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Low FrequenciEs are, generally, measured by using 

period measurement. The method, however, inherits in- 

accura.y as one have to take reciprocal of time period 

tcc measure frequency. Here frequency multiplying technique 

using PLL is used to multiply the low frequency and this 

multiplied frequency is, then, counted using frequency 

ccmparision: scheme.Thus display counters will display 

directly in terms, of' frequency 0  with proper decimal adjust-

ment. 
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C H R P T E R -1 

I N T R 0 D U C T I 0 N 

Frequency Measurements has always been an interesting problem. 

Simplest frequency measurement was .;t:.rt_--d'L:v crunt-

ing the number of cycles of given operation e.g.slow swing 

of - pendulam„ With the progress in Science a Humber of new 

techniques of frequency measurement has cone into existence 

Now-a-:days aic~it--1techniques have evolved out which are highly 

accurate-so far. Digitally frequency can be measured in two mode 

mode (1) Frequency comparision mode (2) Period measurement 

made. 

Till now,. the simplest technique of low frequency(below-

20H Z, measurement was period measurement. But this,was at 

the cost of accuracy, However, the accuracy could bE= improved 

by using more gate opening' period but then, at the cost of 

time i.e.process becomes quite slow. 

Now, there is no need of using period measurement schema 

for low frequency comparision scheme. Here input frequency, 

which is quite low (e.g. 1-6H ), is moltiplied by some suit-

able multiplying factor N (Here N = 1000) and then this multi-

plied frequency is cononted by the same frequency .comparision 

scheme, 

The meter should find application in measuring physio-

logical. pulse rates, slow movino physical systems( such as low 

shaft speed mt_asurement~. 
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C H A P T E R- 2 

MEASUREMENT OF LOU FREQUENCY SIGNAL: 	A REVIEL 

Following are the few general techniques when we go for 
frequency measurements: 
( a) -ANALOG 	TECHNIQUES-- 
1- Mechanical Resonance type or Vibrating reed type. 

2- Electrical Resonance type. 

3- Electro Dynamo meter type. 

4- Weston type. 

5- Ratio meter type. 

6- Saturable Core type. 

7- Frequency bridges. 

8- Stroboscopic Methods. 

9- C.R.C. Methods. 

(b5 DIGITAL TECHNIQUES OF FREQUENCY MEASUREMENTS_r 

But for measurement of low frequency there are some well 

known methods which can be categorized in 	- two main 

categories. 

( a) Analogue Techniques 

( b) [Digital Techniques. 

(a) ANALOG---TECHNIQUES- 

2. 1 AN ACTIVE FREQUENCY METER 

I~ rinciele-- 	Ref. Fig. (2.1-a ) 

Here the basic scheme employs frequency selective 

bridge which uses a gLradrature amplifier (QA). The amplifier 

provides an output voltage which is equal to the input voltage 
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in magnitude but 900 out of phase. The standard resistor 

(Rs ) and capacitor Cs are compared. A low impedance curr-

ent detector F) is used in the frequency meter. At balance 

resistive and capacitive current is and iR must balance 

each other and current through detector should be zero i.e. 

i s •+ if 	0 

JV 	V 

 

= 0 
 

-j/WCs Rs 

(2.1.1) 

-}; 	(2.1.2) 

On solving equation( 2. 1.j)we firdthe final balance cendi- 

as - 

1C3R s 	= 	1 	 -- 	 (2. 1.3) 

Thi=. gquation( 2. 13~hows that the frequency can be measured 

in terms of the resistance and capacitance. 

COMMENTS: - 

1) 	This frequency selective bridge using an RC active 
QA can be used to measure frequency in the range of 
10 Hz -• 100 KH in four decade ranges. 

2 	It has low component count. 

3) It requires only one adjustment for balance, 

4) Basically being an RC type bricge errors duo to skin 
effect and eddy current are absent. 

5) It has higher current sensiti~city than Wein' s bridge. 

6) The shielding 	arrangement used is 	simple and perfect. 
Most of the stray 	capacitances among 	the Shields and 
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earths appear either across supply or detector, where 
as i n Wain s bridg e these appear across ratio arms. 

7) With resistor and capacitor of tight tolerance the 

Frequency meter can give accuracy of measuremnt better 
than 0.1% in the entire frequency range. 

8) It can also be used for frequency control. 



b] DI GI TAL METHODS 

~2 
2.2 PERIOD ("EASURBIENT 3  

One of the basic tE•chnique used in low frequency measure-

ment is period measurement instuad of frequency, as measure-

ment of frequency in low frequency range leads to low accuracy 

results. 

We know, period of un known signal (with Frequency f ) 

can be written as T = f . Therefore, what we do in period 

measurement, we simply interchange the function of the two 

input signals (namely 	standard and unknown ) coming to the 

main gate. i, :.unknown frequency signals now determines du-

ration of the signal (standard ) in other words unknown fre-

quency signal now acts as gating signal or Gate control ele-

ment. On the, other hand known frequency or standard frequency 

is allowed to pass through the gate under the control of gate 

control. 

COMM ENTS.- 

Here the main: draw back in using period measurement is 

that to get accuracy at low frequencies. One must take reci-

procal of the answer displayed by the display counters if 

die wants to know the input frequency. Also, at low frequen-

cies reciprocal of a quantity ones not produce accurate re-

suits i.e. 0.33 sec.will give a frequency as 3 H Z , which 
/than 

should be more/3 H Z similar is case with 7 HZ perind,measure-

mcnt process will give us result as 0.14 sec. and recipro-

cal of this will be more than 7 H. However, the accuracy 



of the scheme described above can be greatly increased by 

using multiple period average mode of operation. Here main 

gate is held open for more than one period of the unknown 

signal 	This can be done by usine decade dividers. So that 

unknown frequency is divided by 10 or 100 or more. In other 

words period can be extended by. a factor of 10, 10 2  or more 

depending upon the requirement. 

COMMENTS.  

(i) The main drawback of the system lies in the fact that 

to open gate for 10 or 100 of cycles of unknown will 

take considerable time and signal might change (if our 

unknown, signal frequency is not steady enough )dur-

ino this time. 

(2) Here digital display on the counter will show more 

digits of information thus increasing the accuracy. 

However, the decimal point location and measurement 

units are usually changed each time on additional do-
cede divider is added so that display is always in 

terms of period of 1 cycle of input signal. 

[3 ] 
2,3. COUNTER INVERTS PERIOD TO MEASURE LOIJ FREQUENCY- 

The method described for one period meesu rem o::nt-  was  

less accurate and method described, for multiple period 

measurement was more accurate but it is slow and there 

is problem to invert period also. Here is a scheme, where 

reciprocal of measured perioc is taken by means of stan- 

dard binary and 8C 	(binary coded decimals ) counters.) 

Princielg_ - je must have four counters, A,E,C, and 0 

numbers. The counter A measures the period of unknown 
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signal by countino number of clock pulses, N,during a cycle. 

The number N programs. counter B which is programmable divide 

by N unit. Counter C creates a burst with a fixed number of 

pulses K. 

This burst is applied to counter B which computes a 

number K/N, Thus taking reciprocal of period N and produc-- 

ing a number of pulses proportional to unknown signal fre-

quency. Finally counter D accummulates these pulses to dis-

play the frequency. 

Corr ENTS; 

1) Circuit can measure frequency within a cycle of input 

and hence cyele.to cycle variation of input can be ob-- 

sery ed. 

2) There are six steps in functioning of this counter,The 

The counter is not simple enough. 

2.4. A DIGITAL FREQUENCY '"ETER FOR MEASURING LOL!' 4  

Ref. Fig. (2.4.a ) 

Here is another simple scheme which converts one in-

put cycle into four pulses and therefore keeping the mea-

surement time of signal to one cycle and increasing accu-

racy to four times. Here sinusoidal input is rectified and 

then shaped into square pulses with the help of schmitt'tri-

gger circuit. Here we will get two square pulses.prfr input 

cycle. This square signal is differenciated by differen•-- 

ciator and then al)_ differenciated pulses are made posi,. 

tive_ 	impulses with the help of network of diodes and 
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invertors. So that, at the output of net work we are left 

with four positive impulses per input cycle. Each impulse 

is used to trigger mono shot multivibrator and hence for 

each impulse, there is one pulse of fixed predetermined 

duration say, y 	and therefore, for every one cycle there 

are four pulses of duration S such 	that 	,<- T/4. In 1(one) 

see there are 4 f pulses of duration 	ane thus a gate can 

be made to open for 4 f 5, second in 1 sec. If gate is fed 

a signal of N, H Z frequr:ncy, We can have 4 f6N pulses to 

pass through gate in 1 sec., which can be fed to counter. 

Reaping of the countsr can b.- interpreted directly in terms 

of input frequency. 

CO MENTSe 

1— Accuracy is four times increased without increasing 

the gate opening period. 

2— Accuracy can be further increased if the same frequen-
cy multiplier is used to multiply input frequency. 

t 
2.5 A FEASURE1 ENT TECHNIQUE FOR LOW FREQUENCY 

One more quite simple method to measure low frequency 

has been proposed 	in paper from T.U. R.f~lurthy and N.K. 

Kumar. This techrLque measures the frequency i, within a 

cycle of periodic input and is quite useful in quicker 

measurement for low frequencies. 
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1'1 ETHOD-. 

The major difficulty in measurino low frequency is to 

obtain reciprocal of period. the proposed method combines 

period measurement and reciprocating circuit. 

The circuit diagram is shown in Eig.(2.5.a) Flip Flop 

F1  and F2  are initially cleared 9  The input waveform is con-

verted to a square wave by a squarer. Initially J & K of F1 

are set to logic (1). Hence the input at Clock terminal of 

F1 will set F1. The output of F1 is fed as clock to F2.The 

falling edge of Q of F1 will set F2  thereby resetting F1. 

The output of the inverter can be seen to be a single in-

put pulse. 

The signal pulse selected will enable the clock pulses 

to a counter which will store a number proportional to the 

period of the input. The counter output controls the ON—OFF 

states of the switches in th., feedback path of the ampli-

fier. If, for example the counter output is 01011, then R, 

R/2 and R/8 will be connected in parallel, giving an output 

of UDC/11, which is proportional to frequency, the general 

the output voltage is UDC/ N , where N is decimal equivalent 

of counter C' /F. The output can be fed to a digital volt- 

meter for the measurement of frequency. Waveform diagrams 

are given in Fig.(2.5.b`. A fair child 3701 mos monolithic 

si.x channel switch offers typical ON resistance of 200 iL 

and OFF resistance at 200 Gproviding OFF/ON resistance 

ratio of 109. frequency measurements for a decade range with 

a resolution of 1 in 100, with an error of less than 1% can 

be achieved. 
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CONCLUSION.  

'Here main advantage of this type of circuit is com-

pleting measurement within a cycle of input and hence the 

cycle to cycle variation in input frequency, can be dis-

played. 

2.6  A DIGITAL INSTANTANEOUS FREQUENCY PIETER -̀  

Hera is a technique which describes a low frequency 

meter in which reciprocal of the time elapsed between Suc-

cessive pulses is continuously evaluating digitally, and 

then sampled and held at the and of each cycle. 

Dtal R, ciprocal„ Time Generator_ 

The digital reciprocal time genergter (D.R.T.G.). 

design is basod on implementation of non linear differ en- 

ti el equation- 

dx 
eit + Kx 2 	= 	0 	 -- 	(2.6.1) 

The solution of this is 

1 
x  = 	_.. 	

1 
	 -- 	(2.6.2) 

Kt + 

where xo  is the initial value of x1> 0, let xo  

(Fig  o2.G.a) 

x  _ Kt.. -- 	(2.6.3) 
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A pulse rate technique implementations or 2.6.1 using two 

binary rate multipliers (R1, R 2  ) and a down counter (C ) 

is shown in Fig. (2.6. b) . The output of a binary rate multi-

plier is a frequency f o , the average value of which is pro- 

porticnal to the product of a input frequency fi and an 'rn' 

bit parallel binary number y as follows; 

f o  = 	nfi 
2 

- 	(2.6.4) 

Thus for Fig.(2.6-b we can write 

x + x 
2 
 fC = 0 

cit. 	22n -- 	(2.6.5) 

whore f c  dock froqu ency. , Therefore, assuming xo  =rA 

2 20  
x=  -- 	(2.6.6) 

Clearly for low values of t, the max. counter output 

x = 2n-1 will be. exceeded. Therefore, hyperbola must 

start at (A) in Fig.(2.6.a), and value of t must be g 

greater than to. 

For large 	n '1  

2n 	 n 
2 	 2n+1 	_ 	2 -1 	-- ( 2.6.7) 

Thus starti.no point A can be app. Established by counting 

up from zero at rate fc until the counter is full.The 
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counter "carry a pulse can then be used to initiate tho 

down counting. The corresponding block diagram is shown 

in Fig.(2.6.0 ).where the counter C now has an up/down 

counting facility. 

The finiti ate" pulse correspendino to t = 0, clears 

the counter and sets the Q output of Flip Flop HI. Thus 

the pulse rate{c is rruted to the Up count terminal of 

the counter via NAND gate. When counter is full, the' carry' 

pulse causes the flip flop Q output to go HI thus, routing 

the hate output from R 2 to 	the DOWN count terminal. 	The 

hyperbolicdnwn count continues until the next "initiate" 

pulse occurs and the process is repeated. In practice, in 

order to prevent the counter from over-flowing and resett-

ing tczero cur tc propagation delays, a delayed version of 

the "carry;" pulse is used to set all the counters output H~. 

thus ensuring that the down count always starts from the 

counter full state. 

Meter Frcquenc Range and Accuracy- 

Clearly the absolute max. value of measured frequency 	.~ 

is given by max. fm= 	= f ° 	- 2.6.6 
~t0 	2n 

Theoretically there is no limit, but in practice poor 

resolution obtaining as the period increases becomes the 

limiting factor. For n = 12, the theoritical accuracy is 

t 0.025% FSD, i.e. ± 1 count. The accuracy expressed as 

percentage of reading decreases with fm. Thus for an accu-

racy better than 0.25 percent of reeding, the range of fm 



-. (2-12) 

is from 0.1 f c x 2-nto f cx 2n. 

PERFORriANCE - Theoritical accuracy of this instrument is 

+ 1 count. To this must be added in-accuracies due to vari-

ation in clock frequency. To test the meter highly stable 

measured and clock signals are required. The accuracy ob-

tained was only ± several 'counts. This was primarily due 

to approximate method for setting point A on reciprocal 
(2.6-a) 

time curve Fig. 	The problem was readily over corse by in- 

cluding a further 4 bit counter and increasing the clock 

frequency by a factor of 16. This in effect made the meter 

a 16 bit device, with the four best significant bits di s~-- 

carded. Tests now showed that the accuracy of the meter 

was ± 1 count cover the entire range. 

The meter should find application in measurement of 

frequencies e.g.low shaft speed, physiological pulse rates 

etc. 

7 2. 7 .- A DUAL SLOPE BASED DIGITAL FREQUENCY METER 

The Fig.(2.7-a) shows the basic configuration for 

digital frequency meter. In first interval, the first in-

tegrator I, is allowed to integrate the DC voltage Vref, 

therefore, the output of this integrator at the and of 

cycle is given by - 

v ol =  _ R1 ~1 

Uref1 

Rid1  

/ T 

j-Vrefldt. 

-- 	(2.7. 1) 
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Through the second interval, the second integrator is allowed 

to discharge, starting from another DC voltage 

Vref2. The input for this inteorator is made equal to V01, 

therefore, the output of the second integrator I2 is given 

by— 

T +t 
Vo2 ` 1ref2 ` 1 /R2C2 

V 01 at. 
Vol t 

= Vref2 ` 
R2C2 

at t = to, Vo2  = D 

Therefore, 

U  to = ( ref2 , t----f2 ) R1 C1R 2C2 
~ref1 

= Kf 	 -- 	(2.7.2) 

Vref 2 
where 	K = 	( 	U ref1 	) R 1C1R 2C 2 

Using a BCD counter to count through the period (T,T+to 

will produce a number given by—; 

N = to fc 	;' 

Where f c is the clock freq. ap;pli ed to counter-• 

N = fc Kf. 	 -- 	(2.7.3) 

Therefore, output number of counter is proportional to 

frequency of input. 
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RESULTS AND DISCUSSION 

The CKt shown in Fig. (2.7. b) uses 741 OP-Amp for com-

parator, 4 x $N7490 as the four digital decade counter, 

8 x SN74175 as the latches, SG173 as sir..gie pole single 

through analog switch and SHM LI`1-2 as the S/Hckt. 

This meter has been tested by measuring frequency bet-

ween 1-10 Hz. For this range R 1  = 1 PI R 2  = 10K, C1=C2=11UF 

Jref 1 = 'ref 2 = 2.5U, f c  = 200KH Z , This meter shows accu-

racy of 0.2%. 

Range of measurement can be changed by changing R 1 C 1  
(i. e. time constant ) since saturation should not occur in 

lst.interval, the lowest frequency that can be measured 

(fmin.) is given by- 

vol 	= 	R 
Vref  1 

U cc  
fmi n 

or 

R 1 -(— 
uref1  

f min 	 1 1 	 cc 

Where V cc  is supply voltage: 

However in 2nd interval, second integrator should reach 

a valu e less than V ref2  therefore, the highest frequency 

that can be measured is given by- 

_ 1 	Vref1 
Vref2 - RC Uo1 1 but V 0 1 = R1C1 	fmax 

2 2 	fmax 
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or fmax 	- 	Vref1 	I 

brei 2 	R I C1R2C2 

Accuracy of this instrument is mainly dependent on into-

grators used for dual slope operation. It is a fast digi-

tal freq.meter and suitable for measuring low frequency 

such as those in audio frequency and power frequency range. 

2.8 	LOW FREQUENCY METER WITH LINEAR READ OUT; ~ 

PRINCIPLE: The easiest way to obtain an exprf ontial 

law from period is to measure the decay of a capacitor. 

In this circuit, it is achieved by charging, decaying, 

sampling and recharging a capacitor. Calibration can be 

achieved by adjusting the FSD pot and then setting the 

decay preset, then resetting the FSD and so on until the 

scale gives the correct law. Then, it is only necessary 

to trim the other range presets. 

This circuit is capable of measuring very low freque-

ncy and it resolves after one cycle without drifting. 

COMMENTS- 

1- It can be used for many applications such as pulse 
rats monitoring. 

2- The components marked with an asterisk should be low 
leakage polycarbonate or tantalum type capacitors. 
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CH APT ER— 3 

FREQUENCY MULTIPLYING TECHNIQUES-- A REVIEW 

The frequency multiplication techniques have been 

described in many papers. The most common technique, how-

ever, is the use of phase lock loops (PLLs ). Some of the 

main techniques are rLviowed here as undar: 

3.1 A METH00 FCR FREQUENCY MULTIPLICATION OF SQUARE WAVE:.- 

PRINCIPLE — 

The method of multiplying the frequency by 2 (or pow-

ers of 2 ) is indicated in Fig (3.1—a). The system Fig 

(:.'.1—a) comprises a square generator integrator I, ampli-

fier A, comparator C, averager A ano an Exclusive OR gate 

G. The integrator provides an output which is proportional 

to the time integral of the input square wave signal.. 

The wave shape at the output of this integrator is 

triangular  as shown in Fig . (3. 1—b) . This triangular wave 

is amplified to the required amplitude by the amplifier A., 

the output of which is the input to comparator C. The other 

reference input to the comparator is the averaged output 

of the input square waveform. The two inputs to the exclu-

sive OR Gate appear as shown in Fiq. (3. 1—a ) . The output 

of the Ex-OR gate corresponds to the frequency which is 

twice the input frequency (without any loss synchroni-

zation ). The timing diagrams are as shown in Fig,(3.1zb). 
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CONVENTS; 

1) If input is sinuscisdal instead of square wave, a 
ZC0 will have to be usaad to provide square wave 

for they CKt. 

2) To multiply frequency by 2, if triangular wave in-
put at comparator is made to vary from —3U to +3 U, 
then the reference veltag.- to the comparator is not 
required, if (reference point) may be earthed. 

3) For satisfactory control over pulse width, the refer - 
once voltage in both the circuits may be derived from 
a cc voltage ( A pctentio motor adjust is preferable.). 

4) This principle may be used far multiplyinc frequency 
by any number, subject of course to practical limit-
atirns such as these imposed by IC elements particu-
larly integrator, 

10~f 3.2 FREQUENCY MULTIPLIER USES COMBINATIONAL LOGIC t 1 

Relying on a tr.chnique that uses digital logic rath-

er than high speed system clocks or non linear generators 

to perform frequency multiplication, these circuits deri-

ve square: wave, with an 0/P Frequency of up to frnur times'` 

that of the input signal. 

Since the frequency doubler circuits are relatively 

simple and well known c~ ^figurations exists, the logic 

technique is shown in Fig.(3.2—a) for frequency tripler, 

Fir frequency to be tripl~.;d input should travel three full 

cycles or six-half cycles (represented by states (101010 ) 

during the tim e: of one input cycle (represented by 111000) 

at V. Thus the circuit must detect six different logic sta- 
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V, 
tes, and so a minimum of three input variatles/W and X, is 

required. 

Note, however, that the input signal at pert V is the 

cnlywavefr,,rm available, and therefcre t signals W and X whose 

logic states for a particular V ae net yet known, must be 

derived from V itsElf. The particular values of W encs X 

may be assigned to the truth table once it is realized that 

that the duty cycle of the three input variables are diff-

erent and that the logic states of the dependent variables, 

W and X, must change at a faster rate than the independent 

variable, V.rnce the logic states are assigned, the Brnlean 

equation may be determined and tlse Clot synthesized with sim-

ple logic gates. Althrugh several combinations of W and X 

may be assignee! to a given V, the end result should be vir-

tually the same in the Brcleen Expression. However, it is 

important to assign the-.., lcgic 1 states to W and X. Before 

the 0 states are assigned to them, because variables W and 

X nc t only change with the state of V but also vary with 

time when V is constant, as shown. Therefore, W and X can't 

be derived oirectly from V in the digital domain. However,a 

negative going ramp vrltage whose sweep rate is equal to twi-

ce the input frequency can with the aid of 0p—Amp.threshcld 

detectors, synthesize the digital signals required at IU and 

X for the doubler,quatripisr, quadrup1er etc.(Fig.3.t-c ), 

C0MM ENTS--• 

There: are several ways to generate the negative ramp 

• vrlta~Le required, many of them constructed with multivib-

raters and 0{p—Amps, 
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The use of linear ramp (as shown in Fig. (2.b -allows 

easy determination of' the threshold levels that must be 

detected in crd -r to switch the logic elements at the 

proper times. Generally the number of Comparator in the 

ckt will be equal to N-1, where N is ardltiplicati^n fact- 

er. Whose max,practicel value is B. The threshcld,vrit-gc 

will be equally spaced if a linear ramp is used each vol-

tage being, equal to ME/N, whore M is the crmpa?.rztrr number 

nnc E is supply volto:go: 

3.3 FREQUE 	 TI CY MULTIPLI; AON 	I USNG_FETS f 11 . ..: 	I ~ 

This mthcc is based, or and the nrnlinearities of acs. 

matchcc FETpair, invc.:lves forcing a ckt an the vcrge of 

regeneretir n into oscillatirn by injection of the I/P sig, 

nal. 

Here is a scheme for frequency multiplication using 

FET, Hers: prsitive fecdb,=.ck is applied Via tir similar b 

and pass filters centred at the desired output frequency 

(K (W), in fig.(3.3sa )I If the input signal is square 

wave, than the modulated cr'llectcr current cf tro:nsistrr 

Q1 is represented by the, soriesi 

I nc = Gm 2:. hn e~nwt 	n = 1, 3,5 	-- 	(3.3.1) 

Where G m is the trans-crbductsnco cf the bipr lar teansisa 

tr Q1.  Since the gate  sou rc eve It age is related to the 

rort of the drain current in the junction f.e.t, the change 
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in the common source voltage J may be represented by a 

Taylor series exp and od about the d.c.biasing current of 

the fc rm - 

U 	Al 	+ 8I 	+ cI1 	 - 	(3.3.2)19.  c3C 

	

Lihere A, B,C are related to th 	1st., 2nd and 3rd.order 

derivatives, the higher order terms being ignored. Sua 

ituatirn of equ,(3.3,i) into the above rela ti- nahip 	 s- 

2 

 = 	L 	hneJ t  + 	z:hn5Jt + 

cG JM 7-7  hneJt 
	

3 	
n = 1,39 5,7 

jr kit 	m 	= 0,1,2 .. 	(3.3.3) 
1.. 

It is clear that, although tao input signal contains only 

cob harmonics, beth even an cob harmonics are present at 

the cc MIT! c.nsouLc(-7; point. Expansion of equation (3,3.3) 

shows that the even components are only genoretcoc by the 

squared term, while, the cc:d components are pro ducec by 

the linear and cubic terms. Note that,each component am 

at the frequency m W is a series in which there arc; con-

tributions from one or more of the three terms; 

St table manipu1aticn c 	the mesh equations for the; 

ckt leads to a crnditin for rEgcnai, mtivn at the 0/P fre-

quency m )  as Civen in (3.3.4). 

1 	jgm  + D( ai + aQ )} K( w) RL 	 (3.3.4) 
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Where [) is a constant and gm is the trans-conductance of 

thef.e.t, If the gain of the two filters is adjusted simul- 

tine"ously,tn a value, just below the threshbldcf cscilla- 

tirn, in the absence of an input signal, then the appli~. 

c itirn of an input signal will force the ckt' into regeen- 

cratirn, due tr the cc ntributicn of the atm and 2r terms 

in gquatirn (3.3.'4). since the input signal contains odd 

harmonies of the. input frequency, rsgeneraticn at odd multi-' 

plks is further aided by the amplifying action cf these in-

put signal.crcmpcncnts, while regeneration at oven multiples 

occurs only because of the variations in trens-ccncuctancF 

caused by the presence of the input signal. Lamer output 

signals should thus be obtained for odd multiples of the 

input frequency due to this amplifying actiLn within the 

oscillator. 

COMM ENTS: - 

1) A sinusoidal frequency multiplier, capable of rpera- 

tier at large multiples of the input frequency, has been 

cc nstructed using the square 1cw characteristics of a diff-

erential f. e.t.peir. As well as the advantage of sinusc.i-

cal output, high multiplication ratios and low jitter con-

content, the ckt also offers high input sensitivities e.. 

the multiplier has been operated at signal levels a's lou 

as 5 mV( pp ). 

2) Examinatia-an of the ccnciticn fcr regeneration shows 

that this excitatin threshold may be reduced even further 

by selecting matched f. e. t, s with It w pinch off voltages. 

\' \ 1 2 C Ce tri Uibrari UntvetS~tU of koorkee 
Q 



-., 	(3.-7) 

3) The $ynchrcnizatirn band width cf the ckt depends strrrn- 

ly cn the characteristics of the filters. A larger synchrc•ni-• 

zing Band width may be obtained by use cf wider pass band 

higher selectivity filters, although this is not recommended 

for higher multiplies where two higher rroer harmonics are 

cic sely spaced in the frequency domain. 

4) Demerit of the ckt is that, in the lock range phase of 

0/P depends on the I/P frequency. This is primarily duet r 

the phase variations in the filter, as the required multi-

ple deviat-.s from the centre frequency, rf the filters Fil-

ter d', signs where phase variations in the pass band arc mini-

mised may bo used to crnstruct a multipliers where beth fre-

quency and phase remain synchrr nixed to the I/P var its 

tracking range. 

3.4 A SYNCHRONIZED BROAL BAND SQUARE WAVE FREQUENCY r 12 
?ULTTPLIER 

Here a circuit is described which produces simultan-

eous output square wave w.rese frequencies are 2~ I(i' . i N) 

times higher than the frequency of the original clock sig-

nal and are synchronized with it. 

P?IN!CIPLE:, 	P1. ref,Fig0(3.4a a ) 

The input square wave of frequency f is first converted 

I ntc a constant amplitude saw-troth of the same frequency. 

This sawt' rth is then fad into a crmparatnr type (no clock) 

A/D converter. Each time the ramp is generated the PSB rut-

put changes state once at the mid time and once at the end 

time,, period t:^ produce a symmetrical square., wave of the 



same frequency f as the input wave, 

The (M58-1 ) output changes state at each quarter 

time peri, d to produce a symmetrical square wave of fre-

quency, 2f.Thus N simultane-us output signals are gener-

ated each having a frequency 21-i(1`i.N ` times higher 

then incoming signal. 

A finite duration reset pulse available from constant 

amplitude sawt - rth wave generator is used as the jamming 

signal to eliminate undesirable change of states at the 

0/P of thy:, A/D convertor during the finite times It is to 

be n~ ted that reset time t R she uld be smaller than LSB 0/P 

(period of highest frequency c-utput). 

CONfi  ENT S: 

1) Tr spr.-:ed up multiplication, sawtooth 'aeneratr r can 

be replaced by t'riangula'r, wave genera'tc'r.'( Fig. 3.Orb ), 

Advantage of triangular wav is that no rapid transition 
fthe 

is required frr-m the maximum tc/minimum'value.Whdfl the tri.- 

angular wave reaches its maximum value the input squire 

wave (505 duty cycle )inverts the 0/P states of the A/0 

convertor, The result is same as if the ramp had been reset 

to zero with advantage of N bit A/D converter, the maximum 

frequency i.e.maximum frequency is increased or infant 

do'ubl :d. 

2) By adding divide by N-Grunter at the proper 0/P of 

th y A/D cr- nvcrter some unusual multi;plicaticn factors can 

be obtained e.g. a divide..  by .3 counter is inserted in the 
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~ultiply by 8 v/o ^ Th:: fzoq.cnoy at tha O/P -f thc c'un-
^ 

trr is nru 8/3 times that 	inrut signal, 
-3,S - n I' uJl 

NODIFICATIO1' -  ------------- 

Crmparat r type A/D c-nv:rt~::r is nct a o-mmrn build-

mo bIrok, This difficulty can be eliminated if we uoa 

U/6 o-nVa~tsr inateao rf r/U. ornvcrter, 1,e. The input 

square uave rf frequency f is first tren5f'rmoo intr saw~ 

t' - th way a f rm f frequency f frrm the c' nstant omplituce 

square t, aeutth uaVa cnverter as in F(3.4-a ).This 

oaut~rth is t on fed tr ormperetcr / Nrn~crnvertirq input) 

C-nferatrr 0/P is Ped t' Binary orunt$r~ end rutputa of 

binary counters are fed to D/A  onveztEro. The O/P oF D/A 

converter is Fed as Feed- beck 8ignel to inverting input 

of oomperator,/Fig,3.5-a \, 
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3.E A  SII  PLE DESIGN FOR A DIGITAL PROGRAf1NU.E- FREQUENCY-

Here frequency multiplication is carried out by multi- 

plying counters IC5 , IC6 , IC7  (SN 74192 ) at the upper part 

and by the control counters. I C2 , I C3, I C4(SN7473 )- and SN-

74192 ) at the lower part, The multiplying factor n can take 

values from 2 to 99 and can be extended to any value if the 

specification of the elements allow. 

SEQUENCE OF OPERATION; 

1- Frequency to be multiplied (f 5  ) is generated by the 

square wave generator. The leading edge of the square-wave 

triooers a one shot multivibrator, I C1  (SN 74123 ) . Avery 

narrow negative pulse is produced by the 0/P of Q (P 4 ) to 

initiate, the ckt operation. Simultaneously three actions 

occur. 

(a) The 0/P IC2 from P in9 is initiated from reset '0 'to 

logic 'I' state by this negative clock pulse, which can 

be used as a synchronizing signal and a check pulse for 

every cycle. 

( b) 	The multiplying counters 105, I C6, IC7  are loaded 

with this negative pulse as.they are previously pros t to 

a value of the pins 9, 10, 1 and 15 in each decade counter. 

This preset value can be expl essed as T5/2n where Ts  is . 
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the.period of the input frequency f and n, the factor of 

the desired multiplication. 

(c) The control counters IC2, IC3, and IC4  are also loaded 

with this signal to the previously preset value of n,where 

n has the same value as above. 

2- As soon as the multiplying counters end control coun-

ters are leaded the multiplying counter begins to count 

dawn from the present value to zero. Since at this moment 

the AND gate 02  is enabled by the OR gate 03. 

3- When the contents of the decade counters of the multi-
/zero, 

plying counter reach/a negative pulse is procu cod by the 

0/P borrow (B r  ) from the last stage of the decade counter. 

The 0/P IC2 from pin 9 is again changed from logic ' l'to 

logic '0' state by this negative pulse, which, however,only 

loads the multiplying counter. 

4- The contents of the control counters IC3 and 104 will 

be decreased by one of the output IC2 completes one cycle. 

These processes will be repeated until the contents of the 
/output 

control counters reach zero, when the/IC2  ccmpletee.̀   i cycles. 

Then gate 02  is inhibited by gate 03 since the 0/P 03 is logic 

'0' as soon as the contents of all decade counters are zero. 

5- The operation of the ckt is restarted by the input of 
/synchrrnc u s 

a/pulse which is produced by the leading edge of the source 

square wave. Even if, this synchronous signal is not coinci-

dent with the inhibited action, the inhibited state will be 
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held until the synthrohaus pulse occurs i  therefore, there 

is no accumulated error in this system. 

COMN ENT S- 

1) Referenco frequency should be generated from cyystal 

oscillator t"p, got good accuracy, 

2) Reference frequency (fr  ) should be sufficiently high*. 

er than fs. Higher the frequency fr  the greater the 

accuracy of O/P frequency fo, Generallyifr.  100 fs. 

	

j 	IA !hen the input square wave has disappeared ♦  this sys- 

tem is always inhibited by Gate G2 and no output wave 

form is produced from IC2. 

 

4)  The multiplication factor n can take non integral 

values, such as n = 1..5, 2.5, 

5)  The elements of the ckt 	are simple and cheap, 	no lin- 
ear devices are invmlved. 	 - 

6)  The hardware of the ckt does not  charge if n is changed. 

7) The preset values for the multiplier n are easy and 
can be programmable. No reference voltages are requi-
red. 

8) The errors of the O/P wave forms are not accum.mulated. 
because a Synchronizing signal is produced in every 

cycle to check and initiate and multiplyin frequency. 

9) Thp system can be extended by any number of multi- 
pliers subject to practical limitation such as the 

frequency response imposed by the I .C. elements. 
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3.7 _A SIMPLE DIGITAL  -2fl  FREQUENCY MULTIPLIER 
x.15 

PRINCIPLE - 

When the pulse input at point 1 is in the LOW state, 

the capacitor C at print 3 gets charged through a resistors 

R to HIGH level and the point 5 continues to be at lcr .ic 

level HIGH. As the pulse input under-goes transition from 

LOW to HIGH level, the point 5 changes to lobo level LOW, 
meanwhile the capacitor C at print 3 starts discharging 

through resistor R, and as soon as potential at point 3 

reaches VIL which is the maximum voltage level considered as 

as LOW at the input of TTL devices, print 5 goes to letic 

level HIGH. Thus at point 5, a negative pulse of duration 

corresponding to the discharge time of capacitor C to VIL 

is produced and the cycle continues. The voltage pulse 

available at point 2 is 1800  cut of phase with that at the  

point 1. A similar sequence of operations produces negative 

pulse at point 6 but cut of phase by 180°  with those at point 

' 5' . The output at point 7 is a combination of the pulse pro- 

duced at print 5, and point 6 but with reversed polarity. 

Thus the 0,/P pulses have been produced at the leading as 

well as at the trailing edge of the input square wave, 

whereby frequency doubling is achieved. The pulse width 

and duty cycle of output pulses can bo simply cnntrnlled 

by suitably selcctinq the resistance and capacitance values 

Fiq. (3.7-a ) . We can obtain Uptc 50% duty cycle by choosing 

appropriate values of R and C for any given frequency.Fcr 

Symmetrical output, R and C should have equal value, 
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COQ '-E[UT5; 

1) Frequency quacrupling can be achieved by feeding the 

input square wave directly tc a frequency ccubler, phase 

shiftino the drublcr 0/P by 90o anc combining the phase 

shifted cutput with drubler output in an Exclusive— OR 

gate. By varying R T  anc CT  cf the mcricshet, the phase shift. 

can be set acccreing tr 180°/2n-1  at ally desires valuF*;'.iSi 

2) Such a multiplier was tasted over a frequency range 

cf 1.5 KH Z-10 MH with R= 1K(prt ); C = 470 Pi, mcneshot 

timing resister R T  = 5 K(Pnt ) and CT  = 20OP '.Output train 

of pulses c f variable duty cycle (uptr 50% ) wore - btained 

at twice and four times the input signal frequency ever 

this frequency range. 

3) RC time c - nstant has tc beT/2n+1  and RT CT  

where T is the time perioc of the input square wave. These 

constraints decic.e the limit cf the rperating frequency 

range cf the multiplier. 

4) This ckt can operate over a very aide frequency range 

and uptc 50% duty cycle ref the cutput pulses is achieved. 

t16i 
3.8  A FREQUENCY DOUBLER FOR RECTANGULAR INPUT_ 

The main drawback cf meth^d described in [ 5 , is that 

values cf R and C shruld be critical tie obtain a square wave 

0/P from each stage. This restricts use cf such multiplier 

to one single input frequency. 
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This  paper describes frequency doubler which first con-

verts a given rectangular input signal to a square wave whose 

frequency can then be drubled easily. Hence.the difficulty 

faced in ( 15 is eliminated. t_ 

PRINCIPLE: 

The first part of the ckt crnv erts the rectangular in-

put into a square wave Fig.(3.8-a). This part consists of 

two OP AMP integrators A and B, which alternately measure 

and store the perird information of the input signal. 

Referring to Fig.(3,8-b ), the interval t1 to t2 re-

presents one typical cycle of the input signal, whose per-

iod is TdJring the interval botween t1 and t2, the Q 0/P 

of the toggle flip flop E is high and consequently the swi-

tch S1 .is opened and S2 is closed. 

At the instant t1, the 0/P voltage V 2 of the integrator 

B is zero, where-as the 0/P. V.~ of the integrator A is equal 

to the voltage integrated during the previous cycle and is 

given by- 

T. 

V1(t1 ) 	= 	R1C1 -VEE 	 -- 	(3.8.1) 

During the interval t1 to t2, the voltage V1 remains cons-

tant whereas V 2 increases linearly as given by-- 

V2(t , 	(t-tl) VEE 	 -- ' 	(3.8.2) 
R1C1 

In the beginning of this cycle V 2 being small, the 0/P of 

the comparator Cis low and consequently V3 and V5 are 
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also low. As sclera as V 2  becomes more than V1/2, the 0/P of 

the comparator C becomes high, thus making V5 to go high. 

The time constant to at which this happens is obviously 

given by (from equation (3.8.1) and (3.8.2 ): 

T  to  = t1  + 	 -- 	(3.8.3) -  

In other words to  is the midpoint in the cycle. It is thus 

sr-en that V 5  is low during tie first half of the cycle and 

high, during the second half. Immediately after t A , the 

switch 53  is closed, thus discharging the integrating capa-

citor of the integrator B. 

During the next cycle (the interval t2  to t3 ) the G 

0/P of the F/F, E goes low. Consequently, S2  is ripened and 

S1 is closed. The voltage V 1  now increases linearly whereas 

V2 retains the value integrated during the previous cycle 

(given by rioht hand side of equation (3.8.1 ).During this 

cycle the comparator D delivers a pulse of •width T/2 to V5• 

It is thus seen that the comparators C and 0 alterna-

teiy deliver pulses of width T/2 to V5, thus generating a 

square wave at a frequency equal to the input signal fre- 

quenc-. The frequency of this square wave is doubled using 

two mono shots, one triogered by its leading edge and the 

ether by its trailing edge. The 0/Ps cf the two mono shots 

are combined in aln OR gate to generate the frequency doub-

led signal. The duty cycle oft his signal will be a function 

of the mcncshcttr' s period and the input signal period. This 

0/P can be converted into a square wave if necessary by 



using any frequency doubling techniques; such as described 

in 	15'.]. 

COMMENTS:  

1) Here values of R and. C are net critical. 

2) R 1C1  time constant should be such that the maximum value 

attained by V 1  and V 2  is below the positive supply vol-

tage even at the lowest frequency of the operation. 

3) The maximum speed of operation of the ckt is determined 

by the (gain X band- width ) products cf the Op- MIPs and 

and the sensitivity of the comparators, 

4) The duty cycle of the square wave at V5  can be trimmed 

by inserting two small variable resistcr:s, one in series 

with S1  and the cthe.r in seriei with S2 (in fact only 

one of these resistors need be variable. The other can 

be a fixed.resis.tor with a value equal to mid value of 

variable resi strr ) . This trirnm no will compensate frr 
/between the two integrators capacitors and also 

any mis.match/in the two matched resisters pairs HR2. 

5) This type of frequency doubler was fabricated and tes- 

ted. The 0'.P- 	AWP used are IC 	741 and c,cm.p arate r 

are  .IC 710. The switches u.s.:d are CMOS switches and 

of T14016 type. The logic gates and the m.ancshots are 

,ef the standard UL-type.. The, time constant of the 

two int,egrat,4 , .gwas ,set to around 15 m's, The resistor 

R2 :Were 1!0 SKr. The ckt, was tested in range of 1D.0 'H Z- 

2J K'.H Z  satisfactorily. 
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6) This ckt works indepenu rtly or the frnqusncy and duty 

cycle csr k;- 	incut s31 nal ::?nc. cne not n 'ed crtta.ciO 

iici ]i.J sttfr.n t oP i;h is G`[7mpon nt i, This {1 ak -s the ckt v er-- 

sat.3.lo cnd usL r'ul in a wide r. no of cilli_ cticns, 

7) ';2n rracuency.m>.11ti.p'.i.9r can be construct=n by case .d.. 

inc n such. dcublors. 

x.!~. 	SIMPLE FREQUENCY DOUBLING SCHMITT TRIGGER CKT 
1,17 

(Ref. Fig. (3.9-a ) 

Here in this circuit voltage comparison and frequency 

doubling functions are combined in an extremly wimple cir- 

cult realization. Since only three transistors are required, 

it can be constructed with a single integrated nPn transisr 

tor array, such as the CA3086. With this ckt a sinusoidal 

input voltage is converted to a digital pulse train with 

one half the input period; or twice the frequency. 

PRINCIPLE° 

Here input stage is a full wave rectifier. Transistor 

T1 is biased with Ug such that it is saturated. With RI and 

R2 equal, symmetrical U cc and VEE, and a sinusoidal input 

U z _N , the voltage on collector of T1 , V A , will be a full wave 

rectified sins wave. As sinusoidal U IN goes'positive, T1 will 

be driven further into saturation. If we assume the collector 

emitter and base-emitter voltages in saturation. to be nearly 

constant, then U A will be approximately U IN As U IN goes nega-

tive T j will be driven out of saturation and U A will be appro-

ximately the magnitude of V IN since R1 and R 2 are equal.Thus, 
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a full wave rectified sine wave will be developed at V A. 

Distorti bn 'in the rectified waveform from the ideal due to 

the variations in V BE  and V CE  in saturation with input sig-

nal amplitude, resistor mismatch, finite r^: and temperature 

dependence of function voltage and currents will be present 

but is not considered significant in this digital application. 

Transistors T 2  and T3  form a simple schmitt trigger, Resistors 

R4 , R5. and R6  are selected to yield the desired threshold vol- 

tages end hystcrisis. For a voltage input V A  less than either 

threshold, T 2  will be cut off and T3  will be operated in the 

forward active. region or in saturation such that the low 

output state is TTL voltage compatible with V OUT  O.4V.As 

the voltage V A  increases above the upper threshold, T 2  is 

turned on to the extent that T3  is CUt off, and V OLT  goes 

to Its high state, V. The upper threshold is app roximately- 

(V66-VEE)R6 
V THU = V EE+ V BE+ - 	RaRS  --- 	-- 	(3.9:1) 

R6 P 4+RS 

Ar, the input continues through its cycle and decreases 

below the upper threshold, T 2  is again cut off and T3 sat-

urated when the lower threshold is encountered. The lower 

threshold is approximately - 

V ccR6 +  VEER4 	
-- 	(3.9.2) IWTHL  - _ ___R4  _ + R6  _. + V 6E   

Thus this simple three transistor circuit can develop a 

TTL voltage compatibl digital pulse train with twice the 

frequency of the input. 



- 	(3.2-e) 

COMMIENTS:- 

Choosing power supply voltage and resistor values 10% 

shown in Fig.(3.9-a), we obtain measured threshold voltages 

of about 0j611 and 0.9V and a TTL compatible output voltage 

swing of 0-5U. Typical wave forms are shown in Fig.(3.8-b) 

The centre wave form is the 2.4U peak to peak 2.5 KH'sinu- 

soidal input, V IN , The top trace is 1.1V peak-peak recti-

fied waveform J. The bottom trace shows the approximately 

OV- 5V, 5 KH 0/p pulse train. 

Thus this technique for developing a doubled pulse 

rate is effective and completely integrable in standard 

bipolar technologies. It can also be realized with a single 

integrated npn transistor array since only three transistors 

are required. 

3.10 	A  jal,F. ,_.CQNSTANT-DUTY- CYCLE DIGITAL FREQUENCY 
DO U BL ER 

PRINCIPL E~- 	^` 	(3.10-aj 

It consists of two units. The upper unit produces 

output pulses at the leading edges of the input pulses 

and the tow:r unit at the trailing edges. These two out-

put pulse trains are than combined in a NAND gate, The 

duty cycle of the output pulses can be easily set at any 

desired value up to 50% by properly adjusting the potentio- 

meters R1. 



-. (3-11) 	,.- 

COMM ENTS: 

1- Such frequency doubler modules heaving a constant duty 

cycle over large frequency range can be easily casca-

ded to obtain a higher order of frequency multiplica-

tion. 

2- The transistor types and other values used are nct 

critical. 

r 9 J 
3.11 	A SYNCHRONIZED  FREQUENCY MULTIPLIER FOR  SQUARE WJE- 

Pd  LE -  
— M 

The mono shot pulse generator is adjusted for a quarterT 

wave delay that given an 0/P which is double the input free 

gLyency. The input is generated from 555 timer using ais an 

astable multivibrator having a frequency of I KH z  and the 

toning components carefully choos.en to obtain a duty cycle 

pf 50%. 

The scheme consists of square wave generator, an inver-

tor (using a silicon npq transistor ) two RC d.i.fferenciat- 

ink networks, an OR gate (Using two silicon diodes ) and 

a I onoshot pulse generator having a pulse width of T/4 

Where T is the period of the input square wave. The time 

Constant of each R-C differentiating network should be much 

smaller than T. The 0/P of the OR Gate is negative going tri-

gger pulses (spikes ) with a period of T/2 as shown in Fig. 

(x.11-b) and these are used as the external trigger pulse 

required to operate the mcnoshot pulse generator. The letter 
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has a square wave 0/b with a frequency which is dbuble the 

input frequency (Without loss of Synchronizations ) .Higher 

multiplication can also be achieved subject to the frequency 

limitations imposed by the 555 timer. 

COMP,ENTS:-,  

1) The circuits wore tested for input frequency of 1KHz. 

2) The circuits were tested as doubler and tripler and 

satisfactory results were achieved. 

; 	t 
. 20 

3.12 	PHASE SHIFTER SI1 PLIFY FREQUENCY MULTIPLIER  DESIGN 

PRINCIPLE- 	(Ref. FIG. 3.12-a 

The phase shift frequency multipliers, unlike conven-

tional multipliers can produce a spectrally pure 0/P with- 

ovt filtering. However, by using wide band phaseddifferen- 

Ce network for phase splitting, frequency independent multi-

pliers over many octaves may be obtaiyNd.. The Fig.(3.12-a) 

shows sine wavc.fre'quency is ;multiplied/timcsby dividing 

input into N different phases that are equally spaced thre- 

ugh 360°.These N phase drive N class C transi so trs whose 

outputs are combined to deliver a pulse every 360°/N. The 

use of N tran-sisters allows the input pcwt:r to the circuit 

to be N times as high as wi thru t saturating the transistors. 

COMMENTS -. 

1) 	The phase shift frequency multipliers are superior 

to ccnventin nal multipliers at high fr=..:qu enc re s in sub-

harmonic suppression. A high frequency version cf this 
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type of multiplier and quadrupler has also been given in[ ZD M~ 

2) An interesting property of this type of net-work is that 

when rectances are made equal, the phase shift between the 

input and output ports will always be 90°, regardless of the 

value of 'R, This property allows both amplitude(varying R ) 

and phase (varying L OR C ) control. 

3) The inductance L is created by the primary winding of T1, 

the secondary windings delivers a 90° and 270°phase shift of Q1 

and Q2r'espectively. The 0`and 180°phase shifts are provided by 

12 to Q3 and Q. 

4) In addition, the L-P1 network at the 0/P provides an optimum 

match to a 50r load and a little attenuation of subharmcnics. 

This multiplier, unliko'ccnventirnal ones, is capable of supp-

ressing subharmrnies and thE.refore, does net require 0/P filt. 

erring. 

5) R spectrum analyser display showed that the second and third 

harmonies could easily be reduced by mere than 50 decibels below 

the do:osir ed fourth harmonies. 	 - 

3.13 	JOINING A PLL AND VCO FORMS PRACTIONAL FREQUENCY MULTI- 
_._PLI.ER ._ 21 

The conventional multiplication ckts employing PLL use 

either harmonic locking or a frequency divider between its 

VCO and phase comparator. Thus the 0/P is only an integer 

multiple of the input. As a reswlt if certain 0/P frequency 

is desired, the input frequency must bF_ carefully selected. 

Such exact choosing is no longer needed because this circuit 



(z) 

can multiply pulse frequencies by any Teal number,  thnigh the 

simple adjustment of two potentiometers, In addition, it epaç 

ates over a wide inpyt rreqency range and has a more stable 

0/P than d0 conventional mu itipli- or 

PRINCIPLE— 

The design combines a PLL frequency to vrit ago cover ter 

and an external V.W icr pulse fro-quency m4tiplicatipn. 

PLL cfnnctad as a frequency 1nrdulatc, gen.rate:s Vol- 

tage Vd that is related to the input .f:requun.O 'by Vd 	Kfinv 

Where K is a constant and fin is the freqUency of the input ig 

nd, In addIt.Io, the inpit fequocy •f the internal V:CO 

taina in the PLL ) is f In, 	Vd 	.uhre 	C 4ere the fr&r  
VRC1  

quency determining components cf the internalVCQ and V is the 

supply \diltagO. 

Penirdulated vc.ltag€ Vd is fed ti the control voltage npgt  

of the external VCO whose 0/P  fse-n;cy :S fo 	Vd/V2!c2  wher 

R 2, C ar.a frequency doterminin crrnp:onents cf he :external V.CO, 

So ivtng for tho o/ frequncy, ic. 	fin  R1C1/R2C,2 and thus 

The :mu l tip licatic n factrr n is cnly de.c:dd y ni 	9P 
R 2C 2  

the ext ernally cc.nnected resisters and c'ap acitc rs and therefore 

can ibe •chc c son ic' r any v alu e 

The 'ck:t i.se's •Nskicnal S..emi—cc'nductcr1  s'gen.e.•ral Pu',pcso 

LM565 and :L.rI 566 as PLL and J QO r ep oct:ij ely,.OP AM;p .A7 41 

ser :es as buff dT :S ib,etvaen th e tc:. 
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C0f1 M EN T S - 

1) Circuit with multiplication factor of 6.15 is tested for 
input frequency in the range of 2-6 KH z . 

2) For stable operation R 1 	and C 1 	should be selected 	accord- 
ing to input frequency 	and R 2C 2  should be chonsen to gen- 
eral desired multiplication factor, 

22 
3.14 A SYNCHRONOUS FREQUENCY MULTIPLIER USING PLL 

PRINCIPLE- 

 PLL are the lower cost approach to frequency multiplica- 

titin using a divide by n counter in the feedback part as shown 

in figure (3.14-a). In this arrangement, there is usually a 

phase difference between inputs 1 and 2 of the PLL. This differ-

ence does not have lone time stability and may change because of 

the amplitude and the frequency variation of the input signal. 

That is why the PLL does not provide a synchronized 0/P in this 

system. 

To obtain a synchronized 0/P one can consider a system like 

in Fig.(3.14.-b),This uses a second counter equal to first one in 

the feedback loop and a pulser which produces pulse at the nega-

tive going edge of the input square wave. 

The operation of the ckt can be explained as follows w. r. 

to Fig.(3.14-C).Let t1 is the instant whE e1, b19 c1  all go to 

negative simultaneously and t2 whets 82 , b2 ,c.2  all go to nega- 

tive simultaneously by the reset pulse coming from the pulser. 

As can b.e seen, t2 is always closer than t 1  to the negative 

gcino edge cf the input with an error To; rich is the period 
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of the UCC 0/P of the PLL. We thus can consider the 0/Ps a2 ,b2 

c2 coarsely or with an error— 

t <., to 	 -- 	(3.14. 1)  

synchronized with 	the input. It is to be noted 02 has smaller 

relative error than the 0/P s b2, a2. If we make- 

AT 	; 	The multiple output period 	-- 	(3.14.2) 

or equal practically to zero we may accept the 0/P synchro— 

mized with the input. The Fig.(3.14—d ) shows PLL, divide by 

n counter and two equal divide, by m counters and a pulser. 

Since the PLL has jitter, an undesirably: change may occur eve-

ry time the reset pulse is applied to the counter. The absolute 

error or jitter width is given by— 	 I 

1 
tom, the period of the VCO OVP = m~; 	-- (3.14.3) 

acctrdina to the above mentioned result (3.14. 1) . The max. 

relative error at the 0/P can be expressed by -c 

tm a x 	I 
e1 = 	= m (3.14.4) 

It is obvious that this error can be.minimized by cher, sing m 

large enough. But because cif the maximum frequency (max )rf 

VCO characteristics m is limited SOPh that- 

mnf (_ f m ax 
	 -- 	(3.14.5) 

By using(3.14.4) and (3.14.5) one can determine the maximum 

multiplication rate for a given frequency, 



(3—z) 

COMM ENTS: 

1) The ckt was tested for fi n  = 	50 Hz' n =12 and m = 256. 

In these measurements jitter width has never exceeded 

6.5 ,iS. This result satisfies the error squation(3. 14.4) . 

The maximum relative error at the 0/P is 0.4%. lit can be 

made even smaller by choosing a proper PLL. 

2) The synchronization is only achieved in the tracking ran}e 

of the PLL, The tracking range is T30% of the input frequ-

ency in the practical ckt. 

3) The method can be regarded as a convenient one for low 

frequency synchronous frequency multiplication with an 

acceptable error, 

4) The maximum multiplication ratio is limited by the maxi- 

mum operating frequency of UC0 characteristics and the 

given error limit. 

5) The transient response to changes in the input frequency 

will be dependent on characteristics of the filter used 

in PLL. 

3. 15 	A HIGH  R-ES_OLUTION FREQUENCY METER FOR  _SOH Z  1 23.E 

PRINCIPLE — 

The input signal (a sine wave of nominal frequency 50H Z  

is amplified and limited to produce a square wave. This sig-

nal is applied to an inexpensive C110S (PLL )IC (CD 4046 ) 
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which contains a cr, ntrclled Oscillator. The 'O scillatcr'rutput 

is divided and i,s applied to the PLL comparator input s  The PLL 

will lock when the signal at the comparator input is in phase 

with the input signal to the PLL. Hence, 	if the input frequen- 

cy is 50H z , the oscillator frequency will be 50 x 1000 -50KH z  

The 50 KH z  signal may be applied to a conventional frequency 

counter which, by programming the decimal point, may be made 

to display the input frequency as 50000 with a gate time of 
-ever 

1 sec., the resolution is hcw- 1 part in 50,000 (0.002% ). 

The Fig,(3, 15--a) shc-, ws the practical realization of the 

above. The PLL is a CMOS 4046 and the dividers are 3 x CMOS 

4018. With the ccmpcne!ht values shcWhanc a supply volt ago of 

5U, the circuit had a locking range of app.30-70Hz. 

3-16 	FREQUENCY MULTTPLIER  FOR YOUR COUNTER t24 ' 

PRINCIPLE ANL' WORKING 

It is basically eL PLL (phase lock loop ) circuit it has 

X 10 and X 100 outputs. Lou frequency signal appearing at the 

input pass through the GAIN potentiometer, which permits the 

frequency multiplier to handle a very wide range of signal 

levels. Then, the attenuated signal drives IC1, which shapes 

it into a square wave. That signal drives phase detector IC2. 

Another part of the sem.e IC also serves as a UCO (volt-

age controlled oscillator ).. It accepts a DC Valtage from 

the phase detector and generates a square wave signal.The VCO 

can generate signals ranging from under 100 H z  to aver 400 KHz 

without any switching. From the VCO, the. signal-path branches 

cut, 

a 
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One branch takes the signal to IC3, a NAND gate#  that gate 

acts as a switch and allows signal to pass to the frequency cou-

nter only when the PLL is locked on to a good signal. That supp-

resses the stray readings one can normally get without an in-

put signal, or with signals the device can't handle.The c.utput 

from the UCD also drives twc. divide by ten counters, both Cr 

which are contained in IC4. The outputs, from the dividers are 

selected by 5101 the MULTIPLIER switch. The output selected 

drives the phase detector, which generates the DC control vc_.1- 

tage for VCO. Thus a simple PLL circuit, that can generate Pre 

quencies ten times or a hundred times the input frequency, is 

formed. 

ICI, the shaper amp consists cf a fast CMOS' CA3130 OP—AMP 

Its high frequency response is reduced by 03 so the circuit 

won't oscillate. You will have flat gain ever its 10Hz to 40KHZ 

input range. The inputs of the OP—Ampere biased to half the 

supply voltage by R 1  and R 3, eliminating the need for a split 

(positive and negative voltages ) power supply. 

Resistors R4  end R5  set the hystersis or strip " point 

for the circuit, which is about 350 mU. The output signal is a 

9.0 Volts square wave that drives the phase detector pertir n of 

IC2. 	The phase detector compares the signal with 	that from the 

MULTIPLIER 	switch, 	and outputs a DC voltage at pin 	13 cf the 

IC. That drives a network knrewn as l.c,rp filter, which smrcths 

out the pulses from the phase detector, giving a clean DC sig- 

nal. 
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The UCO input is at pin 9 of IC2 and the timing capacitor 

that sets the frequency range is E5. The VCO output appears at 

pin 4, and drives both IC 3 and IC4. Resistors R q and capacitor 

C7 fc rm another filter to °debcunce the signal from pin 1 of 

IC2 (which indicates that the PLL is locked on to the signal.). 

sr that it can enable IC3e-a's NAND gate whenever a gcrd signal 

is present at pin 4 of IC2. Resistor R10 is included so that 

the charge on C? won't birw IC3 when the power is turned off. 

The output of IC3 is reduced by R11 and R12 about 900 mU peak 

to c.tak, which is a comfortaf-le level for most counters. The 

remaining circuitry consists of a standard CMOS dual divide by 

10 counter 104, 

COMM ENTS — 

1) One has to remember to mentally shift the decimal point one 
place to the left while using the X 10 range and two places 

to the left while using the X 100 range. 

2) VCQ range of unit is 100 H2 — 40 KH 2 MULTIPLIER Switch set 
at (X 10) position mean one can measure in the range of 1OH Z 
4KH Z and MULTIPLIER (Switch Set ) at (X 100 ) position means 
again m"e can measure in the range of 10Hz — 4KHZ. 

3) Cain can be increased by rec~ucing R 4 . 

[25j 
3.17 	LOU FREQUENCY MEASURING CIRCUIT USING PLL 

PRI NCIPL E- 

A PLL with a 3 decade dividers inserted into its feedback 

path creates a frequency multiplier that allows Us to measure 

low (c.g.pcwer line) frequencies accurately and quickly. 



Pt c,, 	I1.¼' 



-. 	(3-31) 	.- 

The circuit in figure is set fcr 50Hz  and can be adjusted 

by R 1 , R 2  and C1  to match power lime frequency. 

The VCO in ICI produces an output whose frequency is deter-

mined by the time constant cf R 1  and R 2  (abt-ut 50 KHz  for given 

component values ), I' s phase comparator modulates this fre-

quency. The 3 decade counter comprising IC2 through 104 divi-

des the VCO'S 0/P by 1000 and applies its output to one of the 

PLL 1  S phase comparator input; the input signal to be measured 

is applied to the other phase comparator input. 

The VCO 1  S frequency is thus the input frequency X 1000 

and this frequency, can b; measured using conventional methods. 
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CM AP T'ER-4 

LL - THEORY AND DESCRIPTION 

4.1 BASIC PRINCIPLE r26 j, 
 

The phase lock loop is basically an electronic feed 

back loop system consisting of: 

1- A phase detector or comparator 

2- A low pass Filter 

3- A Voltage controlled Oscillator (UCO ). 
(REF. FIG. 4. 1-a) 

The VCO is a free running oscillator, the frequency of 

which is normally determined by an external resistor- capaSi-

tor or an inductor-capacitor network. The VCO frequency f o  

is fed back to the phase detector where it is compared with 

the frequency of the input signal (fi ), The output of the 

phase detector is the error voltage, which is an average 

do voltage proportional to the difference in fr .quency(fl-fc) 

and phase 0 of the input and VCO, 

The error voltage is then filtered, thus removing traces 

pf higher frequency noise. This, in turn, is then fed to the 

V 	to complete tho loop. In addition, the error voltages 

forces the frequency of VCO  to change in a direction that 

reduces the frequency difference between the input and the 

UCO. Once the VCO starts to change Frequency, the loop is 

in the capture range. This process continues until the VCO 

and the input frequencies are exactly the same. At this print, 

tho loop is synchronized, or phase lrcksd. During phase lock, 

the VCO frequency is identical to the input of the loop, ex- 
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except fir a finite phase difference, which is required to 

generate the necessary errcr voltage that shifts the UCO 

frequency, keeing the 1f-cp in phase. luck. This repetitive 

action of the loop system then tracks, or follows, any change 

in the input frequency while phase lr- cked. We can say that the 

phase locked loop has three distinct states: 

1- Free running 

2- Capture 

3- Phase lick. 

The range ever which the lr- cp system will follow changes 

in the input frequency is called the lock range. On the other 
/the loop 

hand, the frequency range in which/acquires phase lick is the 

capture range, and is never greater than the lock range. The 

dynamic characteristics cf the phase lock loop are ccntre- 

lied primarily by Lou Pass Filter. If the difference between 

the input and UCO frequencies is significantly large, the re- 

sultant signal may be tic high to be passed by the filter. 

Consequently, the signal is out of the capture range of the 

lccp. Once the ircp is phase l cked, the filter only limits 

the speed of the l{ocp's ability to track changes in the in-

put frequency. In addition, the loop filter provides a sort 

of short term memory, ensuring a rapid recapture of the Sig-

nal if the system is thtcwP rut of the lock by a noise tran-~ 

si ant. 

42 THE PHASE DETECTOR 

All phase locked loop systems use a circuit called a 

phase detector or phase comparator. The phase detector 
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generates an averace, or dc, output voltage that is propor- 

ticnal to the phase difference between the input of phase 

locked loop and UCO. The output voltage is often referred to 

as the error VL-ltaoe The Factr- r that convert phase differ-

ence into voltage is called the phase detector conversion 

gain, so that- 

V C , 	= 	KO 4 $ 	 -- 	( 4.2.1) 

Where,V0  is the average output voltage cf the phase detector(V) 

KO is the phase detector conversion gain in volts/radin, 

0 is the input phase difference in radians. 

NOTE - When wc.rking with PLL, it is customary to express 

phase difference in terms :f radians. 

In digital phase locked loops we use either exclusive-- 

OR or some type of edge triggered phase detector. Digital PLL 

most ccmmrnly used is CD 4046, it has both type of detectors. 

Phase detector I (Exclusive OR gate type ) and phase detector 

II(Edge triggered type ), Orth phase detectors have same in-

put i.e. both input of the I . C.CD4046 are in parallel., The 

outputs, however, are brought out separately. 

Phase detector-I (The Ex- OR phase detects r ) 

This type uses a Two input exclusive -OR-gate logic and 

symbolic Ex-OR with two inputs is given in Fio.(42-a). A truth 

table for this  gate is given in Table (4.2)• 



-. (4-4) .- 

TABLE 4. 2 TRUTH Table frr  Fig. (4. 2-A} 

INPUTS 	 OUTPUT 

A 	8 	Q 

0 	0 	0 

0 	1 	1 

1 	0 	1 

1 	1 	0 

Because of this truth table, exclusive OR type phase detectors 

(or some times referred as the low noise detector ) are used 

for input and VCO wave firms that must have a 50%, duty cycles 

i . e, symmetrical. 

By plotting the average output voltage of the exclusive 

OR phase detector as a function of the phase difference of 

its twc inputs, a triangular characteris results Fig.(4.2-a) 

The slope cf the rising line of this characteristics is called 

as phase detector cr nversicn,gain (KO ) and is expressed in 

units of vr.lt/radian. Also: slcpe cf characteric from II to 

III is also phase Detectc:r C,, nversi, n gain (K.0 ). The TTL 

EX- OR gate is the 7486 integrated circuit, while the CMOS 

equivalent is 4030 or 74C 86. 

Phas. detectc:r-II- A secc nd type of digital phase detector 

is the  edge triggered type (cr sr metimes referred 	the wide 

band phase detector,), One of the simplest type of edge trig. 

ggered detectnnr is Set-•Reset cr R-S flip flop. Fio(4-2-a.). 
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The two basic rules cicverning the cperatic n of RS flip flop 

as an edge triggered phase detects r are as frrllows: 

1) If the set or S input is at 1,  gi c ' 1' , the Q output , goes 

to or stay at logic' 1 , while the Q output gr es to or 

stays at looi c ' 0' (around \. 

2) If the reset or R input is at logic '1' , the Q output 

goes to or strap at logic ' 0' , while the Q output gees 

to or stay at lr-oic ' 1' . 

As shown in the timino 'diagram Fig.(4.2-a ), the NOR oate 

RS flip flip is triggered in the pc sitive leading edge of the 

two inputs. For the R-S flip flr-p, as well as other types of 

-edge triogered detectors, the input pulses are usually of short 

duration rather than the symmetrical 50% duty cycle pulses assc- 

ciated with the exclusive-OR detectr- r. Similar to the exclusive 

OR gate, average output voltage of the edge triggered deteEtcr 

varies pr,- pr:rti1fl tely as the phase difference between the in-

put and UCO varies. By plotting the average output voltage aa 

a function of the phase difference betweentthe S & R inputs, a 

sawtooth shaped characteristic is obtained as shown in Fig. 

(4.2-a) . Consequently, the edge triggered type detector has 

twice the linear ranoe as the double valued triangular wave 

of the Ex-OR detector. In addition, the edge triggered detector 

will posses significantly better capture, tracking and locking 

characteristic than the exclusive OR detector. 

Phase detector-II (sometimes referred as the wide band 

detector ) is an edne triogered digital type, which triggers 

on the positive leading edges of the inputs. If the input 
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signal which can be pulse train havino any duty cycle, is 

lower than the UCO frequency, the output is at logic' 1'(+'DD) 

If both frequencies are same, the output of phase detector-II 

is a pulse whose width is proportional to the phase difference 

Fig.(4.2-a), thin output pulse is positive when UCO sional lags 

the input and neoative when the UCC' leads the input, the main 

advantage o{ the phase detector-Il over Phase detector -I is 

that phase detector-II is insensitive to harmonics, while phase 

detector-I may lock onto harmonic multiplies of the input fre-

qu ency, 

40 3 	THC UCO 

The voltage controlled oscillator is the second integral 

building block of the PLL. Its output frequency is directly 

proportional to its input control voltage. (Fig.4.3-a).The UCO 

can also be termed a voltage to frequency converter, so that 

mathematically - 

wo  = KoJf 	 -- (4.3.1) 

Yhere, wo  is the UCO output frequency (r ad/5 ) , 

Vf is the UCO input control voltage from the loop filter. 

K o  is the UCO conversion gain (rad/S/U `, 

The VCO conversion gain (Ko) is the proportionality constant 

that converts the input control voltage to frequency, In PLL 

literature, w is used to represent the frequency, in unitsof 
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radians/second. Dur.ino phase lock, the ouput frequency of the 

VCO will be exactly equal to the input frequency of the loop, pwx 

except for a constant finite phase difference. Since the radian 

frequency is the time derivative of phase, 

w  _ 
d
_(  rad/S  (4.3.2) 

The phase difference't_xotw7cwt the UCG output frequency and the 

loop input frequency is really proportional to the integral 

of the input control voltage, which is the average or do vol-

tage from the phase detector and the loop filter. Any ac sig-

nal superimposed on the dc control voltage will, in turn, vary 

the VCO frequency. 

4•.0  LOOP FILTER — 

The loop filter controls the lock, capture, bandwidth and 

transient response of the loop.. The loop filter is essentially 

a low pass filter network used in phase locked loop. 

This performs two major functions:-- 

1) It removes any noise and high frequency components from 

the output voltage of the phase detector,' thus giving an 

average (dc ) voltage. 

2) It is the primary building block that determines the dy-

namic performance of the loop, which includes the follow-

ing factors: 

* Capture range. 

* 'Band width. 

* Transient response. 



The loop filter may either be passive or active. The com-

plate phase-loc~ ed loop system exhibits the characteristics 

of a second order system ( analogous to a swinoing pendulam or 

vibrating string ) . 

The response of a second order system in terms of fre-

quency is given as -~ 

r ' 4 2 V out (dB ) =-20log w 	2w2 (232-1) + 1 	-- (4.4.1) 
Vin 

Where Vi n = loop input voltage, Vout = loop output voltage, 

damping factor (dimensionless ) . 

W 	ratio of the input frequency (w1) to the un- 
damped natural frequency (wn ). 

By plotting (4.4.1), as shown in Fi.g.(4.4.a) thesinq.IG para-

meter that governs the overall shape of the response V/S fre-

quency curve of a second order system is the damping factor(3) 

or damping ratio. For a given value of damping, the frequency 

at which the response is a maximum is the undamped natural fre-

quency. For a lesser amount of damping we have a greater amount 

of peaking at natural frequency. The frequency at which the res-
/3d'=:: les;; then ' h rn ximurr response is 

ponse is/called the bandwidth of the systefn. The parameters 

such a damping factor aed the undamped natural frequency are 

primarily controlled by the loop filter i.e depending upon 

he filter design wo are able to control the loop response. 

Lou pass filter circuits -. In PLL there are a number of 

popular low pass filter circuits but only the following three 



types are common; 

i) First order RC low pass filter. 

ii) First order, lag lead low pass filter. 

iii) Active low pass filter. 

i) The first order RC lo w pass filter - Here a simple RC net-

work is placed between the phass detector and UCO. The cut-off 

frequency is given by - 

1  WLPF 	
( tad/S ) 

---RC 	
--  

Also, loop natural frequency can be expressed in terms of 

w
L P F so that- 

= 	(KOKO WLPF 	 -- .(4.4.3) 

The damping factor 3 can be Expressed as - 

W 3 	
= 
	2 	( 	LP F .~.~ 	 -- (4.4.4) 

KOK O 

ii) First Order, __Lao Lead Lou Pass Filter (Fig. 4.4-b) 

This type of filter is useful for the faster locking of 

signal. Here cut off frequency is given by 

1 	(Y  

R2)

ad/S) 	 --.,  
C 
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The natural frequency wn  is given as - 

I 
P' wn = (KOK o  W_PF ) 2  Yad/S  -- 	(4.4.6) 

and the damping f actor is given by •- -- 

3  _ wn I  R C +  1  -_  (4.4.7) 

2  2  K K o 

(iii) The passive lao-lead network can be used with an CP- 

amp to form an active filter circuit. The cut off frequency 

is then written as - 

W
LP F  R 1  C (Yad/5)  

-- 	(4.4.8) 

While the loop natural frequency and damping factor are found 

from - 

wn  -  (Ko KoUL.PF) sad/S  ---

RC 
and 3 =  (-  wn  -  (4-4-10) 

2 

It is to be noted that the natural frequency of the loop depe+. 

ends entirely on the product KOK O  (often referred to as the 

(dc loop gain ) and the filter cut off frequency. 

The Transient Response: 

When an underdamped second order system (3-c 1) encounters 

a sudden change at its input, such as the phase lock loop shift- 

 

ing prom one frequency (F1  to another (f2 ), the output of the 

VCO tries to follow this change but oscillates about the value 

of rz  for a time and eventually settles out at the new frequency 
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(i.e. steady state ) Fia.4.4-c. How fast this process is rom-

pleted depends on the loop dampino faitor, which, in turn, is 

controlled by the loop filter. In case of simple passive RC 

filter of Fig.(4.4-b2 ) it takes longer for the oscillations 

to settle down to the steady state value as the damping factor 

is decreased. To reasonably pick values of 3 and wn, one method 

is to design For a specified amount of overshoot -within a given 

settling time. 

As a general rule, the damping factor is chosen to be 

between P.5 to 0.8. The amount of overshoot and settling time, 

one can decide as per the design requir cment s. 

From the transient response of the loop, the dfam~5ing factor 

can bo easily estimated simply by knowing the peak amplitude of 

two %onsecutivc positive peaks which are exactly 1 cycle apart, 

the damping factor can, therefore, be expressed as-• 

Y 
( 1 _...+Y 2 .2 	 -- 	(/..41i 

1 1 y ~ Wh car c Y = 	__ In 
2.! 	y 8. 

y A Y~ 	are maximum amplitude of two consecutive peaks which 

arc exactly one cycle ppat. 	So, 	if 	a filter, 	RC type or lag 

lead type, is placed between phase detector and 'JC0. They res • 

pose of the system will be periodic oscillation with a fixers 

frequzncy wd,, so that - 

2r;' 	 - 	( 
 4.4. 1 t) 

d 	 T 
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wd is called as dampen natural frequency of the 	system, 	and 

T is the period of oscillation. However, the damped natural 

frequency depends on the damping factor and the natural fre-

quency of the loop, so that --- 

wd 	= wn( 1- 32) 2 	 -- 	(4.4..13) 

Consequently9 the damped natural frequency is always less than 

the loop natural frequency. However, the amount of difference 

will depend on damping factor. 

LOCK  AND CAPTURE° 

The lock range (2w ) of the PLL is the frequency range 

over which the loop system will follow changes in the input 

frequency. 	several writers use the term tracking range 

and hold in range. The hold in range refers to how far the 

input frequency can deviate from the UCO free running fre-

qqency, wo , and is numerically one half the lock, or track-

ing range. 

On the other hand the rang: over which the PLL acquires 

phase} lock is the capture range (2wc  ) . Several writers use 

the term lock in range, which refers to how chose an input 

frequency must be to the UCO free running frequency before 

the loop acquires phase lock. The lock in range: is numeri-

cally one half the capture range. 

The Eig,(4.4--d)) shows the general frequency to voltage  

transfer characteristics of a PLL. In the top characteristic, 
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the input frequency (wi ) is gradually increased so that the 

loop does notrespend until Qui equals w1, which is the lower 

edge of the capture rshge#  The loop is then phase locked on-

to the input frrquency, causing the loop error voltage to go p< 

negative: As the input frequency is increased, further the error 

voltage increases linearly with a slope equal to the reciprocal 

of the UCO conversion gain, or 1/Ko (V/rad/S ). When the input 

frequency equals the UCO free running frequency, thy; error vol-

tage is zero. The loop continues to tract the input until w2, 

the upper edoe of the lock range. For input frequencies greater 

than w2, the loop is unlocked, the error voltage is zero, and 

the UCO is at its fre running frequency. When the input fre-

quency decreases, the process is repeated, except that now 

the error voltage goes positive at, w3, the upper edge of the 

capture -range. So, we have following relationships:- 

Lock ranges 2wL 	= w 2- w4 	 --- 	(4.4.14) 

Hold in range: wL 	= u2-w0 	 -- 	(4.4.15) 

= wo -w4 

Capture range: 2w0  = w3- w1 	 -- 	(4.4.16) 

Lpck in range: we  - wo  -w1 	 - 	(4.4.17) 

= w3  - wo  

In terms of loop parameters, the hold in range is numerically 

equal to the, do loop gain (K) , so that -- 

wC - KOK 0(rod/s) 	-- 	(4.4.15) 

.11 
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i.e.this range does not depend on the parameters of the low 

pass filter. However, the filter does limit the maximum rate 

at which phase lock can occur, since the voltage across the 

filter capacitor (5) cannot charge instantaneously.. 

The following are the approximate expressions for the 

lock in range based on the type of filter used: 

(i) RC Filter 

we 	= 	(  C  _.) 2  sad/S 	 --(4.4.18) 

(ii) Passive laq- Lead Network: 

R 2  

we 	L ( R+R ) 	
--(4.4.19) 

2  

(iii) For Active Filter: 

R 2  
wC 	wL R 	 --(4.4.20) 

1 

By making use of the equations for the loop damping factor 

and natural frequency, the lock in range can be further approxi-

mated by -- 

U0  = 23wn 	 --(4.4.21) 

4.5 	E.R. I_ U,A. T 10 N_S: 

4.5A The Basic Transfer Function: 

For the basic PLL shown in Fi.g.(4.5-a), we have a phase 

detector, a low pass filter, and a voltage controlled oscillator 
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The equation (4.5.3 ) can now be written as- 

= do 	KaV f(S) 
 ( 4.5.5) 

dt 

Taking the replace transform of equation (4.5.5 )- 

K 0U f( s) 
Rio( S) = 	5 -- 	(4.5.6) 

Sc that the output signal of the UCO is proportional to the 

integral of the COU 	input voltage. Using the equation(4.5.1) 

(4.5.2) and (4.5.6), we can solve for the transfer function, 

~r(5) _ K OK°F(5) 
T. F = T(S) = --~.. - 	

S+KOK0F(S) 	
-- (4.5.7) 

whose final form, 	of course, 	depends on F(S) 	or in other 
words, type of 	filter used: 

4.5-B- Lccp Filter-A- For the simple, passive, low pass 

filter shown in Fig.(4.5-b), the T.F. of the network can be 

written as- 

1 
1+T s 

- 	(4.5.8) 

Where, T = RC, the substitution of equation (4.5.8) into 

equation (4.5.7) gives- 

K~ K c /T T A( S) _ 	,. 	 -- 	(4.5.9) 
52+(1/T)S +(K$K0/T) 
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i.e. this range does not depend on the parameters of the low 

pass filter. However, the filter does limit the maximum rate 

at which phase lock can occur, since the voltage across the 

filter capacitor (S) cannot charge instantaneously.. 

The following are the approximate expressions for the 

lock in range based on the type of filter used: 

(i) RC Filter 

we 	= 	(  C-  ) 2  Tad/S 	 --(4.4.18) 

(ii) Passive lag- Lead Network: 

we 	w1 ( R 1 -R 22 	) 	 --(4.4.19) 

(iii) For Active Filter: 

R 2  
wC 	= 	wL 	 --(4. 4. 2D) 

1 

By making use of the equations for the loop damping factor 

and natural frequency, the lock in range can be further approxi-

mated by -- 

W e  = 23wn 	 --(4.4.21) 

	

4.5 	E. R. I- V , A, T I_ d. N_ S: 

	

4.5 	The Basic Transfer Function: 

For the basic PLL shown in Fi.e.(4.5-a), we have a phase 

detector, a low pass filter, and a voltage controlled oscillator 
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Y~` 
or UCO. For a phase difference (!"> ) between the input signal 

and the output of the UCO, the output voltage of the phase de-

tector is proportional to this phase difference 8C that- 

Vo 	KO &0 
	

-- 	(4.5.1) 

where the constant, Ka, is the conversion gain of the phase 

detector in V/ rad, 

In turn, the output voltage of the phase detector is filtered 

by the low pass filter, which also determines the dynamic cha- 

cacteristics.of the loop. For the time being, the transfer 

function of the low pass filter is represented by F(s)- 

In general the output'of the filter is- 

V f(S) = VO F(S) 	 -- 	(4 5. 2) 

The output voltage of the filter then controls the output 

frequency of the VCO. Depending on this voltage, the VCO 

frequency will have deviation ( i w ) from its centre frequ-

ency (w0 ) so that-- 

	

4W (S) = KcV f(5) 	 -- 	(4.5.3) 

Where K o is the conversion gain cf the VCO in Yad/S/V.Sinco 

frequency is the time derivative of phase- 

dj~ 

	

U = -- 	(4.5.4) 
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The equation (4.5.3 ) can now be written as- 

do 	K°U (S) 	-- 	(4.5.5) 
dt 

Taking the replace transform of equation (4.5.5 )- 

KV f( S) 
00( ') 	5 -- 	(4.5.6) 

Sc that the output signal of the UCO is proportional to the 

integral of the UCO input voltage. Using the equation(4.5.1) 

(4.5.2) and (4.5.6) , we can solve for the transfer function, 

KOKOF(5) 
T.F  = T(s) = 	_ 	.._. 	- - (4.5.7 ) 

SSV 	S+KOK 0F(S) 

whose final form, of course, depends on F(S) or in other 

words, type of filter used: 

4.5-B- Lccp Filter-A_- For the simple, passive, low pass 

filter shown in Fig.(4.5-b) , the T.F. of the network can be 

written as- 

1  

T 	

-- 	( 4.5.6) 

1 ~-- s 

Where, T = RC, the substitution of equation (4.5.6) into 

equation (4.5.7) giv:s- 

K o K c/T 

TA( $) - 	 - 	(4.5.9) 
52+(1/T) S +(K~K0/T) 
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Equating the terms of the denominator of equation (4.5.9) with 

the basic characteristic equation of second order system- 

5 + 23wn  + un 	 - - 	 (4.5.10) 

Where, 	3 	= 	damping factor 

wh = 	lccppatural frequency, 

We find that- 
1 

3 	2  ( K0K 	 -- 	 (4.5.11) 

K K 	1  
and 	wn  = 	(-----*°—) 	-- 	 (4.5. 12) 

So that the equation (4.5.9) can be written in a more cen- 

v eni ent form, 
wn 2 

T A( S) 	2 	 2 	-- 	(4.5.12) 
S +23wn S +wn  

LOOP Filter 8 	For the passive phase-lag lead type filter, 

_4.5-Cj The following T. F. can be written Fig. (4.5.0) . 

T 2(S) + 1 
FB( S) _ 

	

	 -- 	(4.5.14) 
(T1+T 2)S+ 1 

Whera,T1 	T1  = R1C 

12 = R 2C 

Substitution of equation (4.5.14) into the equation (4.5.7) 

yields:- 
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Ts( S) 	K(T2 +1) I(T 1+ T 2) 1 	—~ 	...-(4.5.15) 
52+E( 1+KoK c T 2)/(T 1+ T 2)]S+ K0K0'/(T1+1 2) 

Equatinc like terms of equatirn (4.5.15) with equation (4.5.10) 

We obtain 	 1  
2 

U 	= ( --~-c 	 -.- 	 (4.5.16 ) n 
(T 1 +T2) 

3 = 	
1 2 	[ c. 	j; 	-- 	(4.5.17)  

Sn that the equ aticn (4.5.15 ) can be re-written as- 

2 n_ 

TB(  
5) = 	wn ( 23

_ 
K K o} S + wn 	- 	-_ 	 5 , 8. (4 	1 } 

S 2+ 23wn S + wn2 

4.5D Lr p Filter C - Frr the active filter version of lrcp 

Filter B, shrwn in Fig. (4.5-d) , the T.F. can be written as- 

TS + 1 
F c(S) 	_ 	.( 	 __ 	(4.5. i) 

ST 

Where, 	Ti 	R1C1 

T2  = R2C1 

Assuming the amplifier gain to be very high. Substitution of 

equation (4;5.19) into equation (4.5.7) gives- 

K K (1+sT2) 
T C( 5) = 	TI 	 -- 	(4.5.20) 

S2+(jcT2' + K0 a' 
T1 	11 
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Equatieng like terms of equation (4.5.20) with the equation 

( 4.5.10) we cbtain- 

KK 

	

wn = ( — f °--4 2 	-- 	(4.5.21) 
T1 

= 22 ( KOKO) 2 	-- 	(4.5.22 ) 
Ti 

Sr that the equation (4.5.20) can be •rewritten as- 

	

2 	-- 	(4.5.23) c(  

Ivhich is equal to equation (4.5.18) if wn /K0K e ~< 2'Y 

By setting 3 equal tozere (no damping ),andtaking the inverse 

Laplace transform of' equation (4.5.13), (4.5.18) & (4.5.23 ), 

we find that- 

2 

T A( t) - Tc() 	_ 
8+u n 	z Sin(wn t+8)-- (4.5.24) 

wn 

Where, 	B = K0K q 

B 
= tan-1(W ̀-• ) n 

and- • 	i8(t) = wnSin( wn t) 	-- (4.5.25) 

For all three loop filters, the PLL system degenerates into 

a sinusoidal oscillator having a natural frequency of wn. 



9. f) - 

c 
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4. 5E -Derivation of Loop Band IJi dthp 

Assuminc the type E loop filter, the substitution of 

s = jw into equation (4.5.18) yields-- 

wn ~ 2 wn w 	 (4.5.26 ) 
(w2 -w2)+ j 23wnw 

To det r-rrrmi n e the 3 db band width (w = w3db) , we set- 

(4.5.27) 

so that w4-w2 	 2w2 (232+ 1)3 - w4 	= 0 -- 	(4.5.28) 

Since w = w3dB 	theequation ( 4.5.28 	can be factored, 

giving:- 

Lr, dB 	2 	2 	2 	1 2 	-- 	(4.5.29) 
wn, 

4.5F-- Graohical Determination of Dampinq Factor- 

The function with time of the damped sinusoidal wave, 

form shown in Fig.(4.5. €) can be expressed as - 

y( t) 	_ ( Y o_ ) e-Jwnt Sin(wd ) 	-- 	(4.5.30) 
wd 

Where, 

yo = y intercepts 	at t = 0 

Ltn = undamped natural frequency, 
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w d 	= damped natural frequency 

= u( i- 32) 

equation (.5.3o) can be written in terms of the damped natu-

ral frequency, so that- 

y( t) 	_ (yo ) e- 13/( 1-32) ] wdt sin( Udt) 	- - 	(4.5.31) 
wd 	-- 

At time t = t A , wt 	= ((1/2 ) radians (90R, so that 

Yo 
y 	= (--)e 	3/(1-32) f (/2) Sin( (72 ) -- (4.5.32) 

Likewise at time t = tB , w dt 	g 5 ` /2 radians (450°), so 

that 

y~ 	_ (-)e -(3/(1-322} (5/2) 5in(5r/2)-- {4.5.33) 
d 

diQidinQ thr. equation (4.5.32 bye the equation (4.5.33) 

'yA 	= 	eii 3/(1-3?) j (21) 
Y B 	L. 

Since Sin ( 1'/2) = Sin (5 71/2) . Takino the natural looarithm 

of equation (4.5.34) , we obtain- 

	

in (y/y8) 	_ (2)  

Solving for 3, we find- 	(entral library U iversit of Poor ~e 
Y 

	

3 	= 	 (4.5.36) 
(1 Y 2)- 
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inhere, 	Y = ( 	)ln(y 4/y8 ) 

Therefore, the dampino factor can be determined solely by 

knowine the peak amplitude of two consecutive positive= peaking 

which are exactly one cycle apart. 

4.5.G- Ave;raoe Value of A Pulse Train- 

The average (dc) value of any periodic waveform is given: 

	

average value ` 	1 ~ by 	 -- 	4 
_  ~~f(t)dt 	 (.5.37)  

For the periodic pulse train shown in Fig.(4.5. f) , we have 

average value - - 

	

 

= 	

,t 	t2 
(s U dt + 	odt 	-- 	(4,5,3B T6y t 

(_1 )V 	 -- 	(4.5.39) 
T 

However, the ratio t 1/T is the duty cycle (•-\ ) of the pulse 

train, so that the equation (4.5.39) can be restated as- 

Average: value 	= VO 	 -- 	(4.5.40) 

So that the average value of a periodic pulse train is 

directly proportional to the waveform' s duty cycle. 

- 
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CH A P T ER —5 

_L 0W F RE Q U EN CA M E T ER__ 
— (DESIGN, - FABRICATION & TESTING) 

15.11 —General_ 

As mentioned in Chapter-2, the frequency can generally,be 

measured dioitally in two ways (1) Frequency comparistion; och-

eme (2) Period measurement Scheme. 

Period measurements are pr~ferr;_.d and used if frequency to 

be measured is low (eq. 	- below audio frequency )but the 

period meaisurements become quite inaccurate when frequency to 

be measured is below 15 to 10 H Z .[ 	. To eliminate this diffi— 

culty, one might think of the scheme of period meaisurement with 

more gate opening period and then divide the results. accordingly. 

 . No doubt, accuracy of the measurement is improved but 

at the cost of time i.e. measurements becomc quite slow. Thele 

are some other schemes also but having associated problems in 

one way or other. 

Secondly, one may think of the scheme where low frequency 

can be measured by the general frequency comparision technique, 

however, with little modification. 

Modification— The low frequency to be measured can be multiplied 

by some suitable factor such that it may come in the range where 

frequency comparision technique can be suitablly employed. The 

scheme is absolute and only limitations of multipliers will be 

the limitation of whole scheme. A number of frequency multiply- 

ing circuits are discussed in Chapter-3[ 	 to 	 j .The one 
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major technique of frequency multiplicatir:n is the use of phase 

lr- ck lccp (PLL; . ;'zl ; F_zz  

the technique is quite accurate as in PLL input and output are 

ccntinucusly compared and then output is ccrrected after each 

c_mpari sic n Ey feedback process 	till beth the input and cut- 

put does not bfccc,me equal. At this pciht, the loop is synchronized, 

c,r phase lcckeo. ur.ing phase lock, the CL freuuency is irenti- 

cal t.. ;,h:• inc:ut of the lc  p, except for a finite phase diff-

erence, which is required to generate the necessary error vol-

tage that shifts the UCO frequency, keeping the loop in phase 

lock. Therefr re, PLL frequency multiplying is the most tsuitable 

scheme as far as low frequency measurements are cr.ncerned. 

A frequency multiplier of this type has been designed, 

fabricated and tested, the output if which can be used as un- 

knrwn signal in the crnventicnal digital frequency measure-

ment s.~h@me. The range of the input tested is 1-•6Hz 

The Fig. 5.1-a) illustrates a block diagram of digital 

frequency measurement scheme using multiplier. Here if the 

multiplier circuit is a.emcved, the circuit left is general 

frequency comparisicn technique. The heart of the frequency 

counter is the frequency reference, which is frequently called 

a Time--Base. This is a very stable,, fixed frequency clock sig-

nal that controls the internal operation cf the counter circui-

tary. This stable.signal is then seperated into three ether 

signals that till the circuitary to:- 

1 First reset all decade counters to zerr, 
2; Then count the number of pulses of unknown frequency for 

a fixed amount of time. 
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3) then latch (store ) this count to-update the digital dis- 

play. After the circuit complete these three sequences, 

this cycle begins all over again. 

Here we are merely counting the number of input pulses (of 

course multiplied ) for a given amount of time, Since this 

time window is typically 1 sec.lono, the number of input pul-

ses for each 1 sec.of time is the multiplied frequency of that 

signal and by proper decimal placement the reading can be dis- 

played in Hz. 

5.2 Frequency Reference. 

The basic S.I Unit of time ' ATOMIC TIME' is defined by 

the frequency of oscillation generated in the Cs atom.Though 

Cs  beam resonator is available commercially having an uncer-

tainty of 10-10to 10-11. For precision measurements in Labs. 

quartz frequency standard provides reference frequency. 

As a result of the piezoelectric effect existing in cer-- 

tain crystals particularly in quartz, an alternating polari-

ty voltage impressed across the crystal produces mechanical 

dimensional changes. Thus,the force existing from such motion 

produces electrical change. With appropriate feedback an osci-

llator can be made the frequency of which is equal to the mech- 

canical resonance frequency of the quartz crystal. Normally, 

crystal is operated between its series resonant and antireso-

nant frequency. It allows the generation of a more stable and 

accurate train of clock pulses. Since the output frequency is 

set by the crystal, changes in frequency due to timing cempo- 
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nents, supply voltage and temperature variations are minimized, 

In general, crystal controlled astable multivibrators are used 

for crystal frequenc*es in the range of 1 to 10 FIH Z, A quartz 

crystal oscillator placed in a thermostatted enclosure can 

yield a short, term stability of about 10
-10 Q 

The crystal ccntroll:=d TTL astable multivibrater can bo 

built using three: invrtors of IC 7404(Hex inverter or three 

gate's of IC 7400(L,uad Nand gate ). The variable capacitor is 

used to trim or  adjust the output frequency so that it is equal 

to the crystal freeuency, Such an adjustment can be used to 

vary the frequency of oscillation by several percLnt if cry-

stal frequency. 

Two gates are. used with crystal and third is used as buffer 

to isolate the oscillator from the possible loading effect of 

additional circuitary connected with its output. 

A crystal oscillator is designed. The two gate's of 107400 

are used as two inverters. Two resistances R 1 and R2  of equal 

value are connected across the gate 1 and gate 2 respectively. 

A small capacitor is connected between two gates called asT'By 

pass capacitor",The crystal and a sural-1 trimmer are connected 

in the son as and then connected across these gates G1and 02 

as shown in the Fig.(5.2-B). The third gate  63  is connected 

to output of crystal oscillator to avoid possibility cf load-

ing due to ether parts of the circuitary. The Fig.(5.2--b) shows 

the waveshape obtained as output c, f crystal. 
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5, 3 - Divide by 10 Unitso 

As Crystal Oscillator cricuit has been fabricated using 

TTL IC SN7400, TTL divide by 10I. C, (SN7490) can be used as 

divide by 10. Since the Oscillator frequency is I1IIH Z, 5 or 

6 SN7490 I.C. will be required to oet 10H Z  or 1 Hz  signal res-

pectively. 10Hz  reference signal can be used to dive COUNT, 

RESET and LATCH sional by using circuit, . shown in Fio.(5.4-a) 

A PCB of this with six cascaded 5N7490 has been fabricated, and 

tested, 
 3  

5.4  COUNT RESET AND LATCH TIMING: 

The circuit shoved in Fio..(5,4-a) is used for proper seq-

uenae of COUNT,  RESET and LATCH timing signals from the 10Hz  

reference. The IC SN 7493 divides the 10H,z reference by 12 

to control COUNT gate, the RESET gate and the LATCH oate.It 

can be seen from the timing diagram Fig, (5.4-b) that the RESET 

gate output first is at logic 1 for 0.55S.then the COUNT gate 

is enabled for 1 sec.,allowino the unknown input frequency ib 

pass through. 

Finally the LATCk gate is disabled to freeze the display 

until the next cycle is completed, A PCB of this circuit has 

bt;n fabricated and tested, All the three signals COUNT,LATCH 

and RESET are present, 
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5.5 COUNT LATCH AND DISPLAY DECADES: 

The counter LATCH and Display circuit of Fig.(5.5-a)is 

a five decade display. A decimal is adjusted at second phase 

from the left to get maximum display of 99.999 H. 

The arrangement is a straight forward approach IC 7490 

is a decade counter with four outputs. These four outputs are 

connected with 4D_flip Flo~Latch ) and output of those Flip-

Flops is connected to 4-7 sequent decoder. Those 7 output of 

decoder are connected to seven diodes of seven segment LED. 

Fig.5.5-b shows the pin connections of IC's used. A PCB of 

this circuit was fabricated with five SN 7490, five I5N7475 

and five SN7448 and five seven segment LED's. 

5.6- STANDARD FREQUENCY SOURCE 

A 555 timer circuit is used as Astable multivibrator' 

this astable multivibrator is so designed so as to give 1KH 2- 

6 KH Z frequency output in six ranges i.e. 1KH V 2KH Z ,3KH Z , 

4 KH, 5KH z ,6KHZ9o This output is connected to a series of 

IC74900 casceded as divide by the each. So that final output 

of this circuit is 1_6H Z in step of 1H Z . 

The value of resistance can be calculated from the follow- 

ing formula: 	 \--  
C 

A PCB is fabricated and tested to have this range of 

input. 
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5.7- Frequency rlultiplier° 

Here is a popular digital PLL 16 pin IC CD4046 is used. 

FigL5.7-a). It consists of a low power, linear voltage con-

trolled oscillator (UCO), and two different phase comparators 

having a common signal input amplifier and a common compara-

tor input. A 5.2 V-2 ?ever diode is provided for supply regu-

lation if necessary. The CD 4046 is supplied in a 16 lead dual 

in time ceremic package, plastic package flat-package or in 

chip form also. 

UCO Section, 

The UCO requires coo, ext:arnal capacitor C1(between pins 

6 and 7) and two external resistors R 1 and R2  at pin 11 and 12 

respfectively). The R 2  determines the amount of offset required 

for UCO. It frequency is to be varied from  zero to maximum 

range i.e.no offset is required. The pin 12 can be left open 

i.e.  

The high input impedance (1012:..)  of the VC0 simplifies 

the design of low pass filters as designer is having a. wide 

choice cf resistor to capacitor ratios. In order net to load 

the low pass filter, a source follower output of the UC0 input 

voltage is provided at pin 10( DEMODULATED C'JTPUT ). If this 

pin is used, a lead resister (R s  ) cf 10K .`I or more should be 

connected from this paint to USS  (4'ND). If unused this termi-

nal should be left ,pen. The UCO can be connected either dire-

ctly or through frequency dividers to the comparator input of 

the phase comparators. A full COS/N10S logic swing is available 
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at the outputt of the UCO and allows direct coupling to COS/ 

riOS frequency dividers such as the RCA-CD 4024, CD4018, CD- 

4020, C04022, CD4029,  and CD 4059. One or more CD4018 

(Presettable divide by N Counter ) or CD4029 (Presettable 

UP/Down counter) , cr CD4059A programmable divide by ' N' counter), 

together with the CD4046 PLL IC can be used to build a micropcwer 

.power low frequen,y synthesizer. A logic 0 on the INHIBIT: 

input "enables' the VCO and the source follower, while, a 

logic 1"terms Off-" both to minimize standby power crnsump4 

tion. 

Phase Comparators; 

The phase comparator signal input (terminal 14) can be 

directly ccupleo provided the signal swing is within COS/(°10S 

logic levels ; logic '0'.3O% (UOQ V s  )Logic 'l" ; 70% (v -J 55  

For For smaller swings the signal must be capacitively coupled to the, 

to the self biasing amplifier at the signal input. 

The phase comparator 1 is an exclusive OR,  network; it 

operates analogously to an overdriven balanced mixer. To 

maximize the lock range, the signal and comparator input fre-

quencies must have 50 duty cycle. With no sional or noise on 

the signal input, this phase comparator has an average output 

voltage equal to V 06/2. The low pass filter connected to the 

output of phase comparator I supplies the averaged voltage to 

the VCO input, and causes the UCO to oscillate at the centre 

frequency (fc  ) . 

The frequency range cf input signals on which the PLL 

will lock, if it was initially cut of lock, is defined as the 
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Pg  

frequency capture range (2f0). The frequency range rf input 

signals rn which the loop will stay locked, if it was ini-e 

tially in lick, is defined as the frequency lock range(2P2). 

The capture range t. the lock range. 

With phase comparator 1 the range o,f frequencies over 

which the PLL can acquire lock (capture range )is dependent 

on the low pass filter characteristics, and can be made as 

large as the lock range. Phase comparator 1 enables a PLL 

system to remain in lock inspite of high amount of noise in 

the input signal. Or-•- one characteristic of this type of phase 

comparator is that it mayilock onto input frequencies that are 

close •to VCO centre frequency. A second characteristic is that the 

the phase angle between the signal and the comparator input 

varied between On and 180o and 90o at the Centre frequ ency. The 

Fig.(5.7-b) shows the phase to output response characteristics 

of phase comparator 1. The typical waveforms for a COS/MOS PLL 

employing phase comparator I 	locked condition of f o  is 

shown in Fio.(5.7.0 ). 

Phase comparator-II is an edge controlled digital memo. 

ry network (Fig.5.7-d). It consists of four flip flop stages, 

control gating and a three state output ciruit comprising p-

and n• type drivers having a common output node. When the 

p-mos .or n-mos drivers are ON they pull the output upto VDD 

or down to U SS, respectively. This type of phase comparator 

acts only on the positive edges of the signal and comparator 

inputs. The duty cycle of the signal and comparator inputs 

are not important since positive transitions control the PLL 
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system utilizing this type of comparator:- 

1) If the sinal input frequency is higher than the compare-

tar input frequency, the p type output d- iver is maintai-

ned ON most of the time, and both n and p drivers OFF 

(3 state ) the reminder 	of the time. 

2) If the signal input frequency is lower - than the comparator 

input frequency, the n type output driver is maintained UN 

most of the •time, and both the n and p drivers OFF( 3state) 

the remainder of the time. 

3) If the signal and comparator input frequencies are the 

same, but the signal input lags the comparator input in 

phase, the n type output driver is maintained ON for a 

time corresponding to the phase difference. 

4) If the signal and comparator inp-ut frequencies are the 

same, but the comparator input lags the signal in phase 

the p--type output driver is maintained ON for a time co-

rresponding to the phase difference. Subsequently, the 

capacitor voltage of the low pass filter connected to 

this phase comparator is adjusted until the signal ;and 

comparator inputs are equal in both phase and frequency. 

At the comparator inputs are equal in both phase and fre-

quency. At this stable point both p and n type output drivers 

drivers remain OFF and thus the phase comparator output 

becomes an open circuit and holds the voltage on the 

b~racitor of the low pass filter constant. 
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Moreover, the signal at the phase pulses " output is a 

high level which can be usea for indicating a locked condi-

tion. Thus, for phase comparator-•II, no phase differenceexis-

ts between signal and comparator input over the full UCO fre-

quency range. Moreover, the power dissipation due to the low 

pass filter is reduced when this type of phase comparator is 

used because both the p and n type output drivers are off for 

most of the signal in-put cycle. It should be noted that the 

PLL lock range for this type of phase comparator is equal to 

the capture range, independent of the low, pass filter. With 

no signal present at the signal input, the VC0 is adjust is 

adjusted to its lowest frequency for phase Comparator•-II. 

The Fig.(5.7-e) shows typical waveforms for phase comparator-II 

in a locked condition. 

D E S I G N- 

Let UCO is oscillating at f o  frequency. If this frequen-

cy divided by N such that f o/N and fi n  (unknown signal ) be 

compared. Here N = 1000 is taken, 	also f an  is 1-6H Z  there- 

fore, UCO must be able to oscillate. at 1-6 KH frequency,not 

only this it must be able to lock the frequency, of input sig-

nal. Therefore I.C.CD4046 is used as PLL with the following 

components value;- 
f 	= zero m.in 

fmax = OKH z 

f o 	fmax 	= 	4 KH 
2 

So keeping C1 	= .01 uF and 	R 1  - 10K 
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FILTER DESIGN — 

The output of the comparator is filtered by low pass 

filter such that it should be lessthan cut off frequency of 

the filter. If the difference of input frequencies to the 

comparator is ton  large. The resultant signal may be too high 

to be passed by the filter. 

Though the simple RC filter can be used as low pass 

filter but for faster locking process lag lead type filter 

is used, 

Keeping  — 

R2)  _ 

1000  
w1 	127 

= 27K X 1 uF 
1000 

W2  = 27
..  

1' . _ (100K+27K) X1uF 

= 127 ms 

= 7.84 rad/sec, 

= 27 m 

= 37 rad/sec. 

A PCB of this circuit was fabricated and tested. The IC's 

used for frequency division is CD4018(uhich is pre;settable, 

divide by 10 counter) . This ICccan be used with any division 

factor upto ten. 

5,8 POWER SUPPLY UNIT. — 

A stablized power supply regulated with IC 723 has been 

fabricated for approximate load current of 2.0 Amp.Fig.(5.8—a) 

shows the circuit used. 
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-RESULTS- 

Table 6-1 shows the results obtained from the meter: 

T A E L E- 6-1 

THEORETI CAL 	 PRACTICAL 

6. 	 6.086 

5 	 5.064 

4 	 4.065 

3 	 3.065 

The inaccuracies obtained are due to the tolerance of 
the components. 
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CONCLUSIONS AND SCOPE OF FURTHER WORK 

A frequency meter has been developed to measure frequency 

in the range of 1-6 H. Here square way.e input is used but that 

does not restrict use of other waveforms. Any waveform can be 

used in such type of circ,wit. 

The following are the salient features of the meter: 

1- The crystal used for crystal Oscillator has given very 
stable output. 

2- The accuracy of the circuit is upto the third place of 
decimal. 

3- The circuit is not expensive as it requires only one 
PLL I . c, few divi de, by ten I . C. (Hire-3) as extra in 
conventional frequency comparision scheme. 

4- The multiplying circuit is quite simple and requires 
few resistances and capacitances only. 

b- 	The power supply used does not contain any ripple. 

The following changes can be made in order to modify the 
circuit: - 

1- The counting and display circuit could be well replaced 
by ZN 1040E or TIL 306 I . Cs. 

2- The crystal Oscillator and divider circuits can be 
well merged into one IC chip circuit only if CMOS IC. 
(co 4020, CD4040 or CD 4060) is used instead of TTL IC. 
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