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CHAPTER 1 

I I\ITRODUCT I m~ 

1.1 What is Biotelemetry and radio telemetry?: 

Biomedical tel emett-y, or Biotelemetry is a special branch of 

Bioinstrumentation which provides a means for tt-ansmi t ti ng 

physiologic i nforfil2,ti on from men or animals to a recording 

data processing station for medical purposes, usus.lly lrJith 

I 
aims of minimally encumbering the monitored organism. 

or 

the 

The transmission medium may be either a radio link or a line.In 

the case of a line connection, the tet-m "line telemetry" is used 

when the subject and station are in different locations. With the 

exception of some physiologic data transmission and monitoring by 

lines,biomedical telemetry today mainly uses a radio 

link bett-JE:'erl the sites. In this C2.se the tE.'nn "r':::adio TeleITlett-y" is 

used and the described techniques can easily be extrapolated to 

b/ \-"J} re implementations because the encoding and decoding 

2. 
techniques are similar. 

If we look at the history of biotelemetry, we will see that one 

the earliest recorded uses of telemetry for medical pur-poses 

in 1 '1'2 1. The United States Army Signal Corps used 

faciljties on shore. first used a portable 

instrument for transmitting physiological dataCEEGs and ECGs) by 

10 



radio.Many other investigations using radio telemetry could be 

mentioned such as for intracranial temper- ature, PH, 

respiratory ventilation, o:-;ygen analysis of breath and 

bleeding 10calisation.However, most of these are for specific 

research investigations and few have been widely applied. 

1.3 Uses of Radio Telemetry: 

In clinical setting, biotelemetry can provide for total 

electrical patient isolation and ambulatory freedom, and is 

proliferating in dental research. Portable emergency care units 

now may communicate with hospital base stations with voi ce a_nd 

physiologic data from remote emergency situations. Biotelemetry 

has also permitted physiologic monitoring in many research 

where freedom from restraint and attached wires is important to 

the study both with animal and human subjects.A broad spectrum of 

animal species has been monitored by biotelemetry. This includes 

snakes, fish, seals, elk, and birds in the wild as well 

as the more common monkey, dog, cat, rat, and rabbit laboratory 

animals. Human studies of the physiology of exercise and physical 

and investigations of fetal and maternal physiology have 

founD freedom of restraint provided by biotelemetry to be of 

1.4 Biotelemetry Systems: 

There are essentially two classes of telemetry systems which can 

be used for both research and patient care. 

a)lmplantable- systems;These are p~imarily used +Ot- long 

HIE-?.::?.. SL{~·- ernen 1..:. ~::. in both humans and anImals where an external system 

would be overly cumbersome. For human~ i ndi vi dUed is not 

usually subjected to the trauma of surgery for the sole purpose 

11 



of implantinQ the unit unless its use is necessary for the well 

being of the patient. An example of such a procedure would be the 

placement of an intracranial pressure telemetry unit in a 

hydr"ocephal i c child to help keep the accumulation of 

cerebrospinal fluid under control • For some animal studies it is 

desirable to place the telemetry unit within the animal to avoid 

the possibility of damage caused by normal activities of the 

2,ni mal. An implanable telemetry system offers the following 

advantages: 

i-It eleminates the need for percutaneous leads which can result 

in irritation and/or infection. 

2-By placing the unit within the subject to be studied, 

protected from physical damage. 

3-Becc;(use it is hidden from view, c;\ pschologiccd 

t-emoved" 

The disadvantages of implantable systems are: 

1-Repairs and design changes cannot be made. 

2-Severe limitations are placed on the power supply. 

. .l.. 
1 \.. is 

::::.-A packa.:)inq material which will protect the electronics for 

is yet to be found. 
I~ 

systems;This second class is composed of 

systems which can be placed on a belt, in a shoulder bag, or" on 

the bc-;ck of the animal.The maximum size of such s:.ystem is: 

dictc;,t~"c:l by the subject which is to be monitored.A human could 

function normally wit~1 a unit occupying a volume on the order of 

2. 1 "" . 3 d . c· . I 
'.! '.) 1 nan ~'J 0::' 1 g I "I 1 rl g up t 0 1 t': g • while a system intended for a 

rat would have to be on the order of 10 cc VJeighing tens of 

12 



systems are used primarily for short tet-m tests 

and monitoring where the inconvenience of tel emett-y uni t is 

easily tolerated. 

External systems have the advantages of; 

1-Compl e:-: circuits and systems are permissible since space is 

normally not a problem. 

2-Frequent calibration, offset adjustments, and repairs are 

possible because all components are readily accesible. 

3-Protective packaging is usually not necessary since the unit is 

not subjected to the harsh environment of the body. 

4-Pohler·· consumption is not a major problem since batteries can 

easily be replaced or recharged. 

5-Surgery is not required before the system can be used. 

6-The system can be used more than once. 

Some of the disadvantages of external systems are; 

1-The leads can be pulled andlor chewed by animals who do not 

understand the importance of or the need for, such a forei gn 

equipment attached to their bodies. 

2-The measurement and transmission of some physiological signals, 

such ch<3.nges in heart dimension as measured by set of 

ultrasonic crystals, require percutaneous connections which are 

susceptable to irritation and infection. 

3-An interesting problem may be the psychological effect of the 

unit on a person who feels uneasy or awkward with such a unit on 

hi s or he~- body_ 

systems~ modern clinical and research telemetry systems are 

mostly multichannel systems due to the variety of phYSiologic 

13 



signals to be transmitted • 

These systems generally introduce either a time division 

mul ti pI e:-: or frequency division multiplex method to achieve 

multichannel transmission. Since it will be beyond the scope of 

this thesis, I don't give the discussions on the various 

available systems~ hO~o,jever , a collection of Pulse Amplitude 

Modulation~ Pulse Width Modulation, Pulse Position Modulation and 

pulse code modulation systems are briefly and 

detailed comparison among these systems are carefully examined in 

most frequently used signals in biotelemetry are 

electrocardiogram (ecg) respiratory ventilation, 

mean blood pressure, electromyogram and electroencephalogram 

signals, for further research, I present the Whole collection of 

signals from the human body, the electrical 

characteristics and methods for obtaining these si gnal s. (see 

appendix A, table II) 

b) 

a) 

b) external unit. 

a) Implantable unit (Coin l·S h 
S own for comparison) 

Fig.i.Implantable and external Biotelemetry systems. 
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CHAPTER 2 

SPECIFICATIONS OF THE BIOTELEMETRY SYSTEM 
TO BE PRESENTED IN THIS THESIS 

2.1 Generalized Radio Telemetry System: 

A radio telemetry system in most general way can be described as 

shown in figure 2. 

al11pli!i~r 

--, 
I 
t 
I 
I 
I 

tekmetry system 

, 
I 
I 
I 
I 
I 
I 
I 

! :.3: tin~ rf"""! : 
~.., i· C r------1 :-1 .... --~ 

I-..::'J L'::J 

I 
I 
I 
I 

l r--, 
L--;~-S1 L __ J 

'r--, I 
:r:.~)!----_.J I-__ J 

demodulator 
for 
subcarriers 

display 

Fig.2. Block diagram of the generilized Biotelemetry System. 

Beginning from this simple block diagram, I am going to give the 

specifications of the system presented in this thesis. The design 

philosophy and the implementation will be explained in the next 

chapter- . 

a heart i:,ttack, the patient is normally placed in 

coronary care unit for a few days. Unfortunately the CCU is very 

expensive and has a limited number of beds.Therefore the patient 

is only extensively monitored for a few days until he or she is 
4 

moved to a room where there is little or no monitoring. The 

c2.r-diologist ECGs several times a day while the 

is in the hospital in an attempt to determine exactly 

what is wrong with the heart. During this period or d.f ter- an 

operation~ there comes the use of the Biotelemetry monitoring. 

11:: 
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2.2 System specifications: 

Although the~e a~e seve~al physiological signals~ that can be 

monitored~ the ECG and respiration signals are chosen for 

telemetry monitoring~ since tempe~ature fot-· a 1/ step do~·m uni t " 

patient can be recorded twice a day, by a nurse~ a.nd thet-e are 

very rare occasions that the patient's blood pressure or flow 

without disturbing the normal heart and respiration In 

those cases the patient will feel the discomfo~t and/or a pain~ 

and will call a nurse for ca~e. 

Monitoring the ECG and respiration rate has several applications 

at other fields such as exercise ECG examination and 

physiology where the subject can be monitored without 

his capabilities of action. 

spo~ts 

1· . .L. 
~lrrnL.lng 

Fo~ monitoring the ECG~ in Biotelemetry systems, instead of 12 

lead standard connection, the 3 lead augmented configuration is 

used to optimize the info~mation obtained versus simplicity. 

For respiration signal~ there are two approaches in recent 

One~ picks up the respiration signal by usi Ilg 

thermistor placed close to the nose of the patient. 

patient breathes, the exhaled air causes a resistance change in 

the thermistor and therefore the respiration rate is detected. 

The second method is to pick up the transthoracic 

change to high frequency current due to the changes in the 

dimensions of thorax as the patient breathes. 

10 give the least distu~bance to the patient, while 3 electrodes 

are connected to pick up the ECG~ I found the most convenient way 

to obtain the respiration would be to use the transthoracic 

16 



impedance change method, since no extra transducers needed. 

In the following page the complete block diagram of 

transmitter and receiver is shown. (Note Fig.3) 

ECG 
clec.tr-ode, 

LA 
ECG Amplifie 

RA 

RL 

~ l 'i' /r(> 1-;." 
elec.lr" des 

LA 
A.C. 

Bndge RL 

F.M. Tuner 

1 
Narrow 
cland F.H. 

I 
P. L.L. 
Fre'llJency 
Synthesizer 

\ 

f---

-

Voltage 
Controlled 
Oscillator 

Demodulator 

Amphfier 

V 

FM Demod. ,.----.. for ECG 

~ PWDemod 
for Resp. 

Pulse Width R.F. Transmi 

Modulator 

~ 

AID MPU ---+ 

~ 

Fig.3 Complete block diagram of the designed system 
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The ECG is then amplified by an A.C. coupled amplifier having a 

ga.in of 750~ CMMR of 35 decibels~ very high input impedance(in 

the order of 100 M ohms), and a frequency response of 0.6-90 Hz. 

The respira.tion amplifier is preceeded by an ac bridge, 

2.mpl if i er and demodul atot- , and a filter to detect the impedance 

change.The frequency response of this amplifier is O.07-0.7Hz~ 

gain is approximately 470 and the sensitivity range is +/-0.5 

ohms with a base resistance 500-800 ohms. 

The ECG signal is then FM modulated where the center frequency 

is 1.2kHz and maximum swing is +600~ -200 Hz~ due to the voltage 

levels of the ECG. This waveform is then Pulse Width Modulated by 

the respiration signed that varies the pulse width 

O.6msec and 0.4 msec. 

The composite signal is then level shifted and sent to the RF FM 

modulator-transmitter stage. 

The composite signal modulates a 35 MHz crystal oscillator, and 

this frequency is doubled twice to obtain a 140 MHz operC:i.ting 

This signal is then amplified and then fed to the 

a.ntenna.. There 1S a second order low pass filter on 

the antenna side to prevent the transmission of 

The receiver front end is a down converter block from 140 MHz 

to 10.7 MHz , and the second block is a narrowband FM demodulator 

v-'i th intermediate frequency of 455kHz. The center frequency of 

ft-equency 

block that can demodulate FM and PWM signals to recover the ECG 

18 



and respiration signals. The demodulated signals are in the order 

of several hundred millivolts and then sent to an analog to 

digital block in order that the microprocessor unit can perform 

the following tasks; 

-if the channel is set and the number of active channels are 

specified with their alarm limits~ the processor scans the 

channels one by one in sequence. 

-at the end of each cycle of the recovered signal per channel~ 

the MPU calculates the rate and compares it with the set 

levels. 

alarm 

-if the alarm limits are exceeded or the P.L.L. can not lock to 

the patient the MPU activates the alarm circuitry~ 

the channel that caused the alarm condition. 

and displays 

-if everything is smooth, displays the channels one by one in 15 

sec. intervals. 

The major points of the designed system making it special are; 

-The transthoracic impedance method for detecting the respiration 

rate. 

-Scanning the patients with the frequency synthesizer. 

-The microprocessor system that calculates and compares all the 

alarm conditions and enabling the system for use with one single 

CRT display making the system cost efficient. 
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CHAPTER 3 

THEORETHICAL CONSIDERATIONS FOR THE PROPOSED BIOTELEMETRY 
SYSTEM AND DESIGN IMPLEMENTATION 

3. 1. 1 The basic theory of the Electrocardiogram and the ECG 

amplifier: 

The biopotentials generated by the muscles of the heart result 

in the electrocardiogram, abbrevi 2,ted ECG. The heart is divided 

into four chambers. The two upper chambers, tr,e 1 ef t e..nd right 
s 

a.tria~ are synchronised to act together. Similarly the two lower 

the vE.'ntr i c 1 es, operC:\.te together- . the 

cardiovascular system to function properly, both the atria and 

the ventricles must operate in a proper time relationship. A 

cardiac cycle originates in the sinus node which is high in the 

right atrium. Pacemaker cells in the sinus node initiate a wave of 

cellular depolarization that moves across both ~'ih i ch 

in the contraction of the att- i a and filling o·f t!-',E: 

ventricles with blood. This wave of excitation penetxates the 

ventricles via the atrioventricular node. is 

introduced before the depolarization wave is passed through the 

Eunc:lle of His, branches and Purkinje fibers to the ventricular 

muscle. During sinus depolarization both the 1 eft and 

right bundle brahches will be activated simultaneously, producing 

the ventricles repolarize, the ne:< t activation 

£-E?qLtf?ilCE. 
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Some normal values for amplitudes and durations of important ECG 

parameters are as follows: 

Amplitude F' Wave ().25 mV 
R l·l2,ve 1.60 m~/ 

0 Wave '11:;"-; 
..::. .... 1 ~. of R wave 

T "'lave O. 1 to 0.5 mV 

Dut-ation F'-F: interval O. 12 to 0.20 sec 
O-T interval O. ~55 to 0.44 sec 
S-T segment 0.05 to 0.15 sec 
F' Wave interval O. 1 1 sec 
ORS interval 0.09 sec 

I I 
R r-r"'l-------R R ---------I .. ~: 

T 
P 

I 
I I 
I I I 

:POI O I 
I 

~ I t-------J 
I"'" PP -I ORS 

Fig.4 Normal ECG waveform. 

3.1.2 Electrodes: 

Although there are suction and plate types of el ectr-odes 

available to pick up the ECG si gna.l the put-pose of 

Biotelemetry and clinical practice~ the disposable~ self adhesive 

type of surface electrodes are best suited. I used the Ag-AgCl 

type of these electrodes since they were available on the market 

and not very expensive. 

3.1.3 Lead configuration ~nd electrode positioning: 

The three bipolar limb leads first 

shown in the top row of the figure 

21 

-5" 

introduced by Eindhoven~ 

are as follo\.'Js: 



Lead I :Left arm 
Lead I I :Left 1 eg 
lead III:Left leg 

Lead I 

Lead aVA 

V I Fourth intercostal space. 
at right sternal margin. 

V2 Fourth intercosta! space, 
at left .ternal margin. 

"3 Midway between V 2 and VI,.. 

V~ Fifth intercostal space. at 
mid-clavicular line. 

Vs Same level as V ... on an· 
lerior axillary line. 

V S Same leve! as V ... on mid­
axillary line. 

and right arm 
and right arm 
B.nd 1 eft arm 

Bipolar limb leads 

Lead II 

(Augmented) Unipolar limb leads 

Lead aVL 

Unipolar chest leads 

VI-Vs 

Lead III 

Lead aVF 

Fig.5 Standard ECG Lead configurations. 



These three leads are bipolar because for each lead the ECG is 

recorded from two electrodes and the third electrode is not 

connected. 

For unipolar leads~ the ECG is recorded between a single 

exploratory electrode and the central termi na.l ~ whi ch has a. 

potential corresponding to the center of the body. 

For the Unipolar chest I ea.ds, a single chest electrode is 

sequentially placed on each of the six predesignated points on 

the chest. These chest positions are called the precordial 

unipolar leads and are designated V1 through Vb. 

The most widely used modification for ongoing ECG monitoring is 

the modified chest lead I (MCL1) also called the Mariotte lead, 

named after its inventor. This lead system simulates the Vi 

position with electrode placement as follows; positive electrode, 

fourth intercostal space, right sternal negative 

electrode just below the outer portion of the left clavicle, with 

ground just about anywhere, but usually below the right clavicle, 

and a region where muscular activity is low. 

since we design the system to pick up the respiration, 

by using the same electrode set, the optimum positioning of the 

electrodes is shown on Fig. 6. 

Defibrillator paddle position 

Fig.6 Optimum electrode positioning for picking up both the 
respiration and the ECG signals. 



Biotelemetry MCL1 is the most 

configuration. However including the probability of 2,pplying a 

defibrillator during monitoring, the leads are connected as shown 

in figLwe 6. 

3.1.4 ECG Amplifier: 

As a standard in ECG amplifiers, I used a differential input 

three op-amp instrumentation amplifier configuration to achieve 

9 
~ high common mode rejection, high input impedance .. and 

comperatively high gain stage. In order to prevent saturation of 

the front stage~ because of the 250-300 mV d.c. offset due to the 

electrode half cell potential, the gain of the first stage is 

limited to 4.5/300mV=15 .The gain of the both stages can be 

expressed as follows; 

Eince it may be possible to apply the defibrillator to the 

patient while the amplifier is also being connected the 

a.mp I if i et- is preceeded by a protection circuitry consisting of 

tv-HJ Zener diodes, resistors and capacitors. Under I"o)or-st case 

conditions the diodes clamp the inputs of the op-amps to 3.9V DC 

level, the resi stor-s Ii mi t the current to the di odes fot-· 200 mil! 

dissipatic.m and the cap.:~citors filter- the trar,sients c:.nd 

This circuitry protects the inputs up to 4 kV.After that 

the diodes are burned out and may be the capacitors and op-2mps 

6rE destroyed. The sEcond and third stages are ac coupled 

to get rid of the drift and offset problems and actually these 

are the stages that set the frequency response of the amplifier. 
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With the values shown in the figure 7 , the lower cut off frequency 

is set by the serial capacitor and resistors to 0.6 Hz and the 

higher cut off frequency is set by the feedback capacitors and 

resistors to approximately 90 Hz.The common mode rejection ratio 

depends upon how well the indicated resistors are matched to 

eachother, and in my experimental setup the CMRR is approximately 

35 dB as tested with the ECG Calibrator of Neurodyne. 

3.1.5 F.M. Subcarrier Modulator: 

The output of the ECG amplifier is in the order of a couple 

hundred mVs.This signal is used to FM modulate the ECG 

subcarrier.The subcarrier frequency shouldn·t be high since we 

don't want to use expensive, high gain bandwidth product 

components.On the other hand not to cause the sideband foldover 

distortion, the carrier frequency should be kept high enough. In 

order to easily and accurately reconstruct the desired signal, 

the frequency of the pulses should be at least five to ten times 

the upper 
(~ 

frequency limit of the physiological signal being 

monitored. I found that the optimum center frequency IS a little 

bit higher than 1 k~ namely 1.2 to 1.5 Khz.The two op-amp 

circuit forms a good voltage controlled oscillator with minimum 

number of components. The first op-amp is an integrator which is 

controlled by the second op-amp that acts a voltage 

comparator. Since this stage is followed by a pulse width 

modulator, the duty cycle is not selected as 50% to be competible 

with the next st6ge.ThE frequency of the VCO varies with a 

constant of approximately 1.4Hz/mV. 
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3.2.1 Basic theo~y of the elect~ical impedance measu~ements: 

When an elect~ode is connected to a biological tissue~ because 

of the double laye~ at the elect~ode 
:l 

a capacitive 

effect can be obse~ved. On the other hand the~e is a finite 

contact specifying a contact ~esistance of the 

inte~face.The tissue also has a certain resistivity per cm. and a 

capacitance due to the time va~ying electrical fields. 

If we consi det- these effects it is possible to the 

el ect~i cell equi ve!.l ent of the system. The t~ue ohmic 

resistance of the biological specimen is taken to be the constant 

value of impedance V-Jh i ch the f~equency is 

inc~eased.At highe~ frequencies~ the reactance of C will become 

significant and theorethically it will eventually effectively 

sho~t ci~cuit the elect~odes. (Note Fig 9) 

In the meetsut-ement of the transtho~acic i mpedetnce changes 

accompanying ~espiration, the change in impedance is p~oduced by 

resi st i VE: change, the magnitude of which is independent 

f~equency ove~ the range of 50-600kHz. 

CJ "A R 
A R. B 
~~--~---II--~----~------o 

c 

R, B 

c" 

frequent)" 

E. 

C, 

EquiY21ent elt'ctrical circuit of electrodes ir. contact with biological rnzterial 

~l = true ohmic resjsta.'1C~ of the biological material 

C, = capacitance fonn~d by the electrodes and the dielectric propenies 
of the hioJogic.al material 

~C1A' ~11< == capacitance of the double layer at electrodes A and B, 
respectn ely 

RIl . .j. C n .", RII B· ell B ::: paralle! equi,'aJents of the "'arbiJrg impedanc~ 
at each electrode 

R~.1> R~B =- PUTt resistances 

EA. EE ::: ha1fcel! potential at each electrode 

R~-'t, RW.4. e 11 t: and R:'/i. RJ! e, ell B represent Jmp~dcnc~s associated with 
the electrolytic process 

1. 
Fig.9 Elect~ical equivalent circuit of bioelectrodes. 
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3.2.2 Practical measurement system: 

The principle of the operation is to inject a constant, high 

frequency current to the tissue and demodulate the AM modulated 
1 

si gnal due to the impedance change. (Fi g 10) 

In ow- system, the oscillator provides a 100 kHz, 20 V peak to 

peak signal to the ac respiration bridge.The current to the 

bridge is limited with a 10K ohm resistor and a series capacitor 

prevents the application of DC voltages to the tissue. 

d.c. 
'backing-off' 

voltage ...------.,f. 
demodu-

lalor and __ to 
filter t-:-_-,-orecorder 

'-----' t ,,,,. 
A(I' • .:... r ,) '",,'c -:- ,',,,0' 

Fig.10 Two terminal method for respiration detection. 

The balance resistors are chosen to allow a reasonably wide 

range of base chest impedances~ since it can vary from one person 

to another depending upon the type of the tissue. With the values 

given, the amplifier can operate with base resistance range from 

500 to 850 ohms with the sensitivity of 0.5 ohms. The output of 

the bl- i dge i c: .an AM modulated signal a.nd demodulated by a 

rectifier and a filter. Th~ following ac coupled stages employ a 

gain of 500 in the frequency band of 0.07-0.7Hz. 

The output of this amplifier is used to Pulse Width Modulate the 
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Fig.ll Circuit Diagram of the respiration signal section 
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Table }, Values of tissu~ specific resistance measured at body temperature except where noted 

Human Dog 
r-- , I 

Specific Specific 
Material resistance Frequency Reference resistance Frequenql Refer,ence 

Ucm kHz Ocm kHz 
Muscle (skeletal) 240 (longitudinal) 0'02-5 BVD 760 10 SK 

ins (transverse) 600-1200 10 S 
Muscle (heart) 456/600 100/10 K/SK 

t- 70Q-9OO 10 S 
Lung J345-;Uoo Joo K 

800-1200/950 JO/IO SL/SK 
Bone 16000 EKG L (temperature not 

Spectrum specified) 
CSF 64'6 1-30 R (24'S uC) 
Spleen XX5 lnduct- G 

orium 
Kidney boo JOO ({ 

Liver 600/685/700-850 100/10/10 ~/SK/S 
Fat 1000-3000 100 K 
Blood 154 120 M (36'3 uC) 155 (41 % hematocrit) 100 K 

1= 
References 

SK: Schwan and Kay, 1956 
BVD: Burger and Van Dongen, 

K: Kinnen ft aI" 1964 
1960 SL: Schwan and Li, 1953 

G: Caleoni, 11)02 

M: Molnar et al., 1953 
R: Radvan-Ziemnowicz et al., :964 
L: Lepeschkin, 1951 S: Schwan, 1955 
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Compm,t'llts of transthoracic impedance against frequency 
These cunes shO\\ the change in transthoracic resistance and capacitive 
reactance associatt::d with m.a.ximum inspiration and maximum expiration, The 
impedance was recordt::d from a pair of electrodes placed bilaterally along the 
midaxillary lines at xiphoid le\'e!. 

a Resistance at maximum inspiration 
b Resistance at maximum expiration 
c Capaciti\'e reactance at maximum inspiration 
d Capaci,in: reactance at maximum expiration 

500 600 

Fig.12 Components of transthoracic impedance vs. frequency 
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clock generated by the subcarrier oscillator of the ECG. 

With this arrangement we have the minimum power and space 

requirement compared with time division multiplex f r-equency 

division multiplex systems or pulse code modulation systems 

The signal to noise ratio of this type of modulation is better 

than pulse height modulation systems and the required bandwidth 
t 

is approximately 2 times the center frequency. See Fig. 13 

/ 

A 

f 
o 

\ 
\ 

2£ 
o 

3£ 
o 

Frequency 

f 
~ 

~s the m~n. freq. of the ECG subcarrier 

f2 is the m~n. width of the respiration subcarrier 

Fig. 13.Frequency spectra of the subcarrier signal. 

~;. 3. 1 The RF transmittion system: ,. 
While designing the transmitter stage, the following points are 

taken into consideration; 

1-Maximum simplicity and relaibility 

2-Minimum power consumption 

3-0ptimum adaptation to I~ternational standards 

lhc choice of the transmitter frequency for implantable units 

may be dictated by the region of the body in which it is to be 

since the attenuation factor in the body increases with 



increasing frequency. 

The above discussion would tend to suggest that a lower 

frequency system would be better however for a fixed amplitude 

radiation source~ the antenna gain increases due to the increase 

in the effective length~ therefore the radiation distance is 

increased. 

Since our power resources at the transmitter side are limited, 

we can not use a double side band AM modulation with carrier. The 

noise susceptibility of that kind of modulation is also rather 

poor compared with other modulation systems.SSB modulation will 

be more efficient for power supply considerations however would 

require more space, also both the transmitter and the receiver 

would be more complicated. 

Unfortunately there are no international frequency for the 

allocation of Biomedical telemetry .The United states has a 

different set of regulations~ accepted by FCC, and the European 

hemisphere has different allocations set by CCITT.In our country 

there are stIll some arguments gOIng on and no channel 

allocations are set untill now.However it is very possible that 

for compatibility with the European countries,which we share the 

same standards for communications (CCITT Standards) ~ will be 

accepted in the future. For this reason I concentrated on 40 MHz 

151 MHz and 470 MHz bands on the following table.With 40 MHz 

band~ one has the bulky dimensions of 'the antenna and the space 

problems with the tuned circuit inductors on the transmitter 

board.It was also impossible for me to design the transmitter and 

receiver stages at 470 MHz band, since I don't have neither the 



e:<per- i ence not- the special components that the design r-equir-es 

at this band. 

MODULATING SIGNAL 

FREQUENCY MODULATION 

At Itl 

F Itl • A (1 • f (tIl lin w t 

A 

F It! • At Itl ,in"" • 

B 

Waveform for conventional AM (AI and supprCl>.ed carrier AM ~ignal (B). 

'. ~ . .-: 

Fig.14 Comparison of the different RF carrier- signals. 



In the following page, the two vers~ons of the transmitter stage 

~n sho~m. 

In the old vers~on fig.lS a, after the doubler stages, there is an 

output stage. With this configuration the range is increased but the power 

consumption is increased 3 to S times. 

I presented it here, for the cases doesn't have a limited power 

source. 

The new vers~on fig.lS b, has less power consumption so operates ~n a 

short range, just for demonstration. 
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For details of induct~c construction see appendix. 

a) The former verSlon with high power consumption 

..... 4.5V 

Cl 
L3 
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Q1 
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02 

F " 1~ Circuit diagram of the transmitter 
19. ~ 
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So we are left with the 150 MHz band for experimenting. However 

working on any of these three locations~ require a special 

permission from TGM, a special government agency responsible from 

the wireless communication systems. 

Advantages of the 40 MHz band; 

a)Reduced capacitive coupling 

b)Less reflection from buildings and other obstacles. 

Advantages of the 160 MHz band; 

a)Easier aerial matching 

b)5maller in size 

It is obvious that, in order to have a stable frequency~ one has 

to use a crystal controlled oscillator.Therefore I used a 

MHz. crystal for oscillation and used two frequency doublers to 

obtain 142 MHz. carrier. (This is less than 151 MHz. however since 

the tethniques used are the same and I only intend to put 

together a demonstration set up, this is acceptable) 

This kind of circuitry is also more stable since the parasitic 

elements are less effective at lower frequencies. The design of 

the doubler stages are made by using the large signal parameters 

of the transistors since the voltage levels are in hundreds of mV 

or in volts. The output stage delivers approximately 50mW to the 

50 ohm antenna, and this power is sufficient at the operation 

frequency for use in the same building.The design details and the 

inductor specifications are available in appendix. 

3.3.2 Aerial , 
The aerial presents severa] particular problems. It is short with 

respect to the wavelength, it is close to an absorbing or re 

emitting medium(the human Body), and the orientation is varying 
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not only in time but also from case to case. See Fig16 

If we use one of the many formulas for field strength E at the 

receiver aerial; 

-24 

-21 

0 
-18 

0 • /:; 

-15 0 

0 

-12 ~ 
dH • \ 

" 

-9 \ /:; . 
" 

" • 
-{, 

\ ... 
• . 0 

\ 

"-, • " 
-3 .+~. •.... 

~" .... .............. 

0 0·1 o·~ (lJ 0-4 

1.1 J... 
Aerial' attenuation dependent on ratio between aerial length la 

and radio carrier length A for aerial coupling to a large and small transmitter 
D. portable front: 35 l\lHz ... portable front: 150 MHz 
o portable side: 35 MHz • portable side: 150 MHz 
o pocket: 35 MHz • pocket: ISO MHz 

Fig.16.Effect of aerial length and frequency on attenuation. 

3.4.1 Transmitter power supply: 

BE'cause of the structut-e of the i ns:.trumentat ion the 

respiration amplifier stages, we have to use split supply for the 

circui tt-y. Since the difference current drawn from positive and 

supplies is very small~ we used the parallel requlator 

thE': adv<'".'-nte.ges:. of simplicity and 

cons:;urnes very little energy~ causes no voltage drops, and the 

battery power limits the operation only. The battery can either 
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be a long life 9V mercury cell, or a rechargable NiCad one. 

3.5.1 Receiver FM tuner: 

The receiver front end is a down converter from 140 MHz. to 10.7 

MHz. which consists of an RF preamplifier, mixer, an oscillator 

with automatic frequency control, and an IF amplifier. The design 

is achieved by using the small signal y parameter equivalent 

technique.The input sensitivity is approximately 1 

microvolt/meter. Since 10.7 MHz is the standard IF frequeny of 

the commercial FM receivers it was easy to find parts and the 

narrowband FM receiver IC was designed for the 10.7 MHz input. 

Since the bandwidth requirement of each patient is approximately 

2.5 kHz and they are 10 kHz apart from each other it is obvious 

that I had to use a Narrow Band FM demodulator. The IF frequency 

of the narrow band FM receiver is 455 kHz, and has a scan control 

output for microprocessor scanner applications. In order to get 

the required frequency accuracy and stability the most suitable 

way is to use a digital frequency synthesizer for scanning the 

patients.The frequency synthesizer consists of a phase locked 

loop, a VCO with a center freq. of 10.245 MHz and a programmable 

divider section that is able to divide the vco freq. by 1000 to 

1070 for comparison with the 10 kHz referance signal, obtained 

from a 2 MHz referance oscillator.The active low pass filter 1S 

chosen for better DC gain of the PLL. For simplicity and for the 

availibillty of the parts, I used the Integrated circuits shown 

on the circuit diagram of the demonstration system. 

3.6.1 ECG Demodulation Section: 

The audio signal obtained from the NBFM receiver is first 
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Fig.17 Circuit Diagram of the FM Receiver 

40 

u 

" ,> 
+ 



il ..... 
ID 

....... 
co 
n ..... .., 
n 
c: ..... 
(i" 

t:l ..... 
!lJ 
tel 
'1 
!lJ 
3 

0 
+. 

(i" 

:J 
rn 
iJ 

~ r .... r 
+. .., 
rn 
.0 

Ifl 
'< 
:J 
rt" 
:J 
rn 
1.11 ..... 
r-J 
ro 
") 

+5V 

n 

1/2 MC4538 

-+5V 

t 

HU 
10-l00p ATIIL 

+5V 

2 HHz. 

ICl-74LSOO 

14 16 15 11 10 
13~ 

10K 

lI2 HC14538 D 

T 

E 

41 of 

15 

deb a 

---------­~r~,\"«A<'J C 0,,-1-"'0\ 

r "F \J+~. 



amplified and filtered and then fed to the voltage comparator to 

reconstruct the square wave .Then this signal is inverted end 

level shifted to be connected to the PLL demodulator. The Phase 

locked loop used here is a single chip PLL, with the center 

frequency of vco is set by the external resistor and capacitor~ 

to 1.2 kHz, and the low pass filter of the loop is just a simple 

passive filter. PLL demodulator output is the original ECG 

requiring a little bit amplification and filtering At point B". 

Therefore a one stage amplifeier with filter is cascaded to the 

PLL with gain 10 and cut off frequency of 100 Hz. 

3.7.1 Respiration demodulation section: 

In order to demodulate the PWM signal, a capacitor is charged 

with a constant current source and the discharge is controlled by 

a switch according to the input information. The peaks of the 

voltage of the capacitor are detected, filtered and amplified to 

reconstruct the respiration signal at point C'. This waveform 1S 

only useful for respiration rate and apnea monitoring but not 

calibrated for respiratory measurements. 

3.8.1 MPU control section: 

The function of this block is to lock to the patients one by 

one,to convert the incoming signals to digital form for 

processing~ storage and displaying of the signals. For diagnosis 
~ 

of an ECG signal~ 100 Hz bandwith is the minimum requirement.In 

order to collect reasonable number of data for reconstruction, if 

the Nyquist rate is chosen for sampling,this means 200 bytes per 

second is used. For diagnosis purposes, at least ten to fifteen 

consistent cycles must be displayed. Therefore for each visual 
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ECG st~ip, 15*200=3Kbytes of memo~y is ~equired. A similar 

discussion fo~ ~espiration will give O.lHz*2=O.2 Bytes per 

second,O.2*15=3 bytes pe~ ~espi~ation st~ip. (A st~ip is defined 

as the cycles of signal displayed on the sc~een at the end of 

each scanning period.) 

Since one may ~equi~e to display the waveforms on some othe~ 

analog device, an analog output channel must be available fo~ 

convenience. The~efo~e the mic~op~ocesso~ section consists of a 

two channel 8 bits AID conve~te~ chip, 16 Kbytes of memo~y, one 8 

bit DIA conve~te~, two pa~allel po~ts, and a CPU. The MPU is able 

to input the patient sequence, ala~m limits, and other input 

commands and data.Via a lock detect logic ci~cuit~y, the MPU 

detects a channel is set. Since the time constant of the low pass 

filte~ app~oximately 5msec the oscillato~ locks to the selected 

patient. The MPU sets the AID fo~ ECG conve~sion and sto~es the 

result into that patient's ~am a~ea Then switches the 

multiplexer of the AID fo~ Respi~ation signal conversion, 

converts the data and stores the result to that patient's area. 

If one cycle is completed, calculates the period and compa~es the 

result with the set alarm limits, and acts accordingly. Then gets 

a new channel and repeats the same procedure. If it is required 

to have a replay of the last 15 seconds records, the MPU uses the 

DIA for generation of the analog signal. 
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CHAPTER 4 

SYSTEM EVALUATION AND DISCUSSIONS 

4.1 Electrode Placement: 

Our e:·~ per i ment s showed that the electrode placement positions 

are not very critical within +/-2cm range. However~ the 

coupling to the surface and the cleaning process do effect 

quality of the ecg signal picked up with this system. 

On the othet- hand, the electrode placement for obtaining 

si gna.l is very critical as one 

impedance change values from fig.22. 

Az.n Az,n A.z.n 
o 2 4 6111012141618 024 6 810 0 2 4 6 8 io 

J iii i 1 iii j i I 

~~~~~-~~~~-:~ ~ ?~Q~~ o-li~~ 
~CJJ_V10 t.nOV'lCV1C ~6~c~6 

.J V, litres .J Y, lit res A Y, litres 
a b c 

j.Z against thoracic leyeJ for subjects representative 
of three somatotypes 

A pair of electrodes (sih-er discs of diameter 3'5 cm) \\'ere m . d 1 h . d'11 r 0\ e a ong t e 
ml a.Xl ary IDes and j.Z and j.l' were measured at the le\"els indicated 

Spacing between the thoracic levels = 3'5 cm 

a Sub~ect: L.E.B., 5 ft 10 in 150 Ib ectomorph 
b ~ub~ect: O.G., 5 ft 10 in 175 Ib mesomorph 
c :::;ubJect: J.D.)!., 6 ft 2 in 220 lb endomorph 

can obset-ve 

Fig. 22. The impedance change ranges vs electrode placement. 
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Another problem occured during experiments, is the base 

impedance varies from one person to another depending upon the 

humidity of the skin and the fatty tissues of the 

patient.Therefore, for some people a variable resistor must be 

placed on one branch of the respiration bridge and should be 

adjusted before use. 

4.2 ECG section 

The amplifiE?t- and the voltage controlled oscillator of this 

section works properly with the given figures in chapter 3.Here, 

the timing and voltage waveforms of the subcarrier modLl1 ati on 

signal is presented for illustration. 

V\~·\\,) 

+4.5 - r-- -

I 1 ~ i. 

4-\.,- 1--'"" 

_4SV --- L-- L...--

I+--"f,-+I 

Fig.23 Subcarrier modulator waveform 

4.3 Respiration section: 

If one ta~es care of the points mentioned in section <.1. 1 ~the 

and the receiver demodulator presents no 

problems. However the offset potentiometer must be adjusted 

not causing the overlappi~g of the fm and pwm 

4.4 RF transmitter 

The rf transmitter board is realised in a really small area,and 
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in the beginning the unwanted couplings caused problems.With the 

configuration shown in the circuit diagram~ 1 was able to operate 

it in the frequency range of 88 MHz to 160 MHz by achieving 

different tuning points with the doubler and tripler stages. The 

output waveform could be controlled from 2V peak to peak~ to 5 V 

peak to peak, however~ the power consumption of the stage was 

varying from 10 rnA to 30 mA also. 

4.5 The receiver front end: 

The configuration of the FM tuner is quite a standard one, 

however since the transmitter-receiver alignment sets were not 

available~ 1 couldn"t manage to tune the receiver to transmitter 

properly. Therefore in the beginning, 1 used a standard TV tuner 

to pick up the transmitted signal.A narrowband commercial 

receiver board would follow this tuner and recover the 

transmitted signal.However, after I worked on this system for 

more than a month~ I saw that~ practically it is impossible to 

realise this system. Therefore, I changed the design to a 

standard FM tuner section and set up the demonstration part with 

it. 

4.6 Frequency synthesizer: 

The circuit shown in fig.18 i~ breadboarded and shown that 

operating well. 

4.7 Signal demodulation and microprocessor board: 

The demodulator section also is working properly.HowEver since 

there are many microprocessors available on the market~ I planned 

to use a personel computer , having all the specifications that 

the board we presented on chapter 2.,1 used a CBM 64 for 
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generating most of the signals. 

4.8 Packaging and power supply 

The packaging specifications; 

weight:235 gr. nominal 

HT:2.5 cm, Lth:14 cm~ Wdth:8.5 em. 

v.Ji th these specifications~ one can easily see that the 

tt-ansmi t ter packaging is completely ergonomic and suitable for 

purposes. The weight can be decreased more~ since it was the 

prototype~ we used sockets for every IC. 

The accesories are kept minimum, by using the leads for the pick 

up of both the respiration and ecg signals and as the antenna for 

the transmitter. The electrode jack is also used for power monitor 

and battery switch. 

If we check the power consumption of the stages; 

Power monitoring 

Tr ansmi t tet-

ECG t~ Re"::;p. Amp 1 

i'lodul ators 

2mA 

15mf4 

3.5mA 

2mA 

These values add up to 22~5mA. (Since they were rather expenslve~ 

I didn't use the low power op amps in the transmitter, that 2X"e 

pin competible to the ones I used. The calculations, 

done according to the low power versions.) 

So with a 75 mAHr rechargable battery, thE' unit 

monitor a patient for three hours. 

4.9 F:ange : 

system~ although 

compaf""ed to the designed system, 

it 

~'mrked ~Jell, 

can s2,fely 

in the same 

building the range was approximately 50 ~ on the same flat. 
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CHAPTER 5 

FUTUREWORK AND CONCLUSION 

The history of the Biotelemetry is not very ?ld in the area of 

bioinstrumentation and covered a long way since it first started. 

If we look at the changes in Turkey in the last few years~ the 

release of CB equipment and the new import regime, one can expect 

that a useful area of bioinstrumentation, namely the biotelemetry 

may be adequetly come into use in many hospitals, perhaps 

according to the CCITT standards. Furthermore a line telemetry 

system in Istanbul city, has just getting started . 

Taking these points into consideration the designed system is 

kept flexible enough to allow connections to a line telemetry 

system or an ambulatory arrythmia monitoring system easily. 

As the designed system is rewieved, one can judge that this 

system is a comperatively simple and low cost system, requiring 

no special or extra components other than the ones available on 

the market~ and most of the expensive research is done. 

The disadvantages of the system is common to all other 

Biotelemetry systems such as the requirement of an allowed 

standard channel, composition of many different blocks of 

electronics, etc. 

However 1 think throughout the thesis I was able to emphesize 

-the measurement of respiration signal~ with the impedance change 

method, 
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-the scanning of the patients authomatically under the control of 

the microprocessor card~ 

-to check and analyze patient data with the use of the software 

written on the microprocessor system~ 

-finally the cost efficiency of the system due to the use of 

simple and standard design of the circuitry and the advantage of 

the ability of using one CRT display for the display of both the 

respiration and ECG signals of five patients. 
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APPENDIX A: 

Some useful design equations and analysis of the special blocks~ 
used in the design of the system. 

ECG Amplifier: 

The gain of the f i t-st stage ~ as explained in chapter three, 

cannot exceed 15. 

So if we choose R1=10K~ then RF1=150K. 

Inorder to get rid of the D.C. offset and drift problems~ when we 

a.c. couple the second stage to the first stage, 

off frequency is set by C1 and R2. For obtaining a lower cut off 

frequency~ P? must be large since C1 cannot be larger than 1 uF 

practically as a nonpolar capacitor. 

HO~'Jever the gain of the second stage decreases if 

increases.For the selected lower cut off frequency as 0.6 Hz. the 

values are R2=390K and C1=680nF. 

F= 1 F::::: 1. 
2~:7L* FC*C 1 2*\Z;j' F:~5*C3 

The higher cutoff frequency is set by the feedback capacitor 

resistor branch of the second and third stages as approximately 

to 90 Hz. 
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Voltage controlled oscillator: 

\:.2.= \/c.c..'f2.l.., • '2.. ~"l..c. 
~~ ~ 

f -:. _,_ w h Q.re I=- t \-+-t.l.. 

T 

~ 1.\,\-t,2..-::' '2.. Vc.c...R~.C. .lR\TR7..) 
I<~ . U"I\ 

-v 
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Oscillator stages~ design and analysis: 

For the general circuit configuration as shon in the figure 

below~ the center frequency is set by the formula w=ll LC 

The equivalent capacitor must be at least 10 times greater than 

the transistor's and other para~itic capacitors~ 

frequency. 

that effect the 

C =C +C111C2 

Also Cl/C2 approximately sets the transformation ratio of the 

feedback network, n. 

For stability conditions, the signal sent back must be in the 

order of several hundred mVs. 

For this level of input, the transistor's large signal parameters 

~re valid. The large signal gain is related to the small signal 

transconductance as shown in figure below. Once the small signal 

transconductance is determined, the stage gain and therefore the 

loss ratio n is known. Therefore Cl, C2, and L is found from the 

frequency information and the set bias current IEQ must satisfy 

the small signal gain. An excellent discussion can be found in 

ref.7 
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RF transmitter stages; 

The design of the rf transmitter section is rather standard and 

the only requirement is the special care taken in the design of 

the pc:b and the c:omponent layout. For a.ll of the frequency 

doubling stages and to the output stage the coupling networ-k 

shown below is used. 

(c) 

-e- • 'ntentage couplin& Retwor"kl~ 
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(1) XL, =­
QL 
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( 3) X, = ~. '\ R I 
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The frequency synthesizer; 

The block diagram of the frequency synthesizer is shown below. 

Although a very good design guide is shown in bibliography~ ref. 

15, I wanted to give the main design formulas here. As it can be 

seen from the equations~ one of the most important parameters of 

the PLL is the loop gain. The loop gain of the VCO is dependent 

upon the specific design of the stage. However if a standard CMOS 

is going to be used in the system such as 4046 or 4044 

4'."568 etc ~ the loop gain of the veo; KO=11*10E6 rad/sec/V 

for the phase comparator, KP=0.12 V/rad. can be used. 

input 
reference 
frequency 

fREF 

1 
WLPF = RIC 

phase 
detector 

(rad/s) 

low-pass 
filter veo 

K"Ko (often referred to as the de 

loop gain) 
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Tahle II 
PARAMETERS OF PHYSIOLOGIC QUANTITIES 

r.rilMld Of mu-urinr. 
t""niqup 

Bat1isiocaldio~phy IIl( (;1 

Bladc:kr pfe5sutt 
Blood n~ 

Blood prea""1ar.("ri;l!; 
Di~ 

Indinl!C't 
(Venous) 

. fllood pes flo: 

Pco. 

",.~ 

Pro 

Blood pit 
Cardi.lc outptl 
Electr(Y' .... t-dio"~rhy (FC'G) 
Electroc..cephtlo!!,aphy (EEGI 

(Eleftrocanico!!rarhyand 
braiS dep'h) 

Ele.. .. "tro~troltlphy 

Eltctro~og""'hy (EMG) 
f:f~ f',y.'!l'ttialfcEOG 

f ,,~ r:~ 

Gt.:'.'~I·,i<f skin.-c~pon5e IGSR) 
Gastric _H 

Ga~trointC"~linll:I p,,,,,.ure 
Ga'\foinle,tiNd fom:. 
Ntr~(' potential, 
Pilkt'ncc:phalOi'r:.rh~ 
PhnnococlrJIl>'gr:.phy treG) 

Circulator) 

Re>pirlltory (UnctIOn>: 
Pneumotachol!r~phHno", ral" 

Respiratory rMIt' 

Tid,,1 \olumc 
Tcmp<raturc 01 bod\ 

., 

Princip.' 
mpa~urtmml raftEf Standnd tramduerr 

or para_ttr Of mrlhod 

0 7 mil: l\l'cdnomC1cr. ,'rain ~au!!c 
0- 100 pm Oi-r/,Icl'mtnl !1 Iwn 
0- 100 cm H·O SI,,,in pu~ manome,er 

.'00 mr 'ec '·I"",mcter (d'."ctrnma!!netic or 
uhra~onic, 

10-400 mm HI! Strain ,au~ manometer 
:!S 400 mm HI! curro ralralton 
O-so mm H~ 
~O- IjOmm HI! 

'0 100 mm fJj: 

,-~ mm HI! 

0.1-0.4 mm HI! 

6.8-7.11 pH unit, 
4-25 t;min 

0.5-4 mV 

5-JOO "V 
10-5000 "V 

IO-IOOOpY 
O.S-flO mY 
0.1-' mV 
50-3500 pV 

0-900 IJV 

1-500 KO 
3-13 pH un;', 

0-100 em H:O 
I--SO g 

O.OI-·JmV 
02 50 H7 

I>}namic: range 110 dB 
'1 hrnhold about U,.' 
dyne, em! 

Va.ric:, \/; i,h organ 
n",a,ured 
U JU ml' 

0 bOU Q min 

2 ~U mIn 

5U IUt)() mt breath 

.l~ JI"(" 

Yll 104 .. 

Strain ~U!!C 
Srel"ir,c electrode. volumetric or 

manomC1roc 
S['{"cific clectr.>dc. "olumetric or 

mannmetric 

"rcClric citc'rndc. volumC1ric or 
manometric 

Sl'cciric electrode. \Oolumetric or 
manometric 

Sl'l'cific electrode 
Oyc dilution. flowmcter 
Sk in tlectrodc\ 
Scalp ~lcc'roJe~ } 
Rr~in ,urface ordeJlth tle-ctrndc~ 

Skin 'Urflcc electrodes ) 
Srom"ch ,urf.ec eltc'rocfe< 
StTdk elt'Cff(ldr~ 

Con,a..:t ~kc\;'":-"J"'!::, 

Contact cicc!rodts 
Skin eleC1rodC\ 
rH clectrodc. antimonyeleclrode 

S'rain gauge manometer 
Displacement ~ystem. LVDT 
Surfac:e or m..:Jlc elrctrodes 
Accc:kromc:tc:r un !>Call' 
Mi..:rophnnc: 

Di,placemen, chamber or 
imp.:J .. m;c change 

Di'pl",·cm.-nl (h.lmlx:r or 
imp .... Janee I:hange 

PMumota.:hogrilph head and 
dirkrenti,,1 pre"ure 

Strain t!"u~~ on chest. 
imp-~dan.-e. njt>lllthcrmi~tor 

Abo>c mnho<h 
Thami.tor.lhcrmucouple 

Sir.na' 'rf'qupncy 
raft!r 
(liZ, 

DC 010 

DC 010 

DC ro 
:!(l 

DC ~O 

I hfl 

OC' ~O 

IX ~ 

DC ~ 

1)(' : 

DC' ~ 

DC' ~ 
1- ~O 

0.01 ~50 

DC' - I ~O 

IX 

OC' rn.OOO 
DC- 50 
DC- 50 

0.01- I. 
DC-I 

DC-IO 
DC-I 
OC-IO,ooo 
0.2-50 

5-2000 

OC-)() 

0('-30 

0.1-10 

0.1-10 
DC-O.I 

It rlfnirpmtfth ror 
fOod rr~ .. rdinlt 

IIIZ, 

III 

111 
tIl 

~n 

O~ 10 

1>1\ 

P(" ~II 

DC 2 

fl(" ~ 

lH :! 

PC 

\"'Ie 2 
I 20 

01 W() 

02 ~o 

o n~ 05 
• 

20 I<IY)(l 

0.: 15 
OC- 20 
n I I 
DC·-I 

DC-${I 
DC-If 

20-1000: 
I-Jo 

.20-~ 

DC-:!l 

1>C-lII 

0.1-5 

Ol-~ 

r trJ H. ,/t, ,,/ I."~trl<·"'inx. Rev .• Year Hook M"dlCill Publi.hcr~. Chicillo. 1974. Wilh pcrmi~,ion. 
ReproduccrJ from R.I~, C .... . 



a) The transmitter unit is on the left, the receiver is 1n 
the middle, the frequency syathesizer is behind the receiver 
box. 
In front of the transmitter, the cables and electrodes 
can be seen. 

b) The internal structure and PCB assemblies of both the 
transmitter and the" receiver is shown. 

Fig.A. Photographs of the ~rototype of the designed system. 



APPENDIX B: 
The data sheets of the special components and ICs used in this thesis. 
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MICROPROCESSOR INTERFACE TABLE 

PROCESSOR READ WRITE INTEflFlUPT (COMMENT) I 
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F~ semlconaucror 

ADC0808, ADC0809 8·Bit JLP Compatible AID Converters 
With B-Channel Multiplexer . 
o.neral Description 
,.. ADC0808, ADC0809 data acquisition component Is a 
-..ollthlc CMOS device with an 8-bil analog·to-digital 
_ .. rter, 8-channel multiplexer and microprocessor 
~tlble control logic. The 8-blt AID converter uses sue· 
.... ve approximation as the conversion technique. The 
_ .. rler features a high Impedance chopper stabilized 
..-..para tor, a 256 A voltage divider with analog switch tree 
IN a successive approximation register. The 8-channel 
....nlple~er can directly access any of 8-slngle-ended ana· *" -.gnals. 

~ device eliminates the need for external zero and full . 
~ adjustments. Easy Interlacing to microprocessors 
• ptovlded by the latched and decoded multiplexer ad· 
_Inputs and latched TIL TAI·STATE· outputs. 

'. design of the ADC0808, ADC0809 has been optimized 
.. InCOrporating the most deslrabte aspects of several 
.. 0 conversion techniques. The ADC0808, ADC0809 01. 
... , high apeed, high accuracy, minimal temperature 
_dence, excellentlong·term accuracy and repeatsbl· 
"'" and consumes minimal power. These features make 
..... oovlce Ideally suited to applications from process and 
....chins control to consumer and automotive appllca· 
"~. For 18-channel multiplexer with common output 
-"pie/hold port) see ADC0816 data sheet. 

Block Diagram 

Features 
• Resolution - 8-bils 
• Total unadjusted error - ± 112 LSB and :to 1 LS8 
• No missing codes 
• Conversion lime - 100 ~s 
• Single supply - 5 VDC 
• Operates raliometrically or with 5 Voc or analogsl 

adjusted voltage reference 

• 8-channel multiplexer with latChed control logic 

• Easy interface to all microprocessors, or opera 
""and alone" 

• Outputs meet T2L voltage lavel speclflcallons 
• OV to 5V analog Input voltage range with tingle 

aupply 

• No zero or lull'lcale adjust required 
• Standard hermetic or molded 28-pln DIP package 

• Temperatura ,anga -~"C to +85"C or -55"C 
+12S"C 

• Low power consumption - 15 mW 

• Latched TRI·STATE- output 

"oil"' ClOCI 
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I r-i CONT~OL a TiltiNG 0 II.TlR~U"'l 
I 
I 

• tH'~~IlS I I 
MU~~:~~~n~G ! 
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1'" --. ,-" ~"~"~ ~ &"..Jj li0ii11 ,!til"'" \1~Qtes"J and-2~ 
Suo ply Vo"'oe ('ICC I (NOle3) 

Vor~aQ*' It A"y PIn 
E!tc~Pt Control Input. 

65'1 

-0.3\1 !~!VCC + O.3V) 

Vollaoeat Controllnputl -0.3'1 to + 15'1 
(START, OE, CLOCK. ALE, ... 00 ii, ADO I!, ADO C) 

Slorooe Temperature Range -65"C to + lSO"C 

Plckaoe Ol"'pat'on a, TA = 2S"C 875 mW 

L •• dTemperature(Solderlno. 10 .econ<l., 3OO"C 

Electrical Characteristics 

TernJ)l}f~tlJfA Rang&(Note1) 
AOC()lJOBC,' 

AOCOIlO8CCJ, AOC0606CCN, 
ADCOO09CCN 

RangeofVcc(Not.,) 

Converter S~lffc.tlon.: Vcc=S Voc = VREF(+~ VREF(_,=GNO, T MIN,,;TA,,;T MAX and 'eLK=640 kHz 
unless otherwIse stated. 

Pnremeter ConditIons MIn Typ 

AOGOa08 
Total Unadjusted Error 25"C 
(Note 5) TMIN to TMAX 

AOC0809 
Total Unadjusted Error O'Cto 70'C 
(Note 5) T""Nto TMAX 

Input Resistance From Ref( +) to Ref( -) 

Analog Input Voltage Range (Note 4) V( +) or V(-) 
1.0 I 2.5 

GNO-O.l0 

VREF!+, Voltage, Top of Ladder Measured at Ret( +) Vce 

VREFl+,+VREFl-) Voltage, Center 01 Ladder 
2 

Vccl2-O.1 Vcc/2 

VREF(-I Voltage, Bottom at Ladder Measured at Ref( -) -0.1 0 

Comparator Input Current Ic = 640 kHz, (Note 6) -2 :t:0.5 

Electrical Characteristics 

TMI.,.",TA,·. 
-55·C.5"TAS. " 

-40'"C:sTA'S·· 

, 4.5I1oe toe :, 

Mu u ... 

:t:112 
:t:314 

:t:l 
:t: 1 114 

Vec+0.l0 I," 
Vcc+O.l 

Vcc/2+0.1 

2. I .~ 

DIgital Leyels and DC SpecifIcations: ADC0808CJ 4.5V ,,;Vcc ,,;5.5V, - S5'C ,,;T ... ,,; + 12S"C unless otherwise noted 
AOC0808CCJ, AOC0806CCN, and AOC0809CCN 4.75:sVcc ,,;S.25V, ..: 40'C:sTA:s + 85'C unless otherwise noted 

Parameter 1 - . ·--CO"dItIO~S-----] -Mln-]-ryp-IMa;-r u..,. 

ANALOG MULTIPLEXER 

'OFF! .. , OFF Channel Leakage Current Vcc = SV, Y,N = 5V, 
T ... = 2S'C 10 200 
TMINtO TMAX 1.0 .... 

'OFF(_I OFF Channelleakaqe Current I Vee = 5V, Y'N = 0, 
TA =25'C -200 I -10 

.. 
T",INtoTMAX -1.0 ... 

CONTROL INPUTS 

V'N(I, Logical "I" Input Voltage 
Vce-1.5I 

I I 

V'N(OJ Logical "0" Input Voltage 1.5 

1'N(1) Logical" I" Input Current V ,N = 15V 10 .' 
(The Control Inputs) 

"NO. 
Loalc.al "0" Inrult r" ............. , .. 

~'\ ",·,';;:;tr!cal Characteristics (Continued) 
" 

'; "', 

'l; t.~\fels and DC Speclflcallons: ADC060BCJ 4.5V ,,;Vec ,,;5.SV, ... 55"C ,,;TA,,; + 12S'C unless otherwise n 
'~ i':,i;;!:I.~~8CCJ, ADC0608CCN" and AOC0809C?N 4.75,,;Vec ";5.25V,- 40'C:sTA,,; +85"C unless otherwise not, 

F"> . P.~m."" I· (;oodlt'" MOo Typ •• 

~ 

d~"OUTPUTS AND EOC (INTERRUPT) 

Logfcal :'1", o'utput Voltage ,t \;1'(1)" 10= ,-360 I'A Vee-O." 

';;'01" 
~" . Logical "0" Output Voltage 10= 1.6 mA 0.4! 

Logical "0" Output Voltage EOC 
'1 

'fl'~. 10= 1.2 mA 0.4! 

",,' " TRI·STATE Output Current· Vo=5V 3 
Vo",O -3 

i '~_trtcal Characteristics 

~ 
" ~ 
f ,. 
~ 

.,' 
~ ~ 

~ 
$ 
I~ 

'~Spec""c."ons: Vec '" VREF(+)= 5V, VREFi-,= GNO, tr= tf= 20 ns and TA = 2S'C u~'ess otherwise. noted. 

'~boI Parameter Conditions Min Typ 
r-

Mu 
.~, 

• ,,' MInimum Start Pulse Width. (FIgure 5) 100 200 . . 

' ... Minimum ALE Pulse ('1idt" (Figure 5) 100 200 
, 

. Minimum Address Set· Up Tim~ , 
' j +:' (Figure 5) 25 50 

.' Minimum Address Hold Time (FIgure 5) 25 50 

~ Analog MUX Delay time R s = 00 (Figure 5) 1 2.5 

FromALE·. 

,,. ~..., OE Control to a Logic State C~ = 50 pF, RL = 10k (FiglHe 8) 125 250 

.... "ntt OE Control to HI·Z CL = 10 pF, RL = 10k (Figure 8) 125 250 

, Conversion Time '0=640 kHz, (Figure 5) (Note 7) 90 100 116 

.. Clock Frequency 10 640 1280 

.~ EOC Oelay Time (Figure 5) 0 8+21' . 
\., Input Capacitance At Control Inputs 10 15 

',,,,," TRI·STATE'· Output At TRI·STATE'" Outputs,(Note 12) 10 15 

Capacitance 
" 
... ,1It Absolute maxImum ratlnos are thoee velues beyond which the life of the de'tllce may be Impaired. 

tflJl'tI1: All voltages afe measurod with respect to OND. unless otherwise specified. 

"'''''' A zenar diad. 9xl,t •• Intarnally. from Vee to GNO and ha •• typiCal breakdown voltaoo of 7 VOC. 
~ .... Twoon.chlp diodes are tied to 8ach analoo Input which will forward conduct for analog Input voltage! one dlOdlit drop below ground or one 
:,,;~ than the Vee supply. The spec allows 100 mV forward bias of either diode. This means It'lat as long as the analog V,N does not exceed 
,1'~. by more than 100 mY, the OIJtput COOl) will be correct. To achleye an absolute 0 VOC to 5 Voc Inpul yoltage range wliliherefora require a mir 

.'\.1 ><f~IJ'tiIQ. of 4.900 Voe over temperature vo1riatlona, Initial tolerance and loading. '. 

~. Total unadfusted error Includes off,et, full-scale. linearity, and multlple-.ererror •. See Figure 3. NOM of these AlD9 requires a zero or futl-sc 
~,~, If an all zero code Is de91red for I1n analog Input other than O.OV, or 'f a narrow full-scale span exists (for example: O.5V to 4.SV full-scale) th~ 
,:.4~ can be adjusted to achleva this. Soo Figure 13. 

~. Comparator Input current 19 a bias CU,,,,"t Into crout ortha chopper stabilized comparator. The blaa current varies dlrectry with Clock fr8(l 
~~ '.~.n1ft t.m~r9.ture dependence (Flguflt 6). See paragraph 4.0. I 

"""tro 1'" The outputs of the datA register IJre updated one clock cyele'before the rising edge of EOC. 'I~ 

-
( 

; , 
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THReI!.sTATE ENABLE/OISABLE DELAYS 

S40t. R_. and Switch Condltlonl 'or J-St.1e Tests. 
MC1404JR 

TEST • R S1 52 

tEn Vee Vss Opotn Clcs«! 

tEn VSS Veo Clc,"" O""n 
1011 VOO Vss 0",," 00-' 

tOIt VSS Veo CIOf<Id O""n 

Eneble 

aA 

08 

MC140448 

a S1 52 
A CIOf<Id Open 

R O""n Clc,"" 

A Clc""" Open 

B Open ClooOO 

I 

1 

a 
B 

A 

R 

A 

To 
Output He: 

~.~:r~ 

Voo \ 

" VSS 

CL :r: 50pF 

'En 
I 111 VOO 

'O"~ ~--VOL 
'En 

tOi. VOH 

10"' 

----VS9 

---~-.JI_ .... __ .&~ .......... 

'CY !~~~~~x~~~~~?rs 

PHASE-LOCKED LOOP 

The MC 14046B phase-locked loop contains two phase compara­
tors, a voltage-co"trolled oscillator (VCO!, source follower, and 
zener diode. The comparators have two common signal inputs. 
PCAin and PCBin. Input PCAin can be used directly coupled to large 
voltage signals, or indirectly coupled (with 8 series capacitor! to 
small voltage signals. The self·bias circuit adjusts sma11 voltage signal. 
in the linear region of the amplifier. Phase comparator 1 (an exclu­
sive OA gate! provides a digital error signal PClout, and maintains 
goo phase shift at the center frequency between PCAin and PCBin 
signals (both at 50% duty cycle!. Phase comparator 2 (with leading 
edge sensing logic! provides digital error signals PC20ut and PCP out, 
and maintains a 00 phase shift between PCAin and PCBin signals 
(duty cycle is immaterial). The linear VCO produces an output signal 
VCOout whose frequency is determined by the voltage of input 
VCOin and the capacitor and resistors connected to pins C1A, C1B, 
A 1, and A 2. The source·fo11ower output SF out with an external re­
sistor is used where the VCOin signal is needed but no loading can be 
tolerated. The inhibit input Inh, when high, disables the veo and 
source follower to minimize standby power consumption. The zener 
diode can be used to assist in power supply regulation. 

Applications include FM and FSK modulation and demodulation, 
frequency synthesis and multiplication, frequency discrimination, 
tone decoding, dati synchronization and condition in!!, voltage.to­
frequency conversion and motor speed control. 

• VCO Frequency. 1.4 MHz Typical @VOD w to Vdc 
• VCO Frequency Drift with Temperature" O.04%fOC Typical 

@VOO" tOVdc 

• VCO Linearity" 1% Typical 
• Quie,cent Current" 5.0 nA/package typical @ 5 Vdc 

• Low Dynamic Power DiSSipation - 70 /JW Typical @ fO" 10 kHz, 
VOO" 5.0 Vdc, At "1.0 MH, A2" "", ASF = "" 

• Buffered Outputs Compatible with MHTL and Low·Power TTL 
• Diode Protection on All Inputs 

• Supply Voltage Range" 3.0 to 18 Vdc 
• Pin-for·Pin Aeplacement for CD4046 

BLOCK DIAGRAM 

2 Pe10ut 
""-t '1 

Von" Pin 18 
VSS· Pitt 8 

'nh 

:t::I /:t::'3 PC20ut Phs.. , 
~omp.r.to' 2 1 PCP'out 10 , 

i. L ___ ... VCO
OUt 

11 .. , 

12 ", 
e C1A 

7 C'. 

L 
Me 

ILOW.pOWE~ 

Pt 

.-

p~"""; 
1e~ ) 

1 

L SUFFI 
CERAMIC PAC 

CASE e~ 

ORO 

MC1.XXXB. 

Tn;1 devi( 
the input. 
voltftQe. c 
advised It 
to avoid 
th .... m.)( 
imp.dana 
is rtcomr 
eon.trlinfl 

V OUI'" \ 
Unused i 
I!IDproprill 
Vss [)f • 

15 if unu 



DC S,~t:'~.!,!,_:..,~:ft.~_.~__ Vr~D ·0510 "UI V~ 

1~~::~1.~~,~._~.1~1.~-'(.:.1~~_ ~n J) 5~,=,-Q.9~ 5 VI~e 
DC C .. Hf!'tnt Qr.,,,, pt"r Pin 10 MAde-

Operating T~-;~~;;f'. Range - AL Device T A. -55 to +125 0-;:-
CLlCP Dovoco -40 to +85 

Stor. Tempera".J ... Ran91 T "V -6S to +150 °c 

.ECTRICAl CHARACTERISTICS 

Voo T,_ . lSGC Th ... • 
CM_otlc !>t_ Vile 

Itpu1 VOhl9t .. O .. L .... VOL 5.0 
V,,,'VOOorO 10 

15 
.. , .. Lo"'" VOH. 5.0 

vin"OorVOD 10 
IS 

"""Volt.' "0" Lo",,' 'lin. 
('110.4 B Of 0.5 Vdel 5.0 
tvO ·9.00< 1.0 Vde! 10 
tvO • 13.5"" '.5 Vdel 15 

"'-L ... , 'II'H' 
tVO' 0.50< 4.5 Vde! 5.0 
tvO' 1.0"" 9.0 Vde! 10 
!VO' 1.5 or 13.5 Vde! 15 

~tPUt Dri.". Current (AL Oeva1 'OH 
(VOH' 2.5 Vde! Source 5.0 
(VOH .4.6 Vde! 5.0 
(VOH • 95 Vdel 10 
tVOH' 13.5 Vdel 15 

(VOL· 0.4 Vdel Siftk '0L 5.0 
(VOL' 0.5 Vde! 10 
(VOL' 1.5 Vde! 15 

.... tPV' Ori"4 Current (eLICP o.vicel 'Oll 
IVOH • 2.~ Vde! Sou_ 5.0 
(VOH' 4.8 Vdel 5.0 
IVOH • 9.5 Vdel 10 
IVOH' 13.B Vdel 15 

(VOL' 0.4 Vdel Slnk 'OL 5.0 
IVOL • O.S Vdel 10 
(VOL' 1~ Vdel 16 

11)Ut Cur,.". fAl O,vic.) lin '5 
'out Cu".,.t ICL/CP Oe'ricel 'I" 15 

"put C. .. pec:itlflC9 Cin -
IV,,,' 01 

IUHPKlt"t Curr..,t tAL Device. 100 5.0 
(P" Pock.,., 10 

!In" • "I" .,.., PCA - "'" . 15 

hJ,oHCtrnl Curr.,., (CLlep Oevic.) 100 5.0 
{P.r P.dl1Qt1 10 

lInh - "1" .,.., PCA • "'''' l!l 

·ou. SuPO'y Curren, f IT 50 
liM' "0". '0 '10 kll.;CI. -SOP". 10 
~1 • I II,In. 1'1' ~ -. ASl' - -.e"" 15 
50'lIl Outy Cyel.' 

l(}'lof¥ • ~1j6DC for AL Oevie •• -40oC fur Cl/CP Of!vice. 
'I'"qh. +11SoC for AL Dttvtce, "S50C for CLICP Devic •. 
\lOt,. immunity 'SPecified for WOrlt'C1JW ,nput combfl'\a~ion. 

Min III .. 

- 0.05 
- 0.05 
- 0.05 

4.% -
995 -

1 •. 95 -
- 1.5 
- 1.0 
- 4.0 

3.5 -
1.0 -

11.0 -
-1.2 -
-0.25 -
-0.82 -
-1.8 -
0.64 -
1.6 -
4.2 -

-1.0 -
-0.2 -
-0.5 -
-1.4 -
0.52 -
1.3 -
J.e -
- to.l 

- to.3 

- -
- 5.0 
- 10 
- 20 

- 20 
- 40 
- 80 

~o, .. M.fgin lor both ",".,.., "O"'1IWl • 1.0 Vde min €> 'liDO • 5.0 Vde 
20 Vde m,n@> 'liDO • 10 Vde 
2.5 Vde min (II '1100 • 15 Vde 

ro Cotcu_ Tot'" eu ........ ,n G."....: 

M", Typ M •• Min 

- 0 005 -- 0 0.05 -
- 0 OOIS -

4% 5.0 - 4.95 
9.95 10 - 9.95 

14.95 15 - 14.95 

- 2.25 '.5 -- 4.50 10 -
- 6.75 4.0 -

1.5 2.75 - 3.5 
7.0 550 - 7.0 

It.D 8.25 - 11.0 

-1.0 -1.1 - -0.1 
-0.2 -036 - -0. '4 
-0.6 -09 - -0 J5 
-, 5 -35 - -'.1 
0.51 088 - 036 
1.3 2"25 - 0.9 
3.4 8.8 - 2.4 

-0.8 -1.7 - -0.8 
-018 -036 - -0.12 
-0.4 -0.9 - -0.3 
-1.2 -3.5 - -1.0 

0.44 088 - 0.36 
1.1 2.25 - 0.9 
3.0 8.8 - 2.4 

- ,00000' '0.1 -
- .0.00001 to.3 -
- 5.0 1.5 

- 0.005 5.0 -
- 0,010 10 -
- 0.015 20 -
- 0.005. 20 -- 0.010 40 -- 0.015 80 .-

'T '(1.46 ,.A/kHzI I + 'DO 
'T' 12.91 ,.A/kHzll + 100 
'T· (4.37 .A/kHz) I • 'DO 

I .. 2.2 RVOD (VCOI" -I.S\! '1100 -1.3!I)3111 T _____ + ____ _ 

Al 112 (
VCOI - 165) 314 

• HI. " + , x lo-JICl • 91 VOO f+ 
RSF 

M.. 
0.05 
0.05 
005 

---
1.9 
3.0 
4.0 

---
---
-
-
-
-

--
-
-
-
-
-

tl.O 

tl.O 

-
150 
300 
600 

150 
100 
600 

1 • ,0-' VOO~ ('OO.YO O"tyl~d' of PClli1 + 'Q whent: tT In plI. CL In pF. VCOI". VOO (n Vde. f In KHz •• "" 

R I, R2. RSF in Mn. CL On VCOou" 

rill AA""" ..... ...,..,.......<II 
~---·-"'''''''''.~~# .... r Prr.duc"t.s I~c 

ELECTRICAL CHARACTERISTICS· (CL. 5OpF. T 
~ 

2SoC' 

I Unit 

Vde , 
I 

Vde 

Minimum Maldl 

'1100 AL CL/CP TvpiCil' t---ru::-
Che'"et .. lnle SVmbol Vde Onice Device All Tvp .. Dil¥ice 

Outpot Rise Time 
ft I,' (3.0 n,/pFI CL + 30"" 5.0 - .- 180 350 

'r' (1.5 n'/pFI CL + 15"" 10 - -. 90 150 
',' 11.1 n'/pF! Cl • 10 nl 15 - - 65 110 

OutPut Fall T irne 
If 

I,· !I.5 n./pFI CL + 25 nl 5,0 - I - 100 175 
If' (0.15 n./pF) CL + 12.5 nl 10 - - 50 15 'f' (0.55 n,/pFI CL + 9.5 n, 15 -- - 37 55 

PHASE COMPARATORS I and 2 and 2 
Vde I 

I 
Input Resistance - P'CAin 

Rin 5.0 1.0 1.0 2.0 -
10 0.2 0.2 0.4 -
15 0.1 0.1 0.2 -

Vde 

- PCB," RiO 15 150 15 1500 -f Minimum Input Sensitivity 
Vin 5.0 - -- 200 300 AC Coupled - PCAin 10 - - 400 600 C ""io, • 1000 pF. I • 50 kHz 15 - - 700 1050 

mAde DC Coupled - PCAin. PCB;" - 5 to 15 See NOtse I m""un,ty 
VOL TAGE CONTROLLEO OSCILLATOR (VCOI OL TAGE CONTROLLEO OSCILLATOR (VCOI 

mAde 

Maximum Frequency 
'max 5.0 050 035 0.70 -

IVCO,n' VOO. CI • 50 pF. 10 1.0 0.7 1.4 -R 1 • 5 kn. and A2 • ~ I 15 1.4 1.0 1.9 -
Temperatura - FreQuency Stability - 5.0 -- - 0.12 --(A2· ~I 10 - - 0.04 -

mAde 15 - - 0.Q15 -Linearity (R2 • CIllo) -
IVCO;"' 2.50 V, 0.30 V. Rl ;. 10 knt 5.0 - - 1 --
(VCO,"' 5.00 v, 2.50 V. Al ;> 400 knt 10 - - I -
(VCO in ' 7.50 V, 5.00 V. A I ;. 1000 kn1 15 - 1 -

mAde Output Duty Cycle 5 fO 15 50 
Inpllt Re'istanc~ -- VCOin Rin 15 150 15 1500 
SOURCE·FOLLOWER E·FOLLOWER 

pAdc 

(JAde 

pF 

Ofhet Voltage 5.0 165 2.2 
(VCOi" minu.SFoUI • RSF >50 kn) 10 1.65 2.2 

15 '.65 22 
Lin@arity 

,.Ad. 

,.Ade 

IVCOin' 2.50 V, 0.30 V. ASF > 50 k!ll 5.0 0.1 
(VCO;n' 5.00 V • 2.50 V. RSF > 50 k!ll 10 0.6 
(VeOin' 7.50 v, 5.00 V. RSF .,. 50 kn) 15 0.8 

ZENER OIOOE 

Zene, Voltage (I, • 50 ~AI 
73 

,.Adc Dynamic ResiHance (I z " 1 mAJ 

·The formula given is for the tyoical charact~ristics only. 

/fi\ 



~IGUR[ 1 - PHASE COMPARATORS STA 1"[ DIAGRAMS ,....-----------------_._._-- ---., 
PHASE COMP/IoHA.TOR 1 

tnput State 

~ PCA ln IICR'n 

P-C1 out 

I""ut State 

Q 
PCA,n'/-XPCB'n 

PC20ut 

PCPou, 
(LoCk Indle.tod 

I 

~ 11~'0 
I . 

t 
o 

PHASE COMPARATOR 2 

o 3-Stet. 
Output Oileonn.cted 

o . , o 

Refer to Waveforms in Figure 3, 

E 2 - DESIGN INFORMATION 

C .. r.ct .... ttie Using Pha .. Comparator 1 UaJ~ Phsse Compar.tor 2 

veo in PLL jystem 8djustl to minimum fre­
quencv (fmin1. 

.81 on input peA in. veo in PLL IVltem adjusts to center freouency 
(10). 

,ngle,betwef!n PCAin end PCB in. I goo at center frequency'fto), approec"ino 00 
ond 180°" end. of lock '8nll" (2fLI. 

Alw8YI rfJ in lock (positive rising edges). 

)n harmonics of ceo,ter frequency.! Yes No 

nput noise rej.ction. 

'tIqutncv .enll" (71 LI. 

• frequoncy ,ong. l2fCI. 

freQuencv UOI. 

utput fr8Quency (f). 

. This: infonnstlon il intended 
10 be a desion guide. Some 
-atorv experimenta1ion may be 
ired for fixed designs. 

High Low 

The frfK1uency r.oge of the input lignal on which the loop will nay locked if it was 

lnitialty in lock. 2fL. full veo freQuency range· f mex - fmin. 

; Th@' frequency ranll'! of the input lignal on which the loop will lock if it was initially 
. out of lock. 

Depend. on low~p8sl filter characteristic, 

l_ Figu •• 31. 'C < 'L 

The frI!lqU~,"CY of VCOout . when veo;n" 1/2 VOO 

(
VCO in -1.65 VOO -1.35) 

K +----
1_ R 1 R2 MHz 18' 2Soc) 

(Cl + 32) (VOO + 1.6) 

where; 
VOO in Vdc; 5.0 Vdc < VOO < 15 Vdc 
VCOln In Vdc; 1.65 Vdc < veol" < NOD -1.35 Vdcl 
R1 ond R2 in MO; R1 .. 0.005 Mn ,A2':; 10 Mn 
Cl in pF; C1 .. 50 pF 

K - 0.95 " VOO - 5.0 Vdc 
.0.95 @l VOO - 10 Vdc 
- 1.08 Ill> VOD - 15 Vdc 

IC·'L 

1m. x 

; 
0 

0 
10 IJ 

> 
1; 

fml" 

1.6!) 112 Voo {Von Voo 
-1.35) 

veol" 

(iJ;J MOTOROLA Semiconductor Products Inc. 

t , 
I 
I 

,I" 

.. J 
'~ 

~ 
i 
~. 
~~ 

'il~. 
I 

FIGURE 3 - GeNERAL PHASE·LOCKED lOOP CONNECTIONS AND WAVEFORMS 

9 SFout 

veo'n 
PeA In 

RSF 

.. F 'equency f' 

PCBln 

" re,;;,:;;." L-_______ --j( + N -= 
L_~~~.J 

TVplcoll_.f'ou Flit .. , 

(0) 

·R3 Output 
I"PU1~ ~~fL 

C2 J.. 1 

~ 2IC"'; Fi3C2 

(b) R3 
fnput~output 

1~~ 
~C2 

Note; for further informafion, see' 

(1) F. Gardner, "Phase-Lock Techniques", John Wilev and Son, Nevv York, 1966. 
t2) G. S. Moschvtl, "Miniature RC Filtert Using Phase-Locked Loop", BSTJ. Mav. 1965. 

Waveform,: 
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rr r---,_Voo 

--' l----.J L- VSS 

VOH 

PCB;"~VOL 
-VOH PC'out~VOL 
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VCO;n~VOL 

"he. Comp.r .tor 2 
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, I 
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~ L-!i L 
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II Fr. 

@ MOTOROLA Semiconductor PrOducts' Inc. __ _ 
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Advance InforInaUon -~ 

PHASE COMPARATOR AND 
PROGRAMMABLE COUNTERS 

The MC14568B consists of • phase comparator. 8 dividc·by-4. 16. 
64 Or 100 counter and a prOgrammable divid.'by.N <I·bit binary 
countN (,II positive·edge tri\l9Credl constructed with MOS P.ehannel 
and N·channel enhancement mooe devices (complementary MOSI 
in. lingle monolithic structure. 

Tnis device can be used with: 

• Both counters cascaded Ind the output of the second counter 
connected to the phase comparator (CTL high). 

• Separate use 01 the programmable divide·by·N counter. for 
example cascaded with MC145698 (CTL lowl. MC14S228 or 
MC145266. 

Tne MC 145686 has been dl'Signed for use in conjunction with a pro. 
grammable divide·by·N counter for frequency synthesizers and pnase 
locked loop applic;otions reqUiring low power d,s,ipat'on and lor hIgh 
fIOise immunity. 

• Quiescent Cu""nt t 5.0 nli. tvp/pkg f1' 5 Vdc 

MAXIMUM RATINGS IVOI1OQf" r.f.,.~cPd to VSS \ 

ft ••• n; SYmbol Va1u@' Uf''H' 
DC Svpply Voltjll!:lt 'vrt' ~n ~.' 1" 418 v". 
InOU'1 Vo't.~. All Inputt. 

\' " -0 ~ II "DO· 0 5 Vd( 
DC CU"!'''1 Dr.! .... pt. PIn 1Q mAde 
Opetat''''g rf'mp("ature R.ng~ _ AL Of'vICI! T" • ~~: H • '1]~ DC 

CL fer Dr.v.c~ -4('· lr 48~, 

StCH.gr Ttmptr~lur. Ra"gr 
1 "Q -6~ t(. ~'SO °c 

BLOCK DIAGRAM 

r----------, 
f'C,1'1 ,. 

1 

~A PM .. , r-DD rc o ", 

8" CO""'~II·.tD' • 011 PCP
OLlt 

CTl HIGH 

CI 90 I? II I... 011 G 
flC m 

cn '50 .1 I... 010F 

"0" 30 .... r .B •• 

I'E 20 -I 1-. 0101!C? 

"0" 

" 

MC14568B 

MeMOS MSI 
ILOW-POWER COMPLEMENTARY MOS! 

PHASE COMPARATOR 
AND PROGRAMMABLE 

COUNTERS 

~~I • ' .. y{\{l'\ll I 
L SUFFIX 

CERA""C PACKAGE 
, SUFFIX 

f'LASTIC PACKAGE 

CASE 620 CASE &48 

ORDERING INFORMATION 

"" .... '11SUHUt Oenot., 

L C.-ram.c ... c .... ge 
p PI.",(. Pack.v~ 
A !;kl."dad Opa,.t.ng 

Temper.tv'. R.nO. 
e LImited Oper.tlng 

"'e'TIp4!,.tvr. Ranoe 

TRUTH TABLE 

G Divilion R.tio 
!'in 10 Pin 11 01 Coun"~;r 0 1 

0 0 .. 
0 1 16 

0 64 
tOO 

The divide by JIIro .,.,. on the l"ov,ernmabie 

di"ide by N 4 bi, binarv cnunt.r, 02, i, lIIeVIII 

PC Ou ; 

PCP Out 

011(2 

CTlLOW 

rC ollt 

pcon~.c. 
PCPout 

CI 01 

"o"n...-r~ - -, L V
< 1~2 

OPERATING CHARACTERISTICS 

The MC145686 contains a pha5l! comparator,. filled 
divider 1+ 4, + 16. + 64, + 100) and I programmable 
divide·by·N 4·bit counter. 

PHASE COMPARATOR 

The pnase comparator is a positive edge controlled 
logic circuit. It essentially consists of four flip-flops and 
• n output pair of MOS transislors. Only one of ,,, inputs 
(PCin, pin 14) is accessible .wternany. The second is 
connected to the output of one of the two counler, 01 
or 02 (see block diagraml. 

Duty cycles of both input signals \at A and BI need not 
be taken into consideration since the comparator responds 
to leading edges only. 

If both input signals have identical frequencies but 
different phases. with signal A (pin 141 leading "gnal B 
(ReU, the comparator output will be high for the time 
equal to the phase difference. 

If signal A lags signal B, the output will be low for the 
same time. In between. the output will be in a toree stale 
condition and the voltage on the capacitor of an RC f Iter 
normally connected at this .point will have sl)~e I HN 

mediate value (see Figure 41. When used in a nOdi" oc>oo 
loop. this value will adjust the Voltage Contro·'.-c 0",·\ 

lator frequency by reducing the phase differenCE' . T .'."~n 

the reference signal and the divided VCO fre<J,,<"'C'1 te 
zerO. 

FIGURE .. - PHASE COMPARATOR WAVEFO"\IS 

·---"'0') 

~"S5 
A IPC'n) : ~ 111 -I: . __ . lJH 

---lfI---[L' . 
I I ... '::;1.. ' " B (Aef,) 1 I 

W
out -U U __ --__ VOl. 

,: t :----.- VO H 

"0'-4 

'Cou' M i VOl. 

FIGURE 6 - PHASE COMPARATOR 

STATE DIAGRAM 

.. ~ 

II'1pu1 S'Al. 

o 
A B 

PCout 

PCPout 
(Lock Ind'..:~tot) 

If the input signals nave diffe·ent frequencies . 
put signal will be hign when .i~nal A hIS • k 
quency than signal B. and low otherwisa. 

Under the same conditions of freQuency diffllf 
output will vary between VOH (or VOL' and SIll 

mediate value until the frequencies of "", ..... 
eoLlal • ..J •• ",', pna.., ClifTerence equal to zero. 
locked condition is obtained . 

Capture and lock range will bedetermined by 
freQuency range, Tne comparator is provided ",i 
indicator output. which will stay at logic 1 i 

conditions. 
The state diagram IFigure 51 depicts the inte 

transitions. It assumes that only one transition 
signal occurs 8t any time. It shows that, cha' 
output state is always associated with a poSitive 
of either signal. For a negative transition, the 01 

not change state. A positive transition may not 
output to change; this happens when the si! 
different fr.,quencies. 

DIVIDE BY 4,16.64 OR 100 COUNTER (01) 

This counter is able to work at an input fre 
5 MHz for a VOO value of 10 volts ov~ th 
temperature range when dividing by 4. 64 an< 
gramming is accomplished by use of inputs F I 

10 and 111 according to the truth table showr 
ing the Control input (CTL. pin 151 to VOO 
cading this counter with the programmable I 

counter provided in the same package. I. 
operation is obtained when the Control inl 
nected to V SS. 

The different division ratios have been'che 
erate tne reference frequence, corresponding' 
nel spacings normally required in freQuency 
applications. For example. witn In", divisiol 
and a 5 MHz crvstal stabilized source a "' 
quency of 50 kHz i. supplied to the comp< 
lower division fat los permit operation with 10 
crystals. 

J Stet. 
o Output Oi.cOf'\l"Iected 

o 
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~ypical Peflormance Characteristics (Continued) 
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LF353 Wide Bandwidth Dual JFET 
Input Operational Amplifier 

~ ~'-=." . . . . " 

8i.FET 1\ TOA Toc:hnolovv 

General Description 
'rhe.e device. Ir. low cost, high 'peed, dual JFET Input 
operational amplifiers with an internally trimmed input 
offset voltage (BI·FET IITM 'echnology). They require 
low supply current yet mllntain a large gain bandwidth 
product and fast slew rate. In addition, well matched 

! h,gh voltage JFET input devices provide very low input 
\. bias end ofhet cv"ent •. The LF353 is pin compallble 
. With the standard LM 1558 allOWing de>tgne r, to Imme· 

d,Il.IV upgrade the overall pedormdnce of existing 
LM1558 and LM358 cte"gns. 

The.e amplifiers may be used in applications such as 
IIigh speed integrato .. , fast D/A converters, sample and 
hold circuits and meny other circuits reQuirrng low 
",put offset voltage, low input bias current, high Input 
impedance, high slew rate Ind wide bandwidth. The 
do.ices also exhibit low noi.e and offset voltage drift. 

Typical Connection 

0, 

... 

-VI( 

Simplified Schematic 

"UfllilAollY 
tfUMMrO 

1/1. Dual 

,,'UULLV 
un_tO 

.... 0' " " 

v. 

Features 
• Internally trimmed offset yoltage 

• Low input bias current 
• Low input noise voltage 

• low input noise current 

• Wide gam bandwidth 

• High .Iew .ate 

5 
16 nV, 

0.01 pA, 

4 

13 

• Low ,upply curren i 3 I 
• High input impedimcc 11 
• Low total harmOniC dIStortion AV ~ 10, « 

RL K 10k, Vo ~ 20 Vp·p, BW • 20 Hl- 20 ... Hl 

• Low llf noise corner 
• Fast settling t.me to 0.01% 

Connection Diagrams 

LF353H Metal C.n Peckage (Top View) 
v' 

. J::!:~'.C. 

V· 

Ordor Number lF3S3AH or lF3S38H 
s.. illS P~kog. HOSC . 

_eo:JN OU ... ' .... lln«J";ockoge (Top V,e. 
i IU.pu.Anay• 

. I , 
.vum ... ,""'l • .,tpu,. 

RCI.,.v,o".' tJ IT "'1~T1.'" .uTA 

I J la ... ,.YUIII'I 
y- ...,..".. 

Order Number lF3S3AIII. lFJ53BIII o. LF363 
See illS Peek_ NOIIA 



J.. 
..I SuppiV Volta',,' 

P"'w~~r Oio;o;ipMir1'n (N0"e 1) 

Operating Temperature Range 

Tj(MAXt· 
Differential Input Voltage 
Input Voltage Range (Note 2) 

Output Short Circuit Duration iNote 3) 
Storage Temperature Range 
Lead Temperature (Soldering. 10 seconds) 

t18V 

500 fTlW 

O"C to +lO'C 

115°C 
J:30V 

±15V 
Continuous 

-55°C to +150°C 
300°C 

DC Electrical Characteristics (Note 4) 

SYMBOL PARAMETER CONDITIONS 
LF353A LFJ538 LFJ53 

{'" 

MIN I TYP I MAX I MIN I TYP I MAX I MIN I TYP I MAX 

Vos 

~VOsiAT 

lOS 

18 

RIN 

AVOL 

Vo 

VCM 

CMRR 

PSRR 

Inpu, Offset VOlt3qs 

Average TC of Input Offset 

Voltage 

InPlft Off~l!'t Current 

I!"'IOut BI.1S Current 

Input Resi'ltanc., 

laroe Signal Volt8g4! Gain 

Output Voltal}@' Swing 

Input Common·Mllde Volt. 

Rangft 

Common· Mode Aejection Ratio 

SupplV Voltage Rejection Aatid 

RS' lO~n, TA' 25'C 

Over Temper aru re 

RS' 10 ~n 

Tj' 2S'C, INot .. ~, 51 

Tj< 70'C 

Tj' 25°C, {Noto, 4, 51 

Tj ~ 70'C. 

Tj' 2S'C 

VS' ±15V, TA' 2S"C 

VO' 'lOY, RL' 2 k\1 

Ove,. Temperature 

. VS' !15V, RL' 10 kn 

VS' '1SV 

RSS 10k!! 

{Not. 61 

IS I SupplV Current 

AC Electrical Characteristics (Note 4) 

SYMBOL 

SR 

GBW 

en 

in 

PARAMETER CONOITIONS 

Amplifu!r to Amplifier Coupling) T A'" 2S"C, f ." 1 Hz-

20 kHz (Input Peferfp.d) 

SI'lW Raff!! 

Gain·Bandwidm ProdUct-

VS" !ISV, TA' 2S"C 

VS' !15V, TA' 2S"C 

Equivalent tnpu"t Nois@ VCl'1t.~ I i A"" 25"'C, RS '" 100n. 

'·'oooHz 

fQuivaff!nt h'lput Noisl! C\lrr~rtT Tj,15'C, f· 1000 Hz 

50 

25 

q2 

<1\ 

80 

80 

MIN 

10 

3 

10 

25 

50 

10 \;: 

100 

. 13 5 

<IS 

12 

100 

100 

36 

LF353A 

20 

100 

56 

50 

25 

10 

25 

50 

1012 

100 

"2 "135 
ql 

80 

80 

.,5 
-12 

100 

100 

36 

LF353B 

5 

30 

100 

200 

8 

56 

25 

15 

10 

25 

50 

1012 

100 

.'12 I <13.5 

:1':11 

70 

70 

+15 

-12 

100 

100 

3.6 

LF353 

10 

13 

100 

200 

6.S 

TYP I MAX I MIN TYP I MA)( I MIN I TYp I MAX 

-120 

13 

16 

001 

-120 

13 

16 

0.01 

-120 

13 

16 

001 

U' 

.', 
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UN 

nV, 

pA " 

NON 1: For operating at ~le'\Iated t~mper:)tu"'. the device must be derated based on a thermal resistance of 16cfcfW junction to ambient I~ 
the N packa~. and lsifc/W junction to ambient for the H package. 

Note 2: Unless otherwiSf! '!pecified tho absolute maximum negative input voltage is equal to the nAgative power supply voltage. 
Note 3: The power dissipation limit, hOYII"'!VOr. CAnnOt be exceeded. 

NOi.4: ThpS8 c;pecificntiom oppfV for Vs .. t1SV and O°C ~ T AS. +70G C. Vos. '6 snd lOS are measurad at VCM ,. O. 

Not. 5: Th!' input bin,. cUrrent's art'- junction leakaqe curren~ which approximately double for ~tlry 10°C increase in the junctIon temperatur. 
Tl- OU8 to limited production test time, the input bie! current! measured :!re correlated to junction temperatura. In normal operation the junct'r)' 
temperature rises above the ambient ternp~ratljrft as a result of internal POWfl'f dissipation, PO. TJ .. T A .... !3JA Po wnere HjA i$ the thermal re11t 

tflOC" fro'''' jun<:'!tinn t(') nmhiAnt. Utft of a hfl3t !:inl< is recommended if input pia, curmnt is to be kept to a minimum. 
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SF 229 • SF 230 ~Udj~ 
,,~) .. BF 24t 

Min. Typ. Max. Silizlum-NPN-Epitaxlal-Planar-HF-Transistor fOr geregelte AM- und 
FM-Stufen in Emitterschaftung. , Vierpol KenngroBen • Two port characteristics 

, Umgebungstemperatur tamb = 25° C 
Emitterschaltung 

UeB = 10V,Ie = ImA, f = 100MHz 
KurzschluB-Eingangsadmittanz 

KurzschluB-ROckwartssteilheit 

KurzschluB-Vorwartssteilheit 

KurzschluB-Ausgangsadmittanz 

Saslsschaltung , 
UeB = 10V, Ie = ImA. f = 100MHz 

KurzschluB-Eingangsadmittanz 

KurzschluB-ROckwartssteilheit 

KurzschluB-Vorwartssteilheit 

KurtschluB-Ausgangsadmittanz 

SF 230 

gie 
eie 

I Yre I 
-\Pre 
I Yfe I 
-\Pfe 

goe 
Coe ' 

SF 230 

9ib 
-bib 
I Yrb I 
-\Prb 
I Yfb I 
-\Pfb 

gob 
" .. , Cob 

, ~: ,',c.,_ . ' 

.~. -

"~~_T~I ell::llMVCM 

Silicon NPN epitaxial planar RF transistor for controlled AM and FM 
stages in common emitter configuration. 

7,5 mS 
25 pF Abmessungen • Dimensions 

600 IlS MaSe in mm 
93° M 2:1 
31 mS 

30° / 6 1 

10 Ils<q::::$i • 
IS pF , 

33 mS I ={f.f" 254 5,7 mS ' c' t 

480 IlS ~!\ C.2 ~J 0,7 

-92" 
31 mS 

150° 
12 '~S 
1,6 "pF 

l 
f 
I 

f 
I 
I 

Absolute Grenzdaten • Absolute maximum ratings 
Kollektor-Basis-Sperrspannung UcBO 
Kollektor-Emitter-Sperrspannung UeEO 
Emitter-Basis-Sperrspannung UEBO 
Kollektorstrom Ie 
Rulsstrom Ie 
Gesamtverlustleisfung 
c', t~mh S 45°C ,',' _, ,_, 
$perrscnichttemperatur 'C, ' 

lagerungstemperatur, ,,-' ", 

'., . 
: .. ,-

~,,-.,Ptet, ' 

Ij , 
tstg 

A r::~ _T -=. r' r-I .... r,_ ... 

KunststoffgeMu: 
::::TOI 

Gewicht . Weig 
max. O,~ 

40 
40 

4 
25 n 

2 n 

QO() m 
150 0 

':':'.55 ... +150 '0 



SF 240 

Min. Typ. Malt. 

Wiirmewlderetand • Thermal resistance 
Sperrschicht-Umgebung RthJA 

Statleche Kenngr56en ~ DC characteristics 
Umgebungstemperatur lftmb = 25° C 

KolleKtorreststrom 
Uce = 20V 

KolleKtor-BaSls-Durchbruchspannung 
IC:: 10 ~A 

KolleKtor-Emitter-Durchbruchspannung 
IC = 2mA 

Emitter-Basis-Durchbruchspannung 
IE = 10 ~A 

Basis-Emitterspannung 
UCE ~ lOV.le = lmA 

Kollektor-Basis-Gleichstromverhaltnis 
Uce= 10V.IC = lmA 

ICBO 

U(BR)CBO 

U(BR)CE0 1
) 

U(BR)EBO 

UBE 

hFE 

Dynamleche Kenngra6en ~'AC 'characteristics 
Umgebungstemperatur tamb:e 25° C 

Transitfrequenz 
VCB '"" lOV, IC -= lmA, f "" lOOMHz f-r 

Ruckwirkungskapazit.'it, ,': ,. ..'., . . 
Uce = 10 V. IC = 1 rnA, f "" 0,41 MHz' -'. Cure 

RauschmaB. Emitterscheltung . 
Uee = lOV.IC = lmA. Ga "" 5mS, 
f = 200kHz F 
Uce = 10V.IC "'" 1 rnA, 

.. YG = e,6mS-j3.3mS. f = l00MHz- F 
KurzschluB-Ausgangsleitwert ' 

UCB = lOV, IC = 1mA. f = 0,41 MHz 
f = 10.1 MHz 

KolleKtorstrom fUr I Yfe I max. 
UCB = 10V.f == 36 MHz 

goe 
goe 

Ie 

40 

40 
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67 

10 

1) tp ~ 001 tp ~ 0,3ms 
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TYPICAL CHARACTERISTICS 

I CUTOFF CURRENT 
, tEoelt Trons • .-I 
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100 

CHARACTERISTICS FOR 
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)1 02 0.3 O.S 0.1 1.0 
I CURRENT ImAdd 
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FIGURE 2 - COLLECTOR CUTOFF CURRENT 
versus TEMPE RATURE lEach Transistor) 
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FIGURE 4 - BASE-EMITTER AND INPUT OFFSET 
VOL TAGE CHARACTERISTICS 
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FIGURE 5 - DC CURRENT GAIN 
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[- Advance InforInation 

LOW POWER NARROW BAND FM IF 

· .. includes Oscillator, Mixer, Limiting Amplifier, Ouadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
SWitch. The MC3357 is designed for use in FM dual conversion 
communications equipment. 

• Low Drain Current (3.0 mA (Typ) @ VCC = 6.0 Vdc) 

• Excellent Sensitivity: Input limiting Voltage -
(-3.0 dB) = 5.0 /IV (Typ) 

• Low Number of External Parts Required 

FIGURE 1 - FUNCTIONAL BLOCK DIAGRAM 
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CIRCUIT DESCRIPTION 
The MC33S7 is • low power FM .F circuil designed 

,,~"llv for use in "oice communication scanning 

.... 'Vers. 
The miJl{f'!f-Osc:Uator combl1'\ation converts the input 

,.-ency (e.g., 10.7 MHz) down 10 455 kHz. where, 
...... exlernal bandpass fillering. mOSI 01 Ihe amplif,callon 
.. done. The audio is recovered uSIng a conventIonal 

qa..ldrature FM det~tor. The ab'S,!'"ce of an input signal is 
~1C.ted bv the prfsence of nOIse above the desired 

....c.o 1rt.:04~(·""r.:!\~. Thts "noise band" is mnn,tored by an 
tC1'Ve filter anO • ~\or. A squelch tnqge

r 
c,rcult 

~,cates the presence of nOise (or a tone) by an output 
*",ch can be used 1:0 contrOl scanning. At the same time. 

If' internal sw',tch is operated which can be used to 

""ut~ the audiO. 
The oscillalor is an inlernally-biased ColpillS Iype wilh 

tP\f' collector, base. and emitter connections at plflS 4, '. 
on<! 2 respect .. .,.y. A clySlal can be used ,n place of Ihe 

ywa1 coil. 
The mixer is doublv·balanced to reduce SPUfl()US 

fe-sponses. The input impedanC~ at pin 16 is set bV a 
J kf2 intern~l b'3sil"lg res,stor and has low capac.tance. 
,!lowing the cirCUIt to be preceded by a crystal fdter. 

The collector oulPul al pin 3 must be de connected 10 

8+. below whIch il can sWIng 0.5 V. 
After sUllable bandpa" filte"nq (ceramic or lC) Ihe 

signal <JOes 10 Ihe input 01 a f,ve stage I,m,te
r 

at pIn 5. 

The output of the limiter at pin 1 drives a mulliplie
r
• bOI' 

inlernally directly. and eKternally through a quadratur 
coil. 10 detecl Ihe FM. The output It pin 7 is .Iso used I 
supply dc feedback 10 pin 5. The other side of Ihe fil! 

limiler stage is decoupled at pin 6. 
The recovered audio is parlially fillered. then buffe" 

giving an impedance of around 400 n al pin 9. The sign 

slill requires de.emphasis. volume control and furlh 

amplifIcatIOn before driving a loudspe-akl!r. 
A simple inverting oP amp is prOVIded with an autP 

at pm 11 provldina de "'- (externallY) 10 
the inpul 

pIn 10 which 'S referred inlernally to 2 V. A filler can 
made with external impedance element!. to di~crimim 
between frequencies. WIth an external AM detector' 
fillered audio signal can be checked for Ihe presence 
noise above the normal audto band. or a tone signal. T 

informalion is applied 10 pin 12. 
An eXlernal posilive bias 10 pin 12 sets up Ihe sQue 

trigger c'lfcuit such that pin 13 is loW at an .mpeda
' 

level of around 60 k,n. and Ihe audio mule Ipin 14 

open circuil. If pin 12 is pulled down 10 0.7 V by 
noise or tone detector. p',n 13 will rise to appro.

lm3 

0.5 Vdc below supply where il can support. load curl 

of around 500 IJA and pin 14 is internallv short·c
llcu 

10 ground. There 15 100 mV of hysteresis at pin 1: 

prevent i'llet . Audio muling is accomplIShed by conne< 
pin 14 to a hIgh-impedance ground-reference point ir 

audio palh between pin 9 and Ihe audIO amplIfIer. 
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