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1. INTRODUCTION

The device presented herein is an osc i l l a t o r  which outputs a square
wave proport ional  in frequency to the input to the osc i l l a t o r .  That
is ,  i f  the input is Fl and the output is FO, the re la t ionsh ip  between
the two is given by:

FO = Fl * K Where 0.95 < K < 1.05

The osc i l l a t o r  is meant to be used with an op t ica l  pickup and a
stroboscope to view high speed ro to r s .  (See Fig. 1)

I f  K is set to 1, the rotor appears to be s ta t ionary .  I f  K is less
than 1, the rotor w i l l  appear to slowly rotate in the actual
d i r ec t i on  of r o ta t i on .  I f  K is greater than 1, i t  w i l l  appear to be
the opposite.

2. THE CIRCUIT

As shown in the block diagram (Fig. 2), the c i r cu i t  has 3 major
blocks: the input bu f f e r ;  the frequency synthesis sect ion;  and an
output bu f f e r .

The input buf fer  is meant to pro tec t  the frequency synthesis sect ion
and to provide gain when necessary (minimum gain is un i t y ) .  The
input buf fer  has two par ts ,  a relay and an amp l i f i e r .  The purpose of
the relay is to prevent any signals from reaching the amp l i f i e r  when
the power is o f f ,  and thereby prevent damage. This is necessary as
an oerat ional amp l i f i e r  was chosen for i ts  high input impedance.
The amp l i f i e r  i t se l f  is a d i f f e ren t i a l  i npu t ,  single-ended output
operational amp l i f i e r  (one of four on one ch ip ) ,  in a non- invert ing
conf igura t ion .  This gives gain from uni ty upwards, and an extremely
high input impedance, greater than 1 megaohm.

The frequency synthesis sect ion has three par ts :  a frequency to
voltage converter,  a prec is ion gain amp l i f i e r  and a voltage
cont ro l led  osc i l l a t o r .  The operation of th is block is as fo l l ows :
the frequency to voltage converter outputs a voltage from 0 to 12
volts in proport ion to an input frequency from 0 to 595 her tz ;  the
precis ion gain amp l i f i e r  then ampl i f ies th is voltage with a gain
between 0.95 and 1.05; the voltage cont ro l led  osc i l l a t o r  (VCO) takes
this voltage from 0 to 12 vol ts and outputs a frequency in proport ion
from 0 to 595 her tz .  Thus this block w i l l  track a given input and
output a frequency whose p ropor t i ona l i t y  is given by the gain of the
amp l i f i e r .  The frequency to voltage converter is implemented using a
Motorola 4046B phase-locked loop. This chip has two phase
comparators and a voltage cont ro l led  osc i l l a t o r .  Phase comparator 1
is simply an EXOR gate. I t  is very immune to input noise but has the
disadvantages of lock ing on harmonics of the inpu t ,  and giv ing an
output which has a phase angle with respect to the input .  Phase
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comparator 2 is a more complex d i g i t a l  network which does not lock on
harmonics and gives outputs with no phase lag, but is sens i t ive  to
noise. Since a clean input signal was expected, phase comparator 2
and the VCO in the chip were u t i l i zed  to implement the frequency to
voltage converter.  (See Fig. 3)

The phase comparator ouputs a voltage which is proport ional  to the
d i f ference between input signal and input comparator. This signal is
fed into a VCO which outputs a frequency proport ional  to th is s igna l .
The resu l t  is then fed back into the comparator and compared again
with the input signal to check for any d i f fe rence .  Thus, the
comparator adjusts the voltage into the VCO un t i l  there is no
di f ference between the VCO output and the s igna l .  This voltage is
therefore proport ional  to the input frequency and is the output of
the frequency to voltage converter.  At th is point another s i gna l ,
which drives a meter to ind ica te  whether the osc i l l a t o r  is t rack ing
or not, is developed. The chip has an output ca l led  Phase Pulse
Output. I ts output is a square wave whose duty cycle is proport ional
to the phase d i f ference between the two inputs to phase comparator 2.
When the d i f ference is 0 degrees, the duty cycle is 100% (always
h igh) .  As the phase d i f ference decreases, the duty cycle decreases.
The output from th is pin is fed to a 741 op-amp in vol tage-fo l lower
conf igura t ion .  This is then fed to a meter. When the Phase Pulse
Output is high, the meter reads fu l l  scale. As the duty cycle
decreases, the meter reading decreases, i nd i ca t i ng  a loss of lock.

The prec is ion gain amp l i f i e r  is ac tua l l y  two i nve r t i ng  ampl i f ie rs
hooked in ser ies .  One is used to do the prec is ion amp l i f i ca t i on ,  and
the other is used to ensure that when the gain of the prec is ion
amp l i f i e r  is set to 1, the input and output frequencies match. This
is necessary because the VCO does not necessari ly have the same
propor t i ona l i t y  between voltage and frequency that the frequency to
voltage converter has. The prec is ion amp l i f i e r  is set up as shown in
Fig. 4. Speci f ic  values assigned to the components shown in Fig. 4
are as below.

R1 is adjusted to 10.0 ki lohms.
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 con t ro l led  osc i l l a t o r  block is simply the VCO sect ion of
another 4046.

The output buf fer  is s im i l a r  to the input bu f f e r ,  and consists of a
non- inver t ing amp l i f i e r  and a re lay .  The amp l i f i e r  is used to
provide gain when necessary, and to avoid loading the output of the
frequency synthesis sect ion.  The relay is to protect  the amp l i f i e r
outputs when power is disconnected.
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3. CONCLUSION

A t rack ing  osc i l l a t o r  with adjustable of fset  has been designed for
motion analys is .

The c i r cu i t  exh ib i t s  some i ns tab i l i t y  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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APPENDIX:  C IRCUIT  DIAGRAM
AND MISCELLANEOUS INFORMATION

OF PARTS USED
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4046B
MICROPOWER PHASE-LOCKED LOOP

.. ■ ■·.♦.
, . ' t  H >

DESCRIPTION - The 404GB is 8 Micropower Phase-Locked Loop consisting of · low power linear
Voltage-Controlled Oscillator, a Source Follower Circuit, two different Ph«ise Comparators, and a
Zener diode. The Voyage-Controlled Oscillator has two External Capacitor connections (Cex la , Cex t p),
two External Resistor connections (R l} xta. R extbL 3 Voltage-Controlled Oscillator Input ( l yco ‘  an<1

• Voltage-Controlled Oscillator C itput (Oyco ‘ -  The Source Follower Circuit provides a Demodulated
Output (Op) Iront the Voltage-Controlled Oscillator. An active LOW Enable Input (Ë) common to
both the Voltage-Controlled Oscillator and the Source Follower Circuit »s also provided. Phase
Comparator I and Phase Comparator II have common Signal (lg) and Comparator (1 ) Inputs and
separate outputs. Phase Comparator I Output (OpciL  Phase Comparator II Output (Opc 11) , and Phase
Pulse Output (Op| | ) .  An input to the Zener diorle (I ) is also provided.

The Voltage Controlled Oscillator requires one external capacitor (C , ) and o ie external resistor (R )
to determine operational fiequency range. A second external resistor (Rn) n '3 V be used to allow
trequenev offset. External resistor R3 and external capacitor C2 combined *.erve as a low pass filter
to the Voltage Controlled Oscillator Input (<VCO‘ Output Ug  is provided to avoid loading the low
pass filter. External resistor R4 is required if this output is utilized. 0 must be left open when not
utilized. The output from the Voltage Controlled Oscillator (Ovco ‘  may be connected directly or
indirectly through CMOS frequency dividers (i.e.. the 40188.  40208 .  40228 ,40248 .40298 .40408 ,
45180. 4520B, 401600 ,  4O1$1B, 401628 .  401638 ,  401928 or 401938 )  to the Comparator Input
(Ip). With the Enable Input (E ) HIGH both the VoltageGontrollcd Oscillator and the Source Follower
Circuit are OFF to minimize power consumption. With E LOW, both are enabled.

LOGIC SYMBOL

40460

For direct -coupling lietweim Oy O *C· tho voltagi» swing «it the Vuitari* Controlled Oscillator
Output (OycO*  mui t  lMÎ within stamiard CMOS logic levels (νθμ  -» 0 7 x VpQ and Vfjj s. 0 3
x VQQ); otherwise the signal from OycO must b® capacitively coupled to th·· Signal Input (lg).

Phase Comparator I is an Exclusive OR circuit (Ιβ ls‘- 'C ‘S musl have 50% duty cycles to
maximize lock range When the Output of Phase Comparator I (Opc, )  is connected back to the
Voltage-Controlled Oscillator through the low pass filter network, an averaged voltage to lyCO * o ,ces

oscillation at a center frequency.

V OD - Pin Hi

V SS - P»« 8

Phase Comparator II is an edge-triggered digital memory network with four flip flop stages, associated
control circuitry and a 3-state output. Phase Comparator II triggers on LCW-to-HIGH transitions at
the Signai (!g) and Comparator (lç) Inputs and 1$ independent of duty cycle at tlwse inputs. The
Output of Phase Comparator II (O ç j )  provides vohage levels and duty cycles enr re pjip diP.g JLtfy
frequency and p aJ «f ef0»tL0 tj tween‘~ I ç”ân'd lg. When~0pcu  is connected to the Vol t age -

"Controlled OsciiFatorTnpufTl yco )  through tf>0 lo'vifrMf filter network, a corresponding voltage across
capacitor C? is adjusted until the Signal (lg) and Comparator (1 ) Inputs are equal m both frequency
and phase. this point Phase Cornp.irator II maintains a constant voltage across Capacitor C?. When
this stability lias been established, the Phase Pulse Output (Op||)  is HIGH indicating a locked
condition. Power dissipation in the low pass filter is reduced when Phase Comparator II is used.

CONNECTION  D IAGRAM
DIP (TOP VIEW)

A zener diode is provided for regulating th· power supply voltage, if necessary.

• VLRY LOW POWER CONSUMTPION
• HIGH VCO L INEARITY .  1% TYPICAL
• CHOICE OF 2 PHASE COMPARATORS
• ENABLE INPUT (ACT IVE  LOW) FOR LOW POWER DISS IPATION IN STANDBY MODE
• ON-CHIP ZENER DIODE FOR SUPPLY REGULATION
• VCO FREQUENCY DRIFT  WITH TEMPERATURE - 0.04% / °C TYP ICAL AT V DD - 10  V

V UD•c
’C

·□
c

-c
•c

Opci '/

•c »s

°VCO °PCit

%»tbPIN NAMES
iz
‘S
•c
‘VCO
I
Cexta· Cextb
R exta· extb
OpCI
Open
Opil
Oo
Ovco

Zener Diode Input
Signal Input
Comparator Input
Voltage Controlled Oscillator Input
Enable Input (Active LOW)
External Capacitor Connections
External Resistor Connections

°0

Phase Comparator I Output
Phase Comparator II Output
Pt13M Pulse Output

NOTE
Th·  F l a tpak  vers ion  hat th ·  ««m·
p inouts  (Connec t ion  D iagram)  at th ·
Dua l  In  l in«  Package

Demodulator Output
Voltage -Controlled Oscillator Output

7-93
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FAIRCHILD CMOS . 4046B

BLOCK DIAGRAM

FRf OUENLY
DIVIDE R

40468 PHASE
COMPARATOR I

PHASE
COMPARATOR H

VOLTAGE
CONTROl  L tD
OSCILLAI  OR

SOlHtf.t
FOLLOWER

Open «***

- O

°vco ®
------o -----

; τ .LOW
PASS

FILTER 1

! Cî.
I -.

©!©'
“■> "ï

■Ovss

10 kfi < R ,  < 1 ΜΩ
10 h XI < R 2 < 1 M i l
10ΚΩ  <R  4 <1  Mi l
C ,  > 100 pF at V DQ - 5 V
C ,  >50  pF at V D0 - 10 V

7-94
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FAIRCHILD CMOS . 4046B

FUNCTIONAL DESCRIPT ION — The 4046B, Micropower Phase-Locked Loop consists of a low power linear Voltage-Controlled Oscillator
(VCO),  a Source Follower circuit (SF ), two Phase Comparators (PCI and PCI I) end a Zener diode.

VOLTAGE-CONTROLLED  OSCILLATOR
The VCO requires one external capacitor (Cj)  and one external resistor (Rp  to determine operational frequency range. External lesistor R j  is
used to allow lor frequency offset, if required. It is recommended that R j and R jhavo  a value between 10 H i  and 1 Mi l .  At VpQ - 5 V, Cj
should be greater than or equal to 100 pF, and at Vgg  - 10 V, Cj should be greater.than or equal to 50 pF

External resistor Rg and external capacitor C? combined serve as a low-pass filter to the Voltage-Controlled Oscillator Input ( IvCO · user
is allowed a wide ange of resistof-lo-capacitor ratios for R3 and C? because of the high imput impedance at IvCO (approximately 10 1 2 11).

To avoid loading of the low-pass filter, the Demodulator Output (Do) should be connected through external resistor R4 as shown in the Block
Diagram. It is recommended that R4 have 0 value between 10 kit and 1 Mi l .  If the Op output is not utilized it must be left open.

The Voltage-Controlled Oscillator Output (Ογ θ )  provides a 0.3 V[jQ to 0.7 νθο  output voltage swing and may be connected to the
Comparator Input ( Ις ) .  OycO ma Y· a ,$o  be connected indirectly to lc via CMOS frequency dividers (i.e., the 40188,  4022B, 40298,  4040B,
4518B, 4520D, 40160B,  40161B,  40162B,  40163B,  40192B,  end 40193B.)

An Enable Input (E ) to the VCO and SF is provided for minimum stand-by power dissipation. With the E Input HIGH both the VCO and tf»e
SF are OFF. With E LOW, both are enabled.

PHASE COMPARATORS
For direct-coupling between O\/CO and *C< l he voltage swing at O\ /CO mul t within standard CMOS logic levels (νθμ  + 0.7 VQQ and
V OL < θ·3 V DD otherwise the signal from OvCO mul1  bo capacitively coupled to the self-biasing amplifier at the 1$ Input.

Phase Comparator I is an Exclusive OR circuit ( lç Ig). For maximum lock range, inputs to and Ig must have 50% duty cycles. (Lock range,
2( , is defined as that frequency range of input signals upon which the 404GB will stay locked from an initial locked condition). With no signal
or noise input. Phase Comparator I provides an average output voltage equal to VQQ/2 at the Opçi Output.  This average output voltage is
supplied to the IvCO l n Put through the low-pass filter, which in turn forces the VCO to oscillate at a center frequency ( Ιθ )  .

Capture range 2<c» 15 defined as that frequency range of input signals upon which the 4046B will lock from an initial unlocked condition.
Capture range for PCI is directly dependent upon the characteristics of the low-pass filter network and may tie as great as the lock range. Thus,
PCI allows the user a phase-locked loop system which will remain in a locked condition despite high amounts of noise in the input signal.

It should be noted that with the use of PCI the system may lock onto input signals with frequencies that are near harmonics to the center
frequency of the VCO. It should further be noted that the phase angle between the 1 and 1$ Inputs will vary between 0" and 180' .  At the
center frequency the phase angle is 90’ .  Figure 2 illustrates a typical Phase AnçJe versus Average Output Voltage response characteristic for
PCI. Figure 3 illustrates the typical waveforms for a phase-locked loop system employing PCI and locked at a center frequency.

Phase Comparator II is edge-triggered digital memory network with four flip flop stages, associated control circuitry and a 3 state output,
controlled internally. PCII triggers on LOW-to-HlGH transitions at the Signal (Ig) and Comparator (1 ) Inputs and is independent of duty cycle
it these inputs. If the input frequency at Ig is higher than the input frequency nt IQ, the p-channel output transistor at Opçu is turned ON"
continuously, pulling the output ( ‘pC lP  toward VQQ. If the input frequency at Iç; »s higher than the input fiequency at Ig, the n-channel
output transistor at Opçn is turned "ON" continuously, pulling the output toward Vgg. If the input frequencies at Ig and 1 are equal, but Ig
lags lç in phase, the n-chennel output transistor is turned "ON' '  tor a penoc of time corresponding to the phase difference. It the input
frequencies at Ig and l(; are equal, but Ις  lags Ig in phase, the p-channel output transistor is turned ON” for a period of time corresponding to
the phase difference. Thus, over a period of time the voltage at capacitor C; is adjusted until the lç and Ig input signals are ul the same
frequency and phase. Once this stability is reached, both p- and n-channel output transistors at Open are "OFF" .  Open becomes an open
circuit holding the voltage across C j  constant.

Once this stability is attained, the Phase Pulse Output (Op| | ) is HIGH indicating a locked condition.

With ECU no phase difference is present between lç and 1$ over the entire VCO frequency range. Furthermore, since the 3 state Phase
Comporetor II Output (Opci |) '» mostly in the "OFF"  condition, power dissipation through the low-pass filter is minimized. It should also be
noted that 2 ίς  - 2f|_ independent of the filter network in a phase-locked loop utilizing PCII. Figure 4 shows typical waveforms for a
phase-locked loop system employing Phase Comparator II and locked at to center frequency.

7-95
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FAIRCHÎLD CMOS e 4046B

Fig. 2 CHARACTERISTICS OF PHASE
COMPARATOR I AT THE LOW PASS FILTER OUTPUT. Fig. 3 A PLL SYSTEM USING PHASE COMPARATOR I.

5»ΛΑΙ t<i
»-Λ·,Ι ΙΗ Ι Ι ΙΜΜ  t

•Voo

>v$s

■Von

VQL
V OH

. V 0 L
« 7 OH

■VOL

Oeci
’vco

Fig. 4 A PLL SYSTEM USING PHASE COMPARATOR II . Fig. 5 TYPICAL LOW PASS FILTERS.

• V OD

•Vss

■Von
• VOL
■VOH

’VCO·

Fig.C· DESIGN INFORMATION.

Characteristic Using Phase Comparator 1 Using Phase Comparator 2

No signal on Input lg VCO in PLL system adjusts to center frequency
μ «0 1. _______________________________

VCO in PLL system adjusts to minimum fre
t’u "nl: v "min 1·_________________________

Phase angle between lg and 1 90 ft at center frequency (f θ ), approaching 0*
and 180° at ends of lock range (2f ).

Always 0° In lock (positive rising edges).

Locks on harmonics of center frequency. Yes _____________ No
Signal input noise rejection. HIGH LOW
Lock frequency range (2fL). i The frequency range of the input signal on which the loop will stay locked if it was

Initially in lock. 2f “ full VCO frequency range ■ f , - fmin .
Capture frequency range (2( ). The frequency range of the input signal or which the loop will lock if it was initial

I_______ out of lock. ________
' Depends on low-pass filter characteristics “ *L

(Figure 5) κ f j
Center frequency (ίθ). The frequency of OVCQ when l VC Q · 1 <2 V DD

OvCO , r *R®nc V ···-

>VCQ~1 65 Vpp-1  35
R 1 ___________ ____

<C, 4 32) (V DD ♦ 1.6)

rs
E

O
U

C
N

C
V

 A
T 

O
vC

OMHz (at 25°C)

NOTE: The information presented
here ii meant only as a design guide.

where:
V0D mV;5V<V D0 <; 15 V

»VCO , n  V :  1 65 V < l vco < (V DD 1 .35 V)
R 1 and R2 In Mil;  R p R? >0 .005  Mil
C t in pF; Cj >50  pF
K · 0 95® V D0 - 5 V

-095® V oo - 10 V
- 1.08® V 0D · 15 V

’Π v 0 o v 00

'vco

7-96
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MC1741.MC1741C
MC1741N,MC1741NC

See last page of data sheet for ordering information.

OPERATIONAL AMPLIFIER
SIL ICON  MONOLITHIC
INTEGRATED  C IRCUITINTERNALLY COMPENSATED, HIGH PERFORMANCE

OPERATIONAL AMPLIFIERS

. . . designed for use as a summing amplifier, integrator, or amplifier with
operating characteristics as a function of the external feedback
components.

• No Frequency Compensation Required
• Short-Circuit Protection
• Offset Voltage Null Capability
• Wide Common-Mode and Differential Voltage Ranges
• Low-Power Consumption
• No Latch Up
• Low Noise Selections Offered - N Suffix
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MAXIMUM  RATINGS (T - *25°C unless otherwise noted)

Rating Symbol MC1741C MC1741 Unit
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Inout Differential Voltage V| D 130 Volts

Input Common Mode Voltage (Note 1) VlCM 115 Volts

Output Short Circuit Du- ion (Note 21 »S Continuous
Operating Ambient Temperature Range T A 0 to *70 | - 55 to *  125 °C
Storage Temperature Range
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Feature
• Fits std. 16 pin IC socket

Absolute maximum ratings
Ambient Temperature: -25" C to +G0°C
Continuous Coil Voltage: 7.5VDC
Coil Dissipation: 1Wat 20° C

Electrical characteristics
Coil Resistance: 50 ohms ±10%
Pull In Voltage: 3.6 VDC

56 13 11 0

1 4 6 8

Caractéristique
• Pour dpulllo c!.e Cl standard à 16
broches

Valeurs maximales absolues
Température ambiante: -25° C à +60° C
Tension continue de bobine: 7.5 V CC
Dissipation de bobine; 1 W à 20° C

Caractéristiques électrique
Résistance de bobine: 50 ohms ±10%
Tension d'amorçage: 3.0 V CG


