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Low Frequencies are, generally, measured by using
pericd measurement. The methcd, houevér; inherits in-
accurasy as one have tc take reciprocal cf time pericd
tc measure frequency. Here Frequehcy multiplyina téchnique
using PLL is used tc rhultiply the low frequency and this
multiplied frequgncy'is, then, ccunted using freguency
comparisicne scheme,Thus disﬁlay cocunters will display
directly in terms cf frequency.with procper decimal adjust-

ment.
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Frequency Measurements has always been an interesting problem.
Eﬁﬁﬁ#¥¥m1 Simplest freguency measurement was startod bv count-

ing the number of cycles of given operation e.g.slow swing
of pendulam. With the progresé in Science a'ﬁumber of new
techniques of frequency measurement has come into existence
Nouw-a-days vicital techniques have evolued 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 loy frequency(belouw-
ZDHZ} measurement was period measurement., But this}uas at
the cost of accuracy., However, the accuracy could be improved
by using more gate opeming period but then, at the cost of

time i,e.process becomes quits slow.

Now, there is no need of using period measurement scheme
for low freguency comparision scheme, Here input frequency,
which is quits iou (e.g.1—6HZ Y, is moltiplied by some suit-
able multiplyine factor N (Here N = 1000) and then this multi-
plied frequency 1s conanted by the same frequency Ccomparisign

scheme,

The meter should find application in measuring physio-
logical pulse rates, slow moving physical systems(such as louw

shaft specd measurement),
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Following are the few general technigues when we go for
frequency measurements:
(a) ANALOC TECHNI QU ES-

- G - o S - O o v o —

1- Mechan%cal Rescnance type or Vibrating reed type.
2- Electrical Resonance type.

3~ Electro Dyname meter type.‘

4- %eston type. |

5~ Ratio meter type.

-6- Saturable Core type.

7- Freguency bricges. ' ’

8- Stroboscopic MethoGs,

9- C.R.0, Methods.

(b} DIGITAL TECHNIGUES OF FREGUENCY MEASUREMENTS
But for measurement of low frequency there are some well

known methods which can be categorized in ;two main

categories.

(a) Analogue Technigues

(b) Oigital Techniques,

- — — D  —— 0w WS - @ € o -

{11
2.1 _AN ACTIUE FREQUENCY METER

G e e - W - o ——" - -

Principle =~ Ref.Fig. (2.1-a )

— S - D g —— - -

Here the basic scheme employs frequency selective
bridge which uses a gwadrature amplifier (QA). The emplifier

provides an output voltage uwhich is equal to the input voltage
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in magnituce butIQDO out of phase, The stancard resistor
(Rs ) and capacitor Cs are compared, A loy impedance curr-
ent detector I is used in the frequency meter. At balance
resistive and capacitive current ic and iR must balance

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

ig + iR = oo (2.1.1)
" ,
«..J.... -\.l.... = 0 '-';'; . (2.1.2)
“’j/UCs Rs '

On solving equation(2.1.2)ue firdthe final balance condi-

as -

UCSRS = 1 -—— (2. 103)
The gquation(2.13%hous that the frequency can be measured
in terms of the resistance and capacitance.

ZOMMENTS: -

1Y This frequency sclective bridge using an RC active
WA can be used to memsure frequency in the range of

10 HZ - 100 KH, in four decade ranges.

2) It has low component count.
3) It requires only cne acjustment for balanca,
4) Basically being an RC type bricge errors cdue to skin

effect and cddy current are sbscent.
5) It has higher current sensitivity than Wein's bridge,

6) The shielding arrangement used is simple and perfect.

Most of the stray capacitances among the Shiglcs and
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earths appear either across supply or detector, uwhere

as in Wein's bridge these appear across ratio arms.,

wWith resistor and capacitor of tight tolerance ths
frequency meter can give accuracy of measurement bstter
than 0.1% in the entire freguency range.

It can also be used for frequency control,

TREERT
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.
g,b:] DIGI TAL METHODS

(2}

2.2 PERIOD MEASUREMENT ™
S

One of the basic technique used in lowy freguency mcasure=-
ment is pericd measurement instead of frequency, as measure-
ment of freguency in low freguency range leads to low accuracy

Tasult s,

We know, period of up known signal (with Frequency f )
can be written as T = %". Therefore, what we do in pcriod
measurcment, we simply interchange the function of the tuwo
input signals (namely standard and unknouwn )_Coming to the
main gate. i.e.unknown frequency signals now determines du-
ration of the signal (stancdard ) in other wrds unknown fre-
guency signal now acts as gating signal or Gate control ele-
ment. On tHe other hand knoyn freguency or standard freqﬁency

ig allowed to pass through the gate under the control of gato

contreol.

COMMENTS:

Here the main:dray back in using period measurement is
that to get accuracy at low freguencies. One must toske reci-
procal of the answer displayed by the display counters if
he wants tc know thc input frequency. Alse, at lou Frequen;
cies reciprocal of a guantity does not hroduce accurate re-

sults i,e., 0.33 sec,will give a freguency as 3 H which

/than
should be more/3 stimilar is case with 7 H pericd,measure-

z’

ment process will give us result as 0.14 scec,and recipro-

cal of this will be more than 7 H,, However, the accuracy
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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 unkncoun
signal This can be done by using cdecade dividers. So that

unknown frequency is cdivided by 10 or 100 or more. In cther

wcTds periecd can be extended by a factor of 10, 102 or more

depencinc upon the reguirement,

(1) The main drauback of the system lies in the fact that
to opan gate for 10 or 100 of cycles of unknown will
teske considerable time and signal might change (if eur
unknown. signal frequency is not steacy enough )cur-

ing this time,

(2) Here digital display on the counter will show more
digits of information thus increasing the accuracy.
Hoyever, the decimal point location and measurement
units are usually changed each time on acdditional cde-
cade divider is added so that display is always in
termms of period of 1 cycle of input signal.

. (31
2.3 COUNTER INVERTS PERIOC TO MEASURE LOW FREQUENCY-

The methoc described for one period measuremeonts 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, uhere
reciprocal of measured pericc is taken by means of stan-

dard binary and BCD (binary coded decimals )} counters,)

Principjgs ~ We must have four counters, A,b,C, and D

- e - -

numbers, The counter A measures the period of unknoun
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signal by countino number of clock pulses, N,during a cycle.
The number N pfograms.counter B which is proprammable divide
by N unit, Counter L creates a burst with a fixed number of

Al

pulses K.

This burst is applied to counter B uyhich computes a
number K/N, Thus taking reciprbcal of period N'and.producm
ing a number of pulses proporticnal to gnkhbun signal fre-
quenby. Finally counter D accummulates these pulses to dis-

play the freguency,

LOMMENTS:

1) Circuit can measure frequency within a cycle of input
anc¢ hence cyfle to cycle variation of input can be ob-

served,

2) There are six steps in functioning cof this counter,The
The counter is not simple enouch,
1

. : : 1'3—4
2.4 A DIGITAL FREQUENCY METER FOR MEASURING LD__LL!_‘
_FREQUENCY:

Ref. Fig. (2.4.a )

H&re is anotﬁer simplé scheme which converts one in-
put cycle into four pulses and therefore keeping the mea-
surement time of signal to ore cycle and increasing accu-
racy to four times, Here sinusocidal input is rectified and
then shaped into sguare pulses with the help of schmitt tri-
gger circuit, Here we will get two sguare pulses.per input
cycle, This square signal is differenciated by differen-
ciator and then all differenciated pulses are made posi-

tive. impulses with th= help of noetuwork 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. tach impulse
ie used to trigger mono shot multivibrator and hence fer
each impulse, therc is one pulse of fixed predetermined
duration say, f and thersfore, for every onc cycle there
are four fulses of duration gsuch that § < T/4. In 1(one)
sc& there are alf pulses of duration § anc thus 2 gate can
bs made to open for 4 f§ second in 1 sec. If gate is fed
“a signal ﬁF N, Hz frequency. We can have 4 f8N pulses to
pass through gate in 1 sec., which can be fed to counter,
Reaving of the codnter can br interpreted directly in tefms

of input frequency,

CORMENTS:
1- Accuracy is four times increased without incresasing

the gate opening period,

2- ARcecuracy can be further increased if the same freoquen-
cy multiplier is used 'to multiply input freauency.
5|
2.5 _A MEASUREMENT TECHNIRZUE FOR LOW FREQUENCY ™

One more guite simple method to measure low freguency
has been proposed in paper from T.V.R,Murthy anc FM.K,
Kumar, This techelique measures the frcqueﬁcy within a
cycle of periodic input and is quite usefﬁl in quicker

measurement for low frequencies,
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METHOD:

The major cifficulty in measurino low frequency is to
obtain reciprocal of periec. The proposed method combincs

period measurement and reciprocating circuit,

The circuit diagram is éhoun in Fig.(2.5.a) Flip Flop
Fq and Fp are initially cleared, The in&ut waveform is cdn—'
verted to a square wave by a squarer. Initially J & K of Fq
are sct to logic (1), Hence the input at Clock terminel of
Fq will set F4. The output of F4q is fed as clock to Fyp.The
falling edge of U of Fq will set F, thereby resetting Fq.
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 yhich will stors a number proportional to the
period of the input, The counter output controls the ON-CFF
states of the syitches in th. fcedback path of the ampli-
fier, If, for example the counter output is 01011, then R,
R/é and R/8 will be connected in parallel, oiving an output
of UBCC/11, which is proportional to frequency, the general
the output veltage is VDC/ N, where N is decimal equivalent
of counter £/P. The output can be fed to a digital volt-
meter for the measurcment of frequency. Waveform diagrams
are given in Fig.(2.5.h). A fair child 3701 mos monolithic
six channel switch offers typical ON resistance of 200 JL
anc OFF resistance at 200 Gsiproviding OFF/ON rosistance
ratio of 109,Frequency measurements for a decace 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 coﬁ-
pleting measurement within a cycle of input and hence the
cycle to cycle variation in input freguency, can be dis-
played, |

6
2.6 _A DIGITAL INSTANTANEOUS FREQUENCY METER™

Here is a techniqge_uhich tescribes a low frequency
meter in which reciprocal of the time elapsed betueen suc-
Cessive pulses is continuously evaluating digitelly, ancC
then samplec and held at the and of each cycle.

Digital Reciprocal Time Geperator,

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

design ia basced on implementation of non linear differen~
g F

)

tial.equation-

dx 2
o Kx = q - (2.6.1)
The solution of this is
1 '
x = — ra - (2.6.2)
Kt + —
. ng

where xg is the initial value of x,> 0, let x5,y o6

(Fig.260)

1 .
X - PR - (2'6'3)
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A puise rate technique implementations or 2,6.1 using two
binary rate multipliers (R4, Ry ) and a down counter (G )

is shown in Fig.(2.6.b). The output of a binary rate multi-
plier is a frequency fg, the average value of which is pro-
porticnal to the prodﬁct of a input freguency fi and an ’Qf~
bit parallel binary number y as followss

f = '-Y-hfi ' - (2.6.4)
2

Thus for Fig.(2.6-b) we can yrite

—— + ...>_(..,f..c = D - . ( 2 . 6 ° 5)

2 - (2.6.6)

Clearly for low values of t, the max.counter output
x = 2"-1 will be exceeded, Therefore, hyperbola must
start at (A) in Fig.(2.6.a), and value of t must be g

greater than tg.
Fer large *# n "

2n ‘ n
2 2" 41 2 -1 = (2.6.7)

to - - —— e Samr sew———

(2M_1)fg Fe fe

Thus starting peint A can be app.established by counting

up frem zerc at rate feg until the ceounter is full.The
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ccunter Wcarry M pulse can then be used to initiate the
down ccunting. The corresponding block diagram is shown
in Fig.(2.6.8 ).uhere the counter C now has an up/doun

counting facility,

The ®initiate" pulse correspending to>t = J, clears
£he counter and sets the Q cutput of Flip Flep HI. Thus
‘the pulse ratefg is rruted to the gp count terminal of
the counter via NAND gate, When crunter is full, the'cérry'
pulse causés the flip flep @ cutput to go HI thus, rcuting
the pate cutput frem R2 tc the DOWN ccunt terminal, The
hyperbelic doun ccunt continues until the next "initiatet
pulse ccours and tha prrcess is repeated, In pfactice, in
order to prevent the ccunter from over—flbuing and resett-
ing tozero cue tc propagaticon delays, a delayed version of
the ?carry™ pulse is used to set all the ccunters cutput H}
thus ensuring that the down ccunt aluays starts frem the

crunter full state,

Meter Frequency Range and Accuracy-

Clearly the absclute max,value of measured frequency

is given by max., fm = I = fo - 26,8

Thecretically there is no limit, but in practice peer

rescluticn cbtaini%g as the pericd increesses beccmes the
limiting factcr, Fer n = 12, the thecritical accuracy is
+ 0.025% FSD, i.e. + 1 count, The accurecy expressed as

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

racy better than 0.25 percent of reeding, the range of fm
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is from 0.1 fo x 2" to fox 2,

PERFORMANCE - 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 mater highly stable
measured and clock signals are required. The accuracy obm.
tained was only ¢ several Eounts. This was primarily due

to approximate method for setting point A on reciprocal
time curve F§§:6_$Qe problem was readily ovef come by in-
cluding abfurther 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 dis-

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, ,

L7]

2.7 A DUAL SLOPE BASED DIGITAL FREQUENCY METER

The Fig.(Z.?—a) shows the basic configuration for
digital frequency meter..In first interval, the first in-
tegrator I, is allowed to integrate the DC voltage Vi, gp,
therefore, the output of this integrator at the and of
cycle is given by =

_ - T

U =
01 Ra C A - ,
. b-Vreridt,

- Vref1 . — (2.7.1)
R1C1 ’
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Through the seconc interval, the second integrater is allowed
to discharage, starting from another OC voltage
Vrgro. The input for this intearator is made equal to Vgi,

therefore, the output of the second integrator Io is given

by-
_ T +t
Vo2 = Vrpera = 1/RpC2 (4. ot
. o
a o1 *
v Va1 t
ref2 =~
R,C
2-2
et t = to, Vg, = g
Therefore,
v
ref2 1
to, = (~—% ) R,C,R,C, =
© Vref1 LA
= Kf - (2.7.2)
v
| - ( ‘ref 2 CRC
where K ¢ Trort ) R1 Rty

Using a BCD counter to count through the period (T,T+to )
will prodUce a nueber given by=
/

N = to fg ' /

!

/
Where fo is the clock freq.applied to counter-

N = fg KF. == (2.7.3)

Thereforg, 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 SN74390 as the four digital decade counter,
8 x §N74175 as the latches, SG173 as sirqle pole single

through analog switch and SHM LM-2 as the S/Hckt.

This meter has been tested by measuring freguency bet-

ween 1-10 Hz, For this range R1 = 1M R, = 10K,Cq=Co=1UF

2
Vref1 = Vpef2 = 2.5V, fo = 200KH,, This mster shows accu-

racy of 0, 2%.

Range of measurement can be changed by changing R1C1

(i.e.time constant ) since saturation should not wocur in

1st.interval, the lowest frequency that can be measured

(fmin,) is given by-

1 VI‘EF 1 v
v = —— cc
o1 R,E4 fmin
or
1 v
e - o refi )
min R4Cy Vee

where Vgc 1s supply veltage:

Houwever in 2nd interval, second integrator should reach
a valu e less than V.gep therefore, the highest freguency

that can be measured is given by-

1 1 but VU 1 Vref1
= Y 1 M u = [ e s e
272 fmax :
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or fmpax = | Vrefq -
R1CqR2C2

Vreig

Accuracy of this instrument is mainly dependent on inte-
grators used for dual slope operation, It is a fast digi-
tal freg.meter and suitable for measuring lou FreqUency

such as those in audio frequency and pousr frequency range,

8

'2.8“ LOW FREQUENCY METER WITH LINEAR READ QuT: ¢

PRINCIPLE: The easiest way to obtain an expohential
lawy from period is to measure the decay of a capacitor,
In this circuit, it is achisved by charging, decaying,
sampliné and recharging a capacitor, Calibration can be
achieved by adjusting the FSD pot and then setting the
decay presst, then resetting the FSD and so on until the

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

to trim the other range pressts,

This circuit is capable of measuring very low freque-

ncy anc it resolves after one cycle without drifting,

COMMENT S-

- - = -

1~ It can be used for many applications such as pulse

rate monitoring,

2- The components marked with an asterisk should be low
leakage polycarbonate or tantalum type capacitors,
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CHAPTERS-3

B T G G —— - —-—

FREQUENCY MULTIPLYING TECHNIQUES-- A REVIEW

The freguency multiplication techniques have been
CescribeC in many papers. The most common technigue, houw-
ever, is the use of phase lock loops (PLLs ). Some of the

main technigues are révicwed here as undars

i

‘ 9
%.1 A METHDD FOR FREQUENCY MULTIPLICATIDN OF SQUARE WAVES"™

- ) B e s WS m e e S v W W TS e a— AT oW . W € R e 7 e as . -

PRINCIPLE -

The method of multiplying tkee frequency by 2 (or pouw-
ers of 2 } is indicated in Fig (3.71-a). The system Fig
(?.1-a) comprises a sguare generator integrator I, ampli-
fier A, comparator C, averager A anc an Exclusive OR gate
G, The integrator provides an output which is propertional

to the time integral of the input square wave sianal.

The wave shape at the output dr this integrator is
triangular as shown in Fig.(3,1-b). This #&riangular wave
is amplified to the required amplituce by the amplifier A.,
" the output of uhich is the input to comparator C. The other
.rpference input to the comparater is the averaged output
of the input squére waveform, The ‘tun inputs te the exclu-
sive OR Gate appear as shown in Fig.(3.1-2 }, The output
of the Ex-0R gate cofresponds to the frequency uﬁich is
twice the input frequency (without any less synchroni-

zation ). The timinc diagrams are es shown in Fia.(3.1+b).
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COMMENTS:

e e e ot it A .

1Y If input is sinuscisdal instead of square wave, a
g ZCO will have to be uszC to provide square wave
for the CKt.

2)  Te multiply Frequenby by 2, if triangular wave in-
put at ccmparater is mace to vary from -3V te +2 V,
then the reference veltags te the comparator is not

required, if (reference point ) may be earthed,

3)  For satisfactory centrol over pulse width, the refer~
ence voltage in both the circuits may be derived from

a 0c vcltage ( A potentic metsr adjust is preferable.).

4) This principle may be used fer multiplying frequency
by any number, subject of ccurse to practical limit-
aticns such as these impesed by IC elements particu-
larly integrator,

: RN
3.2 FREQUENCY MULTIPLIER USES COMBINATIONAL LOGIC ;101

Relying cn a technigue thet usss digitel lrgic rath-
er than high speed system clrcks or non linesr geheratnrs
te perferm frequency multiplicaticn, these circuits deri-
ve squarc wave with an 0/P frecaguency cof up to feur times™

that cof the input signal,

Since the freguency drublér circuits are relatively
simple‘and well knewn configuraticns exists, the legic
technigue is shrwn in Fig.(3.2-a) fer frequency tripler,
Fer frequency te be triplod input sheculd travel three full
cycles or six-half cycles (represented by states (101010 )
during the time of cne input cycls (represented by 111000)

at

V. Thus the circuit must detect six different lecgic sta-
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v,
tes, and sc a minimum of three input veriatles/W and X, is

required,

Ncte, however, that the input signai at pcrt V is the
cnlywaveform available, and therefrre, signals W and X whcose
legic states for a particular V ate nct yet kncun, must be
derived frem V itself., The partiAUIar values of W and X
may be assigned tc the truth table cnce it is realized that
that the cuty cycle of the three irmput variables are diff-
erent and that the lcgic states of the Cependent veriableg,
W ancd X, must change at a faster rate than the inaeppndent
variable, Ulﬂnce the leogic states are assigned, the Brrlean
equatirn may be determined and the CKt sYnthesized with sim-
ple legic gates, Althrugh several cembinatirns of W and X
may be assigned tr a given V, the ent result should be vir-
tuially the same in the Brolean Expressicn, Houever, it is
impcrtant tr assign the lcgic 1 states tc W and X, Befcre
the 0 states are assigned to them, becauss variables W and
X nct cnly change with the state ¢f V but alsc vary with
time when V is crnstant, as shcwn. Therefcre, W and X can't
be cerived cirectly frcm V in the digital demain, Hrwevef;a
negative gring ramp vrltage whcose sweep raté is equai te tuwi-
ce the input freguency can with the aid of CP-Amp, threshcld
detectrré, synthesize the digital signals required at W and

X fcr the doubler ,quatripler, quadrupler etc.(Fig.3.3-c .-

COMMENT S

There are scvcral ways tr generate the negative ramp
verltade required, many cf them ccnstructed with multivib-

ratcrs and Qp-Amps,
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The use cf ‘linear Tamp (as shown in Fig.(ﬁ;ZﬁSi,éllouS
sasy Ceterminaticn cf the thresheclcd levels that must be
Cetected in crdsr te switch the 1c§ic elements at the
preper times, Generally the number of cemparatcr in the
ckt will be egual tr N-1, where N islmultiplicatiﬁn fact-
cr. Whese maxipractical value is 8, The thresheld vrltage
will be equally spaced if a‘linéar rahp is uset each vel-
tage being equal tc ME/N, where M is the crmparatrr number
and E 1s supply veltagos

. . ' 111
3.3 FREQUENCY MULTIPLIEATION USLNG FETS “[ .

This methcC is based arcund the nenlinearities of as
matchet FE Tpair, invilves fcrecing a ckt rn the verge cof
regencratirn intc cscillaticn by injecticn cof the I/P sig-

nal.,

Here is = scheme for frequency multiplicaticn using
.féT; Here prsitive feecdbeck is appliet Via two similar b
vand ééss?Filters centf@d at the deéifed'rutput frequency
KK (W) in Fig.(E.S;a X} If the input signal:is sgquare

wave, then the mrdulated crllectcr current of tronsister

Gq is represented by the scriess

I, = Gpiihped™® n=1,3,8 - (3.3.7)

Where Gy is the trans-cencuctance ¢f the biprlar transis-
ter Qq. Since the gate sourcevrltage is related to the

rect of the Grain current in the juncticn f.e.t, the change
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in the cemmen srurce veltage U may be representec by a

Tayler series expancad abrut the c.c.biasing current of

the fcrm -

2

U = Al o + BI . + CI - (3,3.2)

Where A, B,C are related te the 1st., 2nd and 3rd,crder
derivatives, the higher crder terms being ignrred, Sube

situatien of equ.(2.3.1) inte the abcve relaticrnship yislds-

2 2

jnuwt ~wz~~ §::hn@3nut -

AG
v .
g Y h ne

o

[t
]

L 4

jrut
am e

- . -~ 3
CG;&L hnedWE 3 n = 1,3,5,7

m =U91,2 .. - (30303)

i

It is clear that, althrugh tne input signal crntains only
cdc harmenics, bcth sven apﬁ cdd harmenics éra.present at
tha commen srurce peint, Expensicn cof equatirn (3.3.3)
sheuws that the even cempernents are cnly generated by the
squared term, while the ccd ccmponents are pfc@uceé‘by
the linear anc cubic terms., Note that esach compenent ap

at the frequency mWis a scriss in which there are con-

tributicrns frem cne or more of tho three terms,

Suftable manipulaticn ¢f tha mesh equaticns fer the
ckt leads tr a cenditirn fer regenaraticrn at the 0/F fre-
quency mW, as oiven in (3,3,4).

: / .
1 = {Qm + 30(apm *+ ag X} K{w) RL ~- (3.3.4)
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Where L is a constant and gp is the trans-ccnductance of
thef,e.t, If the gain of the two filters is adjusted simul-
tanerusly,te a value just belruw the threshbldcf cscilla-
ticny in the absence c¢f an input signal, then the appli-
caticn of an input sional Qill frree the ¢kt intc regen-
eratirn, due tc the contributicn of the apm and =0 terms

in gquaticn (3,3,4). since the input signal centains cdd
harmenies ¢f the input freguency, regeneraticn at cdo mulii#
plés is furthér afdeC by the amplifying acticn c¢f these in-
put signal cecmpenents, while regenersticn at even multiples
ccecurs cnly becruse of the variaticns in trans-ccncuctancg
caused by the presence cf the input signal, Leracr rutgut
signals shrulc thus be cbtained fer odd multiples cf the
input frequency cue tc thislampliFying actirn yithin the

nscillater,

COMMENTSs - . ®

1) A sinuscidal freruency multiplier, capable of cpera-
tirn at large multiples cf fhe input frequency, has been
censtructed using the sguare lcw characteristics of a diff-
erential f,e,t,pair, As well as the advantage cf sinusci-
tal cutput, high multiplicaticn ratics and lecw jitter ceon-
ccntent, the ckt als: cffers high inpgt sensitivities e.g.
the multiplier has been cperated at signal levels as lcu

as 5 mU(prp ),

A
2) - Examinatirn of the ccrnoiticn fcr regeneraticrn shouws
that this excitatirn threshcld may be reduced even further

by selecting matched f,e,t.s with lcw pinch ¢ff voltages.

\\ 9 2946,
‘wearg University of Roorkee
(entral Library :
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3) The Qynchrcﬁi;atirn band width cf thé ckt depends stron-
ly ¢n the characteristics cf the filters, A larger synchreoni-
zing Band width may be cbtained by use ¢f wider pass band
higher selectivity filters, althcugh this is nct reccmmended
for higher multiplies where tuc hiéher croer harmrnics are

clrsely spaced in the frequency dcmain,

4} Demerit of the ckt is that, in fhe leck range phase of

0/P depends cn the I/P frequency, This is primarily cue tc
the phase variatirns in the Filter, as the required multi-
ple deviates frem the centre frequency, rf the Filteré,Fil-
ter designs where phase variaticns in the pass band are mini-
mised may be used te construct a multipliers where beth fre-
guency and phase remain synchrenized te the I/P vver its

tracking range.

emans)

. r
- g o , 112
3.4 _A_SYNCHRONIZED BROAD BAND SQUARE WAVE FREQUENCY ~ ~ -
FULTIPLIER

Here a circuit is described uwhich prrduces simultan-

. | . . - i-.ﬂ # 3 .t
ecus cutput squere wave whcse frequencies are 27 (14 igIN)
times higher than the freguency of the criginal clrck sig-

nal and are synchrconized with it,

PRINCIPLE: P1l. ref,Fig.(3.4-a )

The input square wave of frequency f is first conuerted
intc a constant amplitude sau~trcth of the same frequency.
This sawt rth is then fod intec a Cfmpaféfrr type (nr clock)
A/D cﬁhvertar. Fach time the ramp is generated the MSB rut-
put changes state rnce at the mid time ancd cnce at the end

time pericd tr prcduce a symmetrical square wave ¢f the
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same frequency f as the input wave;

The (MSE~1 ) output changes state at sach guarter
time perird te preduce a symmetrical square wave of fre-
quency , 2f.Thus N simultanerus cutput signals are gener-
ated each having a fregquency 2i_1(1§34iN ) timés high et

then inceming signal,

A finite duraticrn reset pulse available from ceonstant
amplitude sawt cth wave generatecr is ﬁsed as the jamming
signal tr eliminate undesirable change of states at the
0/P ‘¢t the A/D convertcr during the finite times It is to
be ncted that reset time tR
(pericd of highest fregquency cutput).

shculd be smaller than LSB o/P

COMMENTSs.

1) Te speed up multipiibatirn, sawtcrth ‘@enerat-r can
be replaced by triangular, wal's aenerater.(Fig. 2. 4=b ¥,
Advantage gf triangular uav; ngthat'nC rapid transition-e
is required frrm th@‘maximum'to/minimﬂm‘bélue.whﬁh the tri-
angular wave reaches its maximum value the input square
wave (507 dutyvcycle )inuerts the 0/P statcs of the A/D
converter, The result is same as if the ramp had been resact
te ief& with advantage of N bit A/D ccnverter, the maximum

frequency i,e.maximum frequency is increased cr infact

drubled,
2) By adding divide by N-crunter at the proper 0/P of .
the A/0 ccnverter scmg unusual multiplicaticn facteors can

be cbtained e,g,a divide by 3 counter is inserted cn the



VREF: 4y

4
L8
N
25
-
Daki
’ '
Imevy ce :‘:NSTA(»“- i+y ~N %l‘r [
TROM PLITULE] CAMPA RAT
waeve lsquwet /?\_’_ o SRARAT
IJL To aEARA OR  TYPE
TRIAN GO N
kT D
> wave CoNVERTR
Co™NUERY

|
|

=) Dl
{ .
|

FIGG-4-b) "WiGh SPEED PRERVENCY MULT|PLER

v Constanr|d T ¥ & b
INPVT of
SQ. wave |AMeLTURE] > et A
SQUARE Comp rZ oM YERS
S, A . b3 2 R
SAWTOOTH —rt 93 Te
WiV e b @ -
Com UERTER ¢ @ 0
ﬁ. ResET ¥
VRer

F1a (3.5.0) RLOCK DIAGeAMA OF THE NEW FRERUVENCY
MULTIPL BR



-~ (3-9) .~

multiply by 8 0/P, Th= frsaucncy at tha 0/P ~f the crun-
t-r is nruw 8/3 times that -f ipput sional,

. -3.5 -
MCDIFICATICN = °

Cemparat-r tyre A/C conuorter is not a commrn build-
ino blrck, This Cifficulty can be eliminatcd if we usz
U/A c-nverter insteec ~f A/L ccnverter, i.e,The input
équare wave ¢f Frequenby f is first transfrrmec intr saut
t--th wave f rm - f freguency f frrm the c-nstant amplituce
sguare tr sawt: ~th wave o nuerter as in Fig.(3,4-a }.This
saut rth is tHén fed tr crmparatcr {Nrnecrnvertino input)
C-mparater D/ﬁ is felC t« PRinary 0ruﬁters'end rutputs. ©f
binary counters are fed to D/A converters. The O/F of D/A
converter is fec as feed- back signal te invertine input

of cemparator,(Fio,3.5-~a ),
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3.6 A SINPLE DESIGN FOR A DIGITAL PROGRAMMBALE - FREQUENCY-
FULTIPLIER

Here frequency multiplication is carried out by multi-
plying counters ICc, ICy, IC, (SN 74192 } at the upper part
and by the control counters IC,, IC3, IC4(SN7473 ). and SN-
74192 ) ét 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.

SERUENCE OF OPERATION:

1- Frequency to be multipliedt (fg ) is generated by the
square wave generator, The leading edge of the square-uwave
tricoers a one shot multivibrator, IC4 (SN 74123 ) . Avery
narroy negative pulse is produced by ths 0/p of Q (Pin&}to
initiate the ckt operation, Simultaneously three actions

OCCuUrT,

(a) The 0/P IC, from p;,9 is initiated from reset '0 'to
logic '®' state by this nsgative clock pulse, which can
be used as a synchronizing signal and a check pulse for

evary cycle,

(bY The multiplying‘counters I1Cg, 1Cgy ICq are lo aded
with this negative pulse as they are preQiOUSly pres:¢ to
a value of the pins 9, 10, 1 and 15 in each decade counter.

This preset value can be expressed as Tg/2n where Tg is
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‘the period of the input frequency fg and n, the facter of

the deésired multiplication,

(c) The control counters ICp, I€3, and IC, are alsc lcaded
with this signal tec the previcusly preset value cf n,uhere

n has the same value as above.

2- As scon as the multiplying ccunters and contrel coun-
ters are lecaded the multiplying ccunter begins te ccunt
crwn from the present value tc zerc. Since at this mement

the AND gate G, is enabled by the OR gate G3.

2

3- When the contents cof the decade counters of the multi-
plying counter reaisfz,negative pulse is produ ced by the
0/P borrow (Br ) frem the last stage of the decade couhter.
The 0/P ICy, frem pin 9 is again changed frem logic '1'to

legic '0' state by this negative pulse, which, houwsver,only

lcads the multiplying counter,

4- The contents of the centrol ccunters ICy and ICyq will

be decreased by one of the cutput ICp ccmpletes cne cycle,

These prccesses will be repeated until the contents of the

Joutput

centrol ccunters reach zero, when the IC2 ccmplete, .1 cycles.

Then gate G, is inhibited By gate Gz since,the 0/P Gz is legic

'0' as socn as the contents of all decade counters are zerno,

5- The cperaticn of the ckt is restarted by the input of
/synchrencus

a/pulse uhich is nroduced by the leading edge of the sgurce

square wave, Even if, “this synchronous signal is net coinci-

dent with the inhibited acticn, the inhibited state will be
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6 (343”9 .

held until the gynehronous pulse cccurs, Therefore, there

is no accumulated error in this systam,

COMMENT 5-

- - e -

1) Referencc frequency should be generated from cpystal

oscillatcr $0 get geod aceuracy,

2)  Reference frequency (fp )} should be sufficiently highe
er than fg. Higher the freguency fp the greater the

- accuracy of 0/P frequency fp, Generally,f.& 106 s-

3y lhen the input square wave has disappeared, this sys-
tem is always inhitited by Gate Gy and ne cutput wave

ferm is produced from IC,,

4) The multiplicaticn factor n can take nen integral
values, such as n = 1,5, 2.5
5) The elements of the ckt are simple and cheap, nc lin-

ear devices are invalved,

6) The harduare of the ckt deces not change if n is changed,

7) The preset values for the multiplier n are wsasy and
can be pregrammable, Ne reference voltages arc requi-
T ed, '

8) The errcrs of the 0/P wave fcrms are not accummulated,

because a Synchrcnizing signal is produced in every’

cycle to check and initiate and multiplyin freguency.

9) The system csn be extended by any number of multi-
pliers subject tc practical limitaticn such as the

frequency reéprnse impesed by the I.C.slements,
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S
: n ' 115§
3.7 A SIMPLE DIGITAL 2 FREQUENCY MULTIPLIER-

PRINCIPLE -

e e T e e e ats

When the pulse input at point 1 is in the LOW state,
the capacitecr C at peint 3 gets charged thrcugh a resistors
R te HIGH level and the pcint § continues tc be at legic
level HIGH, As the pulse input under-gces transiticn Frem
LOW tc HIGH level, the point 5 changes te legic level LOW,
meanyhile the capaciter C at print 3 starts discharging
through resistor R, and as socn as potential at point 3
rcaches VIL which is the maximum vrltage level ccnsidered as
as LOW at the input of TTL devices, point 5 goeé te letic
level HIGH, Thus at ﬁoint 5, a megative pulse of duraticn
coerrespondiéng tc the discharge time of capaciter C teo Vg
is produced and the cycle centinues, The veltage puise
~available at pcint 2 is 180% cut cof phase with that at the
pcint 1, R similar seguence cf cperaticns preoduces negaﬁiye
pulse at pcint'6'but cut of phase by 180° with those at pcint
'S', The cutput at pcint 7 is a ccmbipaticn of the pulse pro-
cuced at print S5, and pcint 6 but with rewersed pclarity.
Thus the 0/P pulses have been precduced at the leading as -
well as at the trailing eCge cf the input square wave,
whereby freguency drubling is achieved. The pulse uwidth
ant cuty cycle of output pulses can be simply crntrrlled
by suitably selcecting the rcsiétanCevand capaCitance values
Fig.(3.7-a ). We cen cbtain Uptg 50% duty cycle by chresing
approrriate values of R anc C frr any given frequency,Fcr

Symmetrical rutput, R and C should have equel velue,
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CCMMENTS: _~

- g g o

1) ?requency quacrupling can be achievec by feecing the
input sguare wave Cirectly tc a frequency Ccubler, phase
shifting the deubler 0/P by 90°an¢ cembining the phasa
shiftec cutput with drubler cutput in an Exclusive- OR

gate. By varying Rs an¢ C. cf the moneshet, the phase shift

T
can be set accetocing to '18[]0/2n”1 at afy Cegsirec valus&ﬂﬁz}
2) Such a multiplier was testec cver a fregquency range

¢f 1.5 KH_-10 MH_ with R= WK(pet Yy C = 470 P¥, .mcneshet
timing resister Ry = 5 K(Pct ) ano C = 200PF.0utput train
rf pulses ¢f variable Cuty cycle (uptc 50% ) were cbtained

at twice and four times the input signal fregqusncy cver

this frequency range,

3) RC time c-nstant has tc beﬁJ/2n+1and RT C1 & 7/2"
where T is the time pericc of the imput sqguare yave. These
crnstraints cdecice the limit of .the cperating frequency

range ¢f the multiplier.

4) This ckt can cperate cver a very ude frequency range
and uptc 50% duty cycle of the cutput pulses is achieved,

3.8 A FREQUENCY DOUBLER FOR aggzgygggg&MQNPUTi -

The main drauback cf meth~d described in [4§ ,is that
values ¢f R and C shruld be critical tn cbtain a square wave
0/FP from each stage., This restricts use of such multiplier

te cne sirgle input frequency,
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This paper Cescribes Fréquency doubler which first con-
verts a given rectangular input signal te a square wave uwhose
freguency can then be deubled easily., Hence .the difficulty

f ac ed in(15}is‘ eliminated.

PRINCIPLE:

The first pért of the ckt crnuerts the rectangular in-
put intc a square wave Fig.(3.8-a). This part consists of
twe OP AMP integraters A and B, which alternately measure

and steore the perird information of the input signal.

Referring te Fig.(3.8-b ), tha interval t, to t; Te-
- presents cné'typical cycle of the ihpuf signal, whose p er-
iﬁa is T.4iring the interval between tq and tp, the Q 0/P
cf the tcggle flip flop E is high and consequently the swi-

tch 51,is rpened and S, is clcsed,

At the instant t4, the 0/P vcltage V, of the integrater
B is zero, vhere-as the 0/P V4 cf the integratcr A is equal
tc the voltage integrated during the previcus cycle and is

given by-

T.
Valtg ) = “F;TC-T‘“U EE - (3.8.1)

During the interval t, to tp, the veltage V4 remains cons-

tant whereas V, increases linearly as given by--

2 .
(t-tl?VEE : \ - (3.8.2)
R4Cy

Vo(t ) =

In the beginning cf this cycle V, being small, the 0/P cof

the cemparator C'is loy and consequently Vg and Vg are
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also low., As socn as V) becemes mere than V4/2, the 0/P cf
the cemparater C beecmes high, thus making Vg te ge high,
The time constant t, at which this happens 48 cbvicusly

given by (frmm equaticen (3,.8,1) and (3.8.2 )

t = t, + - (3,8.3)

T

A 1 1

In otber werds tA is the midpcint in the cycle. It is thus
sren that US is lowy during he first half of the cycle and

high, during the seccnd half, Immediately after t the

A’
switch Sz is clesed, thus discharging the integrating cape-

citor cf the integrater B,

Ouring the next cyecle (the interval tp to tz ) the Q
0/P of the F/F, E gres lrw, Consequently, S, is cpened and
S1 is clcsed, The vrltags V4 now increases linearly whereas
Vo retains the value integrated during the previcus cycle
(given by right hand side cof equaticn (3.8.1 )}.During this

cycle the cimparator D delivers a pulse of width T/2 to Vg

It is thus seen that the ccmparatcrs C and B alterna-
tely deliver pulses of width T/2 to Vg, thus geﬁerating a
square wave at a frequency equal tc the input signal fre-
quency. The frequency cf this square wave is doubled using
twc meneshets, cne triogered by its leading edge and the
cther by its trailing edge., The 0/Ps cf the tuc monecshots
are ccmbined in an OR gate to generate the frequency deub-
led signal. The duty cyclefthis signal will be a functirn
cf the mencshed!' s pericd and the input signal pericd, This

0/P can be cenverted inte a square wave if necessary by



- (3-19) .-
using any frequency drubling techniques; such as described

in [157].

COMMENTSS

e e w -

1) Here values of R and C are not criticel,

2) R,C, time constant shculd be such that the maximum value
atbained by V, and v, is belcu the positive supply vel-

tage‘even at the lcwest frequency of the cperstion,

3) The maximum speed cof cperaticn cf the ckt is determined
by the (gain X band- width ) prccucts cf the QP- AMPs and

and the sensitivity of the cemparatcrs,

4y The duty cycle cF'thé square wave at U5 can bs trimmed
by inserting tuwc sm2l1l variable resistprs, cne in series
with §, and the cther in seried with 37 (in fect cnly
cne of these resisters need be variable., The other can
be a fixed resistor with a vealue equal to mig value of
Variabie resistrr y, This trimming will cempensate frr
/?etween the two inmtegrators capacitors and alse
any mis-match/in the tue matched resistcrs pairs Rop.
5) This type of freguency dcubler was fabricated and tes-
ted. The 0P~ AMP used are IC 741 and ccmparater
~arg IC 710, The suitches used are CMOS suitches and
o? 804016 type. The logic gates anc the mcnoshots are
of the stancard I¥.-type. The time constant of the
“tuwo integrat, gswas set tec around 15 ms, The resister
‘Rz wers 10 Kr., The ckt waé tested in range of 100 H_~

4

X KH, satisfactorily.,



1

—.V(B-Ha) .

'6) This ckt works incepenusrtly or the frrguency and duty
cycle ©f tis input siopal and coes ot need critices)
adjustment cf the componerts, This mzkes the okt ver-

satile zrd useful in a wide range of soplicaticns,

7 i frecuency multip%ier can be censtrictaa by cascad-

ing n such drublers,

1177
'3.9~ SIMPLE FREQUENCY DGUBLIRG SCHMITT TRIGGER CKT :

fﬁef Flg. (3 9-a ) B

Here ir this circuit voltage comparison;and frequency
doubling functions are combined in an extremly simple cir-
cuit realization., Since only three transistors are required,
it can be censtructed with a single integrated nPn transis~
tor array, such as the CA3086, With this ckt a sinuspidal
input voltage is converted to a digital pulse train uith

one half the input periody or tuice the freguency.

_PRINCIPLE:

Here input stage is a full wave rectifier. Transistor
Tq is biased with Vg such that it is saturated. With R4 and
Ry, squal, symmetrical Vec and Vgg, and a sinusoidal input

Vins the voltage on collector of Tq, V will be a full wave
IN L 1 7

a’
- rectified sing wave, Aé sinusoidal UIN goesfposiﬁive, T1uill
be driven further into saturation. If ué assume the collector
- emitter and base-emitter voltages in saturation,té be nearly

constant, then VA will be.apﬁroximately UIN; As UIN>goes nega-

tive J1 will be driven out of saturation-and UA will be appro-

ximately the magnitude of UIN since R1 and R2 are gqual.Thus,
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FIG.(3.9.0) FREQUENCY DOUBLING SCHMITT
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a full wave rectified sine wave will be developed at Vae

Distorti®h 'in the rectified uaveform from the ideal due to
g °nd VEE
nal amplitude, resistor mismatch, finite  and temperatura

the variations in V in saturation with input sig-

dependence of function voltage and currents will be present
but is not considered significant in this digital application.
Transistors T, and T3Form a simple schmitt trigger, Resistors

2

R49R5 and R. are selected to yicld the desired threshold vol-

6

~teges and hysteresis, For a voltage input V, less than either

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

2
Forua;d active. region or in saturatign such that the low

output state is TTL voltage compatible with \JOUT 0.4V.As

the voltage V, increases above the upper threshold, T2 is

A
turned on to the extent that T, is o8t off, and VDUT go es

to its high state, V The upper threshold is approximately-

cc*
(Vgg-V ) Rg
- C % EET P - (3.9¢1
Ytp® Veet Veet RS (3.9¢1)
fﬁz;ﬁg

As the input continues through its cycle and decrééséé
below the upper threshold, Ty is again éut off and T3 sat-
urated when the lower threshold is encountered. The louer
threshold is approximately -

o -~ 3.9.2)
MTHL Ry + Rg * VBE

Thus this simple three tféﬁéisfcr circuit can develop a
TTL voltage compatiblis digital pulse train uwith tuice the

frequency of the input.
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Choosing power supply voltage and resistor values.10%
shown in Fig,(3.,9-a), we obtain measured-thresﬁold voltaées
of aboﬁt 0«6V and 0.9V and a TTL comp;tible oﬁtput letage
suing of 0-5V., Typical wave forms are shoun in Fig.(3.8-b)
The centre yave form is the 2,4V peak to peak 2.5 KHisi%qm
so0i dal input,‘UIN, The top trace is 1.1V peéknpeak recti-

fied waveform V The bottom trace shous the approximately

. A |
OV- 5V, 5 KH, O/F pulse train.

Thus this technigue 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,

(18]

"3.10 A _SIMPLE_CONSTANT-DUTY- CYCLE DIGITAL FREQUENCY
DOUBL ER

s ot e s

BRINCIPLE - M« (3.10-8)

It consists of tuwo units. The upper unit produces
Dufput pulses at the leading edges cof the input pulses
and the lowsr unit at the trailing edges, These two out-
put pulse tf;ins are then combined in a NAND gate., The
duty cycle of the output‘pulses can bz easily set at any
desired value upto 50% by properly adjusting the potentio-

meters Rq.
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COMMENTS:

1=  Such frequency deubler modules having a constant duty
cycle over large frequency range éanvbe easily casca=-
ded to obtain a highe? order 6? frequency multiplica-
tion.

2- The transisfor tyﬁes and other values used are nct
critical,

. I
< ! B ;19
3,11 _A _SYNCHRONIZED FREQUENCY MULTIPLIER FOR SQUARE WAVES™

The monoshot pulse generator is adjusted for a guartery
wave delay that given an O/P which is double the input fre:
quency, The input is generated from 555 timer using as an
astable multivibratpr having a fredQuency of 1 KH, and the
tyning components carefully choosen to obtain a duty cycle

of 50%.

The scheme consists af square wave generator, an inver-
tor (using a silicon npm transistor ) two RC differenciat-
ing networks, an OR gate (Using two silicon diodes ) and
a Monoshot pulse generator having a pulse width of T/4
where T is the périod of the input square wave, The.time
constant of each R-C di fferentiating network should be much
shaller than T. The 0/P of the OR Gate is negative going tri-
gger puises (spikes ) with a period of T/2 as shown in Fig.
(3.11-b) and these are uééd.as:fhé'external trigger pulse

required to operate the mcnoshot pulse generator, The letter
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has a sguare wave 0/P with a frequency uhich is double the
input freguency (Without loss of Synchronizations j.Higher
multiplication can also be achieved subject tc the frequency

)

limitations imposed by the 555 timer,

COMAENTS: -
1) The eircuits uwcre tested for input frequency of 1KHZ.
2) The circuits were tested as doubler and tripler and

satisfactcry results were achieved,

| 20 |
'3.12 PHASE SHIFTER SIMPLIFY FREGQUENCY MULTIPLIER DESIGN

EB&N?EPEE;‘ (Ref. FIG. 3.12-a )

The phase shift frequency multipliers, unlike conven-
tional multipliers can produce a spectrally pure 0/F with-
out filtering, However, by using wide band phaseddifferasn-
te network for phasc splitting, frsguency indspendent multi-
pliers gver many oétavesfmay be obtaiﬂ€d. The Fig.(3.12—a)
shous sine‘uan.Freuuancy.is:muﬂtiplied/timesby dividing
input inte N different phases that are equally spaced thro-
ugh 360°, Thesa N phase drive N class C transisctrs whdse
_outputs are combined to deliver a pulse cvery 360°/N, The
»usebof N tranéistcrs allows the input power te the circuit

te be N times as high as without saturating the transistcrs,

COMMENTS -

1) The phase shift Frequency multipliers are supericr
to conventirnal multipliers at high frequencyes in sube-

harmonic suppressicn., A high frequency versicn cf this

-
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type of multiplier and quadrupler has alsc been given in| ZDZ}

2) An interesting preperty of this type of net-work is that
when rectances are made equal, the phase shift between the
input and cutput prrts will always be 90", regardless of the
value of 'R, This prcpert§ ailous both amplitude (varying R )

- and phase (varying L OR C ) control,

3) The inductance L is created by the primary winding of'Tq,
the seccndary windings delivers a 90° and 27DDphase shift of §1
and QQFGSpeCtiVely. The Daand 1800phase shifts are providéd by
T2 to @y and Q4.

4) In additicn, thé L-P; netwcrk at the O/P provides an cptimum
match tc a 50r lcad and a little ettenuaticn of subharmenics,
This multiplier, unlike cenventirnal cnes, is capable of supp-
ressging subharmenies and therefers, dees net reguire U/P Filt.

ering.

5) R spectrum analyser display shoued that the second and third
harmonies could easily be reduced by more than 50 decibels belcw

the grsired fcdfth Harmrnies.

3.13  _JOINING A PLL AND VCO FURm5dREﬁEIEQﬂﬁkwfﬂﬁﬂHﬁﬂﬁf”ﬂng?:

| PLIER: 24} '

t PR

The conventicnal multiplicaticn ckts employing PLL use
gither harmonic lecking or a frequency divider betuesn its
VEO and phase cemparatcr. Thus the 0/F is only an integer

multiple of the input. As a result if certain'D/P frequency

is cesired, the input frequency must be carefully selectad,

Such exact chrosing is nc locnger needed beceuse this circuit
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can multiply pulse freguencies by any real number threugh the
simple adjustment of twe pctentiometers, In additicn, it cp ers-
ates over a wide input frequency range and has a merg stable

0/P than de ccnventicnal multipliers,

PRINCIPL E~

The design combines a PLL frequency tc vcltage copverter

and an external VOO fer pulse freguency multiplicaticn,

A PLL connected as a freguency demcdulatcr, generates vol-
tege Vd that is releted to the input frequency by Vg = Kfinp,

Qhére K is a constant and fin is the freguency of the input sig~
nal, In additicn, the inmput freguency .cf the internal VCO (cop-

_:i?.m_ where R1and ﬁﬂare the fre=-

YR1Cq
quency determining ccmponents of the internal VYCO and V is the

tained in the PLL ) is fip =

supply vcltage,

DGMFdUiGth{UCltaQG'Vﬂ is fed tr the comtrol veltage input
nf the external VCO uhcss O/P freducney is fo = Vg/VRpCp where
Rz;tg éfe.Ffequency dotermining cwmpbnents cf the external'VEQ,
Sclv{ng €or the o/e frequency, f. = fip R1C1/RaCy and thus

n .wﬁ le*} The multlpllcatl(n factrr n is rn]y decided by

2 2

the externally ccnnected resisters and capacitcrs and therefore
can be chcesen for any value,
The tkt uses Naticmal Semi~-conductcr! s general Puspese

LM565 and LM 566 as PLL and YOO respectively. OGP AMp wA741

serves as buffers between the twc.



COMMENTS -

. o - -

1) Cireuit with multiplicaticn factcr of 6.15 is tested for
input freguency in the range of 2-6 KHZ.,

2) For stable cperaticn R land C1 shruld be selected acenrd-

1
ing tc input frequency and R,C, shculd be chorsen to gen-
eral desired multiplication factecr,

‘3.14. A _SYNCHRONQUS FREQUENCY MULTIPLIER USING PLL

| 22}

+  PLL are the lower cost apprcach te frequency multiplica-
tion using a divide by n cocunter in the feedback part as sﬁoun
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 nct have long time stability and may change because of
the amplitude énd the frequency variaticn of ‘the input signal,
That is why thé PLL dces net provide a synchrenized O/P in this

system,

To cbtain a synchrenized 0/P ene can consider a system like
in Fig.(3.14~b).This uses a second counter equal to first one in
the fesdback leop and a pulser which produces pulse at the nega-

tive gring edge of the input square wave.

Tﬁe cperaticn of the ckt can be explained a2s follcws w.r.
to Fig,.(3.14-C).Let tq is the instant when a4, bq,b1 all gc te
negative siﬁdltahéously and t, where az,wbz,CQ 2ll go to nega-
tive simultanéously by the reset pulse coming from the pulser.
ARs Ean be éeen, £2 is aluéys.ﬁlbsef.thanlt1 tc the negative

gcing edge of the input with an errcr Tg: Which is the pericd
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cf the VCO 0/P of the PLL, We thus can consider the 0/Ps agyby

Cp coarsely or with an error-

to - (3.1441)

(—’-
AN

i

synchrenized with the input, It is te be noted Cop has smaller

relative error than the 0/Ps b2, ap. If we make-

25T L, < & The multiple cutput perird - (3414.2)
or squal practicall? to zerc we may accept the 0/F synchre-
miz ed uitﬁ the input, The Fig.(3.14—d ) éhous PLL, divide by
n erunter and twec equasl divide by m ccunters and a pulser,
Since the PLL has jitter, an undesirable change may cccur eve-

ry time the reset‘pulse is applied tc the ccunter, The absclute

error or jitter width is given by~ N

£ t& the pericd of the VCD OfP = gxe— - (3.14.3)

U

aCCCfding tr the above menticned result (3.14.1). The max,

relative errer at the 0/P can be expressead by -

tmax 1 - (
- ¢ e = : - 3.14.4)
8- /nf m

It is obvicus that this errer can be.minimized by chrrsing m
large encugh., But becauss nf the maximum frequency (Fmax Yof

VCO characteristics m is limited SYBh that-

Anf & foax --  (3.14.5)

By using(3,14.4) and (3.14.5) cne can determine the m aximum

multiplicaﬁién:fate for a given freguency,



COMMENTS: J *

i, o = — N

2)

3)

4)

‘3.15 A HIGHRESOLUTION FREQUENCY METER FOR 5QH, -

The okt was tested for fip = 50 Hps N =12 and m = 256.
In these measurements jitter width has never exceeded

6.5 pS. This result satisfies the error squation(3,14.4).
The maximum relative error at the 0/p is 0.4%. Tt can be

made even smaller by cheosing a preper PLL,

The synchrecnization is only achisved in the tracking range
of the PLL. The tracking rangs is £30% of the input frequ-

ency in the practical ckt,.

The method can be regarded as a convenient cne fer lcoy
frequency synchrchrus frequency multiplicatien with an

acceptable errcr,

The maximum multiplicatirn ratic is limited by the maxi-
mum cperating frequency of VCO characteristits and the

given error limit,

The transient respcnse te changes in the input freouency
will be dependent con characteristics of the Filter used -
in PLL,

| 23

[

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

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

nal is applied tc an inexponsive CMOS (PLL )IC (CD 4046 )
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which centains a centrelled Bscillater, The ®scillateor cutput
is divided and is applied tﬁ the PLL crmparater input.lThe PLL
will lock uhen the signal at the ecmparator input is in phase
with the input signal tc the PLL. Hence, if the input frequen-
¢y is BOH,, the cscillater frequency will be 50 x 1000 =SDKHZ.
The 50 KHZ signal may be applied to a ccnventicnal frequency
countervuhich, by programming the decimal pdint, may be made
tc dlsplay the input fregquency as 50000 uith a QatL tlme cf

—eyer
1 sec., the rescluticn is hcw-1 part in 50 000 (D 002% )

The Fig.(3,15~a) shcws the practical realizaticn of the
above, The PLL is a CMOS 4046 ard the dividers are 3 x CMOS
4018. With the compenent values shoMManc a supply vcltage of

8V, the circuit had a lecking range of app.30-70H;,

“{24]

3-16 _FREQUENCY MULTIPLIER FOR YOUR GOUNTER

_PRINCIPLE AND WORKING

If is basically = PLL (phase lcck leep ) eircuit it has
X 10 and X 100 cutputs, Low frequency signal appearing aﬁ the
input pass through the GAIN potenticmeter, which permits thé
frequency multiplier tc handle a very wide range of signal
levels, Then, the attenuatud signal drives IC4, which shapes

it intc a sguare wave. That signal drives phase detectcr IC,.

Ancther part of the same IC alsc servés as a VCO (veclt-
age contrclled oscillater ), It accepts a DC Vcltage from
the phase detecter and gencrates a square wave signal.The VCO
can generate signals rénginé frem under 100 H, to cver 400 KHg
withcut amy switching, frcm the UCD,‘tha signal~path branches

out,
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One branch takes the signal tec IC3, a NAND gate, that gate
acts as a switch and allcus signal tu pass tc the freguency cou-
nter cnly when the PLL is locked cn tc a goeod signal., That supp-
resses the stray readings cne can ncrmally get witheut an in-
put signal, or with signels the device can't handle.The cutput
from the VCD alsc crives twe civide by ten ccunters, both cr
which are contained in IC4, The cutputs from the dividers are
selected by $101 the MULTIPLIER suitch. The cutput selected
drives the phase detecter, uhich generates the DC contrel vcle
tage fer VOO, Thus a simple PLL circuit, that can generate fee
quencies ten times cr a hundred times .the input freguency, is

fcrmed,

ICI, the shaper amp crnsists of a fast CMOS CA3130 OF-AMP
Its high frequency Trespcnse is reduced by C3 sc the circuit
wen't cscillate. You will have flat gain cver its 10Hz tc 40KHz
input>range. The inputs of the OP-Amp.arc biased tc half the
supply vcltage by Ry and-Rz, eliminating the nzed fcr a Split

(pesitive and negative veltages ) pouwer supply.

Resisters R4 and R5 sst the hystersis or "trip * point
for the circuit, which is abcut 350 mV, The cutput signal ié a
9.0 Vclts square wave that drives the phase detecter perticrn of
ICy. The phase détectrr ccmpares the signal with that frem the
MULTIPLIER suwttch, and cutputs a DC vrltage at pin 13 cf the
IC, That drives a netucrk known as inrp filter, which smroths
cut the pulses frem the phase detectrr, giving a clean DU sig-

-

nal,
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Thé v Co ihput is at pin 9 of IC2 énd the timing capacitecr
that sets the frequency range is E5. The VOO rutput appears at
pin 4, and drives brth IC 3 and IC4, Resistcrs Ry and capaciter
C?7 fcrm ancther filtef te ?debcunce“ the signal Ffrem pin 1 of
I1C2 (uﬁich indicates that the PLL is locked cn tc the signal.).
st that it can enable IC3-a's NAND gate wheneuer a gceod signal
is present at pin 4 of IC2, Resister R10 is included sc that
the charge cn C7 wen't bley IC3 uﬁen the pocwer is turned off,
The cutput of IC3 is reduced by Rqq and Rqp abrut 900 mV peak .
tn ¢3ak, which is a comfertatle level for most ccunters. The
remaining circuitry consists of a standard CMOS dual divide by

10 ccunter IC4,

COMMENTS -

- e wwwm -

1) One hes tc remember tc mentally shift the decimal peint cne
place tc the left while using the X 10 range and tuwc places
tp the left while using the X 100 range,
2) VCO range of unit is 100 Hy - 4C KHp MULTIPLIER Suitch set
at (X 10) positicn mean cne can measure in the range of 10H,
4kH, and MULTIPLIER (Switch Set ) at (X 100 ) pcsiticn means

again aM@® can measure in the range of 10H; - 4KH,,

3} Gain can be increased by recucing Ry,

i

125 |

;3,17 _LOW FREQUENCY MEASURING CIRCUIT USING PLL

BRINCIPLE-
A PLL with a 3 decade dividers inserted intc its feedback
path creates a frequency multiplier that allcus US tc measure

lew (e.g.power ling ) frequencies accurately and guickly,
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The circuit in figure is set fcr SOH, and can be adjusted

1 R2 and C1 tc match pcwer lime frequency.

by R
The VCO in ICI produces an cutput whose frequency is deter-
mined by the time ccnstant of R, and Ry (abcut 50 KHz for given
~ cempenent values ), Igi’s phase crmparater meful ates this fre-
quency. The 3 decade ccunter crmprising ICp through IC4 divi-
des the VCO'S O/P by 1000 and applies its cutput to cne of the

PLL'S phase ccmparater inputy the input signal to be measured

is applied tc the cther phase comparator input,

The UCO'S frequency is thus the input freguency X 1000

and this freguency can bg measured using ccnventicnal metheds,

TETRETT
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PLL - THEURY AND DESCRIPTION

(26}, $27] B8] (9] Cr) (3204
4,1 BASIC PRINCIPLE -~ S

- e S a G S e e, s

The phase lock loop is basically an electronic feed
back loop system consisting ofs

1- A phase detezctor or comparator

2- A locu pass Filter.

3- A Voltage controlled Osmllator (vco ).
(Ref, FIG.4.1-2)

The VCO is a free running oscillator, the frequency of
which is nermally determined by an external resistor-capaei-
tor or an inductor-capacitor network, The VCO frequency fg
is fed back to the phase detector where it is cempared uifh
the frequency of the input signal (fi ). The cutput of the
phase detecter is the errer voltage, which is an average
dc veltage proporticnal tc the difference in Fr:quency(fiwfo)'

and phase @ of ths input and VCO,

The error veltage is then filtered, thus removing traces
of higher freguency noise. This, in turn, is then fed tc the
V€0 to cemplets the loep. In additicn, the error voltaces
forces the frequency of vCO - change in a direction that
refuces the frequency difference between the input and the
VCO. Once the VCO starts te change fresquency, the lrop is
in the capture range, This process continues until the VCO
and thé input frequencties are exactly the same. At this prcint,
the lcop is synchrenized, or phase lccked, During phase lock,

tha VCO frequency is identical tc the input of the locp, ex-
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. except fcr a finite phase difference, which is required to
generate the necessary errcr vcltage that shifts the VCO
frequency, keeing the lccp in phase lcck, This repetitive
acFicn of the lreop system then tracks, cr fcllcws, any change

in the input freguency while phase lccked, We can say that the

phase lccked lecp has three distinct states:

1= Free running
2«  Capture

3= Phase 1lrck,

The ranoe cver yhich theg lrep system will fcllcw changes

in the input freguency is called the lcck range. On the cther
/the loop

hand, the frequency rangelin uhich/acquires phase lrck is the
Capture range, and is never greater than the lcck range. The
dynamic characteristics of the phase lcck lccp are contre-
lled primarily by Lcw Pass Filter, If the difference betueen
the input and VCO frequencies is significantly large? thg re-
sultant signal may be tcc high tc be passed by the filter,
Ccnsequently, the signal is FUt.Cf the capture range cf fhe
leccp. Once the lcop is phase lrcked, the filter cnly limits
the speed of the lccp's ability tc track changes in the in-
put freguency, In additirn, the lccp filter prcvides a sort
cf shert term memcry, ensuring a répid recapture of the sig=-
nal if the’system is thrcwn rut of the lcck by a ncise tran-

sient,

4v2 _THE PHASE DETECTOR

-

All phase lccked lrcp systems use a circuit called a

phase detectcr cr phase comparatcr. The phase detectecr
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generates an averace, or dc, cutput vcltage thét is prepor-
ticrnal tc the phase difference between the input c¢f phase .
lecked locp and VCO, The cutput vrltage is often referred te
as the error vcltaoe ,The fact-r that ccnvert phase differ-
encevintc veltage is‘called the phase detecter conversien

gain, sc that?
Ve = Kf af -- (4.2.1)

Where,Vpn is the averace rutput vcltage ¢f the phase detectecr (V)
K# is the phase detectrr cecnversicn gain in vults/radin;
g is the input phase difference in radians.

NOTE - When wcrking with PLL, it is custrmary tc express

phase difference in terms «f radians,

In digital phase lccked leceops we use either exclusive~
OR or scme type ¢f edge triggered phase detectcr, Digital PLL
mcst cemmenly used is CD 4046, it has brth type cof detectcrs,
Phase detectcr I (Exclusive OR gate type ) and phase detectrr
II(Edge tricgered type ). Beth phase detectrrs have same in-
put i.e,brth input cf the 1.C.CD4046 are in parallel, The

rutputs, hcwever, are brrught cut separately.

Phase detectrr-I (The Ex- OR phase detectrr ),

This type uses a Tuwc input exclusive -JR-gate lcoic and
symbrlic Ex-OR with tuc inputs is given in Fig.(4s2-2). A truth

table fer this nate is given in Table(A.Z)-
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TABLE 4.2 TRUTH Table frr Fig.(4,.2-8' -

INPUTS - pUTPUT
A B8 q
0 0 0
0 1 1
1 0 1
1 1 0

Eecause rf this truth table, exclusive OR type phase detectcrs
(cr scme times referred as the lcy ncise detecter ) are used
fer input and VCO wave ferms that must have a 50%, duty cycles .

i.e,symmetrical,

By plrtting the average cutput veltage ¢f the exclusive
OR phase<detectrf as a functicn c¢f the phass difference of
its twc inputs, a triangular characterie results Fig,(4.2~-a)
The slcpe ¢f the rising line ¢f this characteristics is called
as phase detecter crnversicn.gain (Kf ) and is expressed in
pnits of vrlt/radian, Alsc slcpe of characteric from II tc
III is alsc phase Detectcr Conversicn gain (K@ ). The TTL
EX- DR gate is the 7486 integrated circuit, while the CMOS

equivalent is 4030 cr 74C 86.

Phase detecter-II - A seccnd type of digital phase detectcr

is the edoe tricgered type (cr srmetimes referred the wide
band phase detectrr,}. One c¢f the simplest type cf edge trie.

ggered detectrr is §et-Reset cr R-S flip flep. Fia(4-2-a.).
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The tue basic rules ccverning the cperaticn cf RS flip flep

as an edge triogsred phase detectcr are as frllcows:

1) If the set cr S input is at lrgic '"1', the Q cutput gres
tc cr stay at legic'1', while the @ cutput gres tc er

stays at leoic 'Q' (ground },

2) 1f the reset cr R input is at lcgic '1', the Q cutput

gres tr or stap at legic '0', while the a cutput geces

te rr stay at lcoic '1',

As shoun in the timing diagram Fig.(4.2-a ), the NOR oats
RS flip flrp is triggered cn the pvsitivé leading edge cf the
twc inputs, For the R-S flip flep, as well as cthe? types f
edge triogered detectcrs, the input pulses are usually cf shert
duraticn rather than the symmetrical 50% duty cycle pulses assc-
ciated uith the exclusive-OR detectrr. Similar tc the exclusive’
OR gate, averages cutput vcltage ¢f the edge triggered deteftcr
varies proprerticnately as the phase difference between the in-
put ana VCO varies. By plotting the average output voltage as
a function of the phase difference betueentthe $ & R inputs, a
sawtooth shaped charécteristic is obtained as shoun in fig,
(4.2-a). Consequently, the edge triggered type detector has
twice the linear range as the double valued triangular wave
af the Ex-0OR detector., In addition, the edge tricgered detector
will posses significantly better capture, trackino and 1ock;ng

characteristic than the exclusive OR detector,

Phase detector-II (sometimes referred as the wide band
detector ) is an edoe tricgered digital type, which triggers

/

on the positive leading wedges of the inputs, If the input
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signal which can be pulse train having any duty cycle, is

lower than the VCD freguency, the output is at logic' 1'(+/pp)
If both frequencies are same, the output of phase detector-I1
is a pulse uhose vidth is proportional to the phase difference
Fig.(4.2-a), thie output pulse is positive when VCO siconal lags
the input and nepative when the VL0 leads the input, the main
advantage of the phase detector-II 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-

quency.

b : P C - Ly

4.3 THE v - -

The voltage controlled oscillator is the second integral
building block of the PLL. Its output freguency is directly
proportional to its ipput control veltage. (Fig.4.3-a).The VCO
ﬁan alsoc be termed a voltage to frequency converter, so that

mathematically -
Wg = Kolr -- (4.2.1)

Where, wg ie the VCO output frequency {r ad/S ).

Up is the VCO input control voltage from the loop filter.

Kg is the VCO conversion gain (pad/S/V Y,

The VCO conversion gain (Kg) is the proportionality constant
that converts the input control voltaege to frequency. In PLL

literature, w is uced to represent the frequency, in unitsof
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radians/second. During phase lock, the ouput freguency of the
VCO will be exactly equal to the input frequency of the loop, gx
except for a constant finite phase difference, Since the radian
Freduency is‘the time derivative of hhase,

w o= (s rad/s (4.3.2)

t

The phase differencebotwzen the VCO outpﬁt frequency and the
. loop input frequency is really proportionél to the integral
of the input control voltage, which is the average or dc 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 freguency,

4,¢ LOOP FILTER -

- - -

The loop filter controls thelock, capture, bandwidth and
transiént response of the loop. The loop filter is essentially

a loy pass filter netuork usec in phase locked loop.

This performs two major functionss-

1) It removes any noise and high freguency components from
the output voltage of the phase detector, thus giving an

average (dc } voltage.

2) It is the primary buildina block that determines the dy-
namic performance of the loop, which includes the follouw-

ing factors:

* Capture range.
# ‘Band wicth.

* Transient response,
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The loop filter may either be passive or active, The com-
plete phase-locted loop system exhibits the characteristics
cf ‘@ 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 -

v rog 2 2 % '

“out (dB ) =-20log |u * 2u? (23%-1) + 1] —— (4,4.1)

.U;; v _ .

Wbhere Vi, = loop input voltage, V,,¢ = loop output voltage,
3. = damping factor (dimensionless ),

ratio of the input frequency (wq) to the un-

]

W
damped natural freouency (uy ).

By'plotting (4,4.1), as shown in Fig.(4.4<sa) thesinglo para-

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

quency Cufve of a sécand order system is the damping factor(3)

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

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

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

of peaking at natural frequency, The freguency at uwhich the res-
/3d% less than thz maximum resperse is

ponse isfcalled the banduwidth of the system., The parameters

such & damping factor amd the undamped natural frequency are

primarily controlled by the loop filter i.e depending upon

the filter design we are able to control the loop response.

Low pass_filter circuits - In PLL there are a number of

- - - - e e s .

popular low pass filter circuits but only the following three
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types are commons

i} First order RC lou pass filter.
ii) First order; lag lead lou pass filter.

iii) Active low pass filter.

i) _The first order RC low pass filter - Here a simple RC not-

work is placed between the phasz detector and VCO. The cut-off

frequency is given by -

1 |
Cupp = pp (Fed/s) —- (4.4.9

Also, loop natural freguency can be expressed in terms of

U pp S0 th at-

, _ 3 |
Un = (KgKO Wpp ) - (4.4.3)

7

The damping factor 3 can be expressed as -

3 = ~% D —tRE —— (4.4.4)
KgKo

ii) First Orde:, Lao Lead Loy 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

—(Yad/s) ~- (4,4,5)

“pr T (R rR)C
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The natural frequency wn is given as -

‘ i
P un = (KgKo wpr )® Yad/s -= (4.4.6)

and the damping factor is given by .-

AN N L. (4,4,7)
3 = — | R,L 4 -- (4.,
2 L 2 KﬂKo J

(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 -

1
Wpr = *ﬁ?C(Yad/S) . -~ (4.4.8)

While the loop natural freguency and damping factor are found

from -
( % , |
wn = (Kg Kqu pp ) ®ad/s w= (4.4,9)
_ R,C
and 3= (L, -~ (4-4-10)

It is to be noted that the natural frequency of the loop depew
ends entirely on the product KgKg (often referred to as the

(dc loop gain ) and the Filter cut off freguency,

The Transient Response:

When an underdamped second order system (3< 1) encounters
"a sudden change at its input, such as the phase lock loop shift-
ing from one Frequeﬁcy (fq1 ) to another (fo ), the oufput of the
VCO tries to follow this change but oscillates about the value

of FZ for a time and eventually settles out -at the new freguency



- (4-11) .

{i.e.steady state ) Fig.4.4~c, Hou fast this'process is com-
pleted depends on the loop damping fasétor, which, in turn, is
controlled by the loop filter, In case of simple passive RC
Fiitar of Fig.(d.4:b2 Y it takes lohger 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, bne method
i1s to design for a specified amount of overshoot within a given

settling time,

As a general rule, the damping factor is cho&en to be
between 0.5 to 0.8, The amount of overshoot and settling time,

one can decide as per the design requirements;

From the transient rcsponse of the loop, the damping factor
can bc epasily estimated simply by knowing the peak amplitude of
tuo wonsecutive positive peaks which are exactly 1 cycle apart,

the damping factor can, therefore, be expressed as-

,
BRNCE LN = (e
| 1, YA
WHerc ¥ = e T
27 yB,
XA,yB are maximum amplitude of two consecutive peaks which

are ¢xactly one cycle ppart, So, if a filter, RC type or lag
lead type, is placed between phase detector and VCO., Tho res-
pose pf the system will be periodic oscillation with a Fixed

frequency wgs SO that -

25 - = (4.4.19)

g = =
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wg is called as dampeo natural frequency of the system, and
T is the period of oscillation. Houwever, the damped natural
frequency depends on the damping factor and the natural fre-

quency of the loop, so that —--

L
wd = up(1- 392 = (4.4.13)

Consequently, the damped natural frequency is aluays less than
the loop natural frequency. Howrver, the amount of difference

will depend on damping factor,

LOCK AND CAPTURE:

The lock range (2w ) of the FLL is the frequoncy range
over which the loop system will follow changes in the input
frequency. several writers wvso the term tracking range
and hold in range., The hold in rangc refers to how far the
inpyt frecquency cam deviate frem the VCO frce running fre-

guency, w,, and is numcrically one half thc lock, or track-

- ing ranage,

Orn the othar hand‘the rangc over which the PLL acquires
phase lock is the capture rangc (2ug j. Several writers use
the tcrm lock in range, which rofers to how chose an input
frequency must be to the VCO free running freguency before
the lgop acquires phase lock, The lock in range is numeri-

cally one half the capture range.

The Fig.(4.4-d) shous the general freguency to voltage

transfoer characteristics of a PLL. In the top charactefﬁstic,

ra
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the input frequency (ui ) is gradually increased so that the
loop does not Fespond until ¢; equals wq, which is the lower
edge of the capture range, The loop is then phase locked on-

to the input frrquency, causing the loop error voltage to go pe
negative:. As the input frequency is increased, further the error
voltage increases linearly with a slope equal to the reeciprocal
of the UCO conversion gain, or 1/Kg (V/rad/S ). When the input
frequency equals the VCO free running frequency, the error vol-
tage is zero, The loop continues to tract the input until up,
the upper edoe of the lock range, For input frequencies greater
than Woy the loop is unlobked, the error voltage is zero, and
the VOO is at its fre running fregquency. When the input fre-
guency decreases, the process is repeated, except that nou

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

capture range, So, we have follouwing relationshipss-

Lock rangé: 2y = wym gy - (4.4,14)

Hold in ranget w = wp-ug - (4.4.15)
= ug-y

Capture ranae: 2u, = wg- Qq -- (4.4,16)

Lock in range: wg = ug -u, - (4.4.17)
L B e

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

equal to the dc loop gadin (K}, so that -

i

W KgKo(rod/s) - (4,4,15)

]}
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©i.e.this range does not depend on the parameters of the low
pass filter. Houwever, the filter does limit the maximum rate
at which phase lock can occur, since the voltage across the

filter capacitor (38) cannot charge instantaneously.

The following are the approximate expressions for the

lock in range based on the type of filter used:

(i) RC Filter

1
= (_%%?, )? rad/s | --(4.4.18)

(ii) Passive lag- Lead Netuork:

R
: 2

e = o ) --(4.4.19)

R, #R
(iii) For Active Filter:
R

2

wg = YR -=(4.4,20)

1

By making use of the equations for the loop damping factor

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

i

mated by --

ug = 23up --(4.4,21)

4.5 B ERIVATION_ S:

4.5R The Basic Transfer Function:

For the basic PLL shoun in Fig.(4.5-a), we have a phase

detector, a low pass filter, and a voltage controlled cscillator
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The equation (4.5.3 ) can nocu be uritten as-

dg KOU F( 5)
dat

_— (4.5,5)

Taéking the replace transferm of equation (4.5.5 Y-

KoV p( S)
g, (s)= Gsf -- (4.5.6)

Sc that the cutput signal ef the VCO is properticnal te the
integral of the VCO input veltage, Using the equaticn(4,.5.,1)

(4.5.2) and (4.5.6), we can sclve for the transfer functicn,

g.(s) _ KpKorls)
T.F = 7(s) = rAG) - 5+KgKOF(5)

-= (4.5.7)

whese final ferm, of ccurse, depends on F(S) or in cther

words, type ¢f filter useds

4,5-B- Lccp Filter-A - For the simple, passive, lcuw pass

filter shouwn in Fig.(4.5-b), the T.F, of the network can be

writtsn as-

-- (4.5.8)

L P
Where, T = RC, the substitution of equaticn (4.5.8) inte
equation (4.5,7) gives-

o Kg KT
S2+(1/T)s +(KgK,/T)

Ta(3) = -- (4.5.9)
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i,e,this range does not depend on the parameters of the low
pass filter. Houever, the filter does limit the maximum rate
at yhich 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

Y = (-%%?’ )~ w®ad/s | ~--(4,4,18)

(ii) Passive lag- Lead Netuwork:

A
2
ug = uq_(R —) --(4.4.19)
1772
(iii) For Active Filters
R
2
ue = %_°ﬁ} --(4.4.20)

By making use of the equations fer the loop damping factor

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

mated by --
ve = 23w, --(4.4.21)

4.5 B ERIVATI ON_S:

4.5A The Basic Transfcer Function:

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

detector, a low pass filter, and a voltage controlled cscillator
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. \Z2
or VCO, For a phase difference (£ f ) betueen the input signal
and the output of the VCQ, the output voltage of the phase de-

tector is proporticnal to this phase difference 86 that-

Ve = K & - —— (4.5,1)

- where the constant, K@, is the conversion gain of the phase

detector in U/ Fad,

In turn, the output voltage of the phase detector is filtered
by the louw pass filter, which also determings the dynaﬁic cha-
cacteristics of the loop. For the time being, the transfer
function of the low pass filter is rebresented by F(8§)-

In general the ocutput 'of the filter is-
Ve(8) = Vg F(s) - (4.5.2)

The output veltage of the filter then contrels the output
frequency of the VCO., Depending on this veltage, the VCO
freguency will have deV¥iation ( sw } from its centre frequ-

ency (wy ) so that--

pu (8) = KVp(s) -- (4.5,3)

Where Ky is the conversion gain of the VCO in Yad/S/V.Since

frequency is the time derivative of phase~

dg :
g = -gz - —— (4.5.4)
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The equaticn (4.5.3 ) can nou be yritten as-

3 - Kol e 5) .- (4.5.5)
dt

Taking the replace transfcrm of equation (4,5.5 )=

KoV p(S
B (8)= OSF - - (4.5.6)

Sc that the cutput signal cof the VCO is properticnal te the
‘integral of the VCO input veltage., Using the equatien(4.5.1)

(4,5.2) and (4.5.6), we can sclue for the transfer functien,

g(‘-(s) - KgKOF(S) - (4 5.7
T.F = T(8) = Fi(s) S+KgK oF ( S) "

whose final ferm, of ccurse, depends on F(S) or in cther

words, type cf filter used:

4,5~B= Lccp Filter=-A - Ffor the simple, passive, lcuw pass

filter sheuwn in Fig.(4.5-b), the T.F. of the network can be

written as-

! - (4.5.8)
Fals)= T

Where, T = RC, the substitution of equaticn (4.5.8) inte
equation (4.5.7) gives-
Ky K/ T

T = - - D
al9) s2+(1/7YS +(Kgk o/ T) (4.5.9)
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Equating the terms cof the dencminatcr of equation (4.5.9) with

the basic characteristic equaticn of secend crder system-

2 2
S+ 23wy + un . .- (4.5.10)
uhére, 3 = dampipg facter
Wy, = lecphatural Fr9quenby,

We find that-

1%
3= b (gx) .-  (4.5.11)

ﬁKOT

G—iéig—-)i - (4.5.12)

and Wn

So that the eguaticn (4.5.9) can be written in a more con-

venient form,
, UnZ
TA(S)= 5 5 - (4,5.12)
S +23un5 +upn .

LOOP Filter B For the passive phase-lag lead type filter,

[4.5-~C} The fellcwina T.F.can be written Fig. (4.5.C).

Fg(s) = (9 ! - (4.5.14)
(T,+T,)S+1 .
Uhere,T1 T1 = R1C
T, = RC

Substitution of equaticn (4.5.14) intc the equaticn (4,5.7)

yieldse-
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T5(8) Ko [T g+ 1)/ (T4+ T)) ]

| V52+{ﬁ1+K¢KOT2)/(T1+ TZ}]5+ KﬁKa/(T1+TZ)

~=(4.5.15)

Equating like terms of equaticn (4,5.15) with equatirn (4.5.10)

We cbtain, K. K

K K -
5=y ey’ [T2+-(., — 1

Ty+T, Kd<p. y L

Sc that the equaticn (4.5.15 ) can be re-uritten

W 2
- n
wn( 23- RER-D) S + wp

Tg(s)

524 23un S + wn’

(4.5.16)

(4.5.17)

(4.5.18)

4,50 Locp Filter € -~ Frr the active filter versicn of leep

Filter B, shruwn in Fig.(4.5-d), the T.F.can be written as-

T,5 + 1
FC( s) = (.....2_..._.._...) -
ST,]
Where, T1 = R1C1
T = R,C

(4.5,19)

Assuming the amplifier gain te be very high., Substitution .of‘”

equation (4,5,19) inte equaticn (4.5.7) gives-

Kﬁxo(1+srz)

1.(8)

Ty
, ; e
32+(K¢IKCT2)5 oK v)

(4.5.20)
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Equaticng like terms cf equatirn (4.5.20) with the equaticn

(4,5.10) we cbtain-

KK % '
u = (“d oy — (4.5,21)
T
T, , Kgk_ %
7 = —2 (B oy - (4.5.22 )
2 T 1 :

Sc that the equaticn (4.,5.20) can be reuritten as-

)
I (s) 23un S +un - (4.5.23)
e 5[+23un5+uﬁ

Which is equal tc equaticn (4.5,18) if Un/KﬁKOdﬂ, 23

By setting 3 equal tczerc (nc damping ),a"dtaking the inverse
Laplace transfcrm cf equation (4.5.13), (4.5.18) & (4.5.23 ),

we find that-

2, 2 1
. B+un 2 .
T8 = T®) = )" Sinluntrd)-— (4.5.24)
Wn
Where, B = Ky,
| _, B
B8 = tan (“”G;')
and- Tg(t)= unsin(un t) -- (4.5.25)

Fer all three lceop filters, the PLL system degenerates inte

a sinuscidal cscillater having a natural froquency of Whe



-u.19. ) -
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4.5€ Derivation of Loop Band Width:

Assuming the type B loop filter, the substitution of

s = ju into equation (4.5.18) Yields-

ug + J28unu

— 4,5
(uﬂ -w2)+ j23upu
To determine the 3 db band width (u = wagp), we set-
A2 _
XTB(JU)V - % . haliad (4.5‘27)
s thag,ua—uz (202 (282 1] - u* =0 - (4.5.28)
Since w = wagyp theegquation (4.5,28 Y can be factored,
givings-
u3dB  _ 324 14 §(2§2+1)2 il -- (4.5.29)

s e, {

Un‘

4,5F~ Graphical Determination of Damping Factor-

The function with time of the damped sinuscidal wave

farm shown in Fig.(¢.5. @) can be expressed as -

1

y( t) (XE‘)BtSUnt sin(uggt) - (4.5.30)
' W

Where,

y intercepts at t =0

~<
o
]

undamped natural frequency,

5
i
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#

Wy damped natural fregquency

€quation (4,5.30) can be uyritten in terms of the damped natu-
J _ p

ral frequency, so that-

Yo \ao [3/( 1-32 5] inCuat -

y( ) - (L2 ye-[3/(1-37] ugt sin(ugt) (4.5.31)
wd - - |

At time t = tg, gt = (fi/2 ) radians (90%, so that

(e Efa/u_a?-)%"f (7/2) sin({T/2) - (4.5.32)

Ya
Likeuwise at time t = tB R udt = 55 /2 radians (4500), S0
that

g < (%)e —['3/(1-32}53‘ (sa/2) sin(571/2)-- (4.5.33)

dividing the equation (4.5.32 By the equation (4.5.33)

Yo , -
A=y (-3t ] e
yB L.
Since sin ( #7/2) = &in (5 77/2). Taking the natural logarithm

of equation (4.5.34), we obtain-

3
In (vy/vg) = (210) | (T-?)'*“}

solving for 3, we find- Central Library University of Doorhee
\ | ROORKEE

Y

3 .= W (4.5.36)
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where, Y o= (4% )1”(YA/YB )

‘Therefore, the damping factor can be determined solelv by
knowine the peak amplitude of two consecutive positive peaking

~ uhich are exactly ons cycle apart.

Q.B:Gm Average Value of A Pulse Train-

The average {dc) value of any periodic waveform is givent

_ v |
by average value * ﬁf;}F(t)dt . - (4.5.37)

For the periodic pulse train shoun in Fig.(4.5.f), we have

average value - = ot »t2
\ Vat +’§ adt | -~ (4.5.38)
;

= (= - (4.5.39)

However, the ratio.tq/T is th= duty cycle (.0 ) of the pulse

train, so that the equation (4.5.39) can be restated as-
Average value = VD » - (4.5.40)

So that the average value of a periodic pulse train is

directly proporticral to the waveform's duty cycle.

TRERR T
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(DESIGN, FABRICATION & TESTING)

As mentioned in Chapter-2, the freouency can generally,be
measured diopitally in two ways (1) Frequency comparisdon: 8ch-

eme (2) Period measurement Scheme.

Period measurements are preferred and used if frequency to
be measured is lou (a.q." ‘below audio frequency )but the
period measurements become quite imaccurate when frequency to
be measured is below 15 to 10 H, .[ . To eliminate this diffi-
culty, one might think of the scheme of period measurement with

more gate opening puriod and then divide the results. accordingly.

[ ,J. No doubt, accuracy of the measurement is improved but
at the cost of time i.e.measurements become guite slow, Thess
are some othor schemes also but having asscciatod problems in

ohe way or other,

Secondly, one may think of the scheme yhere loy freguency
can be measured by the general freguency comparision technigue,

however, with little modification.

mgg;f;pggggg: The low frequency to be measured can be multiplied
by some suitable factor such that.it may come in the range where
frequency comparision tcchnique can be suitablly employed, The
scheme is absolute and only limitations of multipliers will be

the limitaticn of whole scheme, A number of freguency multiply-

ing circuits are discussed in Chapter-3{  Jto ( | .The one
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majecr technique OF‘Frequency multiplicétinn is the use cf phase
leek lecp (PLL>eE?M BJJ.?1J (w] (oY)

fhe technigue is quite accurate as in PLL input and cutput are
centinucusly compared anc then cutput is ccrrected after each
cemparisicn (Ey fesdback prccess ; till beth the input and cot-
put dces nct become equal, At this pcinht, the lccp'is synchrcniéed,
«r phase lcckeu, wuring phase lock, the VCL freuwuency is igenti- .
cal t. th. incut of the lrep, except for a finite phase diff-
erence, which is requfred to generate the necessary errcr vel-
tage that shifts the VCO frequency, keeping the lccp in phase
lcck., Therefrre, FLL frequency multiplying is the mcst suitable

scheme as far as lcw frequency measurements are cecncerned,

A frequency multiplier cof this type has been designed,
fabricated and tested, the cutput «f which can be used as un-
knrwn signal in the crnventicrnal digital frequency measure-

ment stweme, The rangs of the input tested is 1--6HZ

The Fig.i5;1—a) illustrates a blnckvdiagram of digi£al
frequency measurement scheme using multiplisr., Here if the
multiplier circuit is memcved, the circuit left is general
frequency crmparisicn technique, The heart cf the Frequeﬁcy
ccunter is the frequency reference, which is frequently called
a Time-~Base, This is a very stable, fixed frequency clerck sig-
nal that ccntrcls the internal qperaticn cf the ccunter circui-
tary, This stable signal is then sepérafed inﬁc-three cther
signals that till the circuitary tcs-

1, First reset all decade ccunters tc zerr,

2) Then crunt the number cf pulses of unkncuwn frequency fcr
a fixed amcunt cf time,
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3} then latch (store ) thise count to-update the digital dis-
play. Wfter the circuit complete these three sequences,

this cycle begins all over aocain.

Here we are mefely counting the number of input pulses (of
course multiplied ) for a given amount of time. Since this
time window is typically 1 sec.long, 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 H,.

fS.Z? Freguency Reference; -

in IR il IR A R T L A R

The basic 9.1 Unit of time '"ATOMIC TIME' is defined by
the frequency of oscillaticn generated in the Cg atem, Though
Cg beam resonator is available commercially having an uncer-

-11

tainty of 10" Cto 10”11, For precision measurements in Labs,

fjuartz frequency standard provides reference frequency.

As a result of the piezoelectric effect existing in cer=
tain crystals particularly in guartz, an alternating polari-
ty voltage impressed across tho crystal produces mechanical
dimensional changes, Thus,the ferce existing from such motion
produces electrical change, With appropriate fsedback an osci-
llator can be made the frequency of which is equal tc the mech-
canical resonance frequency of the guartz crystal. Normally,
crystal is operated betuecen its series resonant and antireso-
nant frequency. It allows the generaticn of a more stable end
accurate train of clock pulses, Since the output freguency is

set by theAcrystal, changes in frequency due to timing compo-
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nents, supply voltage and temperature uariations are minimized,
In general, crystal controlled astable multivibraters are used
for crystal frequencges in the range ¢f 1 te 10 f"’in° A quartz
crystal oscillator placed in a thermestatted enclosure can

yield a short term stability of about 107 '10:

The crystal controllced TTL astable multivibrater cam be
built’using three inugfters of IC 7404(Hex inverter) cor three
gates of IC 7400(Quad Nand gate ), The variable capacitor is
usea tc trim er adjust th; cutput freguency so that it is equal
te the crystal freouency, Such an adjustment can be used tc
'uary the freauency of oscillatirn by ssveral percent of cry=-

stal frequency,

Two gates are used with crystal and third is used as buffer
te isolate the oscillatecr from the pessible lcading effect of

additicnal circuitary connected with its cutput.

A crystal oscillater is designed., The twe gates of IC7400

are USed as twe inverters. Tuc resistances R1and R2

value are connected across the gate 1 and gate 2 respectively,

cf equal

A small capaciter is ccnnected betueen tuwc gates called as"By
pass capaciter®,The crystal and a smald trimmer are ccnnected
in the seriess and then ccnnected acress these gates annd G,
as shcun in the Fig.(5.2-2). The third gate G, is connected

tc cutput of crystal cscillater te avoid pfséibility ¢f lcad-
ing due to cther parts cf the circuitary, The Fig.(5.2-b) shcuys

the waveshape cbtained as cutput of crystal,
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5.3 - Divice by 10 Unites

As Crystal Osciilator cricuit has been fabricated using
TTL IC SN7400. TTL divide by 107T.C.(SN7480) can be used as
divide byl10, Since the Oscillator frequency is WMH,, 5 or
6 3N7490 I,Couiil be required tc get 10H, or 1 H; signal res-
pectively, 10H, reference signél can be used to éive COUNT,
RESET and LATCH signal by using circuit. . shaun in Fio. (5. 4~a)
A PCB of this uith six cascaded SN7490 has been fabricated, and

tested,

5.4 GOUNT RESET AND LATCH TIMING:

The circuit showd in Fig.(5.4-a) is used for proper seg-
uence of COUNT, RESET and LATCH timing signals from the 10H;
reference. The IC SN 7493 divides the 10H» reference by-iz
to control COUNT gate, the RESET gate and the LATCH gate.lt
can be seen from the:timing diagram Figu(5;4—b} that the RQSET
gate output first is at logic 1 for 0.5%cthen the COUNT gate
is enabled for 1 SQC,,allouing the unknown input freguency ©

pass through.

Finally the LATCh gate is disabled to freeze the display
until the next cycle is completed, A PCB of this circuit has
be:n fabricated and tested, All the three sionals COUNT,LATCH

and RESET are present,
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5.5 COUNT LATCH AND DISPLAY HECADES:

S - — - OV = o

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 HZ.

. The arrangement is a straight forward approach IC 7490
is a decade counter with four outputs., These four outputs are
connected with 4D-Flip Floflatch )} and cutput of those Flip-
Flops is connected to 4-7 seguent decoder. Those 7 output cof
decoder are cgnnectéd 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 I8N7475

~and five SN7448 énd 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 TKHz-

6 KH, frequency output in six ranges i.,e, 1KH

z 2KHZ,3KH

29 Z,
4 KHZ, SKHZ,6KHZ,.This output is connected to a series of
IC7490% casceded as divide by the each. So that final output

of this circuit is ’!-6HZ in step of 1HZ.

The value of resistance can bg calculated from the follow-

ing formulas L L
Kﬁ\*" (Z\) C

R PCB is fabricated and tested to have this range of

input,
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5.7~ Freguency Multiplier:

Here is a popular digital PLL 16 pin IC CD404€ is used,
Fig(5.7-a). It consists of a low pouwer, linear vecltage con-
trolled oscillator (VCO), and two different phase comparators
having é common signal input amplifier and a common compara-
tor input., A 5.2 V-2 38NET dipde ié provided fer wupply regu=-
lation if necessary, The CD 4046 is supplied in & 16 lead dual
in time ceremic package, plastic package flst-package or in

chip form alsp,

VCQ Sectiens

The VCO regquires cne extarnal capaciter C1(betueen'pins-
6 and 7) and tuo external resistors Rqand R2 at pin 11 and 12

respectively). The R, determines the amount of offset required

2
fer VCO. It frequency is te be varied frem © zerc to maximum
range i.e.nc cffset is required, The pin 12 can be left open

.,,R = <7,
l.8 2

1200y oF the UCO simplifies

The high input impedance (10
“the deéign cf lcw pass filtéfs as cegsigner is having a.wide
chcice of resister to capécitor ratics. In crder nct te icad
the low pass filter, a scurce fcllowsr cutput of the VCO input
vcltage is provided at pin 10( DEMODULATED €JTPUT ). If this
pin is used, a lcad resister (Rg ) of 10Kl or mere sheuld be
conﬁected Frem this peint te Vgg (4°ND). If unused this fermi-
‘nal shculd be left cpen. The UCO can be ccnnected either dire-

ctly or thrcugh frequency dividers to the comparater input cof

the phase comparaters, A full COS/MOS legic swing is available
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at the cutput of the UCO and allcws direct coupling to COS/

MOS freguency dividers such as the RCA-CD 4024, CD4018, CD-

4020, CD4022, CD4029, and CD 4059, One Er mcre CD4018
(Presettable divide by N Counter )} cor CD4029 (Presettable'
UP/Dcwn counter), or CD4059A prcgramﬁable divide by 'N!counter),
tcgether with the CD4046 PLL‘IC can be used tec build a micropcuer
‘pocwer low freguency synthesizer, A lcgic 0 cn the INHIBITs

input ?enables® the VCO and the srurce frllcoyer, while, a

logic 1"terms O0ff" becth tc mini&ize standby pcwer consumpd

ticn.

Phase Ccmparatecrs:

The phase ccmparater signsl input (terminal 14) can be
directly ccupleo provided the signal swing is within COS/MOS
logic levels | legic "0"430% (VDD Vgs JLogic ®17 270% (VDO-V gs)

i i

Fcr smaller swings the signal must be capacitively ccupled te the.

te the self biasing amplifier at the signal input..

The phase ccmparator 1 is an exclusive OR network; it
opefates analegrusly te an cverdriven balanced mixer., To
maximize the lcck range, the signal and comparater input fre-
guencies must have 50% duty cyele, With nc signal or’néise cn
the signal input, this phase cemparatcr has an average cutput
- vrltage equal tc VDD/Z’ The loy pass filter connected to the
cutput of phase ccmparatcr I supplies the averaged voltége te
the VCO input, and causes the VCO tc nscillate 2t the centre

frequency (fC ).

The frequency range of input signals cn which the PLL

will lcck, if it was initially cut cf lcck, is defined as the
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Y
frequency capture range {2fc). %he frequency range rf ingut
signals rn which the lcop will stay.lccked, if it was inie
tially in lcck, is defined as the frequency lrck range(2fj).

The capture range & the lecck range.

With phase comparator 1 the range of freguencies over
which the PLL can acquire lock (capture range Jis dependent
on the low pass filter characteristics, and can be made as
large as the lock range. Phase comparatecr 1 enables a PLL
system to remain in'lock inspite of high amount of noise in
the input signal, br» one chacracteristic of this type of phase
comparator is that it mayilock onto input frequencies that are
c}ose-to VCD centre frequency. A second charabterLsfio is that the
the phase angle betueeh the signal and the comparator input
varied betueen Dnand 1800and QOOat the Centre frequency,. 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 fg is |

shown in Fig,(5,7.C ).

Phase comparator-II is an edge controlled digital memow
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 nede., When the
p-Mos .or n-mos drivers are ON they pull the output upto UDD'
or douwn to VSS’ 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 comparators-

1) If the signal input freGuency is higher than the compara-
tor 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 af the time.

2) If the signal input frequency is lower ‘than the comparatagr
input fregquency, the n type output driver is maintained ON
most of the time, and both the n and p drivers 0FF( 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 ogutput driver is maintained ON for a

time corresponding to the phase difference,

4y If the signal and coméarator input 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. Subseguently, the
Capacitor veltage of the low pass filter connected to
this phase comparator is adjusted until the signal :and
comparator inputs‘are eqﬁal 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 apen circuit and holds the VOltage on the

C-racitor of the louw pass filter constant,
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floreover, the signal at the phase pulses " output is a
high level which can be usea for indicating a lockéd condi-
tion, Thus; for phase comparator-II, no phase differenceexis-
ts between signal &nd comparator input over the full VOO fre-
quency range, Moréover; the power dissipation due to the low
pass filter is reduced uwhen this type of phase comparator is
used because both the p and n type oufiput drivers are off for
most of the signal in-pdt 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 loy.pass filter, With
no signal present at the signal input, the UCO is adust is
adjusted to its lowest fregquency for phase Gomparator-II,
The.Fig;(5.7-e) shows typical waveforms for phase comparator-II

in a locked conditien.

DESIGN-

——— - T - ————

Let VCO is oscillating at fg frequency, If this frequen-
cy divided by N such that fg/N and.fin (unknouwn signal ) be
compared, Here N = 1000 is taken, also fyn is 1-6H, there--
fore, UCO must be able to oscillate at 1-6 KH2 frequency,not
only this it must be able tc lock the frequency, cof ;nput sigé
nal, Therefore I1.C.CD4046 is used as PLL with the follouwing

cempeonents values -

Fmin = Zero
Fnax = 8 KH
fo ) ,fmgx = 4 KR,
2
So keeping C1 = .01 uF and R = 10K
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FILTER DESIGN -

e o e ar T ar

1

The output of the comparator is filtered by low pass
filter such that it should be lessthan cut off freguency of
the filter, If the difference of input frequencies to the
Compaiator is t0b 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 =~

7= (R1+ RZ) = 7; = (100K+27K) X1uF
= 127 ms
, 1000 7 84 d/
= — = 7, rad/sec,
Yy 127
= 27K % 1 uF = 27 ms
1000
up = T oo = 37 rad/sec.

A PCB of this circuit was fabricated and tested, The IC's
used for frequency division is CD4018(which is pressettable,
divide by 10 counter), This ICccan be used yith any division

factor upto ten,

5.8 POWER SUPPLY UNIT -

A stablized power supply regulated with IC 723 has been
fabricated for approximate lpad current ef 2,0 Amp,Fig.(5.8-a)

shows the circuit used,
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THEORETI CAL PRACTICAL
6 ' 6,086
5 5.084
4 4,065
3 3.065
2 2-112
1 : 113y,

The inaccutacies obtained are due tc the tolerance of

the components,

TURRERT



CONCLUSIONS ANG_SCOPE OF FURTHER WORK

R frequency meter has been developed'to measure freguency
in the range of 1-6 HZ' Here sguare wave input is used but that
does not restrict use of other waveforms, Any waveform can be

used in such type of circuit,
The following are the salient Ffeatures of the meters

1= The crystal uscd for crystal Oscillator has given very
stable output.

2~ The accuracy gf the circuit is upto the third place of

decimal.

3~ The circuit is not expensive as it reGuires only one
PLL I.c, few divide by ten I.C.(Hire~-3) as extra in

conventicnal frequency comparision scheme,

4 The multiplying circuit is quite simple and requires

few resistances and capacitances only,

6. The power supply used does not contain any ripple.

The following changeos can be made in order to modify the
circuits-

1-  The counting and display circuit could be well replaced
by ZN1040E or TIL 306 I.Cs.

2- The crystal O0scillator and divider circuits can be
well merged intc one IC chip circuit only if CMOS IC
(CD 4020, CD4C40 or CD 4060) is used instead of TTL IC,



3

- (R;1) V-

R_E F E RE N C E S

- —ns - - - - W e - L an e e W o e -

M.,Rehman and M,T.Abmed, #® An Active Frequency Moter®,lEEE
Trans.Cn I & M, Vol,IM-30, No.2,Jun.B1,pp-160-62.

A.K.Sauhney, "8 Course in Electrical and Electrcnics Ins-
trumentation, Dhanpat Rai and Scns, New Delhi, 1983,pp-
933-35.

M,L.Fitchenbaum, "Counter Inverts Period to {Measure Lcw

Frequency,® Electrcnics_ pp 85-86,

M.P.Mathur,#A,Digital Frequency Meter for Measuring Lcu
Frequencies, IEEE Trans.On I & M, Vol.IM-27, No.3,Sept.78,
pp-295-96,

T.U.R, Murthy and MM,K,Kumar,®A Measurement Technique For
Lew fFreguencies®, J.Phy.E.:ScigzInstrum,,Vecl.~12,1979,pp-

E.P.McCarthy, ™A Digital Instentanecus Frequency Meter®
IEEE Trans.On I & M,Vol.,;IM=-28,No,3,5ept.1979,pp-224~26,

Maha A.S, Jaafar, Alwash, Omran, Ibrahim, Abdul Karim,®
A Dual Slepe Based Digital Freguency Meter®, Int,J.Ele-
ctrenics, Vel,57, No.4,pp-557-61.

O.Rice "Lcw frequency Meter with Linear Read Out,"Elect-
rcnic Engg.Vel. 53 No., 6SY  July'81 pp-22-23.

B.V,Rac, and K,A.Krishnamurthy, *A Methcd For Freguency

- Multiplicaticn cf Square Waves,".Int,Jd,Electronics,Vel.

10~

1=

4D’N006,1976 pp""587"920

.
R.J.Patel, ™Frequency Multiplier Uses Combinaticnal Lecgic®
Electronics~ Vcl, St No. & Mar 16,1978, pp-119-21.

A Ammer, Yusuf, Patel," Frequency Multiplier Using Field
Effect Transisters,Prce,IEE,Vcl, 125,Nc. 4, Apr't 1978,



12-

13-

14-

15~

16~

17—

18-

19-

20~-

21~

e (R—Z) P

Boutin, Mcrissette and Dalle, Int.J.Electrcnics, Vcl.46,
Nc.43, pp-261-63. '

Becutin, Morissette & Dalle, ® A New Lcck at Breoad Band
Square Wave Frequency Multipliers,® Int.J,Electrcnics, 1.
Vol,47,Nc.5, pp-455-58,

Hac Yang Lc and Jau Huei Lu," A Simple Design Fcr a Digi-
tal Prcgrammable Frequency Multiplier® Int.J.Electrenics,
Vcl.46, Nc.S,1979,pp 535-42.

Umesh Kumar & S.P.Puri, " A Simple Digital ZnFrequency

‘Multiplier® Int,J.Electrenics Vel, 48,Nc. 1, 1980,pp-43-45,

K.Nagranj & K.Ram Kumar,®A Frequency Ccubler fcr Rectan-
gular Inputs® Int.J.Electronics,Vel.56, Nc.3,1984, pp-
a33-360

K.WY.Current,"A Simple Freguency Ocunling Schmitt Trigger
Circuit™, Int.J.Electrenics,Vel, 48, Nc.2, 1980,pp 193-895,

Umesh Kumar & S,P,Puri,®A Simple Ccnstant Duty Cycle Digi-
tal Frequency Dcubler #,Int.J,Electrcnics Vrl,48, No.4,
1980 pp-369-70.

S.H.AL~-CHRCHAFCHI™ A Synchrcnized Frequency Fultiplier
Fcr Square Waves®?, Int,J,Electrcnics,Vel.50,No.4, pp=243-
50. '

Fred Brcun, "Phase Shifter Simplify Frequency Multiplier
Oesign, Electrcnics, Vecl, 5§ Neo o 13 Jan' 1982,pp
62-63,

5.K.Seth, S.K.Rcy, R.Duttagupta & D.K,Basu,®Jcining a PLL
& ¥CO Fcrms Fractirnal Fregquency Multiplier,?Electrcnics
Vel, 55 Ne. o May 19,1982, pp-163. |



22

23~

24~

25~
26~

27~

28~

25~
30-
3=

32~

33~

-«. (R=3) .-

0.Bilgic A Synchrcncus Frequency flultiplier Using Phase,
Lcock tccp,® Int.J.Electrcnics,Vcl,52, Nc.6, 1982, pp 569-
73.

M.M.Byars, ®A High Rescluticn Frequency Meter for SO0H
Electrcnic Engg.Vrl, 53 Ne, 65Y

Gary MacClellany Frequency Multiplier Fcr ycour Ccunter
Radic Electrcnics, Vecl, €32 Neo o T
Ncv.! 1982, pp-43-46.

M.E.Satincsky," Lew Freguency Measuring Circuit Using
PLL®, EDN,Vcl.28, Nc.17, 18 Aug.83,pp211.

ven,C.lin ? Hend flosk ef Oigital System Uesign for Scientists

and Engineaers, CRC Press, Boca Raton Florida,

hAlon &, Grebeneg,® &naleg Integrated Circuit Design,"
fiicro electronics Series, Van Nostrand Reinhold Cem-
pany thapter 9, pp-298-323, ‘

F.M,Cardener, Phass Lock Techniques,®iWiloy New York
1966, |

8.C,Gupta, Phase Lecked Leoaps, Froc. lEEE,Fek, 1978,
Naticnal Semi Conductor Data Book pp-5. 129«5, 135,

HefM Berlin, The 555 Timer npplications Source Beok
vith Expsriments, Howard y, Same and Co, Inc, Indigna-
polis, 1976,

John D,Lenk Hand Beok of Integrated Circuits for Engine

eers and Tochnicians pp-305-16, Peston P“%P5L4?a Loy
QM¢W>/vmﬁuM% LA preniiat Math Prdol ction ) ,

A.F,Rudkin, * flectronic Test Equipment, Uperation and
Applications 1981, pp 157,



34~

35=

6=

37~

38~

39~

-. (R- & .-

L
W.F.Egan 'Frequency Synthesis by Phase Lock.
ales Gwiflim R Ce L4 un Dhury Lot Lemden W LR TEX

Y]
V.F. Kreapa, Frequency Synthesis Theory, Design and
Application’ 1973, Johw Wity & Sows,lnc, Camadar

W.C. Lindsey and I ,K,Simen, " Phase Locked loop and

their Application 1977, |g€E Pred Pubbicion ,Tit
ook oF Stedned & SedBoro ﬁ~?®¢%,iuc. Mo Yot

Marvin, E,Frerking, Crystal Oscillater Design and temper-

ature Compensation Van Nestrand, Reinhold Cempany Chapter-7

pp-100-118,

H.M,.Berlin, "DigitelElectronics Fundamentals, Applications,
and Experiments 1985, Honiowd . W. Sasms R Co e, tndiana-
polush

W.H, Baum Gartner, "Pulse Fundamentals in Small Scale Digi-
tal Circuits,IUSstern Publishing Heuse Company, Inc.A Pren-
tice Hall Company Restom Virginia 1984,



	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	Chapter 5
	Chapter 6
	Chapter 7
	References

