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INTRODUCTION

The device presented herein is an oscillator which outputs a square
wave proportional in frequency to the input to the oscillator. That
is, if the input is F1 and the output is FO, the relationship between
the two is given by:

FO = F1 * K Where 0,95 < K < 1.05

The oscillator is meant to be used with an optical pickup and a
stroboscope to view high speed rotors. (See Fig. 1)

If K is set to 1, the rotor appears to be stationary. If K is less
than 1, the rotor will appear to slowly rotate in the actual
direction of rotation. If K is greater than 1, it will appear to be
the opposite.

THE CIRCUIT

As shown in the block diagram (Fig. 2), the circuit has 3 major
blocks: the input buffer; the frequency synthesis section; and an
output buffer.

The input buffer is meant to protect the frequency synthesis section
and to provide gain when necessary (minimum gain is unity). The
input buffer has two parts, a relay and an amplifier. The purpose of
the relay is to prevent any signals from reaching the amplifier when
the power is off, and thereby prevent damage. This is necessary as
an ~perational amplifier was chosen for its high input impedance.

The amplifier itself is a differential input, single-ended output
operational amplifier (one of four on one chip), in a non-inverting
configuration. This gives gain from unity upwards, and an extremely
high input impedance, greater than 1 megaohm.

The frequency synthesis section has three parts: a frequency to
voltage converter, a precision gain amplifier and a voltage
controlled oscillator. The operation of this block is as follows:
the frequency to voltage converter outputs a voltage from 0 to 12
volts in proportion to an input frequency from 0 to 595 hertz; the
precision gain amplifier then amplifies this voltage with a gain
between 0.95 and 1.05; the voltage controlled oscillator (VCO) takes
this voltage from 0 to 12 volts and outputs a frequency in proportion
from O to 595 hertz. Thus this block will track a given input and
output a frequency whose proportionality is given by the gain of the
amplifier. The frequency to voltage converter is implemented using a
Motorola 4046B phase-locked Toop. This chip has two phase
comparators and a voltage controlled oscillator. Phase comparator 1
is simply an EXOR gate. It is very immune to input noise but has the
disadvantages of locking on harmonics of the input, and giving an
output which has a phase angle with respect to the input. Phase
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comparator 2 is a more complex digital network which does not lock on
harmonics and gives outputs with no phase lag, but is sensitive to
noise. Since a clean input signal was expected, phase comparator 2
and the VCO in the chip were utilized to implement the frequency to
voltage converter. (See Fig. 3)

The phase comparator ouputs a voltage which is proportional to the
difference between input signal and input comparator. This signal is
fed into a VCO which outputs a frequency proportional to this signal.
The result is then fed back into the comparator and compared again
with the input signal to check for any difference. Thus, the
comparator adjusts the voltage into the VCO until there is no
difference between the VCO output and the signal. This voltage is
therefore proportional to the input frequency and is the output of
the frequency to voltage converter. At this point another signal,
which drives a meter to indicate whether the oscillator is tracking
or not, is developed. The chip has an output called Phase Pulse
Output. Its output is a square wave whose duty cycle is proportional
to the phase difference between the two inputs to phase comparator 2.
When the difference is 0 degrees, the duty cycle is 100% (always
high). As the phase difference decreases, the duty cycle decreases.
The output from this pin is fed to a 741 op-amp in voltage-follower
configuration. This is then fed to a meter. When the Phase Pulse
Output is high, the meter reads full scale. As the duty cycle
decreases, the meter reading decreases, indicating a loss of lock.

The precision gain amplifier is actually two. inverting amplifiers
hooked in series. One is used to do the precision amplification, and
the other is used to ensure that when the gain of the precision
ampiifier is set to 1, the input and output frequencies match. This
is necessary because the VCO does not necessarily have the same
proportionality between voltage and frequency that the frequency to
voltage converter has. The precision amplifier is set up as shown in
Fig. 4. Specific values assigned to the components shown in Fig. 4
are as below.

R1 is adjusted to 10.0 kilohms.

R2 is adjusted to 9.50 kilohms.

R3 is varied from 0 to 1.00 kilohms.

Gain = K = (R2 + R3)/R1

Therefore the gain varies from 0.95 to 1.05.

The voltage controlled oscillator block is simply the VCO section of
another 4046.

The output buffer is similar to the input buffer, and consists of a
non-inverting amplifier and a relay. The amplifier is used to
provide gain when necessary, and to avoid loading the output of the
frequency synthesis section. The relay is to protect the amplifier
outputs when power is disconnected.
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CONCLUSION

A tracking oscillator with adjustable offset has been designed for
motion analysis.

The circuit exhibits some instability due to the abnormally low

frequencies at which the 4046 chips are used (they are meant to

operate at about 1 megahertz), and can go out of lock and not be
brought back. In that case the power should be turned off then

turned back on.
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R2
FIG. 4




APPENDIX: CIRCUIT DIAGRAM
AND MISCELLANEOUS INFORMATION
OF PARTS USED
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MICROPOWER PHASE-LOCKED LOOP

!

T

DESCRIPTION — Tha A04GB is 8 Micropower Phase-Locked Loop consisting of 8 low power linear
Voliage-Controlied Oscillator, a Source Followur Circuit, two different Phase Comparators, and a
Zener diode. The Voitage-Controlled Oscillator has two External Capacitor connections (Coy g, Caxin),
two External Flesistor connections (Ryxya, Raxrty). 8 Voltage-Controlled Oscillator Input (lycg) and
s Voltage-Controlled Oscillator Catput (Qyegl. The Source Follower Circuit provides a Demodulated
Output (Op) from the Voltoye-Controlled Oscillator. An active LOW Enably Input [E) common 10
poth the Volage-Controlled Oscillator and the Source Followsr Circuit «8 also provided. Phase
Comparator | and Phase Comparator Il have common Signal (Ig) and Comparator (I¢) Inputs and
separate outputs; Phase Comparator | Qutput [Opgy), Phase Comparator il Output (Opgyy), and Phase
Pulse Output (Opji). An input to the Zener diade {1z) 15 also provided.

The Voltage-Controlled Oscillator requires one external capacitor {Cq) and v1e external resistor (A4)
{o deterrmine operational fiequency range, A second external resistor IH-_.! may be used to allow
frequency offset. External resistor Ry and external capacitor Cp combined eive as a low pass filter
to the Voliage-Controlled Osaillatar Input (lycol. Qutput Ug s provided 1o avoid lnading the low
pass filter. External resistar Rg is required if this output is utilized. 00 must be left spen when not
utilized. The output from the Vohage Controlled Oscillator fOVCO’ may se connected threctly or
indirectly through CMOS frequency dividers (1.e.. the 40188, 40208, 40228, 40248, 40248, 40408,
45188, 45208, 401608, 401618, 401628, 401638, 401928 or 401938 to the Corparator Input
“C’ With the Enable Input (E) HIGH both the Voliage-Controlled Oscillator and the Source Follower
Circuit are OFF to minimize power consumption. With E LOW, both are enabled.

For direct-couphng betwesn Qyep ond I, the valtam swing at the Voltags Controllied Oscillator
Output (Oycol must be within standard CMOS logic levels (Vg 2 0.7 x Vpp wnd Vi ~ 0.3
uVDDJ;Olherwum tha signal Irom Oy co must be capscitively coupled to the Signal Input (Igl.

Phase Comparator | is an Exclusive OR circuit lIg ' Ig). I¢ and 15 must have 50% duty cycles to
meoximize lock range. When the Quiput of Phase Comparator | (Opgy) 18 connected back to the
Voltage-Controlled Oscillator through the low pass hilter networ k, an averaysd voltage 1o lycg forces
oscillation at a center frequency,

Phase Comparator 1l 15 an edqe-trigoered digital memory netwark with tour Hip-fiop stages, associated
control circuitry and a J-state output. Phase Comparator Il triggers on LCWto-HIGH transitions at
the Signai {!g) and Comparator (1) Inputs and s independent of duty cycle at these mputs, The
%_Tul of Phase Compatamr 1 Qo) provides voltage levels and duty cycles correspanding Ji
vency and phiss Jifferentials m:wu?n—'r- and |g. WWDPC” s connucted to the Voltage-
Tontrolled 05\. nnpurrlvcol |hfuugh the Tow v Pas€lilter network, a corresponding voltage across
capacitor Cp is adjusted until the Signal (ig) and Conwparator (Ig) Inputs are eyual in both trequency
snd phase, ~¢ this point Phase Comparator I maintains a constant voltage across Capacitor Cy. When
this stability has been established, the Phase Puise Output (Oppyl 18 HIGH incicating & locked
condition, Fower dissipation in the low poss filter is reduced when Phase Comparator |l s used.

A 1ener diode is provided for regulating the powaer supply voltage, it necessary.

¢ VLRY LOWPOWER CONSUMTPION
*  HIGH VCO LINEARITY, 1% TYPICAL
® CHOICE OF 2.PHASE COMPARATORS
® ENABLE INPUT (ACTIVE LOW) FOR LOW POWER DISSIPATION IN STANDBY MODE
® ONCHIP ZENER DIODE FOR SUPPLY REGULATION
® VCO FREQUENCY DRIFT WITH TEMPERATURE = 0.04% / °C TYPICAL AT Vpp=10V
PIN NAMES
Iz Zener Diode Input
Is Signal Input
I Comparator Input
lvco Voltage-Contrutied Osciliator Input
Enable Input [Active LOW)
Cyxta: Cextb External Capacitor Connections
Rexta Mexth External Resistor Connecuions
Opci Phase Comparator | Qutput
Opciy Phase Comparator 11 Qutput
Opyy Phase Pulsa Output
Op Demadulator Output
Ovco Voltag:-Controlled Oscillator Quiput

7-03

LOGIC SYMBOL
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Vopp = Pin 16
Vgg =Pin8

CONNECTION DIAGRAM
DIP (TOP VIEW)

NOTE:

The Flatpak version has the same
pinguts (Connection Disgram) as the
Dusl in line Package.
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BLOCK DIAGRAM
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FAIRCHILD CMOS « 40468

FUNCTIONAL DESCRIPTION - The 4046B, Micropower Phase-Locked Loop consists of n low power linear Voltage-Controlled Oscillator
(VCO), a Source Fallower circuit [SF), two Phase Comparators (PC) and PCII) and a Zenur chode.

VOLTAGE.CONTROLLED OSCILLATOR

The VCO requires ons external capacitor (Cy) and one extarnal resistor (R 1) to determine nperational frequency range. External resistor R s
used to allow for Irequency offset, il required, It is recommended that Ry snd A have u valum between 10 k12 and 1 MiL. At Vop~5Vv.Cy
should be greater than or equal to 100 pF, and st Vpp = 10 V, Cy should be greater.than or equal to 50 pF.

Exterhal resistor Ry and external capacitor C2 combined serve as a low-pass filter 10 the Voltage-Controiled Oscillator Input (lycg). The user
in allowed & wide range ol resistor-to-capacitor ratios lor Ry and C3 becsute of the high imput impedance at lycg lapproximately 1012 §1).

To avoid loading of the low-pass filter, the Demodulator Qutput (Op) should be connected through external resistor A4 as shown in the Block
Diagram, It is recommended that Rq have ¢ value between 10 kit and 1 MiL, If the Op output is not utilized it must be left open.

The Voltage-Controlled Qsciliator Output (Oyc) provides a 0.3 Vpp to 0.7 Vpp output voltage swing and may be cannected to the
Comparsior Input {ig). Oy may, also be connected indirectly to I wia CMOS frequency divicers (1.e., the 40188, 4022B, 40298, 40408,
45188, 45208, 401608, 401618, 401628, 401638, 401928, and 40193B.)

An Enabie Inpul IEI to the VCO and SF is provided lor minimum stand-by power dissipation. With the E Input HIGH both the VCO and the
SF sra OFF. With E LOW, both ore senabled.

PHASE COMPARATORS
For direct-coupling between Oycg and Ig, the voltage swing at Oycg must be within standard CMOS logic levels (Vgy » 0.7 Vpp and
VoL < 0.3 Vpp): atherwise the signal from Oy cg must be capacitively coupled Lo the sell-biasing amplifier st the Ig Input,

Phase Comparator | is an Exclusive OR circuit (Ig? Ig). For maximum lock range, inputs to I and Ig must have 50% duty cycles. (Lock range,
21, is defined as that frequency range of input signals upon which the 404GB will stay locked from un initial locked condition). With no signal
or noise input, Phase Comparator | provides an average output vultage syual to Vgp/2 at the Opc) Output. This average output voltage is
1upplied to the lyco nput through the low-pass filter, which in turn furces the VCO to oscillate a1 « center frequency (Ig).

Capture range 21¢, is defined as that frequency range of input signals upon which the 404GB will lock from en initinl unlocked conditinn.
Capture range for PCI is directly dependent upon the characteristics of the low-pass filter network and may be as great as the lock range. Thus,
PCI siiows the user & phase-locked loop system which will rermain in a locked condition despite high amounts of noise in the input signal,

It should be noted that with the use of PCl the system may lock onto input signals with fiequencies that are near harmonics 10 the center
fraquency of the VCO. It should further be noted that the phase angle between the I and I Inputs will vary between 0° and 180", At the
center frequency the phase angle is 907, Figure 2 illustrates 3 typical Phase Angle versus Average Output Voltage response charactenstic lor
PCI. Figure 3 illustrates the typical waveforms for a phase-locked loop system employing PCI and locked at a center frequency.

Phase Comparator 11 s edge-triggered digital memory network with four Hip flop stages, associated contro! circuitry and a 3-state owtput,
controlled internally, PCII triggers on LOW-10-HIGH transitions at the Signal {Ig) and Comparator {Ig) Inputs and is independent of duty cycle
1t thess inputs. Il the input frequency at Ig is higher than the input frequency at I, the p-channel output transistor at Opcii s turned “ON™
continuously, pulling the output ! 'pcyy) toward Vpp. It the input frequency at Ic 15 higher than the input hiequency at Ig, the n-channe!
output transistor et Opgy) s turned “ON™ continuously, pulhing the output toverd Vgs. I the mput tiequencies at Ig and I¢ are equal, but Ig
lags Ic in phase, the n-channel output transistor i3 turned “ON" lor a perioo ol nme correspunding 1o the phase diflerence. 11 tha input
frequencies st Ig and Ic are equal, but Ic lags Ig in phase, the p-channel utput transistor 15 turned “ON' lor a period of time corresponding to
the phase dilference. Thus, over a period of time the voltage st capacitor C; is ndjusted until the Ic and Ig inpul signals are ol the same
frequency and phase. Onca this stability is reached, both p- and n-channel output transistors at Opgy) are "OFF". Opc)y becomes an open
circuit holding the voltage scross C3 constant,

Once this stebility is attained, tha Phase Pulse Output (Opy) is HIGH indicating a locked condition,

With TCll no phase difference is présent between Ic and Ig over the entire VCO frequency range. Furthermore, since the J.state Phase
Compaorator || Output {Opgyy) 1 mostly in the “OFF" condition, power dissipation through the low-pass filter is minimized, It should also be
noted that 2ic = 2f| independent of the filter network in 8 phase-locked loop utilizing PCli. Figure 4 shows typical wavelorms for a
phase-locked loop system employing Phase Compaerator |} and locked at & center frequency.

-85
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FAIRCHILD CMOS - 40468

Fig. 2 CHARACTERISTICS OF PHASE

COMPARATOR | AT THE LOW PASS FILTER OUTPUT. Fig. 3 APLL SYSTEM USING PHASE COMPARATOR |.
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Fig.t DESIGN INFORMATION.

~ Using Phase Comparator 2

Charscteristic Using Phass lfémplrllor 1
No signal on Input Ig VCO in PLL system sdjusts to center frequency VCO in PLL system adjusts to minimum fre-
(1g). quancy (f_. ).
Phase sngle between Ig and I 90° at center frequency 115). approaching L Always 0° in lock (positive rising ldg_-{l-.-i#

and 180° at ends of lock renge @),

Locks on harmonics of center TToqu-ncy. No
Signsl input noise rejection. LOW T

Lock frequency range liIL]. The frequency range of the input signal BrT which the loop will ‘la_\f_‘;-:.k.ad.(m' was

L Initially in lock. ?'L = full VCO frequency range = l'm.‘ .

Capture frequency range (211 i The Irequency rangs of tha input signal on which the 100p will Iock if it was inftialy
t out of lock.
| Depends on low pass filver charsctenistcs | to=tL
(Frgure 5) g « 1
Center {requency (ig). - The frequency of Oy cgwhen lyeg =12 Vg
Oycq freaency (f). 1

—— e

| -165 Vv =-1.35
K vco + 20 l

R R
1 2 o q tres
1= ; MH7 { a 3
(Cy +32) (Vpp + 1.6) s 3
NOTE: The information presented <,
. ; where! > 0
here is meant only as a design guide. g
VppmV:5V<Vpp<i1sV -
lyco!n Vi1.65 VSiyegSivpy 1.35V) 2 e

Ry and Rg In Mi1; Ry, Ry 2 0.005 Mil
Cl in pF;C| >50|’JF
K*095®Vpp *5V veo
=095@Vpp - 10V
"I.OSPVDB‘ 15V
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See last page of data sheet for ordering information, M01741 y M8174lc
N
MC1741N, MC1741NC
OPERATIONAL AMPLIFIER
SILICON MONOLITHIC
INTERNALLY COMPENSATED, HIGH PERFORMANCE INTEGRATED CIRCUIT
OPERATIONAL AMPLIFIERS
. hd . g . g .
. . . designed for use as a summing amplifier, integrator, or amplifier with G SUFFIX
operating characteristics as a function of the external feedback METAL PACKAGE
components. CASE:G0)
NC
I
® No Frequency Compensation Required Oftser Nuli QVec
® Short-Circuit Protection Invt Input (+) Cutput
® Offset Voltage Null Capaha!fty . - R
® Wide Common-Mode and Differential Voltage Ranges © VEE
® Low-Power Consumption (Top View)
@ No Latch Up
& : 5 . P1 FF
® Low Noise Selections Offered — N Sutfix : ,LAST,‘%UM‘::‘GE
CASE 626
' (MC1741C MC1741NC)
MAXIMUM RATINGS (T = 4+25°C uniess otherwise noted) U SUFFIX
CERAMIC P4
Raung Symbol MC1741C| MC1741 Unnt
Power Supply Voltage Vee +18 +22 Vde
VEE -18 -22 Vdc
Inout Differennial Voltage Vip 130 Valts e
Input Common Mode Valtage (Note 1) Viem 115 Volts
Quiput Short Cerguit Dur 1an (Note 2) 15 Continucus
Operating Amtient Temperature Range Ta 0w 4701»55 w+125] °C L SUFFIX
Storsge Temperature Range ‘I‘“n oc CERAMIC PACKAGE
Metal, Flat and Ceramic Packages -65 10 +150 CASE 632
Plasuic Packages 5510 *125 TO-176
Junction Temperature Range T oc¢
Metal and Ceramic Packages 175 P2 SUFFIX
Plastic Packages 150 PLASTIC PACKAGE
CASE 646
Note 1. For supply voltages less then ¢ 15 V, the sbsolute meximum inpul voltage s squal IMC1741C. MC1741NC)
to the supply voltsge.
Note 2. Supply voltage equsl to or less than 15 V
we [ [Flnc
EQUIVALENT CIRCUIT SCHEMATIC neld SL
vee Ottsat Null [7] [FIne
s 5
¥ ]—'d : J Inpuns L } e
NON INVEATING G 3] Ouput
"y
- e vee [ [F]othat Nuil
ks » NC |-
MVEATING N » Tawt ‘. e
"’"“- 154 . outrur (Top View)
HC C
™ a F SUFFIX
= }_, K \ CERAMIC PACKAGE
presET O—y CASE 606 04 e
LTI 1 L TO-9
" W Siee 3O r weoogw % NC [ wNC
i Offsar Nun :C + NC
3 2"
e tnpun S>> | ds I
Vee O " Offset Nutl
(Top View)

3-104
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Fealure
® Fits std. 16 pin IC socket

Absolule maximum ralings

Ambient Temperature: -25°C 1o +60°C
Continuous Coil Voltage: 7.5vDGC

Coll Dissipation: TW at 20°C

Electrical characteristics
Coil Resistance: 50 ohms :1.10%
Pull In Voltage: 3.6 VDC

° 999
o §TJ
4 6 B8

Caraclérislique
® Pour doulllo cg¢ CI standard & 16
broches

Veleurs maximales absolues
Température ambiante: -25°C 4 +€0° C
Tension continue de bobine: 7.5 V CC
Dissipation de bobine: 1 W & 20°C

Caracléristiques électrique
Résistance de bobine: 50 ohms £10%
Tension d'emorgage: 3.6 VCG



