocutput from S—pin-rEgulatnr.




Here., we have used LM78B12 as Z-pin regulator, which reguires
minimum 2.5 V voltage difference between 1ts input and ite output,
for proper regulaticn action of output voltage [143. So, the
unregulated cutput url i1s at least 12 + 2.5 = 14.5 V. This is the
voltage output from capacitor filter. Which is given by Evriw‘

n

where ¥ 1s the maximum output voltage of secondary voltage. for
m

@Y sm = 14.0 Vy V. comes out to be 22 Y. And se the voltage rating

L2 n
=

of both secondaries is from o to Vm/VE ~ 15 V. The current rating
for both the secondaries selected i 1 A. As the bridge type
full—wave rectifier is used the maximum blocking wvocltage across
each diode is equal to Vm = 22 V. Here 1N400Ol1 type of diodes are
used for constituting bridge rectifier. The diocde selected have
maximum blocking voltage i1s 100 YV and maximum forward current
limit is 1A. For capacitor filter 1000 pF capaciitor with working

voltage of SO0 V is used.
5.5 ASSEMBLY AND TESTING

All three circuits of power supply are first assembled
and tested separately, and mounted on different FCBs. Each of the
input rectifier and filter circuit, and the feedback and control
circuit are mounted on a single FPCE, where as the half bridge
converter circuit is mounted on two different FPCEBs. A metal box of
size: depth = 355 mm, width = 305 mm and height = 152 mm
(14'1 12 ¥ & ) is fabricated for housing all these FCBs. The low
veltage power supply for feedback and control circuit 1s  alsco

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

The output voltage cobtained from the power supply is
observed for half an hour. It was remained constant at 250 V

without any significant heating of the components used.

The ripple showr at the ocutput was 4 V peak to peak.




erefore the ripple factor is 37250 = D.0145.

Variation in output voltage 1s observed for
ut ac mains voltage. It has been

charnige in
cbserved that the cutput
tage remains constant for the input voltage
e of 190 V to

variation in t he

255 V. Thus the regulation of output voltage is
ieved for this range of input variation.

-

With load the output voltage regulation i=s achieved Ffor
trange O to the 0.7 amp. of load current.

The insulation testing between terminals * and =z *

C I
i and Z and ®, and z, is carried out with the meEager .




CHAPTER 6

SUMMARY

6.1 INTRODUCTION

The closed chest catheter ablation is one of the
surgical interventions for removing conduction pathaways, which
are responsible for life threatening tachycardias. This can  be
achieved by applying radio freguency (RF) energy to electrode,
introduced into the endocardium through cardiac catheterization.
The RF can be supplied through amn electrosurgical unid. But T
avoiding complications, it is necessary to control the size of the
lesion created during ablation process. This lesion size i1s
dependent on the electrode-tissue interface temperature and
temperature is dependent on RF power delivered. The aim of this
project is to develeop a system which can be used for con olled
supply of RF energy to ablation site through monitoring of
electrode—tissue interface temperature. 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 ablationm. and for evaluating the efficiency of the ablatiocn.

6.2 SYSTEM DEVELOPED

System for closed chest catheter ablation is propeosed in
the block diagram form. The system development had been divided in
number of =mall modules:

1. Computer controlled power modulator (Electrosurgical Umat).
2. Modulator cutput monitoring.

3. Interface circuitry for data acguisition from ECG  and

temperature monitoring circuits.




4. Software development for generating modulating signal,
control of output power, monitoring and display of ECG and
temperature.

5. Modulator power supply.

In the computer controlled power modulator, three
different modulated signals namely: cut, coagulatior, and blending
are generated. The design cbjective was to get output of power
modulator to 500 ¥ p—p at SO0 kHz with the maximum power output
power S0 W. The actual output achieved from the power modulator is
500 V p_p at 415 kHz. The frequency of cutput signal is different
from specified freguency because of tolerances in the transformer

primary inductance value and capacitor value of the tank circuit.

The modulating signals for these power modulator are
generated by software with the help o©of data acquisition add_on
card. These modulating signals are interfaced to the power
modulator with the help of gate drive circuitry, dizscussed in
Chapter 2. The output of the power mocdulator is  an amplitude
modulated signal. By controlling the level of these modulating
signal voltage level of cutput can be controlled. Henmce the output

power can be controlled through these modulating signals.

For facilitating the identification of different
surgical activities the cutput of power modulator is monitored and
three different tones are generated for these three different
surgical activities. For that a small wvoltage level signal is
obtained by incorporating ancther secondary windimng of lesser
turrns along with the main secondary winding of the output power
transformer of the power modulator. Modulating signals are derived

from the modulated cutput <signal of the power modulator, and

applied to audio indicator circuitry, which in turn, . can produce

three different tones, by decoding these modulating signals.




i =g controlling the lesion s Sizey created by
application of this radioc freguency pOWEr . E 1s necessary to
control the electrode—tissue interface temperature. For that
temperature monitoring circuit is built, which monitors the
temperature at the electrode—tissue interface and provices the
temperature information to the computer through data acguisizcion
card. The information of this temperature is used to control the
output power for controlling the electrode—tissue interface

temperature.

For identifying the actual surgical site xn the closed
chest catheter abiation, the electrograms are monitored, fr that
the ECG momnitoring circuit is developed. Thes monitoring of these
electrograms will also be useful in knowing effectiveness of the

ablation process.

fs the cutput power of power modulator varies with
variation in the types of surgery, and therefore current Ccrawn
varies. therefore it is necessary to have a regulated power
supply. The switched mode regulated power supply of 25 W 1is
designed for this purpose. The power reguired for cther
peripherals of power medulator and for monitoring circuits are met

through separate low voltage power suppliss.

6.3 APPLICATION TESTING

The testing for sach module was carried out. 7The test
results for each module have been presented in respective
thapters. The testing of whole system was alsoc carried out by

integrating each and every module. Due to practical limitation of

testing and non—availability of catheter with temperature sensor




mounted on 1it. the actual closed chest catheterization could not

pbe done.

The radio freguency POwWErR generated 'by the power
modulator can be applied to the surgical =site through catheter
electrodes configuration or by simple electro surgical electrodes.
depending upcn requirements. The testing of this power modulator
was done on vegetables namely: potato and tomatc and also the
testing is carried out on the animal {Buinea—pig]l - The subiect
under testing had been put on the reference electrode and the rf
power Trom the power modulator had been applied through the neesdle
type active electrode, under the control of computer. Different
surgical activities; duration of power and macs: 1 mam
electrode—tissue interface temperature had . been supplied to the
computer. In hoth the vegetable and the animal testing the
cutting and blending effect is ocbserved, bk it was difficult to
ijsplate them visually. 1t was also noted here that the effect of
tissue destruction observed wacs better on the animal than on the
vegetable. The coagulation effect was observed but it was not
prominent. The animal testing was done on the tissues of

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 1is
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 curface of the body. BGain of

ECE amplifier is set corresponding to the endocarium ECG signal.

The temperature of electrode—tissue interface 1is aliso
monitored, but not during the application of RF power, as

excescsively high voltage generated at the electrode—-site, during

application of RF power, can cause failure of low voltage circuit




components in  the temperature monitoring circuit.

The generation of modulating signal from dats
acquisition card of computer is alsoc observed., with corresponding
output from power modulator. The results are as per espectation.
Alsc, the control of output power of the power modulator o©an be
carried out by controlling the level of modulating bigﬂal 15
observed. The results are satisfactory. and after certain
threshold level the powser output is teotally controllable through

level control of modulating signal.

The power reguired for power modulator is supplied
through the switching mode power =supply des . gned. The power sapply
is tested durimng no—load and load conditions. The results are well

within the tolerance range.
6.4 SUGGESTIONS FOR FUTURE WORK

The specifications for the power modulator are chosen to
meet the reqguirements of radic freguency power in the Clﬁsed checst
catheter ablation. But if the same power modulator is to be used
as normal electrosurgical umit, available commercially, it 15
necessary to increase the power level of ocutput signal of power
modulator. Also for improving the performances of the different
surgical activities: cut, coagulation, and blending, the wveltage
levels of output waveforms must be increased [2]. For that the
secondary turmns of the output power transformer of power modulztor
have to be increased. But that increase will increase the current
ratings on the primary side. Which in turn increases ths current
ratings of switching devices at the primary side. Here, we have
used the switching devices at the primary of power transformer of
& time more capacity than output current specified in our case.

So, when increasing the secondary turns, the current limitaticn of

i



components used in power modulator has to be considered along with
the consideration of output power requirement from the power

supply.

The temperature semsor used here is not an electrically,
isolated. Due to that when the high voltage radio frequency signxl
is applied to the surgical site, the temperature can not be
measured simultanecusly, because it can damage the low voltage

al

n

temper ature ' monitoring cAr et biry. pRotually, B 5 practi
implementation of closed chest catheter ablation, a catheter
having thermister mounted on can be used. The thermister of which
is electrically isolated but thermally conductive from the
electrode. So, by having this type of catheter it is possible to
monitor temperature during application of RF power, and thereby a
closed loop control system for centrolling radio frequency power

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

modified such that it can ke protected from high wvoltage.




it
a

Fig.

I3

_Righthundse
branch

1.1 Inter nodal pathways in the heart (adopted from i g )

R-wave 200 ms

ey

\LBL/ i

\‘, | L\if'ﬁ ‘
4is g / -

Intrneic deflection

Unipolar cardiograms recorded from endocardium
(adopted from [143)

{a) during ventricular tachycardia
{b) some distance away from position of

ventricular tachycardia

59




16071
n
1404
[3) I
o 1201
0 8
& ) g SHU p
3  Ho To b R e P s fresas 99,7. . ARy e - (IR T R
o
C 8
g o0 q; o
E BOf o 9
- Q
(agitel
00 q”fl
no i R ]ll
]
40711
1
o .
Ho Impedance Impedance
Rise Rise

Twmpedaumct (v

Fig. 1.3 Characteristic of peak electrode-tissue interface
temperature recorded during lesion production in

ablation process (adopted from [&])




]

COMPUTER

DAQ
CARRIER DHC’ ADC
PULSES L— —

ECG and e
l l HY N temperature

monitoring — INFUT
R | - CONDITIONER
MODULATOR .
MODULLATING
SIGNAL
' A
MODULATED

Electrod:
SIGNAL for sens:

<

SWITCH |
e

#{ CATHETER

Electrode
for stimulat

Ly
DEMODULATOR HIGH VOLTAGE
FOWER SUPPLY
Ly l
HY
AUDIO
INDICATOR LOW VOL TAGE
POWER SUPPLY
Fhe
Fice la:

Schematic diagram of broposed system

fa}
D 4




DlAtH(ﬂMY

GCNERATGAL

Active

//// ELECTReDE

&

>
PLave
LeAaD

TNECTRA L
Plae

Filgs <29 Schematic Fepresentation of surgical diathermy

€z




capei1 &

e )

ORI

MOLULATING BIGN M. FEh.  CUT MOLULAVUL, SlmnAL Eeury
al
G s | i
vy o RIS, i =2
—\;ﬂf\f
i L ‘
rMopULATGED ~“SitgwaL CuoAcULAIion
MEDULATING 2IaNAL Forl COARULATION
{ m {\.J
i |
-+ 4 254" I i \ H]
| |
I g

MO VIULATGD SitkeAL

Mo oW TING SIcNAL Fon BLEMDING

Fig. 2.2 Typical waveforms for cutting.

C BLENDIME ]

-—

coagulation and blending




Fig. 2.3 Schematic of hybrid cascode power modulator

(adgpted from [123)

€4




Hvoe

Cascwv )
Colup
Ca
T F——'
330 e e, ECTT E
—a
1 | Ca

Te Demony LATO L
‘NPT

Gz
Kizsy

CAaaiep SlGenmay

Fiigs: 2.4 Schematic of power modulator circuit




I A

Pinchi-o11 region
Triodv /

——
region /

“Ls ®

o Z

= )

GS

Y

Ups

Fig. 2.5 Ideal static Id Vs Vd8 characteristics

for n —channel
enhancement type MOSFET

Fig. 2.6 Ideal static Id Vs Vgs characteristics Tfor n .

—channel
enhancement type MOSFET




Vc_ < VC <

= 3ignt =112y
S¢ok E =
Ry Pz s K
AAA
B¢ok
Béo
P Vee = 4 13v
- iz U Uz a || II ]l
=2 e | 2 4
Vy =
i 5 4 '2 I/, Lma3g CARRIERZ SilemAL
l2e PFIC| 4

I/“Tct,cgq l/é' Tc40€6q

[ ko al
56k i &g

ms HD:_
Se x kg

Fig. 2.7 Schematic of carrier signal generator circuit

Vee= 412V
MooviLaTIiNg SlavAaL 2
Hhont BAE me v
! Vees t12V Vee = 412v
A%
s

Z

i

fy LM324

Fig. 2.8 Schematic of gate drive circuit




TESS (AT T
Tt

i
—

4
T

L
ok
Ll e

T
AR e &

:
L |
1

Fig. 2.9 Carriey waveform




69




I rk L it ,,.__._..T_...._.._.,__‘_.._.1 o, _1. . e _1_ s T e o _...1..._. = ._—T
- J
;_lbo N i : =

T

T

+

Fig. Z.11 Dh=zerved oot waveform with a load

it ato as & load







e

M

Fig. 2.17 UObserved coagulation

ipotato ac )

load)

T2

e B S

waveform

with

=

lo

(=}




.

Al AT SR, e =8 2
e e e b

H g
i
|
i
t
i
!
3

i
=

L Fl.l! 2 '..IIII L

T .

|

It

!

?
-—120“5 f—-

2.14 Observed blending waveform withoot 1oz

S e e -
s T = = = =2 ﬂ.
———— e T Tl PO
—————— I ST e e EeSiaren =
- e e (= = e |I|||I...l||... T —— )
e PR— ————— S SIIT e -

= SN s e e e —— rm

== = e S _ S

= i







350

~ 300

3

-1

£ 250

(3]

(9)]

2 200

o

>

3 150

5

(o]

T 100

o

2 50
. - | i
0 2 4 6 8 10 12 14

Gate voltage to Q2 (in volt)

Fig. 2.16 Gate voltage of B2 vs VYnl characteristic




Output voltage during 225 ohm load (in volt)

0

80

70

60

50

40

30

20

10

8 10 12
Gate voltage to Q2 (in volt)

Fig. 2.17 Gate voltage of G2 Vs Vfl characteristic

76

14




Modulated signal

Demodulator

s 4

Modulating

envelope

detecting

circuit S

2 |22 |2s |Zgq (rESET)

< - L

fudio tone Power

generator Amplifier

Fig. 3.1 Block diagram of modulator output monitoring

3




M™MoDviLaTen DermioRUuLATED

Stma L Siternay

Fig. 3.2 Schematic of demodulator circuit

DEMODULATED Vee = Hiav
. SIGNAL T

<
HromE

Dy CoriPARaton

Veez 412V LEVEL Ocrecton g F404 ;

X = ]

L2 Vg 4eg

Y

¢
3 \,\ 4 V“t F4acg

B e

Vq F40g

\o kK Zz

LOGie chmeuyy

AC Detccron

g ok
T N,
" 0-0\;7[;% .

LP Eittea

Fig. 3.3 Schematic of envelope classifier circuit

78




Vee T t 12V
o]

Vy €O4o g
z B
\ 13

\ 2 33k
NL_.A- e N
— n|°

Zy
i 12~ Y4 <Dyecy

Ll r—o Sl Veez r12v
\ e

S R 4 |8 €8eSay,
SEl 3

4 x» 3 A o ) -

73 3«13 555

K ¢ )

[ 5%
\eewvy S

T
ot i

Ju# Oty I

4k

Fig. 3.4 Schematic of tone generator circuit




< EL2 5
.—W—

RI3

uz

R2

EL3

R3

vCce

e =
R20

COMPONENT LIST

uL,u2,us = OP
ua,us, 26 JUT, UB =

us =
R1,R2,R3, R4.R5 = 10K
00

VEE

ce
120 PF

ECG

OUTPUT

.]l

LM3Sé

.001 MF

O

+12V
—-12V

a8«

3.9 Schematic

of ECG monitoring circuit



60 : W
T - -t

55

S0

45

Differential Gain (dB)

40

10° 10 102 10°

Frequency (Hz)

Fig. 3.6 Magnitude response of ECG monitoring circuit

el |



v . \
(\ k _.1\:’_,-;1’%15 )l

1 |
..hhlm"'. H“!"ﬁ"'l"'\' ﬂ'h;‘i'é.‘,'-'.l.l. - ﬂl h‘:';" W 'F‘ﬂ‘fql.‘lll...w

= 0.8 s k— .

ov —j I P RRRTTY Lﬁ"‘m‘wmwﬂwﬁ-ww‘“-

Fig. Z.7 Observed cutput From ECG mon

itoring circuit




Vec = Fiay '
Vee = 12 Vv

560 v

-2

3‘3'\’ .

TeEmee rnAaTURE

SCMﬁaI-

NVee = -2y

Fig. 3.8 Schematic of temperature monitoring circuit




g ol

o

.E 1 k-

k.

= oL

o

=

2 -1

=

— Ter

o e

(13}

o

o =l

©

> -5t

5

S -6f

=

o 4 : . 5 ! ?
20 30 40 50 60 70 80 90 i

Temperature in degrees celsius

Fig. 3.9 ocutput voltage vs temperature (°c)y characteristic

for temperature monitoring circuit




l ac mains

Input
Surge Current
Suppressor

Input

Rectifier
and
Filter

Switching Duty

Element — Cycle

Controller

Isolation
Errar
Fower |
Transformer Vs2 Amplifier
9
Nref
Output ‘ oe
Rectifier Y2
Isolation
and
S — s Circuit
Vsl
Feedbackhk
Sampler
ac mains
Fower Supply (1) —n
for —_—
control circuit
inerrSupply (?} veo
for >

control circuit

Fig. 5.1 Block diagram of switching mode power supply




AC ™MaiNs

tirav

12V, isonns

PdrSe, == S
D, D3 g Dto-ﬂr,
o0 v
.y,
2ok _i_ c
D D w, 2Ra 2
* 4 470wF,
4% oo V
N
D 1o Dy - IM§404

Schematic of input rectifier TFilter, EE

4
4

imput SUrge current suppressor circuit




= 8 ; " P s S o 2
i4 4 +
BA1Bq
3,“J Y Dg Dy Dq

kizgy < 24 a1
" IE = T 40 ar, Vout
Y2 yh? 1 T Soe v :Fcﬁ
o-2uf
I Q, A& D¢ p Dg Dio
=P Kizgg BA15q BAiggq BAigq

Vq

Ny A8/
] M

Vg 4 - b

r mezﬂ"' ¢

\/‘ih‘ﬁz - T =
[] -
cvts| - L] L

)]
"
%

| Fig. 3 Schematic of balf bridge converter circuit. Also
shown are the typical waveforms at the transformer
primary under ideal condition. T is the switching cycle
duration, while &/2 is the time for which Q1 and G2

remain on. ;.38 is the reference point for the converter

‘ and its gate drive circuit (Fig. 5.5)




Feedback
output

dc voltage

Input to swichig devices
h T I
Voltage MOSFET
—n to frequency e Driver
Vsl vs22
converter
v Opto Fulse
—
isolator —_— width
S| Vs2
Vs HunlatDF
Freguency T
——~ to voltage amplifier
Vs2 converter = +
Vref
ac mains
Isolated Vsl
power
H supply (1}
Gnd (%)
Isolated V2
- power
supply (2) |
Ref ()
Fig. 5.4 Rlock diagram of feedback amd control —ircuit




2, VeaT t1av
Bokg Rz Vs, ztiav
qw _
\
TIE: Uy & Tk 14 i gl 8
2K NasE 4 BuFFEAR. 2 =l RTeN Jﬁ
R‘1 co 4o 4 CD4o¢y) LmM2g.3 33
7 ] 7 ll 2, 12
2 F L{FJ (&) low$ R
‘%w;l;
.  C 16 uf
ok Q P e~ 4 2 e
\soLaToQ 225
C.ooy g Vs, T 412y
1
Vsa=hay C.lup
3 —
T:s S 3
= |
: 1] Pwm™ - ds DRIVER 1S VI, 2
Lr 3524 e A Jal T2 e
2] e 1 " 2 ¢ 4"
u e F
(25
O. —
QU’ =l &ar:
22K Q
Ol A 13“
INtee
Veazo ¥ 1ay

Fig. 5.5 Schematic of feedback and control crrenit




16 ; j z T

14

12

10

frequency output in kHz

12

voltage input to vtof

Fig. 5.6 frequency vs voltage characteristic for

Voltage-to—frequency converter




Voltage output from ftov

0/

1 2 5 4 B 6
Voltage input to the vtof

Fig. 5.7 DOutput voltage of ftov vs input voltage to vtof

characteristic




Vecc

15
+
Pl C arator i
Amplifier SR
a =
e
a—_L___
NN
==
Oscillator
Gnd
Fig. 5.8 Block diagram of the pulse width modulator

92



I5v

230 Vv *D

Ac
MAINS

‘ 1 re py

3 Vv B a Vs, =42y
‘ f 1
aCs
VageyrE
l-l.‘L:l‘.
f 17912 E——-VS::iIQV
+ z
= loou-u:
T)_ D7 DR Eoy
IN Lo

Fig. 5.9 Schematic of power supply circuit for

feedbéck and control circuit




APPENDIX A

HIGH FREQUENCY TRANSFORMER

The step by step design procedure for designing a high
frequency transformer is given 1in  the reference (Z281. I our
application this transformer is used in the tank circuit of the
power madulator. The design procedure with our specification is
given belows
1. Specification data:

Maximum ratings:

Frimary voltage = 3@0@ V., primary current = @.5 A.

Secondary_1 voltage = 506G V, secondary_1 curvrent = 8.5 A.
Secondary_2 voltage = 25 V., secondary_2 current = 8.1 A.

Primary inductance = Z@8 pH appro:x. -
Freguency of operation = 38@& kHz.

2. Belection of the magnetic material for core:
The frequency vs loss factor plets for various magnetic
material have been studied [15]. From that study the ferrite
material HFIC of the Central electronice limited is selected.
For the same frequency this material has comparatively lower
laoss then other materials dats given [18].

-~ Selection of core type:
From relative study of ditferent core construction [1I5] the pot
core Z@/19 is selected. The magnetic characterist:cs of this

core is given below. |

Core factaor 3 IE/QE = B8.33 mm

iZffective length s 18 = 4% mm

Effective Area = B, = iZs6 mm2

Effective Yolume * v_ = 6120 mm3

Apox . weight 5 | = 246 gms/iset

Al “value & = 1256 (+ 28 %)

L : = 2300 : !

Curie temperature 3 Z 13538




rn

Fluxy density = B = 3942 m7

Number of turns

-
AL value = L / N Where L iz the inductance in nenao Henry and N

is the number of turns. For primary the inductance specifle
is I8¢ puH approximately. Taking this figure into account for
give AL value N is coming out to be 16 turns. With taking +25 %
tolerance of AL into account the namer of tuwrn selected for
primary is = 20 turns. Also care has taken such that max  flue
density can rise half of the maximum specified, to avocid
saturation effect of core material. The maximum fTlux density is

given as

8
Erms X 104
Bmax = WA T A E ﬂe in square cm, f in hertz,
E in volts.
rms
=
For our case N = 28, Ae = 136 mm~, f = 508 kH=z, E_ =908 V.
With these data Bmax= 828 gauss = 82.8 mT. It 1is 1less then

maximum flux density specified.

primary turns ¥ secondary voltage

Secondary turns =
primary voltage

From this egquation the secondary_1 turns are selected equal to
and secondaryv_2 turns are selected =sgual to 1.

Insulation used: due to high primary and secondary voltages for
good 1soclaticon myvlar material is used between praimary and

secondary winding.

[AR=F=Ta

m
e
n
(n]

An another high frequency transformer is

switching mode power supply. Which has EE —type (E-42 X Zi X 9

ferrite core of HF_C material.The magnetic characteristics of

]

it, is given below:

Core factor 1 /A, = 1.81 mm '
Effective iength 1E = 1@8.5 mm

= T
Effective Area Ae LR
Effective Yoiume Vo= 11674.5 mm”

I

28

in



Approximate Weight
AL value
M1

Curie temperature

Flux density

]

v ol

I

31 gmsiset
2613 (+ 25 %)
230@

138 “c

390@ mT




APPENDIX B

SPECIFICATIONS FOR DATA ACQUISITION CARD PCL-— 2@8.

Analog Input (A/D Converter)

Channels 16 single—ended or 8 differential.

i2 Rits.

Unipolar : +10V, +353V, +2V, +1V.

Rescliution

Input range
Bipolar : +/-18Y; +/—8V, +/-2.9V, +/-1V, +/-0.3V

Conversion type : Successive approximation.

Conversion speed: 68 kH=z.

Accuracy : +/—{(@.081% of reading) +/- 1 bit.

Linearity : /= 1 bita
Analog Output (D/A Converter)

Channels : 2 channels.

Resolution : 12 Bits.

Output Range : @ t@ +3V with on—board -5V reference.
Conversion tvpe : 12 bit monolithic muitiplving.
Linearity 2 = 15T bBik.

output drive : +/-5mA max.

Settling time : 5 microseconds.
Programmable Timer/Counter

Device s INTEL 82354.

Counters

2 channels, 1& ¥av. 2 Channels permanently
configured as programmable pacer.
Time base : Pacer (channel 1 and 2); 1@ #MHz or 1 MH=z.

Pacer Dutput : 2.6002F Hz to 2.5 MHz.

Interrupt Channel
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FEATURES

Linear current output: 1 pRArPK

Wide range: —55°C to +150°C

Two-lerminal device: Voltage In/current out

Laser timmed to = 0.5°C calibration accuracy
(AD530M)

Excellent linearity: +0.5°C over full range (AD590M)
Wide pcwer supply range. 4V lo + 30V

Sensor Isolatlon from case

Low cosl

GENERAL DESCRIPTION

The AD590 Is an integrated<ircuit temperature transducer
which produces an output current proportional to absolute
temperature. The device acts as a high impedance constant
current regulator, passing 1xA/°K for supply voltages be-
tween + 4V and + 30V. Laser trimming of the chip’s thin lilm
resistors is used 1o calibrate the devica to 298.2xA oulput at
298.2°K (+ 25°C).

The AD530 should be used inany temperature-sensing appli-
catlon between - 55°C and +150°C (0°C and 70°C for TO-92)

in which conventional electrical lemperati
currently employed. The Inherent low cosl
integraled circuil combined with the eliminaff
circultry makes the AD590 an attractive alle
lemperalure measurement siluations.
cullry, precision voltage ampliliers, resis
circuitry and cold-junction compensation ara
applying the AD590. In the simplest application
power source and any vollmeter can be uau.‘., c
temperature.

In addition to temperature measurement, 4
clude temperalure compensation of correction ¢
components, and biasing proportional lo absoiuu‘ "F'o'
ture. The ADS90 is available in chip form maklng ('] o
for hybrid circuits and fast temperalure mes

protecled environments.

»N.
The AD590 is particularly usetul in remote sensln:%
tions. The device is insensitive 10 vollage drops over
lines due 1¢ its high-impedance cufrent outpull
insulated twisted pair is sufficient for operalion mﬁ
feet from the receiving circuitry. The outpul cha

also make the AD590 easy to multiplex: the curnn't 4 h

swuched by a logic gate output.
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Lo =08 ADSSOKH | ADSSOKE | ADSHOKZR |
RS0 £ 700 =04 AD500LH | ADS9OLF = i
=03 ADSIOMH ADSIOMF - i
- —
4 b s
5.28 Hgted
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i_ABSOLUTE MAXIMUM RATINGS (Ta= + 25°C unless olherwise nated)

CHARACTERISTICS ADSR0! ADS90J ADS20K ADSPOL AD5SS0M UNITS
Qulpu!
Nominal Output Current 298.2 298 2 2082 ° 298 2 298.2 A
& +25°C(298.2°K)
I I Nomnal Temperalure 1.0 1.0 10 "0 1.0 rAl'K
' Ceethcient
: ml'ﬂ“ Error 2 10.0 max + 5.0 max = 25max 210 max 2 0.5 max Lo
! 4 -25°C(Notes)
! apsciute Error
-55'C lo +150°C)
wWithout External * 20.0 max £10.0 max =55 max + 30 max 217 mas *C
: Calibration Adjustment
with External Calibration + 58 max = 3.0 max +2.0 max +16 max = 1.0 max b o
Adjustment
™ Non-Lineerity 3.0 max =1.5 max = 0.8 max = 0.4 max 2 0.3 max *C
—
. Repealability (Note 2) 2 0.1 max 20.1 max =0.1 max =01 max 20.1 max ‘C
1 ~ong Term Drift (Nole 3) = 0.1 max +0.1 max 2 0.1 max =01 max 20.1 max *Cimonth
. Current Noise 40 40 40 a0 40 pAIJD:r
=)
" Puwer Supply Rejection i
~4c V<45V 05 0.5 05 25 0.5 WAV
«5cVt <415V 0.2 0.2 0.2 02 0.2 AV |
-18V<V* < 430V 0.1 01 01 01 01 AN
| Case Isolation 1o Either Lead 10'° 10 10'° 10" 10'° Q
| Ettective Shunt Capacilance 100 100 100 100 100 pF
! Electrical Turn-On Time (Note 1) 20 20 20 20 20 A5
| Ae.erse Bias Leakage Current 10 10 10 10 10 pA |
| (Nste 4)
tOnelSupplyﬂange +410 +30 +410 +30 +4% 430 +410 +30 +410 +30 v

gdvolinge¥ tovTy oL

evoltage(V* 1oV ™)

kdown\.'oﬂaoefc-uelov" orV )

orage Temperalure Range

. —-65'Clo +175°C

v ———— —

Cepls I
..+ 41V Rated Performance Temperature Range - -
TO082.......... e SR AR ...0%Clo +70°C
+ 200¥ TO-52 Ceramic ... =55°Cto +150°C
Lead Temperature (Sotoerng. 10 sec) .. +300°C

5588 shove those listed under "Absolute Maximum Rafings™ may cause permanent damage to the device. These are siress ralings only

d fur
pors 187

SPECIFICATloNS (Typical values al Ty = +25°C,V* =5V unless otherwise noted)

cnnal operation of the device at these or any other conditions above those Indicated in the operalional sections of ihe specilica
o' implied. Exposure o absolule maximum rating conditions for extended periods may allect device reliabilily.

Noles

1. Does not Include seil healing effects.

2. Maximum deviationbetween + 25°C reading afler temperature cycling between - 55°C ana + 150°C(Q*C and 70°C lor TO-92).
3. Conditions: Constant + 5V, constant +125°C.
4. Leakage current doubles every +10°C. -
5. Mechanical strain on package (especially TO-92) may disturb calibration of device
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IRF430 = [RF431 = [RF432 = |RF433 N O |
IRF830 = [RF831 = IRF832 = [RF833 Siliconix (

500V mosrower !

These power FETs are designed especially for offline switching regulators, converters, i |
solenoid and relay drivers. {

.IRF830 = IRF831 = IRF832 = [RF833

aena

| iy
FEATURES Product Summary
. High Voltage P
) : Nog Seconngreakdown Number [ Vous | tosom | o i '
r w High Input Impedance RESN | N } w0 | wsa n
< = Internal Drain-Source Diode :2:3; x: TO3
| VBI’Y Ruggad: Excellent SOA IRF433 450V 200 A
! u Extremely Fast Switching IRFB30 500V i
b | IRFB31 450V b S 70-220AB
b BENEFITS WFe2_| sov | ”
' @| a Reduced Component Count RFE3s | asov |
¢ 0| m Improved Performance

u Simpler Designs
= Improved Reliablility

]

ABSOLUTE MAXIMUM RATINGS (Tc = 25°C unless otherwise noted)

Drain-Source Voltage Puised Draln CurrentZ. .......vuvvnerneenennenninnes =18A {
::53?-:% :-;?:332 --------------------------- ﬁ“:" GaleSOUTCE VOUBIR - s e s s e S sty 40V |
Dnln-Glt'e Voltaqo' """"""" PR TS Maximum Power Dissipation . ...............coievenns 75W !
SREIA0 432 B0 82 . o anun s ah 500V Linear DeratingFactor ..............c.oiuvnnns 0.6wWi .C ‘
IRF431,433,831,833. ... ... o s A Wiy 450V Operating and Storage Temperature .......... -5510150°C i
Continuous Drain Current, T = 25°C! Notes: ! |
IRF430,431,830,831. .. ... ..0.uiiiinnnnnnnnnn * 4.5A 1. Limited by package dissipation. i
IRFA32, 433 832 838 . soniivasisnissanesmasonnas +4A 2. Pulse test —BO0us to 300us, 1% duty cycle. i
o 948 J1raT; !»
b 127.27%) 0T e 38 M |
- 915 wax MAX .' %lﬁ',"' i o l
1 . il '
7 o = |
‘ . U oo oo i a3 I |
s | I '
e g g, 1 —i !
0876 (17 145 B0 el Lot i EC] {
asss 16&3N | \ [ I
rg':::.' ou I " v
BOTH ENDS | e ———— | Bdj: o) 4
awo iy - =T 1M
0420  [10668) ax idde '
o6 1o ] 1 i
‘ib_ '?_i’f‘ 0.8 (I I o 25 FETRLRTS
838 BN rvoM VIEW 11 a0s) R MAX T |—__‘ o
103 @ @
- PIN 1 — Gale PIN 1 — Gate
PIN 2 — Source TO-204AA (TO-3) PIN 2 & TAB — Drain TO-220A8
CASE — Drsin

PIN 3 — Source

2-28 Siliconix




ELECTRICAL CHARACTERISTICS (Tc = 25°C unless otherwise noted) 2220
Part o
Paramater o Min Max | Unit Tes! Conditions (3]
umber oo
Static
IRF430, 2 HE R
BV, Draln-Source Breakd iRk, 2 | 50 e
raln-Source Breakdown = = —
o REA1.3 | 40 v || eriatek X 70
IRFB31, 3 g o
Vgsym  Gate Threshold Voltage All 2 4 Vos = Vgs. Ip=1mA () g
lazs Gate-Body Leakage All =100 nA Vgs= = 20V, Vpg=0 - wd
0.25 Vps = Rated Vps, Vgs=0
lpss Zero Gate Voltage Drain Current All mA i o S =
1.0 Vps = Rated Vps, Vgs =0, Tc=125°C
— —
R 23
lexon On-State Drain Current o '3 - A Vos = 25V, Vgs = 10V (Note 1) e <) g
imFaata | 40 "S 5
IRF430, 1 -
. . IRF830, 1 p ; ¥
— f‘uuc Drain-Source On-State ; i Vs =10V, 1= 2.5A (Note 1) | N |
esistance IRF432, 3 ’ ¥
' 2.0 omam womb
IRFB32, 3 ~ X
Dynamic a g
O Forward Transconductance All 25 s Vps = 100V, Ip=2.5A (Note 1) w 3
Ciss Input Capacitance 800 LWw
Comn Output Capacitance All 200 pF Vgs=0, Vps =25V, =1 MHz
Cias Reverse Transler Capacitance 60
taon) Turn-On Delay Time All 30
1 Rise Time All 30 i Vpp =200V, 15=2.5A, R,_= 802, Ry = 10Q
towin Turn-Off Delay Time All 55 (Fig. 1)
4 Fall Time All 30
Drain-Source Dlode Characteristics
Typ
Vsp Forward On Voltage All -1.2 v ls=—4.5A Vgs =0 (Note 1)
ter Reverse Recovery Time All 400 ns le= lg=—4.5A, Vgs =0(Fig. 2)
Note: Refer to VNDASO Design Curves (See Section 4) |
1. Pulse test: B0 x8-300 us, 1% duty cycle.
TEST CIRCUITS
FIGUR Switching Test Clrcult FIGURE 2 JEDEC Reverse Recovery Clrcult
i
——AV "
%0 avan Adjust
11 =27 uHy ‘
S + 570 S0uF
I E 1N4933 2 aé _ YpxAdiust b |
|
I RAgen I ~o L —4
v A | j 2400 L
I 20v ‘ | 1: Tcs 4+ IN400Y
| {2 | 4000uF Pt
| — % - | l ; R¢0250
| | | Cwmeurr = | ] :
PULSE UNDER L 500uM
|GENERATOR | | TEST £
Sas T | ceesopr rY la
PW. =1 Cg <80 pF T®
DUTY CYCLE = 1% IN4T723 [LMJ—};QO‘
SCOPE |
FAOM TRIGGER CKT ;ﬂ

Siliconix
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LM1524/LM2524/L

b - Fa X §

L&"‘! -*/_6:’ : '.*'5,’:’.524/!.3‘".1524

Regulating Pulse Width Modulator

Genoral Descrption

The LMI524 weriet of regulsting puly width modulators
containt =il of the conirdd circulty nocrsary to impie-
mant twatching regulaton of either polarity, Uransfommer
coupled DC to DC converters, Uamiormeriewu polarity
convertens and voliage doublers, & well & other power
control soplications Thit device includes a SV vollage
reguiator capable of supplying up to 50 A to external
Cicuitry, 3 control ol o v uagil w3 pulse width
moduiator, a phate sliiuny flip-llog, dual slternating
oulput 1wilch transiston, and curtent limiting and shut
down Circuitry. Both tha regulator cutut trentitor and
each Ou DUt twilch ace iaternasily current mited and, 10
hmit juncuion temperature, sn inlarmal thermal shul
down circunt is” employed. The LM1524 » rated for
cieration from =S5°C 1o +125°C and 1 packaged in
2 hermetsc 16-lead DIP (J). The LM2524 and LM3524
sre rated for operation fiom 0°C to +70°C and ace

‘_.—- —--..-w-. - d = .

packaged n either 3 hermenc 16-dead DIP ) or
" 164¢ad molded DIP (N}.

Features

e Compleie PWM power control circuitry

® Frequency adjuttable 10 graater than 100 kHz

& 7% {requency ttability with tamperature

® Toul quirscent current lews than 10 mA

® Dual alternating onitput switches for both push pall
or single-anded applcations

o Current himit anaplifier provides extermsl component
protection

@ On chip protection againtl excettive junction temper
ature end oulpul current a

& 5V, 50 mA linear reguiator output available 10 user

Block and Connection Diagrams

ra— et Srais
I !
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Order Number LM1524), LM2524J
- or LMB24L
Sea NS Package J1BA
Order Number LM2E24N
or LMJIS24N
Ses NS Peckage N1EA




o L

sl 4TV Yaxdham e - -

i S R Snachn &Y 1o Pechar)
faxd , Breenay Dt Current - L0 mA (N Fockae) L
Q,'EJ o | Oviiut Sutrsan (Lach Gurput) - 10G mA .. Bctamm Tempeiature Reoge ST e,
(;i, Oscifitior Churphsg Current (Pin 6 or 7) £ mA Leed Tompe: rture ($ddering, 10 ssdondd) 3arc
3 {ntarnal Powrer Dimipetion (Nomw 1) 1w
‘;f Operating Temperature Harge
A LMm1524 $5'Cw+125°C
E LM2525/LM3524 0"Cta+70°C
H Electrical Charactaristics
Unlesi otherwise stated, these specificatiom apply for Ta = —£5°C 10 4125°C for the LM1524 and 0°C 10 $76°C for the
LMZ524 and LMIS24. V| = 20V, and | = 20 kHz, Typicai valuer otfer than temperature coethicrents, are a1 Ta = 25°C.
. M1SM4/
} PARAMLTER CONDITIONS :»2:4 w{:m ] eTe
MIN ] TYP [ MAX [ aaim [ Tvr [0
Referonce Loction R e 3
Output Voltege 48 &0 53 a9 50 54 v
Line Fegulatan Vin = 840V {4 n "mn 30 -V
Load Regulania 1IL=0-20maA 20 v bl 0 my
| Ripole Repection 1= 120MHs T4 - 25°C [ w5 w8
Short-Lireust Output Current VREF = 0.Ta " 25°C 100 Bl mA
Temperature Statiliry Over Coerating Tempernu=e Range 03 1 0l 1 b
! Long Term Stateliry Ta=25'C 20 ll 20 mVrkhe
:' Owcillator Section
i Manimum Freouency Cr- 0001 ,:F Ry = 24i2 %0 350 LHe
Initnal Accurecy RY and C1 contant % 3 b
Ftequency Change wiih Voltage Vin = 8B40V, Tg - 35°C - 1 ' N
Fregquency Chunge with Temoperature | Ower Operating Temoerature Range ? 7 ~
Qutput Amelitude (Pin 3) Ta=25°C 3s 35 v
i Output Pulse Wedmh (Puin J; Cr=001uF, To=25°C _es 0% n
: Error Amplifior Section
Input Offset Voltage Voum = 25v 05 5 2 10 mV
17put Bia: Current Vem = 25V 2 10 i e EA
Open Looo Voltage Gain 12 ro &« ] 8
., Common Moor Input Volies Range | Tp » 28°C 7 "6 34 ¥ 34 | v
‘ Cominon Mode Aeiection Ratn Tae 202 .0 5} R
Smail Signat Bandmuain Ay« 0cB, Ta=25C 1 3 o)
Optput Voltage Sming Tar28°C ) 0s 18 L) I v
A'l!ﬂ Section
/ Maximum Dury Cycte A £3¢h Outpur ON as a3 52
Input Threshola (Pin 9y Zeto Duty Cycle ] H b
taput Theehold (Pin 91 Maxsmum Duty Cycle ‘ 3s 35 v
Inout Bist Current - -1 £ A
Current Limiting Section
Sense Voltage ViPin2) = ViPin 1] 2 SOmV, 190 200 | 7i0 WS, X0 200 -\
Pin9 =2V Ta = 25°C
St Yeluge T.C 02 07 muoC
Common Moo Voit s 01 1 -07 1 v
Output Section (£ach Dutputl
Colirctor-Emitie voitege aQ 43 v
Collector Leakage Current VCE » 40V 01 0 ca L] ]
Saturation Volage Ic-50mA 1 ? ' 2 b
Emitier Output Voltage VIN = 20V, Jg = ~250 A 17 18 1 e ¥
Rise Time (10% 10 90%) - | Re* 280, Ta=25C ® 07 0z —
Fell Time (0% W 10%) | .. | Rc=2kf2,Ta=257C 01 o1 »
Total $randtry Corrent - = - - T VIN® 40V Pim 1,4 7.8, 11 5 10 S 10 mA
R end 14 are grounded, Pin 2= 7V, -__. .
i I e G i A o) ey e Open
Mets 1: For operrtion a1 sievated femperarurn, Gevices In thw J Pachsge murt be e 35 based On 8 Trermel resirtancs of 100" CIVY, Junction
10 embient, end evicet in e N peckage mutl be dereted baved 6n & rermal resiisncs of 160 C/W function 1o gmbeent.
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Preliminary Data Sheet No. PD-6.011

{ INTERNATIONAL RECTIFIER j?'@
L ; : ]

-ICH VOLTAGE 2150
ERIDGE DRIVER |

14-PIN MOLDED DIP PACKAGE TWCL-0 COMPUTERS

Dizooal Flaza, Lamington Rozd,
v Abcva Swastik Cindma,
T 5,1* A

NOLMDAY-A00004, T:1. No: 35T

.

Cenerz! Description - Features .
The IR2110 is a monolithic. high voltage and high I 500V rated floating supply offset voltage
snced dual driver with indepenc}enl floating rail high - @ 10V/ns {loating supply dv/dt immunity

zide ‘—:r”d 'c';"e‘_j rail '0‘:’ side reterer:lt;:d O'Ll":m:[ cgar; [2 2A peak output current capability per channel
mis. The device inputs are compatible with standar BB L S -
CitOS outputs or with LSTTL outputs using putlup = exonrimng sl ot ond

1

; 1=sisiors. Unique HVIC technology and circuit design 1 100ns pr opagahén delay ““_“_9 :

| enabdle high speed and low dissipation translation of 1 to 5 MHz maximum repelitive raie depending

. e iogic level inputs into corresponding low im- on power dissipation

i pmdince oulpui swings viith respect to the fldz:!ing ! CWOS Schmitt-triggered inpuis with hysteresis

b ind the fixed sup.piy rail. The floating channel can [ 10 1o 20V output drive operating vollage range
iw: cenfiguied to diive an n-channel power MOSFET [: 15mW toinl quicscent power dissipation with 13V

P IGET whoso source voliage is up te £00 volts frein supply

v ER2110 common pin,
¥ g i P ue : . I Under-volicae lockout
Do HTTI0 s lypecally used to drive Ligh voliags F

soicoane powsr MOSFETs or IGBTs in heli-bridge,
v i-lanve or cihar lopologies: Apphoations inciude

Leghirg power cupplies, motor controls, itieeners,

oL sudio ampdtic:ss and hicgh ensigy Lo
Twoicd! Convesiie!; ! Minout Acsigninent =
i . b
i i B k 1
i /,'.__ _|“ L—"—‘— ' _—J ir 5
I" s e -1 . (!:.—';' ; 1 ¥ l.:.l_ --"Li AR =
i I L TN e - CRImE o,
i ¢ —_"_'j' e = ! e S C) T 0o
! [ R L o ! ia le— ¥ st N :
' s T I e S mingias] Tt -5 e
: T - T S | = by " [_‘ ; 1 R
- 5 wof s - ~- e
: ; | L-.-_—I C:! “ r d -.-_‘:-r ' !
o S B - o chamm i U1 e O ;
"5 . =) sy s :
g Foa i ("i g : R § b i
e = AT s 2 g e | |
sy 5% L——-——~ | | 3] 10 b
e ] {
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“IR2110 : A |
Absolute DC Ratings® ‘|
(Reler to the Functional Blozk Diagram scchon for the definr s &nd relerences ol the parameters.) ‘

Symbol Paramclers 1 Min Max Unit i
Vg Offset Supply Vollage - - 500 |
Ves " Floating Supply Voltage B -0.5 - 25 . A4
VHO . High Side Channel Oulput Voltage |- -05 Vps+05 |
Vee Fixed Supply Voitage s 05 25 T v |
VLo Low Side Channel Output Voltage s s Veg+0.5 i ‘
Vbbp Logic Supply Voltage . : S -05 25 l‘
VIN . Logic Input Voltage (HIN, LIN & SD) -05 Vpp+0.5
Recommended DC Operating Conditions L
Symbol Parameters ‘ & TMin Max Unit |
Vgs. Floating Supply Vollage 10 20 ! i
VHO High Side Channel Qulput Voltage 0 VB |
| Vee Fixed Supply Vollage - 10 20 I‘
! VLo Low Side Channel Output Voltage . 0 Vee Y
| VoD Logic Supply Vollage 3 vee
Vin Logic Input Vollage (iﬂN. LIN, SD) 0 Vpo 5
- - i 11 1
Vss ] Logic Supply Offsel Voltage Y | - 1.0 0 |
Maximum Transient Conditions |
{ Symbol Parametlers % e Max Unit |
dVps/dt Floating Supply Startup Transiem? 75 Vius
dVg/dt Offset Supply Operating Transientd: 10 Vins

Thermal Characteristics

I Symbol 7 [ Parcmelers o l.'lin' Ve Max } _Uni'l 4—‘
TP | Package Power Dissipation ¢r Tp. < = 25C I & el anils \ |
CJA ' Thermal Resistance, Junction 1o Ambient ' FOE e Oy B T el i_._ _~"~'~' s
Timay | Maximum Junclion Temperature | : R L T as0 j ‘
i Ts ‘F' Storage Temperature Pl r o - ‘; T lss —-‘E——_ TriEn & f e
; g _[ Lead Temperature (soldenng, 10 teco.x‘-;]’_w b SR ;_ - ___::“_C}_i_ :
! Ta 1 Cperating Ambient Tempcrature | w30 e _125 IO,

Static Electrical Characteristics®
Vcec=Ves=VDp =15V, COM=Vgg =0V and Ty = 25°C unless otherwise spectica)

Symbol i Parameters 4 Min 0 Typ Max ’;_-_Un_t__
lace ' Quiescent Vg current i wo | s F 600 _'
3 loes : Quiescent Vpg curent 8 369 -—:“ S0 | 600 i
! Quiescent Vpp currcrj[ ;_____;ﬁq:-"ﬂ;i:- _j, . TiE :‘ _‘__'%E"__ Wl
! Logic input Bias Current, Vi = Vpp - i AL __13_
Logic Input Leakage Cusrent, Vip = Vrs N o e S i 1___ ; - =
Legic Input Positive Go:nq Thre .,I.BJJ‘” ) _.?_.___”_2@ - l;_:_ _f:j ___::_E ___:
Logic Input Negativ 5?5;85'[11:: Nold §F 70 %5 | 80
Undervoliage Posilive Gomq Th:e--;;.‘o!‘rr"’ i _ o N H__‘ISO _’ o
Undcrvoltzge Negative Coing Threshold A7 _-“(gr:u O B (7 "
Output High Open Citcunt Voltzges | T i— Tqa0 | 145 !
Out;\ul Lc «+ Open le(.m! \olt; \3--_ TS e R —_ —__j:_ﬁz_ -] .
Oufjpul High Sh“;t Cirguir Cunient @ e R 20 - | =
rhAins g ['“_—th;}‘u"-TElJ_éﬁm ruc t CJ:}'?{: e b i 20 | ST
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