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CIRCUIT FOR REDUCING ELF ELECTRIC
FIELDS RADIATED FROM CRT DEVICES

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to cathode
ray tube (CRT) devices, and more particularly to a
circuit which reduces extremely low frequency (ELF)
electric fields emanating from CRT devices through
production of a gain-modified impedance at the CRT
anode.

2. Description of the Background Art

Changes in information displayed on a CRT device
or user adjustment of CRT display controls, such as
brightness and contrast, unpredictably alter the CRT
electron beam current, giving rise to corresponding
variations in the CRT anode voltage. As a result, the
anode acts as a radiating element, producing extremely
low frequency (ELF) electric fields. The presence of
ELF electric fields may pose a potential health risk to
CRT users, although no definitive conclusion in this
regard has been made to date. Since a user may be
réquired to view the CRT screen for several hours each
day, potential health effects must be minimized.

In light of this, manufacturers of CRT-based display
devices have taken various approaches toward the re-
duction of ELF electric fields. In a first approach,
shielding is selectively used on the CRT in order to
attenuate the electric field. One common type of shield-
ing consists of a metal layer applied to a casing which
encloses the CRT. On the front of the CRT display,
shielding requires use of a specialized transparent coat-
ing capable of attenuating electric fields. Such coatings
typically degrade image quality or significantly increase
the cost of CRT manufacture.

Another approach utilizes a circuit of the type shown
in FIG. 1, in which the unwanted ELF electric field is
capacitively sensed, inverted, and amplified in order to
produce an inverted replica of the voltage waveform at
the anode. This signal is then radiated back towards the
CRT through a radiating strip or plate. In order for
cancellation to be effective, the location of the ELF
electric field sensing means and the gain provided by
the amplification means must be properly chosen in
order to account for possible asymmetries in the magni-
tude of the ELF electric field surrounding the CRT. A
similar consideration applies to the cancellation signal
radiating means. In addition, nonlinearity and phase
distortion present in the amplification means must be
minimized. These considerations complicate CRT de-
sign and manufacture.

Since the CRT anode radiates ELF electric fields as
a result of anode voltage variation, other approaches for
reducing the magnitude of ELF electric fields rely upon
reducing this voltage variation. This type of approach
offers the added benefits of reduced geometric image
distortion and greater image stability. One such method
involves the use of a voltage-regulated power supply, in
which electronic circuitry coupled to the power supply
ensures relatively constant voltage output at the CRT
anode. A circuit which functions in this manner is de-
scribed in U.S. Pat. No. 5,043,598; this circuit regulates
a CRT anode voliage by subtracting a variable voltage
from the voltage present across a flyback transformer.
A major disadvantage of this circuit is that the dynamic
range of the regulator must accommodate unit-to-unit
output voltage variation resulting from the flyback
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transformer circuitry, in addition to the voltage varia-
tion produced by changes in the anode current. This
circuit additionally suffers from significant power dissi-
pation, as do most regulators. Circuitry required for
regulation of CRT anode voltages also significantly
adds to the cost of a CRT anode power supply. Due to
these disadvantages, the majority of CRT-based display
devices utilize unregulated anode power supplies.

An additional approach which addresses reduction of
CRT anode voltage variation as a means for reducing
ELF electric fields, involves minimization of the impe-
dance connected to the CRT anode. In the circuit of
FIG. 2, this is accomplished through the use of a passive
bypass capacitor possessing very high capacitance. Un-
fortunately, such a capacitor is much more expensive
and physically much larger than one having lower ca-
pacitance, again adversely affecting the economic as-
pects of CRT design and manufacture. Use of this type
of capacitor also increases the potential for damage to
the CRT due to a sudden electrical discharge, also
known as arcing.

What is needed is an efficient and cost effective cir-
cuit for reducing ELF electric fields radiated from the
anode of a CRT, while also reducing geometric image
distortion in the CRT display.

SUMMARY OF THE INVENTION

The present invention is a circuit for reducing ELF
electric fields radiated from a CRT anode through re-
duction of CRT anode voltage fluctuations while allow-
ing the use of an unregulated anode power supply and a
small capacitor. The circuit produces a gain-modified
impedance incorporated within a feedback connection
to the CRT anode.

The circuit of the present invention comprises a high-
voltage power supply means, a CRT, a voltage sensing
means, an amplification means, and a capacitance incor-
porated within a feedback coupling. A voltage fluctua-
tion produced on the CRT anode is detected by the
voltage sensing means, and input into the amplification
means. The amplification means produces an inverted
version of the anode voltage fluctuation, which is ap-
plied to the feedback coupling in order to reduce the
anode impedance. This impedance reduction in turn
reduces the magnitude of the CRT anode voltage fluc-
tuation, thereby reducing the magnitude of the atten-
dant ELF electric field.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a diagram of circuitry used in prior
art for radiative cancellation of ELF electric fields;

FIG. 2 shows a circuit used in prior art for reducing
ELF electric fields through use of a large bypass capaci-
tance;

FIGS. 3(a), 3(b), 3(c) and 3(d) show a preferred em-
bodiment of a circuit for reducing ELF electric fields
radiated from CRT devices constructed in accordance
with the present invention;

FIG. 4 shows a representation of the circuit of FIG.
3, wherein the CRT is modeled as having a variable
current source; and

FIG. 5 shows an alternative embodiment of the pres-
ent invention in which a single input, multistage transis-
tor amplifier is used to achieve an inverting gain A,.
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DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Referring now to FIG. 3(a), a diagram is shown of a
circuit 10 for reducing ELF electric fields radiated from
CRT devices constructed in accordance with the pres-
ent invention. The input to circuit 10 comprises a high-
voltage power supply, which in this embodiment is
implemented as a flyback transformer 12. Flyback trans-
former 12 is conventional, having a primary and sec-
ondary coils L1 and L2, and is coupled to a rectifying
means, herein implemented as a diode 18. The flyback
transformer 12 is used to power a CRT 16 having an
anode 14 and a cathode 15. A voltage divider 20 and
bias circuit 27 are used to bias operational amplifier 34.
An AC isolation coupling 31 is used to filter an invert-
ing input 36 to the amplifier 34, and a compensation
coupling 43 provides filtering of the feedback utilized in
the amplifier. An output 40 of the operational amplifier
34 is further electrically coupled to a feedback capacitor
C4, which is in turn connected to the CRT anode 14,
thus forming an anode feedback coupling 54 between
the voltage divider 20, the AC isolation coupling 31, the
amplifier 34, and the CRT anode 14.

Voltage divider 20, consisting of R1 and R2, senses
the voltage on the CRT anode 14, and delivers a corre-
sponding reduced-amplitude voltage to the AC isola-
tion coupling 31. Preferred component values for resis-
tors R1 and R2 are approximately 100 MQ and 43 k{2,
respectively. A wide range of alternative resistor val-
ues, similarly proportioned would prove equally effec-
tive. The reduced-amplitude voltage delivered by volt-
age divider 20 comprises a DC voltage level, upon
which an AC voltage corresponding to CRT anode 14
voltage variation is superimposed. Since the voltages
present on a CRT anode 14 can be up to 30 kilovolts,
and anode 14 voltage variations can be several kilovolts,
the anode voltage cannot be directly applied to ampli-
fier 34. Isolation coupling 31 passes the AC component
of the voltage supplied by voltage divider 20 to the
inverting input 36 of amplifier 34, while blocking the
DC component. The operational amplifier 34 in turn
inverts and amplifies this AC voltage to produce a volt-
age at its output 40 which is routed through a frequency
compensation coupling 43 in order to ensure stable
amplification. The voltage generated by the operational
amplifier 34 is also applied to the anode feedback cou-
pling 54 in order to multiply the effect the feedback
capacitor C4 has upon the anode 14, thereby reducing
the impedance coupled to the anode. The approximate
preferred value of C4 is 1000 pF. This impedance reduc-
tion in turn reduces the magnitude of the voltage varia-
tion which the voltage divider 20 senses from the CRT
anode 14. Since anode 14 voltage variations produce
ELF electric fields and cause geometric image distor-
tions, this reduction of the voltage variation sensed at
the CRT anode 14 reduces ELF electric field magni-
tudes and stabilizes the displayed image.

Referring now to FIG. 3(b), a detailed schematic is
shown of the preferred embodiment of the compensa-
tion coupling 43. The purpose of compensation cou-
pling 43 is to frequency stabilize the amplifier circuit
and to prevent unwanted oscillation. At the frequencies
of interest, capacitor C3 shunts voltage signals through
the two resistors R7 and RS, to ground. Preferable
component values are approximately 1 MQ for each of
the two resistors R7 and RS, and 10 uF for the capaci-
tor, C3. The component values within the frequency
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compensation coupling 43 are chosen based upon the
gain and frequency response of the operational ampli-
fier 34. This gain is chosen to be as large as possible
without causing oscillation of the amplifier 34.

Referring now to FIG. 3(c), a detailed schematic is
shown of the preferred embodiment of the isolation
coupling 31. Isolation coupling 31 consists of the series
connection of resistor RS and capacitor C1. The pur-
pose of this coupling 31 is to isolate amplifier 34 from
the DC voltage component and to limit the AC current
signal delivered to the amplifier input 36. Preferred
component values for isolation coupling 31 are approxi-
mately an R5 of 10 k), and a C1 of 0.1 uF.

Referring now to FIG. 3(d), a detailed schematic is
shown of the preferred embodiment of bias circuit 27
providing bias to the non-inverting input of amplifier
38. Resistors R3 and R4 of bias circuit 27 are approxi-
mately 4.7 MQ in the preferred embodiment. It would
be obvious to one of ordinary skill in the art that this
bias could also be supplied by a voltage reference or
other means.

Within a CRT 16 display device, one or more elec-
tron guns facilitate the generation of a CRT image.
Typically, the cathode is biased at a potential 12 and
150V, while the CRT anode 14 is biased at a more posi-
tive voltage. A voltage placed across the CRT anode 14
therefore serves to accelerate electrons emitted from an
electron gun towards the CRT 16 display. The elec-
trons accelerated in this manner comprise an electron-
beam current within the CRT 16, which gives rise to a
current in the CRT anode 14. The electron beam cur-
rent varies considerably as a result of changes in dis-
played information or user-adjustment of CRT 16 dis-
play controls such as brightness or contrast. Such
changes produce corresponding changes in the anode
14 current, which in turn give rise to attendant varia-
tions in the anode 14 voltage.

A changing electric potential applied to a conductive
object generates an AC electric field which radiates
outward from the object. Voltage variations on the
CRT anode 14 therefore produce electric fields which
radiate from the anode 14. These electric fields have
frequency components in the range from approximately
5 to 2000 Hertz; fields having oscillations within this
range are categorized as extremely low frequency, or
ELF, fields. Since the ELF electric field is produced by
voltage variations on the CRT anode 14, reduction of
such voltage variations results in a decrease in the ELF
electric field magnitude.

In addition to the CRT anode 14, several electrodes
and possibly one or more magnetic field yokes within
the CRT 16 affect the electron-beam current in order to
produce an unage having predetermined characteris-
tics. An electron beam experiencing a given accelera-
tion due to the CRT anode 14 voltage can be deflected
by such means, thereby altering its position on the dis-
play. For electrons traveling in the presence of a field
produced by an electrode or magnetic field yoke, the
extent of this deflection is dependent upon the length of
time the deflecting field acts upon the electrons. As
electrons are accelerated towards the CRT anode 14,
variations in the anode 14 voltage affect the electrons’
acceleration, and thereby affect the amount of time a
deflecting field can act upon the electrons. Anode 14
voltage variations thus produce unwanted changes in
the appearance of an image. Such geometric image
distortions generally have an inverse-square-root rela-
tionship with anode voltage variations; for instance, a
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4% increase in anode 14 voltage will result in a 2%
decrease in size for that portion of the image which was
generated during the voltage variation.

The anode 14 voltage varies as a result of changes in
the electron-beam current within the CRT 16. The
magnitude of the anode 14 voltage variation as a func-
tion of this current is given by Ohm’s law, namely
Va=1,* Z, where V,is the anode 14 voltage variation
produced by the changing CRT 16 current I, and Z,is
the impedance coupled to the anode 14. Thus, in order
to reduce voltage variations at the CRT anode 14 and
thereby reduce the magnitude of ELF electric fields
which radiate therefrom, the impedance coupled to the
anode 14 must be reduced. This is achieved through the
circuit 10 of the present invention.

Referring also now to FIG. 4, portions of the circuit
10 of FIG. 3 are represented in terms of their influence
upon anode 14 voltage variations. The CRT 16 is mod-
eled as having a variable current source which gener-
ates the changing CRT 16 current, and the flyback
transformer 12 is represented as having an impedance
Z .. Since the second bias circuit 27 (FIG. 3(d)) simply
supplies a bias to the non-inverting input 38 of the oper-
ational amplifier 34, it is represented as a coupling to a
voltage. The frequency compensation coupling 43
(FIG. 3(b)) serves only to stabilize the circuit, and is
ignored in the analysis below. In addition, the resistor
RS in the AC isolation coupling 31 (FIG. 3(c)) serves
only to isolate the capacitor C1 in this coupling from
the first voltage divider 20. Moreover, this capacitor C1
preferably has a very low impedance. Thus, the AC
isolation coupling 31 will also be ignored in the analysis
below.

The circuit 10 of FIG. 4 includes current paths
through the voltage divider 20 and the capacitor C4.
The current I; through the voltage divider 20 is simply

I=Vo/(R1+R2) o
where V,is the AC voltage at the CRT anode 14 result-
ing from the changing CRT 16 current I;. The voltage
at the output 40 of the operational amplifier 34 is related
to that at the inverting input 36 by an inverting gain A,,
which is a negative quantity having a magnitude larger
than 1. The voltage present at inverting input 36 of the
operational amplifier 34 equals 8V, where 8 represents
the attenuation provided by the voltage divider 20 and
is given by

B=R2/(R1+R2) @
Thus, at the output 40 of the operational amplifier 34,
the voltage is

Vo=—(4B)Va ©)
From this result, the current I through the feedback
capacitor C4 is found to be

L=V1+4,8)QC @)
where C is the value of the feedback capacitor C4 and
Q is the radian frequency of the CRT 16 current. Upon
combining equations (1) and (4), the impedance coupled
to the CRT anode 14, neglecting the impedance of the
flyback transformer 12, is given by

Z;=1/GQC(1+4,8)+1/(R1+R2) &)
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Taking the impedance of the flyback transformer 12
into account yields

Zg=1/(Zp{jQC(1+4:8)+1/(R1+R2)+ 1/ Zgy) ©)
where Zg, is the impedance of the flyback transformer
12. Asindicated by equations (5) and (6), this impedance
is modified by the gain A, of the operational amplifier
34, such that greater gain results in lower impedance.
The operational amplifier 34 multiplies the effect of the
feedback capacitor C4 by the factor (1+A,8). In prac-
tice, A, is chosen to be as large as possible, thereby
providing a large impedance reduction, consequently
reducing ELF electric fields radiated from the CRT
anode 14, as well as reducing geometric image distor-
tions, while allowing use of a much smaller feedback
capacitor C4 than that required in the prior art. More-
over, the circuit of the present invention is unaffected
by unit-to-unit variation in flyback transformer voltage,
and its power dissipation is much lower than that found
in prior art involving voltage regulation. From the
above equations, it can be seen that a wide range of
capacitor values can be used for C4. Preferably a value
for C4 is chosen of less than 1 wF. A C4 value of 1000
pF is used in the preferred embodiment.

Referring also now to FIG. 5, a circuit diagram of an
alternative embodiment 60 of the present invention is
shown in which a single-input multistage transistor
amplifier 62 is used to achieve the inverting gain A,
realized by the operational amplifier 34 in the preferred
embodiment 10. This circuit 60 comprises a power sup-
ply, herein implemented as a flyback transformer 12; a
voltage sensor, herein implemented as a voltage divider
61; an amplifier 62 having a single input 63 and an out-
put 64, comprising a plurality of resistors, capacitors
and transistors Q1 through Q4, forming an input stage,
an amplification stage, and an output stage; and a feed-
back capacitor C4 within an anode feedback coupling
54.

The flyback transformer 12 is electrically coupled to
the CRT anode 14 and the voltage divider 61. The
voltage divider is also electrically coupled to transistor
Q1, which functions within the input stage of the multi-
stage transistor amplifier 62. The base contact of transis-
tor Q1 is coupled to the amplifier’s input. Transistors Q2
and Q3 function within the amplification stage, in which
transistor Q2 is electrically coupled to the input stage
and to transistor Q3, and transistor Q3 is electrically
coupled to the output stage. Transistor Q4 operates
within the output stage; the collector of transistor Q4 is
electrically coupled to the amplifier’s output 64. The
amplifier output 64 is electrically coupled to the feed-
back capacitor C4, which is in turn electrically coupled
to the anode feedback coupling 54. The anode feedback
coupling 54 provides a feedback path coupling the CRT
anode 14, the voltage divider 61, the single-input multi-
stage transistor amplifier 60, and the feedback capacitor
C4.

The flyback transformer 12 provides a high-voltage
to the CRT anode 14. Anode 14 voltage variations
produced by changes in the electron-beam current
within the CRT 16 are sensed by the voltage divider 61,
which attenuates such voltage variations, thereby pro-
ducing a voltage signal with a magnitude acceptable for
application to the input stage of the amplifier 62. This
voltage signal comprises an AC component, corre-
sponding to the anode 14 voltage variation, superim-
posed upon a DC component. The input stage of the
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amplifier 62 delivers only the AC voltage to the amplifi-
cation stage, which amplifies and inverts this signal and
delivers it to the output stage. The output stage further
amplifies the signal received from the amplification
stage. Since the output stage is electrically coupled to
the feedback capacitor C4, the inverted and amplified
version of the anode voltage variation present at the
amplifier’s output 64 serves to multiply the effect the
feedback capacitor C4 has upon the CRT anode,
thereby decreasing the impedance coupled to the anode
14. This impedance reduction produces an attendant
reduction in the anode 14 voltage variation which was
sensed by the voltage divider 61, and therefore results in
a reduced ELF electric field magnitude and greater
stability in a displayed image.
Preferred component values within the multistage
transistor amplifier 62 are indicated in FIG. 5; the pre-
ferred values for the resistors in the voltage divider 61
are identical to those used in the first voltage divider in
the circuit 10 of FIG. 3. The feedback capacitor C4 also
has the same value as in the circuit 10 of FIG. 3. The
gain of the multistage transistor amplifier 62 should be
as large as possible in order to maximize the benefits
realized from this circuit 60.
Although the circuit of the present invention has
been described with respect to CRT-based display de-
vices, it is also applicable to beam-matrix display de-
vices. A beam-matrix display device comprises an array
of electron guns, in which each electron gun is utilized
for generating a portion of an image. In the simplest
configuration, all electron guns share the same anode, to
which the circuit of the present invention would be
applied.
While the present invention has been described with
reference to certain preferred embodiments, those
skilled in the art will recognize that various modifica-
tions may be provided. For example, modifications
might include, but would not be limited to, use of a
capacitive voltage sensing means, or use of a trans-
former for coupling the output of the amplifier to the
capacitor. These and other variations upon and modifi-
cations to the preferred embodiment are provided for
by the present invention which is limited only by the
following claims.
What is claimed is:
1. A circuit for reducing ELF electric fields radiated
from CRT devices, the circuit comprising:
a CRT having a cathode and an anode;
power supply means electrically coupled between the
anode and the cathode for providing bias to the
CRT;

amplification means having a first input electrically
coupled to the power supply means and to the
anode, and an output electrically coupled to the
anode, for supplying an amplified anode voltage
variation signal to the anode; and

a capacitor coupled between the amplification means

and the anode, the coupling maintained by the
capacitor for lowering the anode impedance such
that the resulting anode impedance is inversely
related fo the product of the capacitance of the
capacitor and the voltage gain of the amplification
means.

2. The circuit for reducing ELF electric fields ac-
cording to claim 1, further comprising voltage sensing
means coupled between the anode and the first input of
the amplification means for sampling the CRT anode
voltage.
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3. The circuit for reducing ELF electric fields ac-
cording to claim 2, wherein the voltage sensing means
comprises a voltage divider.

4. The circuit for reducing ELF electric fields ac-
cording to claim 3, wherein the voltage divider means
further comprises a first resistor electrically coupled
between the anode and the first input, and a second
resistor electrically coupled to the first resistor and the
CRT cathode.

5. The circuit for reducing ELF electric fields ac-
cording to claim 2, further comprising a second input,
wherein the second input of the amplification means is
electrically coupled to a bias circuit.

6. The circuit for reducing ELF electric fields ac-
cording to claim 1, wherein the power supply comprises
a flyback transformer having a primary coil, a second-
ary coil, and a rectifying means.

7. The circuit for reducing ELF electric fields ac-
cording to claim 6, wherein the rectifying means com-
prises a diode.

8. The circuit for reducing ELF electric fields ac-
cording to claim 6, wherein the rectifying means is
electrically coupled between the secondary coil and the
anode.

9. The circuit for reducing ELF electric fields ac-
cording to claim 6, wherein the secondary coil is electri-
cally coupled to the cathode.

10. The circuit for reducing ELF electric fields ac-
cording to claim 1, wherein the amplification means is
coupled to the power supply means through an isolation
means.

11. The circuit for reducing ELF electric fields ac-
cording to claim 10, wherein the isolation means further
comprises a series connected resistor and capacitor for
isolating the amplification means from DC voltage.

12. The circuit for reducing ELF electric fields ac-
cording to claim 1, wherein a frequency compensation
means is coupled between the output and the first input,
for stabilizing the amplifier means.

13. A method for reducing ELF electric fields radi-
ated from CRT devices having an anode and a cathode,
wherein the CRT is biased from a power supply, the
method comprising the steps of:

applying a voltage signal from the power supply, the

voltage signal applied between the anode and the
cathode of the CRT;

applying an amplified anode voltage variation signal

to the anode from an amplifier electrically coupled
to the power supply and the anode; and
capacitively coupling the amplifier to the anode in
order to lower the anode impedance by an amount
inversely proportional to the product of the capaci-
tance of the capacitor and the gain of the amplifier.

14. The method for reducing ELF electric fields
radiated from CRT devices according to claim 13,
wherein the resulting anode impedance is inversely
related to the product of the coupled capacitance and
the voltage gain of the amplifier.

15. The method for reducing ELF electric fields
radiated from CRT devices according to claim 13
wherein the voltage signal from the power supply is
further rectified.

16. The method for reducing ELF electric fields
radiated from CRT devices according to claim 15
wherein the voltage signal from the power supply is
rectified using a diode coupled between the power sup-

ply and the amplifier.
¥ % % L .
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