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OSCILLATOR CIRCUIT WITH RF mounted inside the meter in very close proximity to the 
SUPPRESSION metrology electronics . Because of the close proximity , the 

operation of radios can undesirably affect meter perfor 
This application claims the benefit of U . S . Provisional mance . In particular , a widely used radios are the 900 MHz 

Patent Application Ser . No . 61 / 303 . 537 , filed Feb . 11 . 2010 . 5 unrestricted band ( 902 MHz to 928 MHz ) , with Frequency 
which is incorporated herein by reference . Hopping Spread Spectrum ( FHSS ) . Accordingly , interfer 

ence often occurs in the form of radiated signals having a 
FIELD OF THE INVENTION frequency in the vicinity of 1 GHz . The problems of RF 

signal interference has been exacerbated by the more recent 
The present invention relates generally to oscillator cir - 10 use of higher power radios . Specifically , although radios 

cuits , and more particularly , oscillator circuits that are were first introduced at low power ranges ( 100 mW ) , it is not 
subject to high frequency signals , such as in an electricity uncommon to employ AMR radios at levels of 250 mW , 500 
meter . mW , and 1 Watt . 

A specific area of concern is the crystal oscillator refer 
BACKGROUND OF THE INVENTION 15 ence frequency circuit . Electricity meters employ crystal 

oscillators to provide a stable time base that is important for 
Oscillator clock circuits that utilize a crystal oscillator many purposes , at least some of which would be equally 

reference are widely used in electronic devices . One appli applicable to microprocessor based gas and water meters . 
cation of crystal oscillator - referenced clock circuits is in Induced RF noise on the crystal oscillator circuit can result 
metrology circuits , such as in electricity meters . 20 in disruptive errors in the clock circuit operation . 

The primary function of an electricity meter is to accu - More specifically , FIG . 4 discloses an exemplary Pierce 
rately measure energy consumption . Oscillator circuits are oscillator circuit employing a crystal resonator , which may 
used in electricity meters to , among other things , provide be used in a typical electricity meter . The operating principle 
clock signals for digital processing elements , and to provide of the Pierce oscillator circuit is to generate a stable and 
real - time clock information for enhanced energy consump - 25 accurate frequency for meter operation . In general , the 
tion metering modes . An example of an enhanced metering Pierce oscillator ( or crystal oscillator ) circuit generates a 
mode that requires real - time clock information is time - of - stable and accurate frequency that is used in conjunction 
use metering . Time - of - use metering involves measuring with a Phase Locked Loop circuit , not shown , to generate 
electricity consumption during discrete time periods during clocking signals for the microprocessor within the processor 
a day , week , month and / or year and applying specific rates 30 chip package 12 . The only external components for the 
based on the time period . For example , energy used between oscillator circuit are a crystal resonator and two load capaci 
3 : 00 pm and 4 : 00 pm in the summer months may be charged tors C1 , C2 . It will also be appreciated that the chip package 
at a higher rate than electricity used between 2 : 00 am and 12 typically incorporates electrostatic discharge Zener 
3 : 00 am . Accordingly , the real - time clock allows application diodes 16 for ESD protection . 
of the appropriate rate at the time that the energy consump - 35 RF power from a radio installed in the meter housing or 
tion is measured . Electricity meters have other features , external can be picked up by the ground plane due to the 
known in the art that also employ a real - time clock . relative magnitude of the signals , as well as the size of the 

Features of an electricity meter that rely on a real - time plane and traces on the board . The power of the induced RF 
clock usually require a high - accuracy clock . An inaccurate signal is proportional to the plane and trace sizes ( acting as 
clock can lead to , for example , misapplication of time - 40 antennas ) , the transmitted power ( higher power , close prox 
specific cost rates , thereby causing billing errors . Clock imity of the transmitter , or both ) , and the frequency . At 
accuracy is typically ensured by a timing reference that higher frequencies , smaller traces become more effective 
accurately tracks time . In many cases , the timing reference antennas , per the formula : = C / f , where is the wavelength , 
in an electricity meter may be derived from the 60 Hz signal C is the speed of light 3x10 ̂  8 meters per second , and f is 
of the mains AC power . One drawback of using mains AC 45 the operating frequency . 
power as a clock reference is the loss of the reference in the The ESD diode 16 is typically built into processing chips 
event of a power interruption . In particular , if there is a at input and output pins , and is referenced to the ground , 
power interruption , the clock loses its AC reference and can supply voltage rail , or both . Such ESD diodes can rectify the 
fail or drift . Another source of an accurate timing reference induced RF signals and convert them to DC voltages , which 
is a crystal oscillator circuit . A crystal oscillator circuit 50 can in turn alter the bias voltage at the respective input and 
having high accuracy may be used as a frequency reference output pins , or even causing current to flow . The DC voltage 
which can provide continued accuracy during power inter - created by the rectified RF signals can cause errors in the 
ruption , so long as the meter circuits have power from a back internal clock circuits due to the topology of the clock 
up source such as a battery . Accordingly , many meters circuits . In some cases , the errors can cause the clock circuit 
employ crystal oscillator circuits as a stable frequency 55 to fail to generate any stable frequency , resulting in a 
reference . completely inoperative clock . As is well known , an inop 

In addition to metering features that employ a real - time erative clock can result in overall device malfunction . 
clock , meters have increasingly incorporated automated Even with minor disturbances , the induced RF noise , 
meter reading “ AMR ” ) technology which includes a com - depending on its severity can alter the amplitude as well as 
munication circuit that allows meter information to be 60 the phase of the oscillator which in turn will influence the 
gathered remotely . One of the main AMR technologies microprocessor operation in undesirable manner . 
incorporates a radio that is connected to the meter . Various In particular , the RF noise can couple to the oscillator 
implementations of AMR radios employ different power circuit either through the crystal oscillator load capacitors 
levels and operating frequencies . ( 22 , and 27 pF ) as they provide relatively low impedance 

Unfortunately , the implementation of AMR radios can 65 path : 
lead to the introduction of electromagnetic interference in 
the meter circuits . Typically , the radio and its antenna are Xc = 1 / [ ( 2xuxf ( 915 MHz ) xC ( 22 pF ) ] = 8 22 
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or directly to the traces between the external crystal oscil FIG . 4 shows a prior art arrangement of an oscillator 
lator circuit and the microprocessor . circuit . 

In the art , it has been suggested to connect a ferrite bead 
between ground and a node , and connecting the capacitors DETAILED DESCRIPTION 
to each other at that node . This is disclosed in Teridian EMC 5 
design application note ; AN _ 6552 _ 041 _ v2 - 2 EMC Design . FIG . 1 shows an exemplary meter 100 according to a first 
However , this topology has been found to provide insuf - embodiment of the invention . The meter 100 includes a 

ficient noise suppression in metering applications . housing 105 in which are disposed a metrology circuit 102 , 
an RF communication circuit 104 and oscillator circuit 106 . 

SUMMARY 10 The metrology circuit 102 further includes a sensor circuit 
110 , an A / D conversion unit 112 , at least a portion of a 

At least some embodiments of the present invention processing circuit 115 , and a phase locked loop circuit 121 . 
reduce noise by introducing high impedance to circuit paths The oscillator circuit 106 includes elements both external to 
that can form high frequency loops within an oscillator and internal to the processing circuit 115 . Specifically , the 
circuit . For example , embodiments of the invention use 15 oscillator circuit 106 includes internal oscillator components 
impedances that are directly in the circuit loop that includes 116 and external oscillator components 117 . 
load capacitors of the reference frequency oscillator circuit . It will be appreciated that in the exemplary embodiment , 

A first embodiment is an oscillator circuit that includes a the processing circuit 115 is a commercially available chip 
phase - locked loop , a crystal resonator , first and second package that includes the internal components 116 , and 
capacitors , and first and second impedance elements . The 20 which is intended to be connected to an external source of 
phase - locked loop is coupled between a first node and a a clock reference frequency . The internal oscillator compo 
second node . The crystal resonator is also coupled between nents 116 cooperate with the external components 117 to 
the first node and the second node . The first capacitor is generate a stable reference frequency for phase locked loop 
coupled between the first node and ground , and the second 121 , which in turn generates the clock information used by 
capacitor is coupled between the second node and ground . 25 the digital processing elements of the processing circuit 115 . 
The first impedance element is coupled in a first circuit path The processing circuit 115 may also use the clock informa 
from the first node to ground through the first capacitor . The tion to maintain a real - time clock . 
second impedance element is coupled in a second circuit The external oscillator components 117 of the oscillator 
path from the second node to ground through the second circuit 106 include a resonator , for example , a crystal 
capacitor . 30 resonator 150 , and load capacitors 152 , 154 of a Pierce 

A second embodiment is an arrangement for use in an oscillator circuit . Such elements are known . In accordance 
electricity meter that includes a metrology circuit , an RF with at least some embodiments of the present invention , the 
communication transmission device , and an oscillator cir - external elements of the oscillator circuit 106 further include 
cuit . The metrology circuit is operably coupled to detect and impedance elements 156 , 157 . 
measure electrical signals provided to a load . The metrology 35 The crystal resonator 150 is coupled between a first node 
circuit includes a processing unit that is configured to 158 and a second node 160 . The crystal resonator 150 may 
generate metering information based on the measured elec suitably be a commercially available device that can be 
trical signals . The RF communication transmission device is configured to generate a consistent reference frequency 
configured to transmit metering information to a remote signal . Such devices are known in the art . 
location . The oscillator circuit includes a crystal resonator 40 The first node 158 and second node 160 may suitably be 
between a first node and a second node , and a further terminals of the chip package of the processing circuit 115 . 
element coupled between the first node and the second node . Accordingly , the internal oscillator components 116 are 
The oscillator circuit further includes a first capacitor operably coupled between the first node 158 and the second 
coupled between the first node and ground , and a second node 160 . As discussed above , the internal oscillator com 
capacitor coupled between the second node and ground . The 45 ponents 116 include one or more elements of a Pierce 
oscillator circuit also includes a first impedance element in oscillator , such as the inverter / amplifier , not shown , and a 
a first circuit path from the first node to ground through the resistance coupled across the inverter amplifier , not shown . 
first capacitor . The first impedance element is disposed such Further details regarding exemplary configurations of ele 
that each circuit path from the first node to the second node ments that may comprise the internal oscillator components 
through the first capacitor includes the first impedance 50 116 are provided below in connection with FIGS . 2 and 3 . 
element . The first impedance element is configured to The first load capacitor 152 is coupled between the first 
attenuate RF signals transmitted by the RF communication node 158 and ground , and the second load capacitor 154 is 
device that are coupled into at least portions of the oscillator coupled between the second node 160 and ground . The first 
circuit . and second capacitors 152 and 154 are used to trim the 

The above - described features and advantages , as well as 55 frequency of the crystal resonator 150 . In particular , imped 
others , will become more readily apparent to those of ance characteristics of the internal oscillator components 
ordinary skill in the art by reference to the following detailed 116 can influence the resonant frequency of the crystal 
description and accompanying drawings . resonator 150 . As is known in the art , the capacitors 152 and 

154 are chosen to match with the crystal resonator fre 
BRIEF DESCRIPTION OF THE DRAWINGS 60 quency . 

Each of the impedance elements 156 , 157 is configured to 
FIG . 1 shows an exemplary metering arrangement that attenuate signals including at least those in the frequency 

incorporates an embodiment of the invention . range of the signals transmitted by the RF communication 
FIG . 2 shows an exemplary oscillator circuit according to circuit 104 . The impedance element 156 is coupled in a first 

an embodiment of the invention ; and 65 circuit path from the first node 158 to ground through the 
FIG . 3 shows another exemplary oscillator circuit accord - first capacitor 152 . The impedance element 157 is coupled in 

ing to an embodiment of the invention ; a second circuit path from the second node 160 to ground 
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through the second capacitor 154 . Accordingly , the imped The processing circuit 115 is a circuit that is configured to 
ance elements 156 , 157 avoid the creation of a low imped receive the digital measurement signals from the A / D con 
ance , high frequency path through ground between the first version unit 112 and generate energy consumption data 
and second nodes 158 , 160 . In embodiments described therefrom . According to an exemplary embodiment , the 
herein , the impedance elements 156 , 157 may be ferrite 5 processing circuit 115 includes digital processing circuitry 
beads or resistors . If resistors are selected , they should be that processes the digitized measurement signals to thereby 
chosen to have a resistance at least about two orders of generate the energy consumption data . Such circuits are well 
magnitude below the impedance of the load capacitors 152 , known in the art . As is known in the art , the processing 
154 at the frequency of the crystal resonator 150 . At such a circuit 115 may include a controller and / or digital signal 
level the resistors ( impedance elements 156 , 157 ) represent 10 processor . 
a relatively low impedance to the signals generate by the Accordingly , the sensor circuit 110 , the A / D conversion 
crystal resonator 150 , but a relatively high impedance to unit 112 and processing circuit 115 form the metrology 
high frequency signals such as those generated by the RF circuit 102 , which is configured to generate energy con 
transmitter 104 of the meter 100 . sumption data representative of energy used by the load . The 
As discussed further above , the ground plane traces can 15 processing circuit 115 in some embodiments also performs 

act as antennas that receive the RF signals generated by the one or more operations that rely on a real - time calendar / 
RF communication circuit 104 . Because the capacitors 152 , clock . 
154 act like short circuits to high frequency signals , the The memory 120 includes one or more storage devices of 
received RF signals would normally be able to travel different types . The memory 120 may include volatile or 
directly to the internal oscillator components 116 via the 20 non - volatile RAM , EEPROM , or other readable and write 
ground plane . However , the impedance elements 156 , 157 able memory device . The memory 120 stores instructions 
attenuate these signals before they can propagate to the and / or parameters used by the processing circuit 115 , and 
internal oscillator components 116 . may further store energy consumption data . 

It will be appreciated that each of the impedance elements The RF communication circuit 104 is operably coupled to 
156 , 157 is also coupled in any path between the first and 25 the processing circuit 115 , and is also operable to commu 
second nodes 158 and 160 that includes either of the nicate with a remote device . The communication circuit 104 
capacitors 152 , 154 . This avoids the existence of a low transmits signals representative of energy consumption data , 
impedance , high frequency path from the first node 158 to and / or other data , to a remote device via wireless network , 
the second node 160 , even those paths that do not involve not shown , but which is known in the art . The communica 
ground . Specifically , even if a high impedance is used to 30 tion circuit 104 is also used to allow external devices to 
isolate ground from the first and second nodes 158 and 160 , interrogate the meter for detailed data and to control some of 
a low impedance path could exist from the first node 158 to its functions ( example ; open / close the service disconnect 
the second node 160 through the capacitors 152 , 154 . In this switch ) . The communication circuit 104 may also include an 
embodiment , the impedance elements 157 , 158 provide interface to an optical communication port , not shown . The 
relatively high impedance in circuit paths in which the load 35 optical communication port would provide direct access to 
capacitors 152 , 154 might otherwise provide a low imped - the meter ( password protected ) to read , interrogate , or 
ance path between the first and second node 158 , 160 , reprogram / reconfigure the meter using metrology specific 
specifically at high frequencies . software . 

Referring now to the housing 105 , the housing 105 may The display 130 is operably coupled to the processing unit 
take any suitable form , and is generally configured to 40 115 and provides a visual display of information , such as 
withstand a wide range of environmental conditions . The information regarding the operation of the meter 100 . For 
housing 105 also provides at least some protection against example , the display 130 may provide a visual display 
environmental conditions to the various elements disposed regarding the power measurement operations of the meter 
therein . Suitable housings for utility meters are well - known 100 . 
in the art . 45 During normal operation , however , the metrology circuit 
As discussed above , the metrology circuit 102 includes 102 performs operations to detect electrical signals ( propor 

the sensor circuit 110 , as well as an A / D conversion unit 112 tional to load consumption ) on the power lines 80 and 
and the processing circuit 115 . The sensor circuit 110 in one generating metering information therefrom . Such operations 
embodiment includes voltage sensors and current sensors are known in the art . The processing circuit 115 further uses 
that are operably coupled to detect voltage and current 50 precise clock and timing signals generated by the internal 
signals representative of voltage and current provided to a oscillator components circuit 116 and the external oscillator 
load , and generate measurement signals therefrom . In par - components 117 to generate the metering information . In 
ticular , the measurement signals generated by the sensor this embodiment , the external oscillator components 117 and 
circuit 110 are analog signals each having a waveform the oscillator components 116 of the oscillator circuit 106 
representative of the voltage and current provided to the 55 cooperate to generate a precision reference frequency for the 
load . A suitable example of a voltage sensor includes a phase - locked loop clock circuit 121 . The phase - locked loop 
voltage divider that is operably coupled to the power lines . circuit 121 generates high frequency clocking signals for the 
A suitable example of a current sensor includes a current processing circuit 115 . The clocking signals are used to 
transformer that is disposed in a current sensing relationship maintain a real - time calendar clock , as well as to generate 
with the power line signal . These and other voltage and 60 clock signals for most if not all of the various processing and 
current sensors are known in the art . metrology operations . 

The A / D conversion unit 112 may be any suitable analog - From time to time , the RF communication circuit 104 will 
to - digital converter that is configured to sample the analog transmit data to a remote location via RF signals . The data 
measurement signals generated by the sensor circuit 110 . may suitably be metering data . For example , the RF com 
The A / D conversion unit 112 is operably coupled to provide 65 munication circuit 104 may transmit the energy consump 
the resulting digital measurement signals to the processing tion information obtained by the metrology circuit 102 to a 
circuit 115 . service provider data repository , not shown . The service 
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provider may use such information to generate billing infor The phase - locked loop 212 is a circuit that uses feedback 
mation and for other purposes such as load prediction . and error - correction to lock onto a desired frequency . By 

The exemplary RF communication circuit 104 transmits way of a generalized example , the phase - locked loop 212 in 
RF signals in the vicinity of 1 GHz , and approximated in the FIG . 2 includes a comparator 234 , a filter 235 , a voltage 
900 MHz range . The signals are often at power levels of 250 5 controlled oscillator 236 , and a feedback path 238 that 
mW to 1 W . Such radiated RF signals can be coupled into the includes a dividing unit 240 . The comparator 234 includes 
ground plane of the device , which includes traces or other differential inputs 234a , 234b that connect , respectively , to 
conductors that can act as reception antennas for the RF the second node 216 and the feedback path 238 . The 
signals . The resulting EMI signals have a similar frequency voltage - controlled oscillator ( VCO ) 236 includes an input 
range as the transmitted RF signals . The impedance ele 10 236a coupled to the output 234c of the comparator 234 via 

the filter 235 . The output 236b forms the output of the ments 156 , 157 , however , attenuate signals in the frequency phase - locked loop 212 and the oscillator circuit 210 , and is range of the RF signals , thereby substantially reducing the coupled to the dividing unit 240 . The feedback path 238 amplitude of the EMI signals on the ground plane that would extends from the second node 216 ( or output 236b ) through otherwise propagate through the first capacitor 152 and 16 15 the dividing unit 240 to the differential input 234b of the 
second capacitor 154 . In addition , any other traces or wires comparator 234 . 
that within the circuit paths between the first node 158 and In general , the phase - locked loop 212 locks onto a refer 
second node 160 are also attenuated by the impedance ence frequency provided at the second node 216 by the 
element 156 , 157 . Pierce oscillator circuit formed in part by the crystal reso 

The above - described embodiment reduces the influence 20 nator 219 , the amplifier 221 and the resistor 223 . The VCO 
of EMI signals from a meter ’ s RF transmission on the 236 of the phase - locked loop 212 generates an output 
meter ' s clock circuit . FIGS . 2 and 3 show in further detail frequency at its output 236b that is provided to other circuits , 
the specifics of oscillator circuits that may be implemented not shown , as a clock reference . The dividing unit 240 also 
in the embodiment of FIG . 1 , or may be used in other devices receives the output oscillating signal and performs fre 
and circuits wherein high frequency EMI signals can propa - 25 quency division such that the frequency of the signal pro 
gate onto a ground plane of the oscillator circuit . vided to the input 234b corresponds to the frequency of the 

FIG . 2 shows an exemplary oscillator circuit 210 accord - crystal resonator 219 . 
ing to an embodiment according to the invention . The To generate the reference frequency , the crystal oscillator 
oscillator circuit 210 includes phase - locked loop 212 and a circuit 218 , balanced by the load capacitors 220 , 222 , 
crystal oscillator circuit 218 . The crystal oscillator circuit 30 resonates at its fixed frequency . The crystal resonator 219 
218 includes a crystal resonator 219 , a first capacitor 220 , a maintains the precision of the Pierce oscillator reference 
second capacitor 222 , a unity gain amplifier 221 , a resistor frequency provided to the PLL 212 through node 216 , and 
223 , a first ferrite bead 224 and a second ferrite bead 226 . thus the input 234a of the comparator circuit 234 . 
The oscillator circuit 210 also includes ESD protection The comparator circuit 234 , which may suitably be a 
diodes 252 , 254 . In general , the PLL 212 corresponds to the 35 differential amplifier circuit , compares the signals provided 
PLL 121 of FIG . 1 . Analogously , the unity gain amplifier at the input 234b from the divider 240 to the reference at 
221 and resistor 223 correspond to the internal components 234a . Ideally , the divided clock output signal at the input 
116 of the Pierce oscillator of FIG . 1 . Similarly , the crystal 234b will equal the output of the crystal oscillator circuit 218 
resonator 219 , the first capacitor 220 and the second capaci at the input 234a . However , to the extent that there is a drift 
tor 222 correspond to the external oscillator components 117 40 in frequency at the clock output , the comparator circuit 234 
of FIG . 1 . generates an error signal at its output 234c representative of 

Referring specifically to FIG . 2 , the unity gain amplifier the phase difference between the inputs 234a , 234b , which 
221 and a resistor 223 are coupled in parallel between a first in turn is representative of the error in the output frequency 
node 214 and a second node 216 . The phase - locked loop 212 of the circuit 210 . 
is coupled to the second node 216 . The crystal resonator 219 45 The error signal generated at the output 234c of the 
is also coupled between the first node 214 and the second comparator 234a in the form of DC voltage is used as an 
node 216 . The first capacitor 220 is coupled between the first input to the VCO circuit 236 to retune its frequency output . 
node 214 and ground , and the second capacitor 222 is The filter 235 is used to filter the error signal to drive the 
coupled between the second node 216 and ground . VCO . In addition , the error signal may be provided with 

The first ferrite bead 224 is coupled in a first circuit path 50 appropriate bias levels for the base frequency of the VCO 
230 from the first node 214 to ground through the first circuit 236 . It will be appreciated that the implementation of 
capacitor 220 . The first circuit path 230 is defined as a circuit the PLL 212 may take many forms as is known in the art . 
path through which current flowing through the first capaci - The inventive aspects disclosed herein are applicable in 
tor 220 and ground must necessarily flow . It will be appre - many or all of such implementations . 
ciated that " ground ” as used herein refers to circuit ground . 55 The unity gain amplifier 221 provides 180 degrees phase 
However , in some embodiments “ ground ” may be replaced shift while the capacitors 220 and 222 serve to provide the 
by another reference voltage . Similar to the first ferrite bead other 180 degree phase shift to the input of the amplifier 221 
224 , the second ferrite bead 226 is coupled in a second in order to maintain the oscillation at the desired frequency . 
circuit path 232 from the second node 216 to ground through Their values are also employed to fine tune the frequency 
the second capacitor 222 . 60 crystal oscillator 218 . Specifically , the parasitic capacitance 

Ferrite beads are generally configured to suppress unde - of elements of the PLL 212 can affect the output frequency 
sirable noise in electronics and electrical circuits by absorb of the crystal oscillator circuit 218 . It is known in the art to 
ing the noise power and converting it to heat instead of provide load capacitors to adjust the frequency of the crystal 
re - radiating it . Ferrite beads also have very low impedance oscillator circuit 218 to compensate for any such sources of 
at DC and low frequencies , and very high impedance at 65 inaccuracy in the frequency . Accordingly , the frequency of 
higher frequencies depending on the application they are the signal provided at nodes 214 and 216 are adjusted by the 
designed for . load capacitors 220 , 222 . 
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From time to time , relatively strong RF signals 260 from response of the ferrite beads 224 ' and 226 ' , the desired 
another source , such as a radio , not shown , may radiate in signals of the oscillating circuit 210 remain relatively unaf 
vicinity of the oscillator circuit 210 . Due to traces formed by fected . 
the ground plane as well as other elements of the other It will be appreciated that the above embodiments can 
circuits , not shown , the RF signals 260 have a tendency to 5 have application in devices that use other types of high 
couple throughout the circuit 210 . For example , during precision oscillator circuits . In particular , any circuit that 
normal operation , both inputs 234a , 234b to the comparator uses a crystal resonator , such as the crystal oscillator circuit 
234 are DC biased where the input frequencies ( AC signals ) 218 , with load capacitors similar to capacitors 220 and 222 , 
are superimposed to represent the positive and negative parts and one or more amplification elements between the first 
of the signals . When strong RF signals are picked up by the 10 node 214 and the second node 216 will benefit from the high 

frequency absorption operation of the ferrite beads 224 , 226 circuit following the loop from ground plan through the ESD and / or 224 ' , 226 ' . diode 254 through capacitor 222 ( low impedance at RF ) then As discussed further above , at least some of the advan back to the ground ( the source ) , then ESD diode 254 could tages of the above - described embodiments may be obtained 
in the absence of the inventive arrangement , rectify the RF 15 if the ferrite beads 224 . 226 are replaced by resistors . 
into DC shifting the bias voltage on the input 234a , thereby Resistors provide impedances having a relatively flat 
potentially causing the loss of part or all the positive or response curve . Thus , while the capacitors 220 , 222 may 
negative cycles , which is undesirable and can interfere with pass high frequencies from a radio transmitter along the 
normal meter operation . circuit paths 230 , 232 , resistors would attenuate such fre 
However , according to this embodiment of the invention , 20 quencies . It will be appreciated , however , that resistors 

the ferrite beads 224 , and 226 ( or resistors ) located within would also attenuate the desirable clock signals within the 
the RF loop attenuate the interfering signal and prevent its circuit 210 . Nevertheless , the resistors may be chosen to 
influence on the oscillator circuit . Specifically , the ferrite maintain the minimum required current ( with relative mar 
beads 224 and 226 absorb the energy from high frequency gin ) to keep the reference oscillator circuit operative . 
signals , for example , those on the order of 1 GHz , and 25 In one example , the crystal resonator 219 has a nominal 
convert the energy into heat energy . By this action , the ferrite frequency of 32 kHz , and the load capacitors 220 , 222 are in 
beads 224 , 226 remove the high frequency RF signals the range of 22 pF . In such a case , the nominal impedance 
imposed on the circuit 210 while allowing the relatively low of the capacitors is 220 k 2 . If resistors are used in place of 
frequency signals of the oscillator circuit 210 relatively the ferrite beads 224 , 226 , the resistance of each should 
unchanged . This embodiment exploits the selectivity of the 30 preferably be less than two orders of magnitude below the 
ferrite bead to high frequencies that are essentially out of the impedance of the capacitors 220 , 222 at the Oscillator 
frequency range of interest in the oscillator circuit 210 , but frequency . In this example , the resistors may be 1 kg each . 
which are radiated from a closely located RF device such as It will be appreciated that the above - described embodi 
a radio . ments are merely exemplary , and that those of ordinary skill 

The above described embodiment further takes advantage 35 in the art may readily devise their own implementations that 
of the fact that the circuit path most susceptible to problems incorporate the principles of the present invention and fall 
due to radiating RF includes the ground plane , the capacitors within the spirit and scope thereof . For example , the prin 
220 , 222 , and the PLL 212 . In this circuit path , the capacitors ciples of the invention may be readily incorporated into a 
220 , 222 operate like short circuits to high frequency sig - meter that does not include an RF communication circuit in 
nals , thereby passing signals radiated onto the ground plane 40 order to protect the meter circuit from problems caused by 
to the devices of the PLL 212 . By placing the ferrite beads externally - generated RF signals . The principles of the inven 
224 , 226 into the circuit path , the high frequency signals are tion may be incorporated into any meter that employs an 
absorbed . oscillator circuit . 

It will be appreciated that alternative embodiments take I claim : 
advantage of this technique . For example , FIG . 3 shows a 45 1 . An arrangement for use in an electricity meter com 
first alternative embodiment of an oscillator circuit 210 ' prising : 
wherein ferrite beads 224 ' and 226 ' are connected in a a metrology circuit operably coupled to detect and mea 
different position , but still along circuit paths 230 and 232 . sure electrical signals provided to a load , the metrology 
Common elements of the oscillator circuit 210 of FIG . 2 and circuit including a processing unit configured to gen 
the oscillator circuit 210 ' of FIG . 3 are denoted by common 50 erate metering information based on the measured 
reference numbers . Elements 212 , 221 , and 223 are merely electrical signals , the processing unit using clocking 
denoted as internal clock circuit 310 . signals to maintain a real - time clock and to generate 

As shown in FIG . 3 , the ferrite bead 224 ' is coupled clock signals for metrology circuit operations ; 
between the first node 214 and a common node of the crystal a phase - locked loop circuit configured to provide the 
resonator 219 and the capacitor 220 , and the ferrite bead 226 ' 55 clocking signals to the metrology circuit processing 
in FIG . 3 is coupled between the second node 216 and a unit , the phase - locked loop circuit having a reference 
common node of the crystal resonator 219 and the capacitor frequency input ; 
222 . an oscillator circuit including a crystal resonator coupled 

The operation of the circuit 210 ' in FIG . 3 is similar to the between a first node and a second node , and a further 
operation of the circuit 210 of FIG . 2 . Because the ferrite 60 element coupled between the first node and the second 
beads 224 ' and 226 ' remain within the circuit paths 230 and node , a first capacitor coupled between the first node 
232 , the ferrite beads remain within the circuit loop formed and ground , and a first impedance element in a first 
by the capacitors 220 , 222 , the internal clock circuit 310 , and circuit path from the first node to ground through the 
ground . Accordingly , the RF signals that would otherwise first capacitor ; and 
radiate onto that circuit loop are absorbed by the ferrite 65 wherein each circuit path through the first node , the first 
beads 224 ' and 226 ' . The ferrite beads 224 ' and 226 ' convert capacitor and the second node passes through the first 
the signal energy to heat energy . Because of the frequency impedance element , 



US 9 , 869 , 698 B2 
12 

wherein the first impedance element is configured to through the first rectifying element and one of the first 
attenuate RF signals that are radiated onto at least capacitor and the second capacitor includes at least one of 
portions of the oscillator circuit ; and the ferrite beads . 

wherein the second node is electrically directly coupled to 9 . The arrangement of claim 8 , wherein a serial circuit 
the reference frequency input of the phase - locked loop . 5 path from the first node to ground through the first rectifying 

2 . The arrangement of claim 1 , wherein the first imped element does not include any ferrite beads . 
ance element comprises a ferrite bead . 10 . The arrangement of claim 9 , wherein every serial 

3 . The arrangement of claim 1 , wherein the further circuit path starting at the first node , ending at the second 
element comprises an amplifier . node , and including the first capacitor intermediate thereof , 

4 . The arrangement of claim 1 , wherein the oscillator 10 pas of claim 1 . wherein the oscillator 10 passes through the first impedance element . 
11 . The arrangement of claim 6 , further comprising a first circuit further includes a second impedance element in a 

second circuit path from the second node to ground through rectifying element coupled between the first node and 
a second capacitor . ground , and a second rectifying element coupled between 

5 . The arrangement of claim 4 , wherein the first imped the second node and ground , and wherein each circuit loop 
ance element and the second impedance element are sub - 15 h . 15 through the first rectifying element and one of the first 
stantially identical . capacitor and the second capacitor includes at least one of 

the ferrite beads . 6 . The arrangement of claim 4 , wherein the first imped 
ance element and the second impedance element comprise 12 . The arrangement of claim 11 , wherein the crystal 
ferrite beads . resonator is directly electrically coupled between the first 

7 . The arrangement of claim 6 , further comprising an RF 20 an RE 20 node and the second node . 
communication transmission device configured to transmit 13 . The arrangement of claim 12 , wherein a serial circuit 
metering information to a remote location , the radiated RF path from the first node to ground through the first rectifying 
signals originating from the RF communication transmis element does not include any ferrite beads . 

14 . The arrangement of claim 1 , wherein every serial sion device . 8 . The arrangement of claim 7 . further comprising a first 25 circuit path starting at the first node , ending at the second 
rectifying element coupled between the first node and node , and including the first capacitor intermediate thereof , 
ground , and a second rectifying element coupled between passes through the first impedance element . 
the second node and ground , and wherein each circuit loop * * * * * 


