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BACKGROUND OF THE I NVENTION 1. Field of the I'nvention The presen nventy on.
rel ates generally to cathode ray tube (CRT) devices, :and nore particularly

to a circuit which reduces extrenely | ow frequency (ELF) electric fields

~emanating from CRT devices through productlon of a ga| n- nodi fi ed i npedance’
at- the CRT anode. 2. DgSIRQY % 7
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5 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
10 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,
15 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
20 definitive conclusion in this regard has been made to date. Since a
user may be required 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 reduction of ELF electric
25 fields. In a first approach, shielding is selectively used on the CRT
in order to attenuate the electric field. One common type of
shielding consists of a metal layer applied to a casing which

encloses the CRT. On the front of the CRT displgy shielding requires
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“Change& in.informati on di spl ayed on a CRT device or user adjustment of CRT
di spl ay coentrolisse such as brightness and contrast, unpredictably alter:the:
CRT el ectron beamcurrent, giving rise to corresponding variations in. the
CRT anode. voltage. As a result, the anode acts as a radi'ating el enent,
produci ng extrenely |l ow frequency (ELF) electric fields. -The presence of

‘ELF el ectric fields may Pose a potential health risk to CRT users, although

no definitiuse &dndl uBealizadt agspargar ccIRNDeaRPIRE O RUgaNALE nce a user

may “be required to_view the CRT screen for_several hours each day,
potential HI8F¥I igldst s Iruedy cpatipgni ypieyly degrade image quality &
significantly increase the cost of CRT manufacture.
Another approach utilizes a circuit of the type shown in FIG:
S 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 pléte. In order
for cancellation to be effective, the location of the ELF electric field
10 sensing means and the gain provided by the amplification means
must be properly chosen in order to account for possible
asymmetries in the magnitude of the ELF electric field surrounding
the CRT. A similar consideration applies to the cancellation signal

radiating means. In addition, nonlinearity and phase distortion

15 present in the amplification means must be minimized. These

i

considerations complicate CRT design 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

20 variation. This type of approach offers the added benefits o-f
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

235 circuit which functions in this manner is described in U.S. Patent
#5,043,598; this circuit regulates a CRT anode voltage by
subtracting a variable voltage from the voltage present across a

flyback transformer. A major disadvantage of this circuit is that
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In 1ight of t,hl Sy eyanuf acturers of CRT-based di spl ay devi ces have taken_
ivarious - approaches toward the reduction of ELF electric fields. In a fi r'st
approach shielding i-s selectively used on.the CRT in order to attenuate
the electric field. One comon ‘type of shielding consists of a metal |ayer
appld ed.to a casing which encl oses the CRT. On the front of the CRT

di spl ay, shi eligi nyvagqugi rregge of 2the reguiator must accommodate unit-io-unit

Jutput voitage variauon resuiting from the flyback transformer
circuitry, in addition to the voltage variation produced by changes
in the anode current. This circuit additionally suffers from

“significant power dissipation, as do most regulators. Circuitry

W

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.

10 An.additional approach which addresses reduction of CRT
anode voltage variation as a means for reducing ELF electric fields,
involves minimization of the impedance 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.

15 Unfortunately, such a capacitor is much more expensive and
physically much larger than one hav;ng lower capacitance, again
adversely affecting the economic aspects 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

20 discharge, also known as arcing.

What is needed is an efficient and cost effective circuit for
reducing ELF electric fields radiated from the anode of a CRT, while

also reducing geometric image distortion in the CRT display.
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ruse of a specialized transparent coating capable of attenuating electric
fields.. Such goatings typically degrade image quality or signifi.cantdy

i ncrease the cost of CRT manufacture. Another approach utilizes a circuit
of -the type shown in FI'G 1, in which-the unwanted ELF electric field is
capacitively sensed, inverted, and anplified in order to produce an
inverted replica of the voltage mavefornlat Aﬂgoe. This signal is then
radi at ed back towards the ~ Falh =g+ i p or plate I n order

for -cancel l ation to be effectlve. th Iocatlon of ,the EEE fF§t“C field
sensing means andet RECEAL iNYPRAIPR ByCIFHE AR8) FeqUcing

fields radiated from a CRT anode through reduction of CRT anode

voltage fluctuations while allowing the use of an unregulated anode

S 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

10 means, and a capacitance incorporated within a feedback coupling.
A voltage fluctuation 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 applied to the feedback coupling in

15 order to reduce the anode impedance. This impedance reduction in
turn reduces the magnitude of the CRT anode voltage fluctuation,

thereby reducing the magnitude of the attendant ELF electric field.
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must -be prope=r1y chosen in order to account for possible asyrmetrl esg. Lp the
magni t ude Yof "t he” 'ELF electric.field surroundlngtheCRT A simlar : '
consi deration applies to the -cancellation signal radiating nmeans. In
addition, nonlinearity and phase distortion present in the anplification
means nust be m nim zed. These con5| deratlons conplicate CRT design and-
manuf acture. Since the GRIEZNMDESCRIPITHE DA WIBIdY el ds as a result
of anode voltage variation, ot her approaches for reducing the nagnitude of
ELF electric fidlifs neliyump:nas redizgraq tdfi sirevittngesedain gidion arTHos type of
approach offers_ the added benefits of

radiative cancellation of ELF electric fields;

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

FIGS. 3(a), 3(b), 3(c) and 3(d) show a preferred embodiment
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

10 the CRT i.s modeled as having a variable current source; and

FIG. 5 shows an alternative embodiment of the present

invention in which a single input, multistage transistor amplifier is

used to achieve an inverting gain Av.
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reduced geonetric image distortion and greater inmage stability. One such
et hod i nvol-vé$*“t he use of a voltage-regul ated power supply, in whict
~electronic circuitry coupled to the power supply ensures relatively - :
constant -voltage output at the CRT anode. A circuit which functions in this
-marner is describedin US. Patent #5 043 598; this CIrCUIt regul ates a CRT
anode vol t age oy : S : 3 hPOE present
across a flybaCK TT« ttuit is that

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 present invention. The input to
5 circuit 10 comprises a high-voltage power supply, which in this
embodiment is implemented as a flyback transformer 12. Flyback
transformer 12 is conventional, having a prirﬁafy and secondary
coils L1 and L2, and is coupled to a rectifying means, herein
implemented as a diode 18. The flyback transformer 12 is used to

10 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 inverting input
36 to the amplifier 34, and a compensation coupling 43 provides
filtering of the feedback utilized in the amplifier.  An output 40 of

15 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.

20 Voltage divider 20, consisting of R1 and R2, senses the voltage
on the CRT anode 14, and delivers a corresponding reduced-
amplitude voltage to the AC isolation coupling 31. Preferred
component values for resistors Rl and R2 are approximately 100
MQ and 43 kQ, respectively. A wide range of alternative resistor

25 values, similarly proportioned would prove equally effective. The
reduced-amplitude voltage delivered by voltage divider 20
comprises a DC voltage level, upon which an AC voltage

corresponding to CRT anode 14 voltage variation is supcrimposed.
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-3- the 'dy_,ngryj c.range of the regulator nust accommodate uni t-to- u;hi t,Quf put
'vol tage variati Ofr esulting fromthe flyback transfornmer circuitry, in _
.addition to the voltage variation produced by changes in the anode current.
- This circuit additionally suffers fromsignificant -power dissi-pation, as do
. nmost regulators. Grcuitry required for - regul ation of CRT anode voltages
‘al so si gni f Powet [ addsiges preseqosh of CRTCRRcdmode spawee wuppl §0 Due to
e OO ANE id ot Yofeas varaons o 58 sl Blbvbl.
the anode voltage cannot be directly applied to amplifier 34.
Isolation coupling 31 passes the AC component of the voltage
5 supplied b.y 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 voltage at its output 40 which is routed through a
frequency compensation coupling 43 in order to ensure stable
10 amplification. The voltage generated by the operational amplifier
34 is also applied to the anode feedback coupling 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
15 reduction in turn reduces the magnitude of the voltage variation
which the voltage divider 20 senses from the CRT anode 14. Since
anode 14 voltage variations produce ELF electric fields and cause
geometric image distortions, this reduction of the voltage variation
sensed at the CRT anode 14 reduces ELF electric field magnitudes-
20 and stabilizes the displayed image.
Referring now to FIG. 3(b), a detailed schematic is shown of
the preferred embodiment of the compensation coupling 43. The
purpose of compensation coupling 43 is to frequency stabilize the
amplifier circuit and to prevent unwanted oscillation. At the
25 frequencies of interest, capacitor C3 shunts voltage signals through
the two resistors R7 and R8, to ground. Preferable component

values are approximately 1| MQ for each of the two resistors R7 and

R8, and 10 uF for the capacitor, C3. The component values within
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. unregul at ed anode power supplies. An additional approach whi-ch addresses .

reduction-of . CRT .anode vol tage variation as a neans for. reduci.ng ELF,

t'electric fields, involves mnim.zation of the inpedance connected to the

© CRT anode.. In the circuit of FIG. 2, this is acconplished through the use
- of @ passive bypass capadcitor possessing very high capacitance.
“Unfortunately, such a capacitor is nuch nore expensive and physically much
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gain is chosen to be as large as possible without causing oscillation

of the amplifier 34,

3 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 purpose of this coupling 31 is to isolate amplifier
34 from the DC voltage component and to limit the AC current

10 signal delivered to the amplifier input 36. Preferred component
values for isolation coupling 31 are approximately an R5 of 10 kQ,
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

15 non-inverting input of amplifier 38. Resistors R3 and R4 of bias
circuit 27 are approximately 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 electron guns

20 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 positive 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 electrons accelerated in this

25 manner comprise an electron-beam current within the CRT 16,
which gives rise to a current in the CRT anode 14. The electron
beam current varies considerably as a result of changes in

displayed information or user-adjustment of CRT 16 display

i




pot enti al S Onsfarge to the CRT due to a sudden electrical discharges:also
known ‘as arcing. Wiat is needed is. an efficient and cost effective circuit
for reducing ELF.el ectric fields radi ated fromthe anode of a CRT, while

al so reducing geonetritc i-mage di stortlon in the CRT display.

- 4- SUMVARY
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controls such as brightness or contrast Such changes produce
corresponding changes 'n the anode 14 current, which in turn give
rise to attendant variations 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 image having
predetermined ch'aracteristics. An electron beam experiencing a
given acceleration due to the CRT anode 14 voltage can be deflected
by such means, thereby altering its position on the display. 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

9
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The present invention is a circuit for reducing ELF electric fiel ds -
radi at ed - fr om a~CRT anode t hrough reduction of CRT anode vol tage-~ v
fluctuations while allow ng the use of an unregul ated anode power supply
and a small capacitor. The ci rcuit produces a gain- nodified i npedance

~incorporated within a feedback connection to the CRT anode.

The circuit of

the Br esente LRVERLOTWRATREOGES AOVaHAtiAG® BOVly APl Y FRANS. A ORT. a

vol t age sensing neans

nmeans, and 'a capacl tance

i neor por at ggkrehidiin ané@@dlma%hggyp‘bnn%sxﬂ:vml ha9% fdeerddiRt I PR qgpced on

the CRT anode is detected by t

that portion of the image which was generated during the voltage

variation.

(9]

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 function of this current is given by

Ohm's law, namely V3 = I3 * Z;, where Vg3 is the anode 14 voltage

variation produced by the changing CRT 16 current I, and Z, is the

10 impedance coupled to the anode 14. Thus, in order to reduce

voltage variations at the CRT anode 14 and thereby reduce the

magnitnde of ELF electric fields which radiate theréfrom, the

impedance coupled to the anode 14 must be reduced. This is

achieved through the circuit 10 of the present invention.

15 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 modeled as having a variable current

source which generates the changing CRT 16 current, and the

flyback transformer 12 is represented as having an impedance Zfbt. .

20 Since the second bias circuit 27 (FIG. 3(d)) simply supplies a bias to

the non-inverting input 38 of the operational 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

25 resistor RS in the AC isolation coupling 31 (Fig. 3(c)) serves only to

isolate the capacitor Cl in this coupling from the first voltage

divider 20. Moreover, this capacitor Cl preferably has a very low
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- vol t-age sen5|qg neans, and input into the anplification neans. The 10
~anplification. means produces an i-nverted version of the anode voltagé
fluctuation,. which is appli-ed to the feedback coupllng in order to reduce

t he-anode i npedance. This inpedance reduction in turn reduces the nmagnitude
. of .the CRT anode voltage fluctuation, thereby reducing the magnitude of the

attendant Ghbe@hf€d.M1 Thlkelifle AC isdlation crupling 31 will also be ignored
in the anaiysis below.
The circuit 10 of FIG. 4 includes current paths through the
voltage divider 20 and the capacitor C4. The current I] through the

5 voltage divider 20 is simply

I} = Va/(R] +R2)
(1)

10 where V; is the AC voltage at the CRT anode 14 resulting from the
changing CRT 16 current 1. The voltage at the output 40 of the
operational amplifier 34 is related to that at the inverting input 36
by an inverting gain Ay, which is a negative quantity having a
magnitude larger than 1. The voltage present at inverting input 36

15 of the operational amplifier 34 equals BVa, where B represents the

attenuation provided by the voltage divider 20 and is given by

B = R2/(R! + R2)

(2)
20
Thus, at the output 40 of the operational amplifier 34, the voltage is
Vo = -(AvB)Va
(3)
25
From this result, the current 12 through the feedback capacitor C4
is found to be
This Sheet Has BeenR ace 11
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BRI EF DESCRI PTION OF THE DRAWNGS. FIG 1 illustrates a di agram of
circuitry.usedwkn prior art for-radiative cancellation of ELF el.ectrie .
fields; FIG 2 shows a circuit used in prior art for reducing ELF electric-
fields through use of a |arge . bypass capacitance;. FIGS. 3(a), 3(b), 3(c)
. and 3(d) show a preferred enbodi ment of a circuit for reducing ELF electric
fields radiated from CRT devi ces constructed _in gccordance with the present
invention; FIG 4 shows a represeht & Yoh!® ’tﬁﬁﬁn(gi rcuit of FIG 3, wherein
the CRT is nnde(l4e}d as having a variable current source; and

where C is the value of the feedback capacitor C4 and © is the
5 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

Za = 1/ (joC(1+AvB) + 1/(R] + R2))

10 (3)

Taking the impedance of the flyback transformer 12 into account

yields

15 Za = 17 Zfpt(joC(1+AvB) + I/(R} + R2)) + 1/Zfbt)
(6)

where Zfpt is the impedance of the flyback transformer 12. As
indicated by equations (S) and (6), this impedance is modified by

20 the gain Ay of the operational amplifier 34, such that greatc;,r gain
results in lower impedance. The operational amplifier 34 multiplies
the effect of the feedback capacitor C4 by the factor (1+Ayf). In
practice, Ay is chosen to be as large as possible, thereby providing a
large impedance reduction, consequently reducing ELF electric

25 fields radiated from the CRT anode 14, as well as reducing
geometric image distortions, while allowing use of a much smaller
feedback capacitor C4 than that required in the prior art.

Moreover, the circuit of the present invention is unaffected by unit-
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FIG- 5 shows an alternative enbodi ment of the:present invention in which a
single input, n‘ultlstage transi stor anplifier is used to achieve oo
inverting gain Av. - 6- _DETAI LED DESCRI PTI ON ©F THE PREFERRED ENMBODI MENTS
Referring nowto FIG 3(a) a'diagramis shown of a circuit 10 for reducing
ELF electric fields radiated from CRT devices

w-unit variatton in flyback transtormer voitage. and its power
dissipation is much tower than that tfound 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

5 wvalue for C4 is chosen of less than I uF. A C4 value of 1000pF is
used in the preferred embodiment.

Referring also now to FIG. S, 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

10 achieve the inverting gain Ay realized by the operational amplifier
34 iﬁ the preferred embodiment 10. This circuit 60 comprises a
power supply, 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 output 64, comprising

15 a plurality of resistors, capacitors and transistors Q1 through Q4,
forming an input stage, an amplification stage, and an output stage;
and a feedback 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

20 electrically coupled to transistor Ql, which functions within the
input stage of the multistage transistor amplifier 62. The base
contact of transistor 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

25 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 feedback
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constructed in accordance with the present invention. The input to circuit
10 conprises .a hi gh-vol tage power supply, which in this enbodi pgnt.ig

i npl enented as a flyback .transformer 12. Flyback transformer 12 is

. conventional, having a primary and secondary coils-L1 and L2, and is

- coupled to a rectifying neans, herein inplenmented as a di ode 18. The
flyback transformer 12 is used to power a CRT 16 havi ng an anode 14 and a
cat hode 153PaIY5|GhgavhirhiGein 2ormmdewrigs!lyi ceupied2to ahe arede t o bi as

oper at i onal lifier 34. An AC isolatign goupling 31 is used.to filter an
i nverting f??&ﬁz’%@%l&“ﬁ@émlﬁﬁ Gnogg ?‘?ﬁﬁﬁ’aﬁgcﬁﬂgﬁh‘\%&t?‘bnpr@dl S g 43

Provides ¢eedback path coupling the CRT anode 14, the voltage divider 61,
the single-input multistage transistor amplifier 60, and the
5 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,

10 thereby producing a voltage signal with a magnitude acceptable for
application to the input stage of the amplifier 62. This voltage
signal comprises an AC component, corresponding to the anode 14
voltage variation, superimposed upon a DC component. The input
stage of the amplifier 62 delivers only the AC voltage to the

15 amplification 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

20 present at the amplifier's output 64 serves to multiply the éffect
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

25 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 preferred values for the
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- filtering of the feedback utilized in the anplifier. An out put 40 of the
~operational amdlifier 34 is further electrically coupled to a feedback

capacitor C4, which is in turn connected to the CRT anode'14, thus forning

an anode feedback coupling 54 between the voltage divider. 20, the AC

i solation coupling 31, the anplifier 34, and the CRT anode 14. Vol tage

divid f. Rl h I d
1o Gna aorisGER IR w0 Bl AR I SHehitFalian BiReatsd dnchee A
i sol atIOI’f rgpqml %E’l%‘”de 1?1f rer %ﬂcﬁR”PB efntFIéaljles e feree |slt(ors R1 and R2

are approxi mate
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
5 as pncsible.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 devices, it is also
applicable to beam-matrix display devices. A beam-matrix display
device comprises an array of electron guns, in which each electron
10 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
15 will recognize that various modifications may be provided. For
example, modifications might include, but would not be limited to,
use of a capacitive vbltage sensing means, or use of a transformer
for coupling the output of the amplifier to the capacitor. These and
other variations upon and modifications to the preferred
20 embodiment are provided for by the present invention which is

limited only by the following claims.
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Merr] and 43 k[err], respectively. A wide range of- aILernatlve re5|stor
val ues, simlagly proportioned woul d.prove equally effective. 530

r educed- anpl i tude vol tage delivered by VEWHﬂﬂuﬂl ”ﬂg(, lm corrprl ses a DC
vol t age | evel, ~upon_whi ch an AC vol tage CRT anode 14 ’
-volktage vari atlon i s-superi rrposed -7- Since the voltages present on a
CRT anode 14 can_be up to 30

FHAT IS CLAIMED [5:

1. A circuit for reducing ELF electric fields radiated from CRT
devices, the circuit comprising:

a CRT having a cathode and an anode;

(V)

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, for supplying
amplification between the power supply and the anode; and
10 a capacitor coupled between the amplification means and
the anode for lowering the anode impedance, wherein the resulting
anode impedance is inversely related to the product of the
capacitance of the capacitor and the voltage gain of the amplification
means.
15
2. The circuit for reducing ELF .electric fields according 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 vdltage.
20
3. The circuit for reducing ELF electric fields according to Claim

2, wherein the voltage sensing means comprises a voltage divider.

4. The circuit for reducing ELF electric fields according to Claim
25 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
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- knovol ts, and anode 14 voltage variations can be several kil d\')ol_t'_s, t he

anode voI t &dge:Tanmot - be directly applied to arrpl i f |§&\m | sol at'i on * =™36 .

... coupling 31 passes the AC conponent :of i ed by voltage- _
di vider 20 to-the inverting input 36 of\ i e bl ocking the DC
t

conponent .. The operational anplifier 34 ur‘n [ nverts and anplifies this
_AC voltage to produce a voltage at its output 40 which is routed through a
- frequency conpensat ion coupling 43 in order to ensure stable anplification.

The vol tage gener g t egy gyc,trgagomr&uh n?g mfpleléézﬁrc BRIds aBtSRIAE P! Etaikf

t he anode feedbac “couplin 47 n or
2, further comprising a second mput, wherein the second input of the

amplification means is electrically coupled to a bias circuit.

5
6. The circuit for reducing ELF electric fields according to Claim
1, wherein the power supply comprises a flyback transformer having
a primary coil, a secondary coil, and 2 rectifying means.
10 . 7. The circuit for reducing ELF electric fields according to Claim

6, wherein the rectifying means comprises a diode.

8. The circuit for reducing ELF electric fields according to Claim
6, wherein the rectifying means is electrically coupled between the

15 secondary coil and the anode.

9. The circuit for reducing ELF electric fields according to Claim

6, wherein the secondary coil is electrically coupled to the cathode.

20 10. The circuit for reducing ELF electric fields according to
Claim 1, wherein the capacitor has a capacitance value of less than I

microfarad.
11. The circuit for reducing ELF electric fields according to

25 Claim 1, wherein the amplification means is coupled to the power

supply means through an isolation means.

s Sheet Has Been Replaced
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multiply the effect the feedback .capacitor C4 has upomthe anode 14,

t her eby reduci.ng. the, i npedance coupl ed e approximte,. . “’;

preferred-value of C4 is 1000 pF. Thi slm ﬁml“) Hl ion.in turn reduces

. the magnitude of the voltage variation il e divider 20 senses

. frgmthe CRT anode 14. Since anode 14 vol tage variations produce ELF

- electric fields and cause geonetric image distortions, this reduction of

" the voltage variation séhgedrat t'he reRiciago8e F14lacstiuciésidsl femirdttg izc fiel d

" magni tudes and.stabilizes the displayed i mage. Referring nowto FIG 3(b),
a detailed sck i d i sWhBERIE #he iso%mon means further comprises a series

connected resistor and capacitor for isolating the amplification meansg

from DC voltage.

13. The circuit for reducing ELF electric fields according to
Claim 1, wherein the amplification means further comprises an
output connected to the capacitor and wherein a frequency
compensation means is coupled between the output and the first

10 input, for stabilizing the amplifier means.

14. A method for reducing ELF electric fields radiated from -
CRT devices having an anode and a cathode, wherein the CRT is
biased from a power supply, the method comprising:
15 applying a voltage signal from the power supply between
the anode and the cathode of the CRT;
applying signal voltage gain from an amplifier between
the power supply and the anode; and
capacitively coupling the amplifier to the anode in order

20 to lower the anode impedance.

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

25 capacitance and the voltage gain of the amplifier.
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t he preferredzenpodi ment of t he conpensation coupling 43. The .pur pose of
conpensation coupling 43 is tofre a) uthe arrpllfler circuit
-and to-prevent unwanted osciklatiof Emﬁm M cies of .interest,
capacitor C3 shunts vol tage signal s*therough the€ tWo resistors R7 and R8, to
ground. Preferable conponent values are approximately 1 Merr] for each of

the two resistors RTaantheBodaind duicaid |ELFoslethte cagiasi idiate@3trome
conponent val ues within
LRL devices according to ciaim 14 wherein the voitage signal from

the power supply is further rectified.

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

power supply and the amplifier.

10 18. The method for reducing ELF electric fields radiated from
CRT devices according to claim 14 wherein the anode impedance is
inversely related to the product of the capacitance of the coupling

and the voltage gain of the amplifier.
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ihe frequency Canensatlon coupllng 43 are chosen based upon the gain and
frequency response of the.operational anplifier 34. This gain i-s chosen.to
be as. large as possible without causing oscillation of the anplifier 34.
Referring-now to FIG 3(c), a detailed schematic is shown of the preferred
enbodi nent of the isolation coupling 31. 1Isolation coupling 31 consists of
the series connection of resistor R5 and capacitor C. The purpose of this
coupling 31 is to isolate anplifier 34 fromthe DC voltage conponent and to
limt the AC current signal delivered to the anplifier input 36. Preferred
conponent
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values for isolation coupling 31 are approximately an R5 of 10 k[err], and
a Cl of 0.1 [err]E Referring nowto FIG 3(d), a detailed schemati-e.is:n
shown of the preferred enbodi nent:- of bias circuit 27 providing bias to the
non-inverting input of anplifier 38. Resistors R3 and R4 of bias circuit 27
arecapproximately 4.7 Merr] in the preferred enbodinent. It would be
-obvious to one of ordinary skill in the art that this bias could al so be
supplied by a voltage reference or other neans. Wthin a CRT 16 di spl ay
device, one or nore electron guns facilitate the generation of a CRT imge.
Typical ly, the cathode is :
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~bi ased at a potepfial 12 and 150V, while the CRT anode 14 is biased at a
more positive voltage. A.voltage placed across the CRT anode 14 therefore
serves to accelerate electrons emtted froman electron gun t owar ds the CRT .
16 display. The electrons accelerated in this manner conprise an

el eGtron-beam current within the CRT 16, which gives rise to a current in-
‘the CRT anode 14. The électron beam current varies considerably as a result
‘of changes in displayed informati on or user-adjustnment of CRT 16 display
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,-9- controls such. as brlghtness or contrast. Such changes produce
§correspond|ng changes n t he anode 14 current which in turn give mrse to.440
“attendant variations in the anode 14 voltage. A changing electric potenti al
~applied to a conductive object generates-an AC el ectric field which :
.radrates outward fromthe object. Voltage variations on the CRT anode 14
therefore produce electric fields which radiate fromthe anode 14. These
electric fields have frequency conponents in the range from approxi mately
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5 to 2000 Hertz; fields having oscillations within this range are
categorized ag, gxtrenely | ow frequency, or ELF, fields. Since the ELF
electric field is produced by voltage variations on the CRT anodbdtiusit
reduction of such voltage variations-results in a.decrease in the ELF
elecfric field magnitude. In addition to the CRT anode 14, several

el ectrodes and possibly one or nore magnetic field yokes wwthin the CRT 16
affect the el ectron-beamcurrent in order to produce an imge having
predeterm ned characteristics. An electron beam experiencing a given

accel eration due to the CRT anode 14 voltage can be defl ected
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by such weansg‘hhereby altering its position on the display.. - Fer ele@trons
"traveling in the presence of a field produced by an el ectrode or magnetic
field yoke, the extent of this deflection is dependent upon the |ength of
time the deflecting field acts upon the electrons. -As electrons are

accel erated towards the CRT anode 14, variations in the anode 14 vol tage
affect the electrons' acceleration, and thereby affect the anmount of tine a
deflecting field can act upon the el ectrons. Anode 14 voltage variations

t hus produce unwant ed changes in the appearance of an image. Such

geonetric image distortions gene n inverse-square-root
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ACKGR E N

. Field of the Invention

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

2. Descriptio the Bac und .

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 required 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 reduction 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
shielding consists of a metal layer applied to a casing which

encloses the CRT. On the front of the CRT display, shielding requires



anode 14 voltage variation as a function of thi I NPT G by Ohm s
|l aw, nanmely V[ferr] = I[err] * Zerr], where V[err@#&‘ .E“ %%?A vol t age
vari ation produced by the changing CRT 16 curren [err], and Z&g iis the
i npedance coupled to the anode 14. Thus, in ordel }o %@8G3e996I tjade
variations at the CRT anode 14 and thereby reduck }he nagnitude joff ELF
electric fields which radiate therefrom2the inppdance coupl ed to it he anode
14 nmust be reduced. This is achieved through thejgircuit. 10-ef-t+he present
i nvention. Refgy rgfna absoiadizwdt eranlsparcht poainnsapuble hef ciusuidting) of FIG
3 are represented in terns of their influence upon anode 14 voltage

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 mears and the gain provided by the amplification means
must be properly chosen in order to account for possible
asymmetries in the magnitude 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 design 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 ihis manner is described in. U.S. Patent
#5,043,598; this circuit regulates a CRT anode voltage by
subtracting a variable voltage from the voltage present across a

flyback transformer. A major disadvantage of this circuit is that



variations. The CRT 16 is nodel ed as having a variable current source which
generates the changing CRT 16 current, and the flyback transformer 12 is
represented as having an inpedance Z[err]. Since the second bias circuit 27
(FIG 3(d)) sinply supplies a bias to the non-inverting input 38 of the
operational amplifier 34, it is represented as a coupling to a voltage. The
frequency conpensation coupling 43 (FIG 33(b)) serves only to stabilize the
circuit, and is ignored in the analysis below. In addition, the resistor R5
in the AC |s<€4\at|on coupling 31 (Fig. 3( z) serves only tg isolate the
capaci t or ghRamieumRIgey 9f dhﬁft et § IRkt MBFt siggommodate unit-to-unit

output voltage vanation resuiting from the flyback transformer
circuitry, in addition to the voltage variation produced by changes
in the anode current. This circuit additionally suffers from
significant power dissipation, 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 impedance connected to the CRT
anode. In the circuit of FIG. 2, this is accomplished thro;lgh the use
of a passive bypass capacitor possessing very high capacitance.
Unfortunately, such a capacitor is much more expensive and
physically much larger ‘than one having lower capacitance, again
adversely affecting the economic aspects 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 circuit for
reducing ELF electric fields radiated from the anode of a CRT, while

also reducing geometric image distortion in the CRT display.




di vider 20. Mreover, this capacitor Cl preferably has a very | ow -11-
| npedance. Thus, the AC isolation coupling 31 will also be ignored in the
anal ysis below. The circuit 10 of FIG 4 includes current paths through the
vol tage divider 20 and the capacitor C4 The current I[err] through the

vol tage divider 20 is sinply .

SUMMARY OF THE INVENTION

The present invention is a circuit for reducing ELF electric
fields radiated from a CRT anode through reduction of CRT anode
voltage fluctuations while allowing 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 incorporated within a feedback coupling.
A voltage fluctuation 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
voltége fluc;tuation, which is applied to the feedback coupling in
order to reduce the anode impedance. This impedance reduction in
turn reduces the magnitude of the CRT anode voltage fluctuation,

thereby reducing the magnitude of the attendant ELF electric field.




I[err] = V[err] / (RL + R2) (1) where Va is the AC voltage at the CRT anode
14 resulting fromthe changing CRT 16 current I[err]. The voltage at the
out put 40 of the operational anplifier 34 is related to that at the
inverting input 36 by an inverting gain Av, which is a negative quantity
having a magnitude |larger than 1. The voltage present at inverting input
36 of the operational anplifier 34 equalPs {err]V[err], where [err]
represents the attenuation provided by the voltage divider 20 and is given
by [err] = R/ (RL + R2) R ICN O WINGS

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 capacitance;

FIGS. 3(a), 3(b), 3(c) and 3(d) show a preferred embodiment
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 i.s modeled as having a variable current source; and

FIG. 5 shows an alternative embodiment of the present
invention in which a single input, multistage transistor amplifier is

used to achieve an inverting gain Avy.
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"(2) Thus, at the output 40 of the operational arr{%EHf«ﬁg}:\'M} “ﬁﬁ*—.\;/ | tage is
Vierr] = -(Av[err])Vlerr] (3) Fromthis result, {the current I[efr] through
the feedback capacitor C4 is found to be - 1;. 4 100CT 1904
-6 -
D DESCRIPTION QF THE P RED 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 present invention. The input to
circuit 10 comprises a high-voltage power supply, which in this
embodiment is implemented as a flyback transformer 12. Flyback
transformer 12 is conventional, having a primary and secondary
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 inverting input
36 to the amplifier 34, and a compensation codpling 43 provides
filtering of the feedback utilized in the amplifier.  An output 40 of
the operational amplifier 34 is‘ further electrically coupled to 2
feedback capacitor C4, which is in turn connected to. the CRT anode
14, thus fdrming 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 corresponding reducéd-
amplitude voltage to the AC isblation coupling 31. Preferred
compone'nt values for resistors Rl and R2 are approximately 100
MQ and 43 kQ, respectively. A wide range of alternative resistor
values, similarly proportioned would prove equally effective. The
reduced-amplitude voltage delivered by voltage divider 20
comprises a DC voltage level, upon which an AC voltage

corresponding to CRT anode 14 voltage variation is superimposed.

K



I[[err] = V[err] (I + A T[err])[err] (4) where ﬁ!’;s/utﬁa élﬁ&b’f t he

f eedback capacitor C4 and [err] is the radian equency of the CRT 16
current. Upon conbining equations (1) and (4) 1he1 bgﬁ?ﬁdﬁ?% coupled to the
CRT anode 14, neglecting the inpedance of thejf ybac fornmer 12, is
given by Z[err] =1/ ([err]C(1+Av[err]) + 1/ +-F2)—¢5r—tak| ng the

| npedance of the flyback transforrrer 27 nto gccount yields

Since txe voltages present on a CRT :mode 14 can be up to 30
knovoits. and anode 14 voltage variations can be several kilovolts,
the anode voltage cannot be directly applied to amplifier 34.
Isolation coupling 31 passes the AC component of the voltage
supplied b-y 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
producé a voltage 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 coupling 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
reduction in turn reduces the magnitude of the voltage variation
which the voltage divider 20 senses from the CRT anode 14. Since
anode 14 voltage variations produce ELF electric fields and cause
geometric image distortions, this reduction of the voltage variation
sensed . at the CRT anode 14 reduces ELF electric field magnitudes
and stabilizes the displayed image.
Referring now to FIG. 3(b), a detailed schematic is shown of
* the preferred embodiment of the compensation coupling 43. The
purpose of compensation coupling 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 R8, to ground. Preferable component
values are approximately 1 MQ for each of the two resistors R7 and

R8, and 10 uF for the capacitor, C3. The component values within



Zlerr] =1

Zfbt is the inpedance of the flyback transforne
equations (5) and (6), this inpedance is nodifii

oper at i onal
I npedance.

f eedback capacitor ¢4 by the factor (I*APerr]).
chosen to be as |arge as possible, thereby prd

reducti on,

I (Zlerr]([err]C(1+Alerr]) + 1/(RL R@ﬁfkﬁ?ﬂﬂzbﬁhﬂ (6) where
T2 ATl

anplifier 34, such that greater ga'
The operational anplifier 34 nulti

ceheefrequenyyr edmpiengatdihd edwepling c43 i etted$hn>adtn abesi:d rupant Hee CRT

anode 14, as well as reducing

gain and frequency response of the operational amplifier 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 Cl. The purpose 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 approximately an R5 of 10 kQ,
and a Cl 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 approximately 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 electron 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 positive voltage. A voltage placed across the CRT anode
14 therefore serves to accelerate electrons emitted from an electron
gﬁn towards the CRT 16 display. The electrons 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 current varies considerably as a result of changes in

displayed information or user-adjustment of CRT 16 display
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geonetric image distortions, while allow ng use
capacitor C4 than that required in the prior art. I\Jbreover, the gincuit of
the present invention is unaffected by unit- -1 1B 1@ QCErPP4vadrijation in
flyback transformer voltage, and its power dissipatjon is much | dwdr than

that found in prior art involving voltage regul at] o, From t he above
equations, it can be seen that a -9

controls such as brightness or contrast.. Such changss produce
corresponding changes in the anode 14 current. which in turn give
rise to attendant variations 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
Eategorized 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 fieid yokes within the CRT 16 affect
the electron-beam current in order 'to produce an image having
predetermined ch.aracteristics. An electron beam experiencing a
given acceleration due to the CRT anode 14 voltage can be deflected
by such means, thereby altering its position on the display. 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 gl.le 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



wi de ra QEP]OACEMM SEEEEaI ues can be used for C4. Preferably a value for
C4|scoi 1 uF. A 44 value of 1000pF is used in the

preferréd ngg}n@ﬁzrngwarmg also nowto FIG 5, a circuit diagramof an
al t er nat}i Ve ment of the present invention is shown in which a

si ngl e- iindut..mul-t+-st-age-t fansi stor anplifier 62 is used to achieve the
I nverti g galn Av realized by the operei’tq onal anplifier 34 in the preferred
enbodi +o——Fhrs~CITCcurt 60 conprises a power supply, herein inplenmented

as a flyback transforne 2; a voltage senso her | ement as a
Viltageydl Vi défrrﬂlé(:sgnbr g 1h anoa/e VQ acsva?ld[.lbnb fq lﬂlePn(.ed. cp 199 S

increase in anode 14 voltage will result in a 2% decrease in size for

that portion of the image which was generated during ;he voltage
variation.

- The :.mode 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 function of this current is given by
Ohm's law, namely Va = I * Za, where Va is the anode 14 voltage
variation produced by the changing CRT 16 current Iy, and Z; is the
impédance coupled to the anode 14. Thus, in order to reduce
voltage variations at the CRT anode 14 and thereby reduce the
rﬁagnitude 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 modeled as having a variable current
source which generates the changing CRT 16 current, and the
flyback transformer 1-2 is represented as having an impedanf:e Zfbt-
Since the second bias circuit 27 (FIG. 3(d)) simply supplies a bias to
the non-inverting input 38 of the operational 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 Cl in this coupling from the first voltage

divider 20. Moreover, this capacitor Cl preferably has a very low



anplifier 62 having a single input 63 and an ou
plurality of resistors, capacitors and transi st
an input stage, an anplification stage, and an

e ERRPnm g a
EMEQRGHET | f or mi ng
pufput stage ang g feedback
capacitor C4 within an anode feedback coupling 43 ansf or mer
an | der 61.

. . Thg dCyRAK tri
12 is electrically coupled to the CRT gnode 14 WI
The voltage divider is also electrical Iqxg‘ coupl ed t Ststor QL which
functions within the input stage of the nmultistage transisior..aaptifier 62.
The base contact of transistor QL is coupled to the& anplifier's input.

Transistors; n%eci‘o.m:"Qg .H‘mct A,\tt Sola ctxohne c%”BL' LI S3LLQ 55396 I'grrlxored

in the analysis below.

The circuit 10 of FIG. 4 includes current paths through the

voltage divider 20 and the capacitor C4. The current I1 through the

voltage divider 20 is simply

I} = Va/(RI + R2)
(1)

where Va is the AC voltage at the CRT anode 14 resulting from the
changmo CRT 16 current 1. The voltage at the output 40 of the
operational amplifier 34 is related to that at the inverting input 36
by an inverting gain Ay, which is a negative quantity having a
magnitude lafger than 1. The voltage present at inverting input 36
of the operational amplifier 34 equals BVa, where B represents the

attenuation provided by the voltage divider _20 and is given by

B = R2/(R! + R2)
(2)

Thus, at the output 40 of the operational amplifier 34, the voltage is

Vo = -(AvB)Va
(3)

From this result, the current 12 through the feedback capacitor C4

is found to be



which transistor Q is electrically coupled to the input stage and to
transistor B, and transistor B is electrically coupled to the output
stage. Transistor 4 operates within the output stage; the collector of
transistor Q4 is electrically coupled to the anplifier's s Etﬁ
anplifier output 64 is electrically coupled to the fdegs W
capacitor C4. which is in turn el ectritcad y  coupl ed tio*

12 = Vyall+A ;B)}wC

(4)

where C is the value of the feedback capacitor C4 and o 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

Za = 1/ oC(1+AvB) + 1/(R] + R2))
(5)

Taking the impedance of the flyback transformer 12 into account

yields

Za = 11 Zspt(j@C(1+AyB) + 1/(R1 + R2)) + 1/Zfbt)
(6)

where Zfpt is the impedance of the flyback transformer 12. As
indicated by equations (5) and (6), this impedance is modified by
the gain Ay of the operational amplifier 34, such that greatt;.r gain
results in lower impedance. The operational amplifier 34 multiplies
‘the effect of the feedback capacitor C4 by the factor (1+Avf). In
practice, Ay 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 distortions, while allowing use of a much smaller
feedback capacitor C4 than that required in the prior art.

Moreover, the circuit of the present invention is unaffected by unit-



f eedback coupling 54. The anode feedback couplin
path coupling the CRT anode 14, the voltage divi

R S et

i nput
mul ti stage transistor anplifier 60, and the feedbac The
flyback transforner 12 provides a hi gh-voltage to}the GROGEN Anode
14 vol tage variations produced by changes in the nt
within the CRT 16 are sensed by the votthye divi der whi ch attenuates

such vol tage variations, thereby producing a volt '
magni t ude act@ptiabl B3MBECAPHI | Bbaeh ¥anEREMEipYP ey LhePQHl i fier
62. This vol td?gs?patiun is much fower 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 uF. A C4 value of 1000pF is
used in the preferred embodiment.

Referring also now to FIG. S, 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 Ay realized by the operational amplifier
34 in the preferred. embodiment 10. This circuit 60 comprises a
power supply, herein implemented as 2 flyback transformer 12; a
voltage sensor, herein implemented as a voltage divider 61; an
ainplifier 62 having a single input 63 and an output 64, comprising

2 plurality of resistors, capacitors and transistors Q1 through Q4,
forming an input stage, an amplification stage, and an output stage;
and a feedba'ck 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 Ql, which functions within the
input stage of the multistage transistor amplifier 62. The base
_.con-tact of transistor Q1 is coupled to the amplifier's input.
Transistors Q2 and Q3 function within the amplification stage, in
which transistor Q2 is electricaily coupled to the input stage and (o
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 amplifigr's output 64.

The amplifier output 64 is electrically coupled to the feedback



signal conprises an AC conponent, corresponding t
vari ation, superinposed upon a DC conponent. Thg

t age

RE%ACEM@% SHEEThe

anplifier 62 delivers only the AC voltage to the ja

anptTfcatTon3tage, which

anplifies and inverts this signal and delivers it} it t |stage.
The output stage further anplifies the signal redei ve&@ﬁfﬁﬂ%‘i@

anplification stage. Since the output-3f4age is &l ex;.t.r.i_ga-L-L.y-e&u-pl

dto the

f eedback capacitor C4, the inverted and anplified version of the ajode

the effect the

vol tage vari @555?5; %@@”Kv!ﬁ&ht@euﬁgl’rt]fél@&n%aﬂ tEEﬁ&T@a;no?dl Ee! €

ack capaci tor as upon

Zhgaanl tiply
thereby

feedback coupling 34. The anode feedback coupling 54 provides a

feedback path coupling the CRT anode 14, the voltage divider 61,

the single-input multistage 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 producing a voltage signal with a magnitude acceptable for

application to the input stage of the amplifier 62. This voltage

signal comprises an AC component, corresponding to the anode 14

voltage variation, superimposed upon a DC component.

. The input

stage of the amplifier 62 delivers only the AC voltage to the

amplification 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 preferred values for the



decreasing the inpedance coupled to the anode 14. This inpedance 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 i mage.
Preferred conponent values within the nmultistage transistor anplifier 62
are indicated in FIG 5; the preferred v ues 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
ca'pacito.r C4 also has the same value as in the circuit [0 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 devices, it is also
applicable to beam-matrix display devices. 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 modifications may be provided. For
example, modifications. migh.t include, but would not be limited to,
use of a capacitive véltage sensing means, or use of a transformer
for coupling the output of the amplifier to the capacitor. These and
other variations upon and modifications to the preferred
embodiment are provided for by the present invention which is

limited 6n1y by the following claims.
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- 15 - resistors in the voltage divider 61 are identical

capacitor C4 also has the sane value as in the ci

to those used in

the first voltage divider in the circuit 10 of FI mzﬁcgm?fg%gg? ™
! . €
oy ¢ as

gain of the nultistage transistor anplifier 62 sh

possible in order to maxi m ze the benefits reali zeg

Al t hough the circuit of the present inveAfi on has
respect to CRT-based display devices, it is alsoja

|d be as larg
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di splay devices. A beammatrix display device qonprises an_arrayjof

el ectron guMsHAT ISWEleAINEIM [81 ect ron

l. 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, for supplying
amplification between the power supply and the anode; and

a capacitor coupled between the amplification means and
the anode for lowering the anode impedance, wherein the resulting
anode impedance is inversely related to the product of the
capacitance of the cabacitor and the voltage gain of the amplification

means.

2. The circuit for reducing ELF electric fields according 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.

3. The circuit for reducing ELF electric fields according to Claim

2, wherein the voltage sensing means comprises a voltage divider.

4. The circuit for reducing ELF electric fields according 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

| A O MY O ‘



gun is utilized for generating a portion of an inmage. |n_the-sinplest
configuration, all electron guns share the sang.-arodf., "{\A@@bi he circuit
of the present invention would be applied. Wi 'r-" presen hvénti on has
been described with reference to certain preferyét enbodi men;s s |
skilled in the art will recognize that various } -“";o @@CTons
provided. For exanple, nodifications mi ght 1 ncl d.
limted to, use of a capacitive voltage sensingingar
transforner for coupling the output of the anplitfier t acltor.
These and ot her variations upon and nodificatio 0 the preferred

5. The circuit for reducing ELF electric fields according 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 according to Claim
1, wherein the power supply comprises a flyback transformer having

a primary coil, a secondary coil, and a rectifying means.

7. The circuit for reducing ELF electric fields accofding to Claim

6, wherein the rectifying means comprises a diode.

8. The circuit for reducing ELF electric fields according to Claim
6, wherein the rectifying means is electrically coupled between the

secondary coil and the anode.

S. Thel circuit for reducing ELF electric fields according to Claim

6, wherein the secondary coil is electrically coupled to the cathode.

10. The circuit for reducing ELF electric fields according to
Claim 1, wherein the capacitor has a capacitance value of less than 1

microfarad.
1{. The circuit for reducing ELF electric fields according to

Claim 1, wherein the amplification means is coupled to the power

supply means through an isolation means.

A



enbodi nent are provided for by the present invention which is limted only

by the follow ng clains. - 16 - WHAT IS CLAIMED | S 17 cireuit-for
Lo PG 2" i ot o o o voser AN i
. : ¥ ¢ L " 5 *
: - 18 -

2. The circuit for reducing ELF electric fields according to
Claim 1!, wherein the isolation means further comprises a series
connected resistor and capacitor for isolating the amplification means

from DC voltage.

13. The circuit for reducing ELF electric fields according to
Claim 1, wherein the amplification means further comprises an
output connected to the capacitor and wherein a frequency
compensation mean-s is coupled between the output and the first

input, for stabilizing the amplifier means.

14.. A method for reducing ELF electric fields radiated from

CRT devicés having an anode and a cathode, wherein the CRT is
biased from a power supply, the method comprising:

applying a voltage signal from the power supply between
the anode and the cathbde of the CRT:

- applying signal voltage gain from an amplifier between

the power supply and' the anode; and

capacitively coupling the amplifier to the anode in order

to lower the anode impedance.

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

capacitance and the voltage gain of the amplifier.
REPLACEMENT SHEET
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power supply neans electrically coupled between the anode and the cathode
for providing bias to the CRT; anplification means having a first input

el ectrically coupled to the power supply neans and t ' h
supplying anplification between the power supply andjt, Hma ” mHI
capaci tor coupled between the anplification neans and the amode TOr =
| owering the anode i npedance, whereint He resul ti ng anode i npedance is
inversely related to the product of the capacitance of the capacitor and
the vol tage gain of the anplification nmeans. : '
16. The method for reducing ELF electric fields radiated from
CRT devices according to claim i4 wherein the voitage signal from

the power supply is further rectified.

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

power supply and the amplifier.

18. The method for reducing ELF electric fields radiated from
CRT devices according to claim 14 wherein the anode impedance is
inversely related to the product of the capacitance of the coupling

and the voltage gain of the amplifier.

REPLACEMENT SHEET
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2. The circuit for reducing ELF electric fields according to Caim1,
further conprising voltage sensing neans coupl ed between the anode and the
first input of the anplification means for sanpling the CRT anode voltage.
3. The circuit for reducing ELF electric fields according to Caim 2,
wherein the voltage sensing nmeans conprises a voltage divider. 4. The
circuit for reducing ELF electric fiel & according to Claim3, wherein the
vol t age divider means further conprises a first resistor electrically

coupl ed between the anode _and {he fi | BPHT oy BPOE 2-SRERNFST esi stor
el ectrically couple CLRE f

RADIATED FROM CRT DEVICES

ABSTRACT OF THE DISCLOSURE

A circuit for reducing extremely low frequency (ELF) electric
fields on cathode ray tube (CRT) devices comprises a power supply
means, a CRT, a voltage sensing means, an amplification means, and
a capacitive coupling within a feedback path to the CRT. A CRT
anode voltage variation sensed by the voltage sensing means is
amplified and inverted by the amplification mears, producing a.
signal which is applied to the capacitive coupling within the
feedback path. This signal modifies the impedance at the CRT
anode, decreasing the voltage variation and thereby reducing ELF

‘electric field magnitudes.

FIGURE 3a.
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CRT cat hode. -17- 5. The circuit for reducing ELF electric fields
according to Claim2, further conprising a second input, wherein the second .
i nput of the anplification nmeans is electrically coupled to a bias circuit.
6. The circuit for reducing ELF electric fields according to Claima1,
wherein the power supply conprises a fllyback transfornmer having

1 FADIATIVE
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a primary coil, a secondary coil, and a rectifying nmeans. 7. The circuit
for reducing ELF electric fields according to Caim®6, wherein the
rectifying neans conprises a diode, 8. The circuit for reducing ELF
electric fields according to Claim6, wherein the rectifying nmeans is
electrically coupled between the secondary coil and the anode. 9. The
circuit for reducing ELF electric fields daccording to Claim6, wherein the
secondary coil is electrically coupled to the cathode. 10. The circuit for
reduci ng ELF electric fields according to Claim1, wherein the capacitor
has a capacitance value of less than 1

CRT

[ 13}

O

z

=

Q

b

a.

<

Q

w

O

(am

3 _
i o r
2 [ ~ N <
Q ] WWW——P g &
73] i O
= fin
s o
X -

ey

2 L wWW—
i | .
[T

]
y‘v
L}
[]
[]
]
[}
1)
[}
]
4
]
)
]
]
1]
)
1
]
1
]
’
[}
1
)
[}
13
1
[]
)
]
¢
)
1
[]
]
]
1
[}
4
-

I
%

hahde bl e e L L)

REPLACEMENT SHERT|

I 10 DCT 1002 I

This Sheet Has Been Reilaced

QUL




m crofarad. 11. The circuit for reducing ELF electric fields according to
Claiml, wherein the anplification neans is coupled to the power supply

means through an isol ati on neans. 18 - 12. The circuit for reducing ELF
electric fields according to Claim1l, wherein the is -latien\_;.w..'f( further
conprises a series o, REPLACEMENT Shiri
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connected resistor and capacitor for isolating the anplification means from
DC voltage. 13. The circuit for reducing ELF electric SR GO

Claim 1, wherein the anplification neans further conpr ,
connected to the capacitor and wherein a frequency conpepsati on neans {i g
coupl ed between the output and the first input, for sthbj!lizDOgT 1986
anplifier neans. 14. A method for reducihg ELF electrif fields radiated
from CRT devi ces having an anode and a cat hode, wherei ph the CRI I's biasedd

froma power supply, the method conpri sing:

-----------------------------
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applying a voltage signal from the.power supply between the anode and the
cat hode of the CRT; applying signal voltage gain froman anplifier between
t he power supply and the anode; and capacitively coupling the anplifier to
the anode in order to |lower the anode inpedance. 15. The_ nethod.f.or
reduci ng ELF electric fields radiated from CRT devic Pﬂﬁﬁgwﬂgﬁjﬁﬁﬂﬁﬂaﬂ m
14, wherein the resulting anode inpedange-is inverse§§5 et-at-etr-to-tte

product of the coupl ed capacitance and the voltage gaih of the_gggllfler.
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- 19 - 16. The nethod for reducing ELF electric fields radiated from CRT
devi ces according to claim 14 wherein the voltage signal fromthe power
supply is further rectified. 17. The nethod for reducing ELF electric
fields radiated from CRT devices according to claim 16 wherein the voltage

signal fromthe power supply is rectifi eéi using a di%‘é@i &@Eﬁ]m BQEEE n the
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power '_suppl y and the anplifier. 18. The method for reducing ELF el ectqfwlwcs 7 xred

fields radiated from CRT devices according to claim14 wherein the -anode

i npedance is inversely related to the product of the capaC| tance of t he
coupling and the voltage gain of the anplifier. B AL J: SULETS S5
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