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This invention relates to television systems generally and
particularly to kinescope cathode driver apparatus with provisions for
providing gamma correction.

In an ideal television system the light output produced bya
kinescope would be linearly related to the light applied to a camera
pick-up tube. In practical systems, neither the camera tube nor the
display tube are linear devices. In other words, the signal voltage
produced by a camera tube is not linearly related to the light that is
detected and the light produced by a kinescope is not linearly related to
the cathode drive voltage applied to it. The relationship between light
input and signal output for the camera tube, and the relationships
between signal input and light output of the picture tube, are both
commonly expressed by the term "gamma" which, simply stated, is the
exponent or "power" to which an input function (X) is raised to produce
an output function (Y). If, for example, an input function X is raised to
the first power (gamma = 1) to produce an output function, then the two
functions are said to be linearly related. If the output varies as the
square of the input function, the value of the exponent (gamma) is equal
to "2". If the output varies as the square root of the input function, the
"gamma" or exponent equals 0.5. Gamma, in other words, is simply a
measure of curvature of a transfer function,

FIGURE 1 shows the gamma of various aspects of a video
signal transmission system, with curve 100 representing the transfer
characteristic of the transmission side, curve 102 representing the
transfer characteristic of the picture tube (kinescope or "CRT"), and
curve 104 representing the overall transfer characteristic. The
transmitted video signals of the NTSC, PAL and SECAM television
standards have a gamma of about 0.45 to 0.5 while the picture tube
(kinescope) of color television receivers have a gamma of about 2.8 to
3.1. As a result, the overall transfer curve (light into the camera to light
output from the picture tube) is not linear and the overall gamma is, in
practice about 1.35 instead of a unity (1.0) gamma. The implies that the
exponential transfer characteristic of the picture tube is not fully
compensated, leading to compression of dark picture portions of the
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black compression and can be obtained by an add1t10na1 gamma
correction of about 0.8 in each of the red, green, and blue (R, G and B)
signal processing circuits in the television receiver. Increasing the gain
in this region, however, requires gain compression at white levels.

10 However, picture tubes have a relatively small dynamic range of light
output which can not be enlarged without reaching picture tube
saturation causing blooming. Therefore, gamma correction to increase
amplification of dark image areas can cause a signal compression of the
high signal whites. This effect may be overcome by boosting the high

15 frequency content (image detail) of relatively bright image areas.

| There are, generally speaking, two conventional
approaches to gamma correction with detail enhancement. One
approach is to apply non-linear processing to the video signal in the
driver circuitry as exemplified, for example, by Haferl et al. in US Pat.

20 5,083,198 which issued January 21, 1992. In an embodiment of the
Haferl et al. apparatus, a video signal is divided into low and high
amplitude portions, the latter are high pass filtered and then the
original video signal, the low amplitude portion and the high pass
filtered high amplitude portion are combined for application to a

25 kinescope. Images displayed include gamma correction for black to
gray picture areas and boosted detail for gray to white picture areas.

The other approach to gamma correction is to apply linear
processing to the video signal and rely upon the non-linear impedance
characteristics of the kinescope cathode for gamma correction as

30 exemplified, for example, by Furrey in US Pat. 4,858,015 which issued
August 15, 1989. In an embodiment of the Furrey apparatus a video
signal is linearly amplified in a cascode amplifier. The amplifier output
impedance is reduced by coupling the amplifier load resistor to the input
of a voltage follower amplifier comprising a cascade complementary

35 emitter follower buffer amplifier. The output of the voltage follower
amplifier is coupled to the kinescope cathode via a parallel connection
of a res1stor and a capacitor. The resistor, in combination with the non-
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inclusion of a by-pass capacitor in parallel with the resistor tends to
restore the high frequency response by by-passing high frequency
components around the gamma correction resistor. The
complementary emitter follower (buffer) amplifier provides a low
10 impedance source for driving the by-pass capacitor.

In the two approaches to gamma correction described
above, the second or "linear" processing approach, relying on the actual
non-linearities of the kinescope, has the virtue of relative simplicity,
economy and improved reliability (due to requiring fewer circuit

15 elements). Also, this approach is very flexible requiring only a resistor
value change to compensate for differences in the non-linearities of the
three cathode electrodes in a color kinescope.

The present invention resides, in part, in the recognition
that a need exists for further simplification in providing gamma

20 correction over that provided by the "second" approach discussed above
while still retaining the advantage of not requiring non-linear circuit
elements in the driver amplifier,

Advantageously, kinescope driver apparatus in accordance
with the present invention provides gamma correction without use of

25 either the relatively high valued series coupled output resistors required
in the "second" approach” described above or the associated by-pass
capacitors for correcting low-frequency pole compensation caused by
use of such relatively high-valued resistors. |

Kinescope driver apparatus (50) embodying the invention

30 includes a linear amplifier (60) having an input for receiving a video
input signal an output for providing an amplified video signal. A
current sensor (Q3) couples the output of the amplifier to the cathode
(K1) of a kinescope (20), the sensor providing an output current (Ik)
linearly related to the cathode current of the kinescope. A feedback path

35 (82) applies at least a portion of the output current provided by the
cathode current sensor to a circuit node (65 or 63) in the amplifier for
imparting gamma correction to images produced by the kinescope (20).
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5 to automatic kinescope bias circuitry.

In a specific application of the principles of the invention,
the sensed cathode current is applied to the emitter electrode of the
input transistor of a cascode amplifier. In another example, the sensed
cathode current is applied to a common connection of the collector and

10 emitter electrodes of a pair of transistors connected in a cascode
amplifier configuration.

A method of applying gamma correction to a kinescope, in
accordance with the invention, comprises the steps of: (i) linearly
amplifying a video input signal to provide a linearly amplified video

15 output signal; (ii) coupling the output of the amplifier to the cathode of
the kinescope and concurrently sensing the cathode current to provide
an output current linearly related to the cathode current and not
linearly related to the output voltage of the amplifier; and (iii) applying
at least a portion of the sensed cathode current of the kinescope to a

20 circuit node in the linear amplifier for imparting gamma correction to
images produced by the kinescope.

The foregoing and further features of the invention are
illustrated in the accompanying drawing wherein like elements are
denoted by like reference designators and in which:

25 FIGURE 1 is a diagram showing exemplary transfer
characteristics and gamma values for a television transmitter, a
television receiver and the overall television system including the
transmitter and receiver;

FIGURES 2A and 2B are diagrams illustrating non-linear

30 cathode characteristics of a kinescope;

FIGURE 3 is a block diagram, partially in schematic form,
of a television receiver including a gamma corrected kinescope driver
amplifier embodymg the invention;

FIGURES 4 and 5 are block diagrams, partially in schematic

35 form, illustrating modifications of the kinescope driver apparatus of
FIGURE 3;
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current sensing for both gamma correction and AKB control.

The television receiver 10 of FIGURE 3 includes a tuner,
intermediate frequency amplifier (IF) and detector unit 12 having an RF
input terminal 14 for receiving an RF input signal S1 from a suitable

10 source (e.g., broadcast, cable, VCR or the like) and provides a base band
video output signal S2 to a chrominance/luminance signal processing
unit 16 that provides component red (R), green (G) and blue (B) video
output signals for display by a kinescope 20. To provide high voltage
drive signals to the cathodes K1, K2 and K3 of kinescope 20, the R, G

15 and B drive signals are applied to respective ones of the kinescope
cathodes K1, K2 and K3 via respective kinescope driver amplifiers 30, 40
and 50. The driver amplifiers are identical and so only the details of one
(driver 50, outlined in phantom) are illustrated. For completeness,
exemplary element values are included for each circuit element in this

20 specific embodiment.

Driver amplifier 50, for purposes of illustration and
explanation, is divided by phantom lines into three components
comprising a linear amplifier 60, a buffer amplifier 70 and a feedback
network 80.

25 As an overview of the principles of the invention, the |
amplifier 60 provides an amplified video signal S3 in response to the
"red" (R) video input signal provided by processor 16. The buffer
amplifier 70 includes a current sensor (comprising transistor Q3) which
couples the output of the amplifier 60 to the cathode K1 of the kinescope

30 20 and provides (at the collector electrode thereof) an output current
(Ik) linearly related to the cathode current of the kinescope 20. Network
80 includes a feedback path comprising resistor 84 in series with an
inductor 86 which applies at least a portion of the output current
provided by the cathode current sensor Q3 to a circuit node (65 in this

35 ~embodiment of the invention, 63 in a later embodiment) in the amplifier
60 for imparting gamma correction to images provided by the kinescope
20. |
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The second transistor Q2 has a base electrode coupled to a source of
reference potential (illustratively, +12V) and has a collector electrode
coupled via a second resistor 68 to a source of relatively high supply -
voltage (illustratively, +200V), the second resistor providing a linearly
10 amplified video output signal S3. A diode 67 is interposed between the
second resistor 68 and the collector electrode of the second transistor
Q2 for providing an offset voltage which is used to reduce cross-over
distortion of the following buffer amplifier 70. High frequencies (e.g., at
the upper end of the video frequency band) are boosted by means of a
15 series connected resistor 66 and capacitor 64 coupled in parallel with the
 emitter resistor 62.

The buffer amplifier 70 comprises a pair of complementary
transistors Q3 and Q4 having emitter electrode coupled via respective
emitter resistors 74 and 76 to an output 75 and having base electrode

20 coupled to respective ones of the cathode and anode electrodes of diode
67. The collector of transistor Q4 is coupled to the high voltage supply
via a protection resistor 72 and the collector of transistor Q3 is coupled
to network 80 for providing cathode current Ik thereto. the output 75 is
coupled to the cathode K1 of kinescope 20 via a protection resistor 79.

25 The network 80 comprises a resistor 84 in series with an
inductor 86 coupled between the collector of transistor Q3 and the
circuit node 65 of amplifier 60 for applying the kinescope beam (cathode)
current Ik to emitter resistor 62. The collector or transistor Q3 is
coupled to ground via a capacitor 88 and is coupled to node 65 by a

30 resistor 82. Inductor 86 and capacitor 88 serve to isolate high frequency
discharge currents of the kinescope from the emitter resistor 62 to avoid
negative feedback.

In operation, the feedback of the kinescope beam current Ik
to the emitter of transistor Q1 stabilizes the transconductance (gm) of

35 driver amplifier 50 resulting in nearly perfect gamma correction. This
may be more easily understood by considering, briefly, the non-linear
characteristics of the kinescope illustrated in FIGURES 2A and 2B.

high signal whites. This effect may be overcome by bodgtiT n 'Ag_rﬁ]ElENs
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clearly shown in FIGURE 2B which indicates the cathode resistance as a
function of the cathode voltage. As seen, the resistance is very high
(meg-Ohms) near beam cut-off, it decreases to a few tens of thousands
of Ohms in the middle gray region and decreases to a few thousand

10 Ohms near peak white.

The non-linear effect noted above represents the gamma of
the picture tube and, as shown in FIGURE 1, curve 102, is typically equal
to about "3". This corresponds to a cubic relationship of voltage Vs .
current. In driver 50 of FIGURE 3 the overall gamma (light input to

15 light output) is reduced to about unity by feedback of the kinescope beam
current. Beam current feedback results in non-linear voltage
amplification of the red video signal R but linear current amplification.
In other words, the amplifier 50 is biased for operation as a
transconductance amplifier rather than a voltage amplifier. As the red

20 video signal R changes, transistor Q1 only supplies a current to node 65
equal to the difference between the actual beam current Ik and the
emitter resistor current determined by dividing the red video signal R by
the value of the emitter resistor 62. This difference is non-linear since
the cathode impedance is non-linear as previously discussed.

25 Advantageously, feedback of the actual cathode current of the kinescope
as described above provides essentially perfect gamma correction
because it forces the amplifier 60 to supply a current to the cathode
proportional to the video input signal applied to the amplifier input
even though the cathode dynamic impedance varies as a function of the

30 cathode current. By this means, the kinescope beam current is made
proportional to the video input signal regardless of the actual value of
the cathode voltage at any particular brightness level.

The receiver 10 of FIGURE 3 may be modified as shown in
FIGURE 4 with regard to application of the feedback kinescope beam

35 (cathode) current to the emitter resistor 62. In FIGURE 3 the beam
current Ik is applied to node 65 which connects directly to resistor 62: In
FIGURE 4 the feedback of beam current is to a node 63 which is coupled

I ——
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operation of the amphﬁer since v1rtua11y ‘beam N lirrent still flows
through the emitter resistor 62 and produces the same voltage bias
component at the emitter of transistor Q1. It will be noted that the
emitter of transistor Q2 is also a low impedance point and so the
collector voltage of transistor Q1 will not be altered by the beam current
flow. Thus, applying the current Ik to node 63 will not interfere with the
Miller effect suppression provided by the cascode transistor Q2.

The example of FIGURE 3 may also be modified, as shown
in FIGURE 5, for providing an AKB control current. The usual
approach to providing an automatic kinescope bias (AKB) control
current is to couple a current sensing transistor between the driver
amphfler and the cathode electrode. In FIGURE 5, the buffer amplifier
70 provides sensing for both gamma correction and AKB control.
Specifically, in amplifier 70 an additional PNP transistor Q5 and emitter
resistor 77 is provided in parallel with transistor Q3 with the output
current of the added transistor Q5 being applied to automatic kinescope
bias control circuitry 17 in the luminance chrominance signal processor
16. The other drive units 30 and 40 are similarly modified to provide
AKB current from all three drivers.

FIGURES 6A and 6B illustrate alternative current splitters

for providing gamma sensed current and AKB sensed current. The

cathode current sensor 600 of FIGURE 6A includes a pair of PNP
transistors 602 and 604 having base electrodes connected to receive a
source of drive signal (DRIVE) and having emitter electrodes connected
to the cathode 608 of a kinescope. A diode 606 is provided in parallel
with the transistor base-emitter junctions to provided a path for
reverse current flow. Reverse current flows, illustratively, during
blanking to charge the stray capacitance associated with the cathode
electrode. In operation the cathode current is split into a gamma

" correction component at the collector of transistor 602 and a AKB

35

component at the collector of transistor 604. In integrated circuit
manufacture it is possible to provide a transistor with two collector
electrodes. FIGURE 6B illustrates a modification of the example of
FIGURE 6A in which transistors 602 and 604 are replaced by a double
collector transistor 620 which provides output gamma and AKB
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in the example of FIGURE 6B) The modification comprises adding a
diode 81 between the output of network 80 and circuit node 66, adding a’
resistor 83 in parallel with capacitor 88, adding a diode 85 between the
collector of transistor Q3 and the input of network 88, coupling the

10  collector of transistor Q3 to a source of positive supply voltage (+12v)
by a series connected resistor 87 and diode 90 and coupling the common
connection of resistor 87 and diode 90 to a source of reference potential
(ground) via a further resistor 89. For completeness, exemplary
element values are provided by each circuit element.

15 In operatlon, the AKB output current I3 for AKB circuit 17 is

- produced at the common connection of resistors 87 and 89 and diode 90.
For relatively low values of the kinescope cathode current Ik (e.g., on
the order of about 150 micro-Amps or so) the voltage across resistors 87
and 89 is lower than 12 volts and the feedback network 80 is disabled by

20 reverse biasing of diode 85. For this condition, the sampled current
flows entirely into the AKB circuit 17. For higher cathode currents, the
diode 86 starts conducting and the current feedback starts functioning
as previously described. Resistor 83 has been added to provide a
discharge path for capacitor 88 to avoid potential smearing effects.
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"second" approach" described above or the associated by-pass capacitors for
correcting | owfrequency pole conpensation caused by
1. Kinescope driver apparatus, comprising:

an amplifier responsive to a video input signal for providing an
5 amplified video signal;

a cathode current sensor for coupling an output of the amphfler to
the cathode of a kinescope, said sensor having an output for providing an
output current proportional to the cathode current of said kinescope; and

a feedback path for applying at least a portion of the sensed

10 cathode current provided by the cathode current sensor to a circuit node
in said amplifier.

2. Kinescope driver apparatus as recited in Claim 1 wherein said
cathode current sensor comprises a semiconductor amplifier having a
15 conduction path coupled between said cathode and said node and having
a control electrode coupled to said output of said amplifier.

3. Kinescope driver apparatus as recited in Claim 1 wherein said
amplifier includes a transistor having an emitter resistor coupled to a
20 source of reference potential via an emitter resistor and wherein said
portion of said sensed cathode current is applied to said emitter resistor.

4. Kinescope driver apparatus as recited in Claim 1 wherein said
amplifier includes a pair of cascode connected transistors having a
25 common connection between an output of one and an input of another
and wherein said portion of said sensed cathode current is applied to said
common connection.

5. Kinescope driver apparatus as recited in Claim 1 further
30 comprising means for apportioning said cathode current into two
portions, one portion being applied to said circuit node in said amplifier,
the other portion being applied to automatic kinescope bias circuitry for
said kinescope. |
o
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i nput' for recei'ving a video input s or priovi di REPLACED
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2 the sensor providing an

anplifier to the cathode (K1) of a ki nescope (
output current (Ik) linearly reI ated to the cathode current of the

ki nescope. A feedback ath 3 82) applies at least a portion of the
out put current \meéﬁo dyof app genumxare@ntrecémbtoadomescopmt node (65

or 63) in ddlﬁgﬂ@_ld tigs s{éigs dfparting gamma correction to inmages produced
by the kinesc {63 hnearly amplifying a video input signal to provide a linearly
amplified video output signal;

5 (ii) coupling the output of the amplifier to the cathode of the
kinescope and concurrently sensing the cathode current of the kinescope
to provide an output current linearly related to the cathode current; and

(iii) applying at least a portion of the sensed cathode current of the
kinescope to a circuit node in the linear amplifier.

10
7. A method as recited in Claim 4 further comprising apportioning
said cathode current between said portion applied to said circuit node
and a further portion for application to automatic kinescope bias control
circuitry for said kinescope.
15

8. Kinescope driver apparatus, comprising:

an amplifier (60) comprising first (Q1) and second (Q2) transistors
connected in a cascode configuration, the first transistor having a base
electrode for receiving a video input signal, having an emitter electrode

20 coupled to a point of reference potential via a first resistor (62) and
having a collector electrode connected to the emitter electrode of said
second transistor, said second transistor having a base electrode coupled
to a source of reference potential (+12V) and having a collector electrode
coupled via a second resistor (68) to a source of relatively high supply

25 voltage, said second resistor providing a linearly amplified video output
signal at said collector electrode of said second transistor;

a kinescope (20) having a cathode electrode (K1) coupled to said
second resistor (68) for producing images representative of said video
input signal; and

30 circuit means (Q3, 82) for applying a given portion of cathode
current (Ik) conducted by said cathode electrode (K1) of said kinescope
(20) to a circuit node (65 or 63) in said amplifier (60).

I
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4 Advantageously, the current provided by the cathode current sensor may
apportioned into two or nore portions with one portion QFV
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circuitry. In a specific app1tcaf|oﬁ of the®principles of the I nvention,
the sensed cathode current is applied to the emtter electrode of the input

transi stor of a cascode anplifier. In _another exanple, the sensed
9. Apparatus as recited in Claim 8 wherein said circuit means

comprises a buffer amplifier (70) coupled between said second resistor
and said cathode electrode; and :
a resistor (82) connected between a current output of said buffer
5 amplifier and a circuit node (65 or 63) in said amplifier.

10. Apparatus as recited in Claim 8 wherein said circuit means
comprises a PNP transistor (Q3) having an emitter electrode connected to
said cathode (K1) of said kinescope, having a base electrode connected to

10 said second resistor (68) of said amplifier (60) and having a collector
electrode connected to said first resistor (62).

11. Apparatus as recited in Claim 8 wherein said circuit means -
comprises a PNP transistor (Q3) having an emitter electrode connected to
15 said cathode (K1) of said kinescope, having a base electrode connected to
said second resistor (68) of said amplifier (60) and having a collector
electrode connected to said collector electrode of said first transistor.

. 12. Apparatus as recited in Claim 8 further comprising means for
20 apportioning said cathode current into said given portion for application
to said amplifier and into a further portion for application of an
automatic kinescope bias circuit. |

12 -
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cat hode current is applied to a conmmon connection of the caollector and 1 O
emtter electrodes of a pair of transistors connected in r
anplifier configuration. A nethod of applying gama correétf@% E;D E'SAS BEEN
: . : . : . ACED

ki nescope, in accordance with the invention, conprises thé: £
linearly anmplifying a video input signal to provide a linearly anmplified
video 1 5 output signal; (ii) coupllngbthe output of the anplifier to the
cat hode of the kinescope and concurr éhbstyaetensi ng t he cat hode current to
provide an output current linearly related to the cat hode current and not

at Teast & portion of tnEINHIGERE RS Bk AERAKATES K nescope 10 8

WITH GAMMA CORRECTION

An amplifier (60) provides an amplified video signal in

response to a video input signal supplied thereto. A cathode current

5 sensor (Q3), couples an output of the amplifier to the cathode of a
kinescope (20) and also provides an output current (Ik) proportional
to the kinescope cathode current. A feedback path (82) applies a
portion of the sensed cathode current provided by the cathode

.. current sensor to a circuit node (65 or 63) in the amplifier for
10 - imparting gamma correction to images produced by the kinescope. In

one application the cathode current is apportioned (Q3) to provide
gamma correction for the kinescope and to provide automatic
kinescope bias (AKB) control. |

Fig 4

eet Has Been RTlaced

" TN



¥2 0 circuit node in the linear anplifier for inparti nggammma_correction t

i mages .produced by the kinescope. The foregoing and fur

i nvention are illustrated in the acconpanyi ng draw ng
are denoted by like reference designators and in which:

FIGURE 1 is a diagram show ng exenplary transfer charact

values for a television transmtter,

Has Begp gl AUl
e
a television receiver an rall

er features of—tHh

tel evision systemincluding the transmtter and receiver; FIGJRES 2A and 2B

are diagrans illustrating non-linear 3 0 cathode characteristics of a
ki nescope;
Transmitter Modulation Signal
Transmitter to TV Overall_ TV-studio
Decoder transfer Gamma =045~/  lransmitter curve
curve /7
7/
Picture Tube TV Camera
Dirve Volitage P> jight input
Gamma = Gamma = 1.35
104
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Overall transfer
curve
Picture Tube (light-in / light-out)
transfer curve
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100

1000
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‘FIGURES Is a block diagram partially in schematlcfor % ¢esl =y
recei ver, i ncluding a gamm corrected ki nescope driverT¥ dyi thEN
the invention; FIGURES 4 and 5 are bl ock di agrans, par tPc 3

5 form iIIustratlng modi fi cations of the kinescope d r o/
FI GURE 3; 5 FIGURES 6A and 6B are block diagrams, partially in
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* schematic form illustrating alternative current spli {fgsnset3é BRRPR
in the present invention
schematic form 5

The television receiver 10 of FIGURE 3 includes a tuner,
frequency anpli I@l (IF) and det ector un|t 12 avi
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output signals for display by a kinescope 20. To prov&ge h|

signals to the cathodes K1, K2 and K3 of kinescope 20,
drive signals are applied to respective ones of the m
K2 and K3 via respective kinescope driver anplifiers 3

il

e dr|ve

d‘_??"' |

driver anplifiers rcal dentical and so only the detalls of one (drlver 50
outlined in phanto re |IIustrated For _con Ieteness exenpla el enent

val ues are |ncluded for each Bl rcult el enent
enbodi nent . |f|er|50

expl anati on, |s d|

) B 70

Qﬁﬁﬁ‘\% seslof
d by phant g+nt olt hree conponents cp

Speci
on anl
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" network 80. 2 5 As an overview of the pr|n0|ples of the
inventiom, the anpllfler 60 provides an anplified vi degis Sk ced
response to the "red" (R) video input signal prOV|ded “
buffer anplifier 70 includes a current sensor (conprls

whi ch couples the output of the anplifier 60 to the cat of the
ki nescope 3 0 20 and provides (at the collector electrode thereof) an

output current (1k) linearly related to t cat hode current of "the
ki nescope 20. Network 80 includes a feed path conprising resistor 84 in

series with an inductor 86 m@%ﬁqgg lies 8t a portion of the output
current provided by the -cath %5& B to acircuit node (65 in
this FIG. 6A  cAMMA«—

e 608
_l./
AKB <= CATHODE
600
DRIVE i
FIG.6B cavma< 08
AKB CATHODE
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3‘ 5 enbodi nent of the invention, 63 in a later enbomlmﬁ&tnasmbeﬁhqﬂaced

anplifier 60 for inparting ganma correction to inages

ki nescope 20. 6 In nore detail, anplifier 60 conprlggﬁ ]
transistor QL and a second transi stor @ connected in

configuration, thegqfdrst transistor QL having an emtter el ectrode coupTed .
to a point of refeﬁ@ce potentlal (ground) via a first resistor 62 and
having a col lectar™ el ey |

14~ R ; AR, 60 | AR 7O v
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30— F|G. 7 20— \/

6/6



5 eI ectrode connected to the emtter el ectrode of a segeat—trans Eetor——Ch '
The "second transistor @ has a base el ectrode coupl ed tj
reference potential (illustratively, +12V) and has a co

| ect qr ty $
coupled via a second resistor 68 to a sogurce of relativg ﬁgn éﬂ@;@ ......
voltage (illustrat.ively, +200V), the second resistor priow=H

0O anplified video output signal S3. A diode 67 is |nterposed bet ween the
second resistor 68 and the collector el ectrode of the second transistor

for providing an of fset vol t aldNESCORE DRIMER APPARATIISsS- over

distortion of the follow ng bufA\ETHRRPAMMA FORRECTIOROUENCi es (e. g at
the upper end of the video frequency band) are boosted by neans of a 1 5

series connected resistqr 66 and capacitor 64 coupled in parallel with the
This invention relates to television systems generally and

5 particularly to kinescope cathode driver apparatus with provisions for .
providing gamma correction.

In an ideal television system the light output produced by a
kinescope would be linearly related to the light applied to a camera
pick-up tube. In practical systems, neither the camera tube nor the

10 display tube are linear devices. In other words, the signal voltage
produced by a camera tube is not linearly related to the light that is
detected and the light produced by a kinescope is not linearly related to

 the cathode drive voltage applied to it. The relationship between light
input and signal output for the camera tube, and the relationships

15 Dbetween signal input and light output of the picture tube, are both
commonly expressed by the term "gamma" which, simply stated, is the
exponent or "power" to which an input function (X) is raised to produce
an output function (Y). If, for example, an input function X-is raised to
the first power (gamma = 1) to produce an output function, then the two

20 functions are said to be linearly related. If the output varies as the
square of the input function, the value of the exponent (gamma) is equal
to "2". If the output varies as the square root of the input function, the
"gamma" or exponent equals 0.5. Gamma, in other words, is simply a
measure of curvature of a transfer function,

25 FIGURE 1 shows the gamma of various aspects of a video

' signal transmission system, with curve 100 representing the transfer
characteristic of the transmission side, curve 102 representing the
transfer characteristic of the picture tube (kinescope or "CRT"), and
curve 104 representing the overall transfer characteristic. The

30 transmitted video signals of the NTSC, PAL and SECAM television
standards have a gamma of about 0.45 to 0.5 while the picture tube
(kinescope) of color television receivers have a gamma of about 2.8 to
3.1. As a result, the overall transfer curve (light into the camera to light
output from the picture tube) is not linear and the overall gamma is, in

35 practice about 1.35 instead of a unity (1.0) gamma. The implies that the
exponential transfer characteristic of the picture tube is not fully

~compensated, leading to compression of dark picture portions of the




em tter resistor 62. The buffer anplifier 70 conprises aj pdl '
canpl ement ary transistors @B and Q4 having emtter el ecti1 Lég E&J%T%FT

respective emtter resistors 74 and 76 to an output 75 q hag@ﬁs%
electrode 2 0 coupled to respective ones of the cat hode]! a3

el ectrodes of diode 67. The collector of transistor Q4 is coupled to the
high voltage supply via a protection resistor 72 and the col |l ector of
transi st or Bdisplayupbudhicompressiénsfuses picturedletgils atdas ddadkuto kedostk

thereto. the giiintblored dreea!te) filié fo blgcle arcbﬂéﬁn*éht d&h{t@§ aRPexessively
B’ ser i es ARRAERS itk FerPast tooths darh POTEERS RdNeGrTRL phRtsh oS! ST
transi st or Breaghingpicture tube saturation and blooming.

5 A linear overall transfer characteristic avoids the problem of
black compression and can be obtained by an additional gamma
correction of about 0.8 in each of the red, green, and blue (R, G and B)
signal processing circuits in the television receiver. Increasing the gain
in this region, however, requires gain compression at white levels.

10 However, picture tubes have a relatively small dynamic range of light
output which can not be enlarged without reaching picture tube
saturation causing blooming. Therefore, gamma correction to increase
amplification of dark image areas can cause a signal compression of the
high signal whites. This effect may be overcome by boosting the high

15 frequency content (image detail) of relatively bright image areas.

There are, generally speaking, two conventional
approaches to gamma correction with detail enhancement. One
approach is to apply non-linear processing to the video signal in the
driver circuitry as exemplified, for example, by Haferl et al. in US Pat.

20 5,083,198 which issued January 21, 1992. In an embodiment of the
Haferl et al. apparatus, a video signal is divided into low and high
amplitude portions, the latter are high pass filtered and then the
original video signal, the low amplitude portion and the high pass
filtered high amplitude portion are combined for application toa -

25 kinescope. Images displayed include gamma correction for black to
gray picture areas and boosted detail for gray to white picture areas.

The other approach to gamma correction is to apply linear
processing to the video signal and rely upon the non-linear impedance
characteristics of the kinescope cathode for gamma correction as

30 exemplified, for example, by Furrey in US Pat. 4,858,015 which issued
August 15, 1989. In an embodiment of the Furrey apparatus a video
signal is linearly amplified in a cascode amplifier. The amplifier output
impedance is reduced by coupling the amplifier load resistor to the input
of a voltage follower amplifier comprising a cascade complementary

35 emitter follower buffer amplifier. The output of the voltage follower
amplifier is coupled to the kinescope cathode via a parallel connection
of a resistor and a capacitor. The resistor, in combination with the non-



circuit. node 65 of anplifier 60 for applying the kinesco enaqammmhsaem
current Ik to emtter resistor 62. The collector or trangistor

coupled to ground via a capacitor 88 and is coupled to n dmt65\$ﬁ8‘%$5
resistor 82. Inductor 86 and capacitor 38 serve to isola
di schar ge currents of the kinescope fromthe emtter resistor 62 to avoid

negative feed I n_ operation, the feecl‘l k. of the ki nescope beam current
Ik to the enit r&arolfessstammramm thesat impedanges poovidesgAIBIMQYN) of
3 5 driver anumortectiohOH®sever, e resistar) ih mﬁtﬁﬁaugﬁrm&cmé siraiyon. This

ok 2 O b o G St Wil RS e
pole ata relatlve y?ow frequency le,itactsasa ?ow pass filter). This
5 tends to reduce the high frequency detail of displayed images. The

inclusion of a by-pass capacitor in parallel with the resistor tends to
restore the high frequency response by by-passing high frequency
components around the gamma correction resistor. The
complementary emitter follower (buffer) amplifier provides a low

10 impedance source for driving the by-pass capacitor.

In the two approaches to gamma correction described
above, the second or "linear” processing approach, relying on the actual
non-linearities of the kinescope, has the virtue of relative Simplicity,
economy and improved reliability (due to requiring fewer circuit

15 elements). Also, this approach is very flexible requiring only a resistor
value change to compensate for differences in the non-linearities of the
three cathode electrodes in a color kinescope.

The present invention resides, in part, in the recognition

. that a need exists for further simplification in providing gamma
20 correction over that provided by the "second" approach discussed above
while still retaining the advantage of not requiring non-linear circuit
elements in the driver amplifier,

Advantageously, kinescope driver apparatus in accordance
with the present invention provides gamma correction without use of

25 either the relatively high valued series coupled output resistors required
in the "second".approach" described above or the associated by-pass
capacitors for correcting low-frequency pole compensation caused by
use of such relatively high valued resistors.

Kinescope driver apparatus (50) embodying the invention

30 includes a linear amplifier (60) having an input for receiving a video
input signal an output for providing an amplified video signal. A
current sensor (QQ3) couples the output of the amplifier to the cathode
(K1) of a kinescope (20), the sensor providing an output current (Ik)
linearly related to the cathode current of the kinescope. A feedback path

35 (82) applies at least a portion of the output current provided by the
cathode current sensor to a circuit node (65 or 63) in the amplifier for

~imparting gamma correction to images produced by the kinescope (20).




REPLACEMENT SHEET 7 From FIGURE 2A it is seen that the ki ?Eﬁl&h
(cathode) current is not a direct function of the cathdgde voltage. Insteag,
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very snal |
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portion being directed to the circuit node (65 or 63) in the amplifier for
providing gamma correction and another portion (Iakb) being directed
to automatic kinescope bias circuitry.

In a specific application of the principles of the invention,
the sensed cathode current is applied to the emitter electrode of the
input transistor of a cascode amplifier. In another example, the sensed
cathode current is applied to a common connection of the collector and
emitter electrodes of a pair of transistors connected in a cascode
amplifier configuration.

A method of applying gamma correction to a kinescope, in
accordance with the invention, comprises the steps of: (i) linearly
amplifying a-video input signal to provide a linearly amplified video
output signal; (ii) coupling the output of the amplifier to the cathode of
the kinescope and c¢oncurrently sensing the cathode current to provide
an output current linearly related to the cathode current and not
linearly related to the output voltage of the amplifier; and (iii) applying
at least a portion of the sensed cathode current of the kinescope to a
circuit node in the linear amplifier for imparting gamma correction to
images produced by the kinescope. :

The foregoing and further features of the invention are
illustrated in the accompanying drawing wherein like elements are
denoted by like reference designators and in which:

FIGURE 1 is a diagram showing exemplary transfer
characteristics and gamma values for a television transmitter, a
television receiver and the overall television system including the
transmitter and receiver; ' \

FIGURES 2A and 2B are diagrams illustrating non-linear
cathode characteristics of a kinescope;

FIGURE 3 is a block diagram, partially in schematic form,
of a television receiver including a gamma corrected kinescope driver
amplifier embodying the invention; |

| FIGURES 4 and 5 are block diagrams, partially in schematic
form, illustrating modifications of the kinescope driver apparatus of
FIGURE 3;



functian of the cathode voltage. As seen, the resi stan
(meg- Chns) near beam cut-off, it decreases to a fewte

near peak white. The non-linear effect mdted above I epFresSerts=i=h QLITH
the picture tube and, as shown in FIGURE 1, curve 102, is typ| caIIy equa
to about "3". This corrE‘I@bIRESGA andlﬂBareéJll@ctkdﬂla atmsi;anﬂlahgenVs

P S R G S G S O,

e kinescope beam
current. BeamiBfhedpkesent Efb‘é%fkn?w s in non-li near vol tage anplification
of the red video signal FIGDRE Viis@ablock diagramypartiaiby imschematic form,

5 illustrating a modification to the example of FIGURE 4 for providing
current sensing for both gamma correction and AKB control.

The television receiver 10 of FIGURE 3 includes a tuner,
intermediate frequency amplifier (IF) and detector unit 12 having an RF
input terminal 14 for receiving an RF input signal S1 from a suitable

10 source (e.g., broadcast, cable, VCR or the like) and provides a base band
video output signal S2 to a chrominance /luminance signal processing
unit 16 that provides component red (R), green (G) and blue (B) video
output signals for display by a kinescope 20. To provide high voltage

~ drive signals to the cathodes K1, K2 and K3 of kinescope 20, the R, G

15 and Bdrive signals are applied to respective ones of the kinescope
cathodes K1, K2 and K3 via respective kinescope driver amplifiers 30, 40
and 50. The driver amplifiers are identical and so only the details of one
(driver 50, outlined in phantom) are illustrated. For completeness,
exemplary element values are included for each circuit element in this

20 specific embodiment.

Driver amplifier 50, for purposes of illustration and
explanation, is divided by phantom lines into three components
comprising a linear amplifier 60, a buffer amplifier 70 and a feedback
network 80.

25 As an overview of the principles of the 1nvent10n the
amplifier 60 provides an amplified video signal S3 in response to the
"red" (R) video input signal provided by processor 16. The buffer .
amplifier 70 includes a current sensor (comprising transistor Q3) which
couples the output of the amplifier 60 to the cathode K1 of the kinescope

30 20 and provides (at the collector electrode thereof) an output current

" (Ik) linearly related to the cathode current of the kinescope 20. Network
80 includes a feedback path comprising resistor 84 in series with an
inductor 86 which applies at least a portion of the output current
provided by the cathode current sensor Q3 to a circuit node (65 in this

35 embodiment of the invention, 63 in a later embodiment) in the amplifier
60 for imparting gamma correction to images provided by the kinescope
20.




I'n other words, the anplifier 50 is biased for operatio
transconduct ance anplifier rather than a voltage anpli f? dU 0
vi deo signal R changes, transistor QL only supplies a clFFsat—io- éegg

equal ‘to the-difference between the actufi beam current Ik and the enr
resistor current determned by dividing the red video signal R by the value
of the enitter resistorl®modhdetall fd ifter 63 comprisesemfirst transister €k hode

i mpedance is ry}{ah's'é‘é@h atig fs%Pr@ %o hjée ﬁﬁa c%scrbd@%ﬁ RER9SAUA the

f eedback of the actua scrib fabove

provi des esseritishfransighor %%telné’ﬁ‘? %9§8§é’purel?laaotro 2P0
anplifier 60 trefavenpéxp@temraie(groundt) hea cefitsidesistop62 anshhaving ameellectn

input signgl aWRLi6de Oritadtbi the®mittt blectrode of a second transistor Q2.

The second transistor Q2 has a base electrode coupled to a source of
reference potential (illustratively, +12V) and has a collector electrode
coupled via a second resistor 68 to a source of relatively high supply
voltage (illustratively, +200V), the second resistor providing a linearly

10 amplified video output signal S3. A diode 67 is interposed between the
second resistor 68 and the collector electrode of the second transistor
Q2 for providing an offset voltage which is used to reduce cross-over
distortion of the following buffer amplifier 70. High frequencies (e.g., at
the upper end of the video frequency band) are boosted by means of a

15 series connected resistor 66 and capacitor 64 coupled in parallel with the

' emitter resistor 62.

The buffer amplifier 70 comprises a pair of complementary
transistors Q3 and Q4 having emitter electrode coupled via respective
emitter resistors 74 and 76 to an output 75 and having base electrode

20 coupled to respective ones of the cathode and anode electrodes of diode
67. The collector of transistor Q4 is coupled to the high voltage supply
via a protection resistor 72 and the collector of transistor Q3 is coupled
to network 80 for providing cathode current Ik thereto. the output 75 is
coupled to the cathode K1 of kinescope 20 via a protection resistor 79.

25 The network 80 comprises a resistor 84 in series with an
inductor 86 coupled between the collector of transistor Q3 and the
circuit node 65 of amplifier 60 for applying the kinescope beam (cathode)
current Ik to emitter resistor 62. The collector or transistor Q3 is
coupled to ground via a capacitor 88 and is coupled to node 65 by a

30 resistor 82. Inductor 86 and capacitor 88 serve to isolate high frequency
discharge currents of the kinescope from the emitter resistor 62 to avoid
negative feedback.

In operation, the feedback of the kinescope beam current Ik
to the emitter of transistor Q1 stabilizes the transconductance (gm) of

35 driver amplifier 50 resulting in nearly perfect gamma correction. This
may be more easily understood by considering, briefly, the non-linear
characteristics of the kinescope illustrated in FIGURES 2A and 2B.




even though t he cat hode dynam c i npedance varies as a f WLQ@EMWI@

cat hode current. By this neans, the kinescope beam currjent i sf
proportional to the video input signal regardl ess of t
the cathode vol tage at any particul ar bri ght ness | evel .
FIGURE 3 may be nodified as shown in FIGURE 4 with regard to application of

the feedback W&eﬁqq%izﬁam%fss Eﬂutctﬁb lﬁﬂggj;ﬁe Bé’aﬁlhga%b gff&ufx%ﬁt%or

62. In FI GURE rent node nnects
directly to ré%‘?tsﬂau PP(QE eAFaih Bgé’éﬁ Igs e@é‘arrY%‘iYF PI s to a

node 63 whi ch otu'rentﬁdlaeﬂew m1cro-amps) are required for signals near cut-off (black
level) and disproportionately large currents are required (hundreds of
5 micro-Amps) for operation near white level. This non-linearity is more
clearly shown in FIGURE 2B which indicates the cathode resistance as a
function of the cathode voltage. As seen, the resistance is very high
(meg-Ohms) near beam cut-off, it decreases to a few tens of thousands

| of Ohms in the middle gray region and decreases to a few thousand

10 Ohms near peak white.

- The non-linear effect noted above represents the gamma of
the picture tube and, as shown in FIGURE 1, curve 102, is typically equal
to about "3". This corresponds to a cubic relationship of voltage Vs
current. In driver 50 of FIGURE 3 the overall gamma (light input to

15 light output) is reduced to about unity by feedback of the kinescope beam
current. Beam current feedback results in non-linear voltage
amplification of the red video signal R but linear current amplification.
In other words, the amplifier 50 is biased for operation as a
transconductance amplifier rather than a voltage amplifier. As the red

20 video signal R changes, transistor Q1 only supplies a current to node 65
equal to the difference between the actual beam current Ik and the
emitter resistor current determined by dividing the red video signal R by
the value of the emitter resistor 62..This difference is non-linear since
the cathode impedance is non-linear as previously discussed.

25 Advantageously, feedback of the actual cathode current of the kinescope
as described above provides essentially perfect gamma correction
because it forces the amplifier 60 to supply a current to the cathode
proportional to the video input signal applied to the amplifier input
even though the cathode dynamic impedance varies as a function of the

30 cathode current. By this means, the kinescope beam current is made
proportional to the video input signal regardless of the actual value of
the cathode voltage at any particular brightness level.

The receiver 10 of FIGURE 3 may be modified as shown in
FIGURE 4 with regard to application of the feedback kinescope beam

35 (cathode) current to the emitter resistor 62. In FIGURE 3 the beam
current Ik is applied to node 65 which connects directly to resistor 62. In
FIGURE 4 the feedback of beam current is to a node 63 which is coupled



8 .to t.he common connection of the collector of transist B Lﬁ(?%ﬂélb? :
emtter resistor of transistor Q. This change does not gal ter e operaFr

of the anplifier since virtually all the beam current stfi bt ]
the enmi'tter .resistor 62 and produces th& sane voltage bilas=E s1a¥2
the emtter of transistor QL. It will be noted that the emtter of

transi stor 2tg therbtdmraohWbringeeitanot ti®colleddd of tramsisivr! Qe clrd thel t age of

the cur ront 1 e S8k G r%rﬁﬁﬁfgmﬁliﬁ?ﬁm%é s pep et g, £PP V119
suppr essi on peperatien pf the amplifien singesyigtually alithe beam current still flows.
through the emitter resistor 62 and produces the same voltage bias

5 component at the emitter of transistor Q1. It will be noted that the
emitter of transistor Q2 is also a low impedance point and so the
collector voltage of transistor Q1 will not be altered by the beam current
flow. Thus, applying the current Ik to node 63 will not interfere with the
Miller effect suppression provided by the cascode transistor Q2.

10 . The example of FIGURE 3 may also be modified, as shown
in FIGURE 5, for providing an AKB control current. The usual
approach to providing an automatic kinescope bias (AKB) control
current is to couple a current sensing transistor between the driver
amplifier and the cathode electrode. In FIGURE 5, the buffer amplifier

15 70 provides sensing for both gamma correction and AKB control.
Specifically, in amplifier 70 an additional PNP transistor Q5 and emitter
resistor 77 is provided in parallel with transistor Q3 with the output
current of the added transistor Q5 being applied to automatic kinescope
bias control circuitry 17 in the luminance chrominance signal processor

20 . 16. The other drive units 30 and 40 are similarly modified to provide
AKB current from all three drivers.

_ FIGURES 6A and 6B illustrate alternative current splitters
for providing gamma sensed current and AKB sensed current. The
cathode current sensor 600 of FIGURE 6A includes a pair of PNP

25 transistors 602 and 604 having base electrodes connected to receive a
source of drive signal (DRIVE) and having emitter electrodes connected
to the cathode 608 of a kinescope. A diode 606 is provided in parallel
with the transistor base-emitter junctions to provided a path for
reverse current flow. Reverse current flows, illustratively, during

30 blanking to charge the stray capacitance associated with the cathode
electrode. In operation the cathode current is split into a gamma
correction component at the collector of transistor 602 and a AKB
component at the collector of transistor 604. In integrated circuit

- manufacture it is possible to provide a transistor with two collector

35 electrodes. FIGURE 6B illustrates a modification of the example of

| FIGURE 6A in which transistors 602 and 604 are replaced by a double
collector transistor 620 which provides output gamma and AKB




10 L The exanple of FIGURE 3 may al so be nodiF

FIGURE 5, for providing an AKB control current. The us d?EP&ﬁ@EMﬁNTQHEET
provi di ng an automati c ki nescope bias (AKB) control cu rent C a
current sensing transistor between the griver anplifie #S}% '&k%
electrode. In FIGURE 5, the buffer anplifier 1 5 70 pruvu ges senst g 1 or—

both gamma COédﬁ‘éhtéJﬁ\ ?ﬁépéﬁ%ﬁ%tth@l respB&vé icoflelyor areadrot fHe Bfanéistan
addi ti onal I}fdranms D and emtter resistor 77 is provided in
parallel wt % ‘ansi st or

B with the out put current of the added transistor

Qb being applied to aumrﬂﬁlﬂlE%d&Aﬂ@ lBndsgaBMASIONdrelceiErents are¢ n t he
[umi nance_chr giaiAgd witheiieheeFor thedl tPafsisis (BB nahbasatinplies ofi 15 30

and 40 arg s ﬁiéi’ﬁiEYs 5od c“ﬁ‘} 14 oG need for dual collector transistors (as

in the example of FIGURE 6B). The modification comprises adding a
diode 81 between the output of network 80 and circuit node 66, adding a
resistor 83 in parallel with capacitor 88, adding a diode 85 between the
collector of transistor Q3 and the input of network 88, coupling the

10 collector of transistor Q3 to a source of positive supply voltage (+12v)
by a series connected resistor 87 and diode 90 and coupling the common
connection of resistor 87 and diode 90 to a source of reference potential
(ground) via a further resistor 89. For completeness, exemplary
element values are provided by each circuit element. |

15 In operation, the AKB output current I3 for AKB circuit 17 is -
produced at the common connection of resistors 87 and 89 and diode 90.
For relatively low values of the kinescope cathode current Ik (e.g., on
the order of about 150 micro-Amps or so) the voltage across resistors 87
and 89 is lower than 12 volts and the feedback network 80 is disabled by

20 reverse biasing of diode 85. For this condition, the sampled current
flows entirely into the AKB circuit 17. For higher cathode currents, the .
diode 85 starts conducting and the current feedback starts functioning
as previously described. Resistor 83 has been added to provide a
discharge path for capacitor 88 to avoid potential smearing effects.




AKB cqr'ren{—,—f—'r—gm_aJ_I_LhL_eLdLI orgELOHRES Ao 6B i [[FOSLT X
al'ternative current splitters - SHEET 1S BERNEl| sensed Q%}W%m
| 48 Wlils B%0pal

OTHIgr
sensed currH H"’H’Im'ﬂfur!rent RERLACEBOO of || FI GURE
of PNP 2 By g pase el ectrodhk

receive a source of drive %i gnal (DRI VE}Vand having eniftter electrodes
connected to the cathode 608 of a kinescope. A diode 606 is provided in
parallel with the transistor base-emtter junctions to provided a path for
reverse current flow Reverse current -flows, illustratively, during 3 0

bl anki ng to c&dr4BMSe stray capacitance associated with the cathode

el ectrode. In operation the cathode current is split into a ganma

1. Kinescope driver apparatus, comprising:
~-an amplifier responsive to a video input signal for providing an
5 amplified video signal;

a cathode curreént sensor for coupling an output of the amplifier to
the cathode of a kinescope, said sensor having an output for providing an
output current proportional to the cathode current of said kinescope; and

a feedback path for applying at least a portion of the sensed

10 cathode current provided by the cathode current sensor to a circuit node
in said amplifier.

2. Kinescope driver apparatus as recited in Claim 1 wherein said
cathode current sensor comprises a semiconductor amplifier having a
15 conduction path coupled between said cathode and said node and having
a control electrode coupled to said output of said amplifier.

3. Kinescope driver apparatus as recited in Claim 1 wherein said
amplifier includes a transistor having an emitter resistor coupled to a
20 source of reference potential via an emitter resistor and wherein said
portion of said sensed cathode current is applied to said emitter resistor.

4. Kinescope driver apparatus as recited in Claim 1 wherein said
amplifier includes a pair of cascode connected transistors having a
25 common connection between an output of one and an input of another
and wherein said portion of said sensed cathode current is applied to said
common connection.

5. Kinescope driver apparatus as recited in Claim 1 further
30 comprising means for apportioning said cathode current into two
portions, one portion being applied to said circuit node in said amplifier,
the other portion being applied to automatic kinescope bias circuitry for
said kinescope.
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6. A method of applying gamma correction to a kinescope,
comprising the steps of: - |

(i) linearly amplifying a video input signal to provide a linearly
amplified video output signal;

(ii) coupling the output of the amplifier to the cathode of the -~
kinescope and concurrently sensing the cathode current of the kinescope
to provide an output current linearly related to the cathode current; and

(iii) applying at least a portion of the sensed cathode current of the
kinescope to a circuit node in the linear amplifier.

7. A method as recited in Claim 4 further comprising apportioning
said cathode current between said portion applied to said circuit node
and a further portion for application to automatic kinescope bias control
circuitry for said kinescope. |

8. Kinescope driver apparatus, comprising:

an amplifier (60) comprising first (Q1) and second (Q2) transistors
connected in a cascode configuration, the first transistor having a base
electrode for receiving a video input signal, having an emitter electrode
coupled to a point of reference potential via a first resistor (62) and
having a collector electrode connected to the emitter electrode of said
second transistor, said second transistor having a base electrode coupled
to a source of reference potential (+12V) and having a collector electrode
coupled via a second resistor (68) to a source of relatively high supply
voltage, said second resistor providing a linearly amplified video output
signal at said collector electrode of said second transistor;

a kinescope (20) having a cathode electrode (K1) coupled to said
second resistor (68) for producing images representative of said video
input signal; and '

circuit means (Q3, 82) for applying a given portion of cathode

~ current (Ik) conducted by said cathode electrode (K1) of said kinescope

(20) to a circuit node (65 or 63) in said amplifier (60).
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W t hout needsx r tranststors (as in the ejta

6B). The modificati on conpri ses addi ng aigi ode 81 between the out put pUt of
network 80 and circuit node 66, adding a resistor 83 in parallel wth
capacitor 88, adding a diode 85 between the collector of transistor B and
the input of network 88, coupling.the .1 coII ctaor of ;transistor B to a

source of positive: s@EFﬁI}aW a%@'(edmsi? TeiB Sifh SHEUAHMEaRS st or 87
and di ode 90 e@ﬂ\pzmsesl a bufferemplifier (70) coupled between said second resistor

and said cathode electrode; and | _
a resistor (82) connected between a current output of said buffer
5 amplifier and a circuit node (65 or 63) in said amplifier.

10. Apparatus as recited in Claim 8 wherein said circuit means
comprises a PNP transistor (Q3) having an emitter electrode connected to
said cathode (K1) of said kinescope, having a base electrode connected to

10 said second resistor (68) of said amplifier (60) and having a collector
electrode connected to said first resistor (62).

11. Apparatus as recited in Claim 8 wherein said circuit means
comprises a PNP transistor (Q3) having an emitter electrode connected to
15 said cathode (K1) of said kinescope, having a base electrode connected to
said second resistor (68) of said amplifier (60) and having a collector
electrode connected to said collector electrode of said first transistor.

12. Apparatus as recited in Claim 8 further comprising means for
20 apportioning said cathode current into said given portion for application
to said amplifier and into a further portion for application of an
automatic kinescope bias circuit.
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(ground) via a further resistor
val ues are provided by each circ

the AKB output current |3 for AKB circuit 17 is produceg Batet.do .
connection of resistors 87 and 89 and dygde 90. For: rel atTvelry rowvokues
of the kinescope cathode current Ik (e.g., on the order of about 150

m cro- Anps or so) the voltage across:%ﬁ§ﬁ. ors 87 and 89 is lower than 12
volts and the feedback network 80 is: d by 2 0 reverse biasing of

di ode 85. For this condition, the sanpled current flows entirely into the
AKB circuit 17. For hi ghe KINESGOPE DRBAER APRARATUE 85 starts conducting

and the current feedback steyipafdANIMAI CORRECTION

I n ogerat i on,

An amplifier (60) provides an amplified video signal in

response to a video input signal supplied thereto. A cathode current

5 sensor (Q3), couples an output of the amplifier-to the cathode of a
kinescope (20) and also provides an output current (Ik) proportional
to the kinescope cathode current. A feedback path (82) applies a
portion of the sensed cathode current provided by the cathode

. current sensor to a circuit node (65 or 63) in the amplifier for
10 ' imparting gamma correction to images produced by the kinescope. In

one application the cathode current is apportioned (Q3) to provide
gamma correction for the kinescope and to provide automatic
kinescope bias (AKB) control.

Fig 4

//

e

n

"



- as previously described. Resistor 83 has been added tq QI‘OV I de a di scharge
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reference potential via a first resistor (62) and hawj - ST

el ectrode connected to the enmitter electrode of said s@@@hduEM§N§ﬂﬂﬁﬁT
. said second transistor having a base el ectrode coupl€d to q 8fJU|_st39§Jpp y
vol tage" (+ 12V) and having a col |l ector el ectrode caupeted..v.t.a--a--second
resistor (68) to a source of relatively ﬁlgh supply 'Ldgc‘bdlu secord
resistor provding a linearly anplified video output signal at said
col l ector el ectrode of said second transistor; a kinescope (20) having a
cat hode el ectrode (K1) coupled to said second resistor (68) for producing
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(20) to said selected el ectrode. 2.

Ap :
1 wherein said circuit means conprises a buffer anpk
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ki nesgope, having a base el ectrode connected to said second.resistor—L6&

of said anplifier (60) and having a collector elect I 00f REPLASEIMENT ISHEETI
emtter electrode of said first transistor. 4. Appatatus as recited i
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circuit. 6. A nmet hod of applying gamma correction to a ki nescope,
conprising the steps of: (i) linearly anplifying a viges unpuL_§5gggL;to
provide a linearly anplified video output signal; (ii nepwﬁggmgﬁ I
of the anplifier to the cathode of the kinescope and ¢oncurr sens
the cathode current of the kinescope to provide an oufjpbdte €Ut Ped ﬁ[
related to the cathode current; (iii) appleying at | eat=apesitan.of t
sensed cat hode current of the kinescope to a selected el ectrode of a
transistor in the linear anplifier via a circuit path including a series
connected inductor and a shunt connected capacitor for isolating high
frequency discharge currents of the kinescope fromsaid sel ected el ectrode

of said transistor; and §QQ
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(iv) apportioning said cathode current between said portion applied to said

cttcdit node and a further portion for application to

ias.control circuitry for sai i nescope. . '
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signal, having an emtter el ectf poi nt of reference

t

potentidal via a first resi stor ee?ﬁas e"dR a._col | ecto .
connected to the emitter el ect ro ondNt iansi st r?’eﬁ‘éﬁ"ﬂ@'éﬁBt-JEET
transi stor having a base electro H%t supply volth gg

12V) and having a collector el ectrode coupl ed VI second |{r B¥f stor- é )

to. a second supply voltage (+200V) greater than said first Suppry vot Large-—-
sai d second resistor providing a |linearlQ anplified video output signal at
said collector electrode of said second transistor; a kinescope (20) having

a cathode el ectrode (K1) coupled to said second resi duci ng
| mages I YRS ative of said video input signal; ﬁlm”m"murum
conpri si n’g—d—?@ned circuit (80) coupled between sai d tathode 4| et¢trode of
sai d ki nescope and one of said emtter electrode and said collector

el ect rode1 of said first

Kinescope driver apparatus, comprising :

an ampliﬁer (60) comprising first (Q1) and second (Q2) transistors
connected in a cascode configuration, the first transistor having a base electrode for
receiving a video input signal, having an emitter electrode coupled to a point of
reference potential via a ﬁrst resistor (62) and having a collector electrode connected
to the emitter electrode of said second transxstor said second transmtor havmg a base
electrode coupled to a-source of reference potential (+12V) and having a collector
electrode coupled via a second resistor (68) to a source of relatively high supply
voltage, said second resistor providing a linearly amplified video output signal at said
collector electrode of said second transistor;
a kinescope (20) having a cathode electrode (X1) coupled to said second. |
- resistor (68) for producmg images representatlve of sald video input signal; and
.circuit means (Q3, 82), coupled between said cathode electrode of said
kmescope anda selected electrode of said ﬁrst tran31stor for apglymg a given portlon
of cathode current (Ik) conducted by said cathode electrode (Kl) of said kmescope
(20) to said selected electrode.

2. | Apparatus as recited in Claim 1 wherein oaid ei‘r’cuit means comprises‘ '
a buffer . amplifier (70) coupled between said second resistor and said cathode
electrode; and '

a resistor (82) connected between a current :output of said buffer

amplifier and said selected electrode of said first transistor.

3. Apparatus as recited in Claim 1 wherein said circuit means comprises a PNP

.—..._._—__



transi st or for appl y| ng a given portion of ¢ current (1l k) conduct ed
by sai & cathode ef'ectrode (K1) d‘fllss}&btdiaKBé'éﬁi‘éﬁ

emtter eI oI | e
Appar at us ﬂlﬂl “ rce#t mnmean corrp]|

buffer .anplisi er coupt ed betvve nd resi st of] Ratel.sai.d ﬂ? .a!%d
el ectrode; and a resistor (82) connected between a curren

buffer anplifier and said sel ected el ectkode of sai.d first. transistor. 3.
Apparatus as recited in Caim1l wherein said circuit nmeans conprises a PNP,

al d f| SRERLAGENMENT SHEET

transistor (Q3) ha{'ing an emitter electrode '_connected to said cathode (K1) of said
kinescope, having a base electrode connected to said second resistor (68) of said__
amplifier (50) and having a collector electrode connected to said emitter electrode of

said first transistor.

4. Apparatus as recited in Claim 1 wherein said circuit means comprises a PNP
transistor (Q3) having an emitter electrode connected to said cathode (Kl) of said
kinescope, having a base electrode connected to said second resistor (68) of said
amplifier (60) and having a collector electrode connected to said collector electrode

of said first transistor. -

5. Appat'atus as recited in Claim 1 futther comprising means for apportioning said
cathode current into said given portion for application to said selected electrode of said
' first transistor and into a further portion for application to an automatic kinescope bias

circuit.

6. A method of applying gamma correction to a kinescope, comprising the
steps of : ' '

| @ lmearly amphfymg a video input signal to prov1de alinearly
amphﬁed vxdeo output signal; .

(i) coupling the output of the amplifier to the cathode of the
kinescepe and concurrently sensing the cathode current of the kinescope to provide an
output current linearly related to the cathode current;

(iii) applying at least a portion of the sensed cathede current of
the kinescope to a circuit node in the linear amplifier; and

(@iv) apportioning said cathode current between said portion
applied to said circuit itode and a further portion. for application to automatic

kinescope bias control circuitry for said kinescope.



transi stor (@) havi ng an emtter electrode connected to sarsecathada(

of said ki nescope, having a base el ectrode connected to s IHEBIBKGHMNTSHEET
resistor (68) of said anplifier (60) and having a coll ectgr el e(]tzo‘m w
connected to said enmtter éelectrode of said first transi st,d?atezl ____________________________
Apparatus as recited in daim1l wherein,said ci rcuit means® _
transistor () having an em tter -el ect }gde connected to said cathode (K1)
of said kinescope, having a base elec oge onnected to said second
resistor (68) of said anplifier (60) : ing a collector electrode
connected-to said col lector electrode of said first transistor. 5.

Apparatus as recited i n CrNESCOPE ISRIVERPAPF ARAEFSS for apportlonl ng
said | ~ WITH GAMMA CORRECTION

An amphﬁer (60) provides an amplified video signal in
response to a video input signal supplied thereto. A cathode current
5 sensor (Q3), couples an output of the amplifier to the cathode of a
kinescope (20) and also provides an output current (Ik) proportional
to the kinescope cathode current. A feedback path (82) applies a
portion of the sensed cathode current provided by the cathode
. current sensor to a circuit node (65 or 63) in the amplifier for
10- * imparting gamma correction to images produced by the kmescope In
one application the cathode current is apportioned (Q3) to provide
- gamma correction for the kinescope and to prov1de automatic
kinescope bias (AKB) control. |

Fig 4
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cathode current into said given portion for application to said selected i
el ecttode of said first transistor and into a further portion for -
appllcatlon to an autonmatic ki nescope bias circuit. 6. A et hod of
appl yi ng gamma correction to a kinescope, conprising the steps of: (i)
linearly amplifying a video input signal to provide a linearly anplified

vi deo out put signal; (ii) coupling the output of the anplifier to

t he cat hode "of the klnescope and concurrently sensing the cathode current
of the kinescope to provide an output current linearly related to the
cathode current; (iii) applying at |l east a portion of the sensed

cat hode CGEAIMS of - - '

1. Kinescope driver apparatus, comprising :

an amplifier (60) comprising first (Q1) and second (Q2) transistors
connected in a cascode configuration, the first transistor having a base '.electrode for
receiving a video input signal, having an emitter electrode coupled to a point of
reference potential via a first resistor (62) and having a collector electrode connected

to the emitter electrode of said second transistor, sa1d second transistor having a base

electrode coupled to a SOUICJ—IW%I (+12V) and havmg a collector

[4

electrode cou;ﬂed via a second resistor (68) to a seu*ee—ef—reMeLy—héwhd supply

c-f 200V - 2 sapp ‘
voltage, said second res1stor pro%mg a linearly amplified video output signal at said

C)

collector electrode of said second transistor;

a kinescope (20) having a cathode electrode (K1) coupled to said second
resmtor (68) for producmg images representative of said video input signal; and

riss - Cilewrt 160)

cxrcu1t means M) coupled between said cathode electrode of said

kinescope and Saf ek of said first transistor, for applying a given portion
A

of cathode current (Ik) conducted by said cathode electrode (K1) of said kinescope

(20) to said selected-electroder “one of il - - . first Framnidow

2. Apparatus as recited in Claim 1 wherein said circuit means comprises
a buffer amplifier (70) coupled between said second resistor and said cathode
electrode; and

a resistor (82) connected between a current output of said buffer
alzlp}iﬁer and said selected electrode of said first transistor.

L4

3. Apparatus as recited in Claim [ wherein said circuit means comprises a PNP



the kln--cope 10 & CHi

apportioning said cathod
circuit node and a further por
bias control circuitry for said kinescope.
Claim8 wherein said circuit nmeans conprises a buffe
coupl ed between said second resistor ang said cathode

transistor (Q3) having an emitter electrode connected to said cathode (Klj of smd
kinescope, havmg a base electrode connected to said second resistor (68) of said

amphﬁer%‘g% and having a collector electrode connected to said emitter electrode of

said ﬁ_rst transistor.

4, Apparatus as recited in Claim 1 wherein said circuit means comprises a PNP

transistor (Q3) having an emitter electrode connected to said cathode (K1) of said

kincscope, having a base electrode connected to said second resistor (68) of said .
C’ amplifier (60) and having a collector electrode connected to said collector electrode

~ of said first transistor.

5. Apparatus as recited in Claim 1 further comprising means for apportioning said

cathode current into said given portion for application to said selected electrode of said

first transistor and into a further portion for application to an automatic kinescope bias

. circuit.
6. A rﬁeth;)d of applying gamma correction to a kinescope, comprising the
steps of :

@@ - linearly amplifying a video input signal to provide a linearly

@,

amplified video output signal;
. (it) coupling the output of the amplifier to the cathode of the
kinescope and concurrently sensing the cathode current of the kinescope to provide an
output current linearly related to the cathode current;
(iif) applying at least a portion of the sensed cathode current of
the kinescope to a circﬁit node in the linear amplifier; and
@iv) apportioning said cathode current between said portion
applied to said circuit node and a further portion for application to automatic

kinescope bias control circuitry for said kinescope.



arrpl i fier and anﬁ m or 63) in said anplifi rHEP].(Aceﬁmmf 2
recited in Cai "’ mnmmam rcuit means conprisesjja PNP @ﬁﬁr

(@) having an emtter tel @ctso connected to said cat K.{i?aﬂ

ki nescope, having a base el ectrode cormected to 1 0 sa S e st gl
(68). of S_Mpl ifier (60) and having a collector electrode connect ed to
said first resistor (62). 11. Apparatus as recited in Caim8 wherein said
circuit meansKaesgopeskivenappdraths eorapriding : (Q3) having an enitter el ectrode
connected to 1 5 said cathode (K1) of said kinescope, having a base

el ectrode congpainBfitO(6DR compASGAS Hirét A1 bhd sédBd (QR) Gahsktaronhdotsd inGd) and

having a col | ector

cascade configuration, the first transistor having a base electrode for receiving a video input
sighal, having an emitter electrode coupled to a poini of reference potential via a first resistor
(62), and having a collector electrode connected to the emitter electrode of said
second transistor; said second transistor having a base electrode coupled to a first supply
voltage (+12V) and having a collector electrode coupled via a second resistor (68) to a
second supply voltage (+200V) greater than said first supplj voltage; said second resistor
providing a linearly amplified video output signal at said collecto_r_electrode of said second
transistor;

| a kinescope (20) having a cathode electrode (K1) coupled to said second resistor (68)
for producing images representative of said video input signal ; and

circuit means comprising a tuned circuit (80) coupled between said cathode electrode

of said kinescope and one of said emitter electrode and said collector electrode of said first

transistor for applying a given portion of cathode current (Ik) conducted by said cathode

electrode (K1) of said kinescope (20) to said one of said emitter electrode and said collector

electrode of said first transistor.

2. Apparatus as recited in Claim 1 wherein said circuit means comprises
a buffer amplifier (70) coupled between said second resistor and said cathode

electrode; and

a resistor (82) connected -between a current output of said buffer

amplifier and -said selected electrode of said first transistor.

3. Apparatus as recited in Claim 1" wherein said circuit means comprises a PNP



el ectrode connect ed—to—said—col I ector el (_a_ct’rgj_e.ff said first_transistor.
v
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transistor (Q3) having an emitter electrode connected to said cathode (K1) of said
kinescope, having a base electrode connected to said second resistor (68) of said
amplifier (60) and having a collector electrode connected to said emitter electrode of

said first transistor.

4. Apparatus as recited in Claim 1 wherein said circuit means comprises a PNP
transistor (Q3) having an emitter electrode connected to said cathode (K1) of said
kinescope, having a base electrode connected to said second resistor (68) of said
amplifier (60) and having a collector electrode connected to said collector electrode
of said first transistor.

5. Apparatus as recited in Claim 1 further comprising means for apportioning said
cathode current into said given portion for application to said selected electrode of said

first transistor and into a further portion for application to an automatic kinescope bias

circuit.

6. - A method of applying gamma correction to a kinescope, comprising the
steps of :

® linearly amplifying a video input signal to provide a linearly
amplified video output signal;

(i1) coupling the output of the amplifier to the cathode.of the
kinescope and concurrently sensing the cathode current of the kinescope to provide an
output current linearly related to the cathode current;

(1ii) applying at least a portion of the sensed cathode current of

_ the kinescope to a circuit node in the linéar amplifier; and

(iv) | apportioning said cathode current between said portion

applied to said -circuit node and a further portion for application to automatic

kinescope bias control circuitry for said kinescope.
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transistor (Q3) having an emitter electrode connected to said cathode (K1) of said
kinescope, having a base electrode connected to said second resistor (68) of said amplifier _

(60) and having a collector electrode connected to said emitter electrode of said first
transistor.

4. Apparatus as recited in Claim 1 wherein said circuit means comprises a PNP
transistor (Q3) having an emitter electrode connected to said cathode (K1) of said
. kinescope, having a base electrode connected to said second resistor (68) of said amplifier

(60) and having a collector electrode cdnnected to said collector electrode of said first
transistor. '

5. Apparatus aS recited in Claim 1 further comprising means for apportioning said
cathode current into said given portion for application to said selected electrode of said

first transistor and into a further portion for application to an automatic kinescope bias
circuit.

6. A method of applying gamma correction to a kinescope, comprising the steps of:
| (i) linearly amplifying a video input signal to provide .a,linearly amplified video
output signal;

(ii) coupling the output of the amplifier to the cathode of the kinescope and
concurrently sensing the cathode éurrent of the kinescope to provide an output current
linearly related to the cathode current;

(iii) applying at least a portion of the sensed cathode current of the kinescope to a
selected electrode of a transistor in the linear amplifier via a circuit path including a series
connected inductor and a shunt connected capacitor for isolating high frequency discharge
currents of the kinescope from said selected electrode of said transistor; and

(iv) apportioning said cathode current between said portion applied to said circuit
node and a further portlon for appllcatlon to automatic kinescope bias control circuitry for
said klnescope e AN



