KI NESCOPE DRI VER APPARATUS W TH GAMVA CORRECTI ON This invention relates to
tel evision systems generally and particularly to kinescope cathode driver
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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 or the
display tube are linear devices. In other words, the signal voltage

10 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

15 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

20 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

35 gamma is, in practice about 1.35 instead of a unity (1.0) gamma. This
implies that the exponential transfer characteristic of the picture
tube is not fully compensated, leading to compression of dark picture
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rel ati onshi ps between signal input and |ight out put of the picture 1 5
tube, are both commnly expressed by the term "gama" which, sinply stated,
is tthe exponent or "power" to which an input function (X) is raised to
produce an out put function (Y). If, for exanple, an input function X is
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shows tée mw{)ﬁi\{ ous aspects of a video signal transm ssion system

wth eurve 100 T eRl SeaT E)'vre?aflq%ans U1 B hracteristic 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. However,

10 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 is illustrated in FIGURE 2A showing a

15 partially gamma corrected ramp signal in which the gain for signals
near black level is increased. It is desirable, however, that peak white
be kept at the same level as in the uncorrected case, the dashed line,
to avoid picture tube blooming. For this to occur, the slope of the
upper portion of the ramp signal may be reduced as shown in

20 FIGURE 2B. This corrects the black compression problem while
avoiding the problem of "blooming" (excessive whites).

Reducing the upper portion of the ramp signal to avoid
blooming, however, can create another problem. The viewer
perceives the reduced signal as a lack of contrast in gray to white

25 picture areas resulting in "washed out" appearing pictures. In such
an event, the improvement of contrast of low-brightness portions of
the image by gamma correction is obtained at the expense of high
brightness contrast deterioration.

There are, generally speaking, two conventional approaches to

30 gamma correction. 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. 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

35 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 kinescope. Images displayed include
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characteristic of the transm ssion side, curve 102 representing the

transfer characteristic of the picture tube (kinescope or CRT) and curve -
104 represent| ng the overall transfer characteristic. The 3'0 transmtted
video signals of the NTSC, PAL and SECAM tel evi si on standards have a gama
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correction as 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

10 amplifier load resistor to the input of a voltage follower amplifier

* comprising a cascade complementary 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-linear resistive

15 portion of the cathode impedance, provides gamma - correction.
However, the resistor, in combination with the stray capacitance of
the cathode, creates an undesirable frequency response pole at a
relatively low frequency (i.e., it acts as a low pass filter). This tends
to reduce the high frequency detail of displayed images. The inclusion

20 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
impedance source for driving the by-pass capacitor.

25 In the two approaches to gamma correction described above,
the second approach has the virtue of relative simplicity, economy
and improved reliability (due to requiring fewer circuit elements).

However, it is herein recognized that the gamma corrected
video signal is subject to cross-over distortion characteristic of the

30 complementary emitter follower buffer amplifier and this distortion
exists over essentially the full video bandwith. The present invention
is directed, in a first respect, to reducing such distortion.

Kinescope driver apparatus embodying the invention includes
a circuit node and a current source coupled to supply an output

35 current to the circuit node proportional to a video input signal. A
first resistor, coupled between the circuit node and a source of supply
voltage, develops an amplified video output signal which is coupled
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2 portions.of the display. Such conpression causes picture details near
black to be lost, and colored areas to fade towards black. Concurrently,
whités are exce55|vely anplified with respect to the dark portions to the
poi nt of often reaching plcture tube saturation 5 and bloom ng. A linear
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st electrode coupled to the cathode of the kinescope and
5 having a second electrode coupled to the circuit node via an
amplifier.

Advantageously, the first and second resistors, in combination,
impart gamma correction to the kinescope. Also, DC and low
frequency components of the video signal never pass though the

10 second amplifier and so are free of any possible distortion in the
second amplifier. |

A further advantage is that since most of the power of the
video signal is in the DC and low frequency portion of the spectrum,
the second amplifier power dissipation is relatively low thus

15 reducing the cooling requirements.

In another embodiment of the invention herein described, the
capacitance is varied as a function of the beam current which,
advantageously, tends to add stability to the overall driver amplifier
frequency response for variations in the beam current.

20 A method of applying gamma correction to a kinescope, in
accordance with the invention, comprises the steps of (i) generating a
current proportional to a video input signal; (ii) applying the current
to a first resistor for producing an amplified video signal; (iii),
coupling the amplified video signal to a cathode of a kinescope via a

25 second resistor to provide a source resistance for the cathode not less
than the sum of values of the first and second resistors; and (iv)
coupling a common connection of the first and second resistors to an
input of an amplifier and coupling an output of the amplifier to the
cathode of the kinescope via a capacitor.

30 The foregoing and further features of the invention are

 illustrated in the accompariying 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

35 television receiver and the overall telev1smn system including the
transmitter and receiver;
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which can not be enlarged without reaching picture tube saturation causing
bl oom ng. Therefore, gamma correction to increase anplification of dark '
i mage areas can cause a signal conpression of the high signal whites. This
is illustrated in FIGURE 2A showing a 15 partially gamma corrected ranp
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FIGURES 4 and 5 illustrate modifications of the kinescope
driver amplifier of FIGURE 3.

The television receiver 10 of FIGURE 3 includes a tuner,

- intermediate frequency amplifier (IF) and detector unit 12 having an

10 RF input terminal 14 for receiving an RF input signal S1 from a
suitable 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

15 provide high voltage drive signals to the cathodes K1, K2 and K3 of
kinescope 20, the R, G and B drive signals are applied to respective
ones of the kinescope cathodes K1, K2 and K3 via respective
kinescope driver amplifiers 50,40 and 30. The driver amplifiers are
identical and so only the details of one (driver 50) are illustrated. For

20 -completeness, exemplary element values are included for each circuit
element in this specific embodiment.

Driver 50 (outlined in phantom) includes a circuit node 60 and a
current source 70 coupled to supply an output current to the circuit
node 60 proportional to the value of the video input signal ("Red" in

25 this case) applied to the current source 70.

The current source 70 comprises a first transistor Q1 having a
base electrode to which the (R) video input signal is applied, having
an emitter electrode coupled to a source of reference potential (e.g.,
ground in this example) via an emitter resistor 72 and having a

30 collector electrode coupled to circuit node 60 via the conduction path
of a common base amplifier comprising a second transistor Q2.
Specifically, transistor Q2 is connected at the base thereof to a source
of supply voltage 74 (e.g., +12 volts), at the emitter thereof to the

| collector of transistor Q1 and at the collector thereof to the circuit

35 node 60. Two further elements of the cuirefit source 70 are a series
connected resistor 76 and capacitor 78 coupled in parallel with the
emitter resistor 72. The time constant of this by-pass path is selected
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percei ves the reduced S|gnal as a lack of contrast in gray to white 25
picture areas resulting in "washed out" appearing pictures. In such an-
event, t he i nprovenent of contrast of |ow brightness portions of the inage
by ganna correction is obtained at the expense of high brightness contrast
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filtered hi ofnanpllufdddSe PRESE B PEdsistors are selected, as explained later, to
impart gamma correction to images displayed by kinescope 20 but the
relatively high total resistance tends to reduce the driver amplifier
bandwidth and so tends to reduce the detail of displayed images. An
10 additional resistor 79 (e.g., 330 Ohms) coupled between the output
102 and the cathode K1 provides arc protection for amplifier 50.

The remaining elements of driver amplifier 50 correct the
bandwidth reduction problem noted above and comprise a buffer
amplifier 90 and a capacitor 100. Specifically, amplifier 90 has an

15 output 96 coupled to the cathode K1 of kinescope 20 via the capacitor
100 and has an input 94 coupled to the circuit node 60 via a resistor
95. Amplifier 90 is a unity gain voltage follower of the
complementary emitter follower type and includes a pair of
complementary transistors Q3 (PNP) and Q4 (NPN). Transistor Q3

20 has collector and base electrodes coupled to ground and to input 94,
respectively, and an emitter coupled to output 96 via a resistor 91.
Transistor Q4 has collector and base electrodes coupled to supply 68
and input 94, respectively, and has an emitter coupled to output 96
via a resistor 92. The emitter resistors 91 and 92 are protection

25 resistors which limit the maximum current flow though the series
connected conduction paths of transistors Q3 and Q4 during signal
transitions when one transistor is turning on while the other is
turning off. Under steady state conditions no current flows and so
there is no quiescent power dissipation. The purpose of resistor 95 is

30 to limit the transient base current flow to transistors Q3 and Q4
under transient conditions and to provide additional isolation of the
load capacitor 100. The effective capacitance component at the input
node is quite low being approximately equal to the load capacitance
scaled down by a factor approximately equal to the forward current

35 gain of the transistors. The additional isolation of this capacitance
provided by resistor 95 ensures that capacitor 100 is fully isolated
from circuit node 60. This isolation avoids a loss of gain and an
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conbined for application to a kinescope. |nmages displayed include 3
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
applty linear processing to the video signal and rely upon the non-linear 5

i npedance chamwgirttedsadditiohal meeptermy paléethat bthegwise wouﬂdc:@g@t as
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linearly anplifi dn operatiansthe current source 70 supphes an output current

to the circuit node 60 that is proportional to the value of the red (R)

5 video input signal provided by luma chroma processor 16. This
results because transistor Q1 regulates the voltage across emitter
resistor 72 to be proportional to the voltage of the red (R) signal
applied to its base electrode. Since the voltage across resistor 72
follows the red signal, the current through it and thus the collector

10 current delivered to circuit node 60 is proportional to the red gun
signal voltage. It will be noted that the collector current differs
slightly from the emitter current of transistor Q1 by the amount of
the base current. This difference is small and may be eliminated
completely if field effect transistors were used instead of the bipolar

15 transistors shown.

The function of the common base connected transistor Q2 is to
isolate the collector electrode of transistor Q1 from voltage |
variations to suppress the Miller effect and thus extend the
bandwidth of the overall amplifier formed by load resistor 65 and

20 current source 70. In this example, transistor Q2 regulates the
collector voltage of transistor Q1 at about 12 volts as determined by
the connection of its base electrode to the source of supply voltage 74.
The current provided by current source 70 is boosted in the upper end
of the video band (e.g., around 4 MHz) by the emitter resistor 72 by-

25 - pass network comprising resistor 76 and capacitor 78.

Resistor 65, coupled between the circuit node 60 and the source
of supply voltage 68, develops an amplified video output signal in
response to the current provided by source 70. The gain of the
amplifier formed by the combination of current source 70 and resistor

30 65is, to a first approximation, determined by the ratio of the value of
resistor 65 divided by the value of resistor 72. The actual gain is
somewhat less and is not linear due to the non-linear loading effects
of the resistor 85 (which is linear) and cathode K1 (which has a non-
linear real component of dynamic impedance). It i is the non-

35 linearities of the cathode load which provides'; gamma correction as

will now be explained.
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anplifier. The anplifier output inmpedance is reduced by coupling the 10
anplifier load resistor to the input of a voltage follower anplifier
conprising a cascade conpl enentary enitter follower buffer anplifier. The
output of the voltage follower anplifier is coupled to the kinescope

asistor, in conthesistonn CPUpIR] %&ﬁ%&qﬁi e Runclif rpd 4B and i Imelﬂeof the
ggtmf;?ggt : gﬁ%@h@de K'loctvfr Igﬁieﬂ@ ainplified video sigral
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with the reS|s or ten e ons
by- passi ng Kpgmages y %y the 1nescopeg lq'or tfus pux%ose, reglstors
65 and 85 are selected to have a total or combined resistance value
between the maximum and minimum values of dynamic resistance
presented by the cathode K1 of kinescope 20. The maximum dynamic

10 resistance of the cathode occurs when the cathode is driven to cut-off
potential to produce a black level image. The minimum value of the
resistance of cathode K1 occurs when the cathode is driven to
produce a peak white output image on kinescope 20.

Another way of viewing the gamma correction discussed above -

15 isto view the combination of current source 70 and resistors 65 and
85 as being an amplifier having a fixed output impedance that is
about half way between the impedance variations of the kinescope
cathode electrode. For a value in this range, the driver amplifier
essentially acts as a current source when the cathode impedance is

20 low (white level signals) and so limits drive to the cathode and as a
voltage source when the cathode impedance is high (black level
signals). As a result, more drive is applied for signal levels near black
level than white level thus i 1mprovmg contrast for relatively dark
scenes.

25 Unfortunately, the relatively high total resistance (resistor 65
plus resistor 85) of the gamma correction resistors, in combination
with the stray capacitance associated with the cathode electrode of
kinescope 20, forms effectively a low pass filter producing an
unwanted frequency response pole at a very low frequency. In this

30 example of the invention the total resistance is 23.2 k-Ohms. If the
stray capacitance is, illustratively, about 15 pico-Farads, the
undesired pole would be located below a half mega-Hertz. This
tends to diminish the bandwidth of the driver amplifier 50 and in so
doing tends to reduce the detail of images dlsplayed by kinescope 20.

35 The diminished bandwidth problem noted above is
counteracted by buffer amplifier 90 having its output 96 coupled to
cathode K1 via capacitor 100 and having its input 94 coupled to the

8
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conponents around the gamma correction resistor. The conplenentary emtter
follower (buffer) anplifier provides a | ow i npedance source for driving the
by-pass capacitor. 2 5 In the two approaches to gamma correction
descri bed above, the second approach has the virtue of relative sinplicity,

Fovaver , 1t QLA e B0 JHS ARk Rrovdes drA AR PetaBge SOWse SOTTHEN <
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In more deta11 recall that the combination of current source 70,
which is linear, and load resistor 65, which is also linear, provides
linear amplification of the red video signal. The current source is
operated in a class-A mode (meaning that there is conduction
10 throughout 360 degrees of an electrical cycle, the transistor is never
driven to cut-off condition) and so there is essentially no distortion in
the amplified video signal delivered to the kinescope cathode K1 via
resistor 85. While amplifier 90 does exhibit cross-over distortion, this
is limited to only the high frequency augmentation component of the
15 video signal conducted by capacitor 100 and, as a practical matter,
would not be visible on images displayed by kinescope 20. Cross-
over distortion would however be visible if the main video signal
were allowed to pass though a buffer amplifier to resistor 85. This is
avoided completely, as well as the undesirable capacitive loading
20 effects on circuit node 65 previously discussed by the connections of
~ capacitor 100 and amplifier 90 noted above.
To briefly summarize the foregoing, in the kinescope driver of
FIGURE 3 the current source 70 supplies an output current to. the
circuit node 60 proportional to the value of the video input signal
25 (red) applied to the current source. The common base transistor Q2
applies the current of current source 70 to the resistor 65 for
producing an amplified video signal. Resistor 85 couples the
amplified video signal to the cathode K1 of the kinescope 20 for
producing images. The sum of the values of resistors 65 and 85 is
30 selected to impart gamma correction to the images displayed by the
- kinescope 20 but tending to reduce the image detail. The detail is
restored by coupling a first plate of the capacitor 100 to the cathode
electrode K1 of kinescope 20 and coupling a second plate of the
capacitor 100 to a common connection (i.e., node 60) of the resistors
35 65and 85 via the amphﬁer 2.
In the modified kinescope driver amphfler of FIGURE 4, the
capacitor 100 has been replaced by a variable capacitor 110
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35 current to the circuit node proportional to a video input signal. A
first resistor, coupled between the circuit node and a source of. suppl'y”
voltqge,'develops an anplified video output signal which is coupled 4
fromthe circuit node to the cathode of a kinescope via a second resistor

val bes of t RRPUBTIRRtEOLBREE DX & yaRaricl of cvarbapy bt Ppicsted & e
el ectrode coambde therebf toatpiet 96 of beiffenanuplifienf) andaat tiye £aéboded
el ectrode cogpl ade'td thidedtoud kl”8f’ﬁu¥é§ccﬁ£b agplifier.

In operation, the cathode current flowing though resistor 85

5 produces a bias voltage for the variable capacitance diode 110.
Accordingly, as the kinescope beam current increases as the
capacitance decreases and vice versa. This variation in capacitance
tends to compensate for variations in the resistive portion of the
cathode impedance with changes in beam current and results in

10 stabilized high frequency response.

In more detail, recall that the cathode dynamic impedance
includes a real (resistive) portion which varies inversely with beam
current and an imaginary (capacitive) portion represented by the
stray capacitance associated with the cathode and which does not

15 vary with the beam current. As the beam current increases, the
resistive component decreases and so the "corner frequency" or
response pole due to the stray capacitance tends to increase in

~ frequency. This change means that less high frequency drive is
needed to maintain a constant frequency response for the overall
20 system. This reduction in high frequency compensation drive, for
increasing beam current is provided by the variable capacitance
diode 110 which receives increasing bias with increasing beam
current and so exhibits a decrease in capacitance. This change isin a
sense to stabilize the overall frequency response for changes in

25 brightness level of displayed images.

Various other changes and modifications may be made within
the scope of the invention as defined by the appended claims. For
example, the cross-over distortion of amplifier 90 may be reducing by
biasing transistors Q3 and Q4 to conduct a quiescent operating

30 current although the power dissipation will be increased. Field effect
transistors may be used rather than bipolar transistors in the current
source 70 and in the buffer amplifier 90. Other changes may be made
such as the inclusion of an automatic kinescope bias (AKB) sensing
transistor in series with resistor 85. Also, one may include spark gaps

35 at the kinescope cathode and relatively low valued kinescope arc
protection resistors may be connected in series with capacitor 100 or,
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Advant ageously, the first and second resistors, in conbination, inpart
gamma correction to the kinescope. Also, DC and | ow frequency conponents of
t he V|deo signal never pass though the 1 0 second anplifier and so are free
of any possible distortion in the second anpllfler A further advantage is

t hat since st of  t po of fhe V|de nal i s,i,n the an Q
frequency p(r;ﬁtﬂrmtﬁq'e é‘-‘gg‘e%ﬂ' PEISTOF maB’ g It‘l'z‘f1 lé‘?t S%D&h@ gast:hﬁ)ﬁq on
i St S! ati Ve'Rle hﬁl‘d the eoinor ¢esinectiow ofad atuthGIOOraatdrresmton 85not hgr
enpodi nent of t nvent,l aried as
c Toncti on of t ndWeAPEIREaHBh s FICURKLS % BRE hRAPLE BF
stability t @IGIéRE/érmmpmsesamsemmg iagy aiddil yC
in the beamgguiifitiitratively, 2.7 k-Ohms) between the collector of transistor Q2
and circuit node 60. Advantageously, this modification enhances the
high frequency components of the signal compared with the DC and
low frequency components.
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20 A nmet hod of applying ganmma correction to a kinescope, in
accordance with the invention, conprises the steps of (i) generating a
current proportional to a video input signal; (ii) applying the current to o

a first resistor for producing an anplified vi deo si gnal ; ﬁﬁﬁll

" the anplified video signal to a cathode of a ki nescope V|a

resistor to provide a source resistance for the cathode not

sum of val ues of the first and second resistors; and (iv) c

connecti on the first and second resistors to an input of an anpllfler
and coupI| ﬁ utput of the anplifier to thé cathode of the kinescope via
a capacitor. The foregoing and further features of the invention

denoted by i ES ot of KOG Heh Pt EPAIAHERLONTpHSkRg ) eTent = ore

a circuit node;

5 a current source coupled to supply an output current to
said circuit node proportional to the value of a video input signal;

a first resistor coupled between said circuit node and a
source of supply voltage for developing an amplified video output
signal;

10 a second resistor coupled between said circuit node and a
cathode electrode of a kinescope for applying said amplified video
signal to said cathode electrode; and

a buffer amplifier having an output coupled to said
cathode electrode via a capacitor and having an input connected to

15 said circuit node.

2. Apparatus as recited in Claim 1 further comprising
means for biasing said amplifier to conduct substantially no quiescent

current.
20
3. Apparatus as recited in Claim 1 further comprising
means for varying the value of said capacitor as a function of beam
current of said kinescope.
25 4. Apparatus as recited in Claim 1 further comprising

means for varying the value of said capacitor inversely with changes
in beam current of said kinescope.

5. Apparatus as recited in Claim 1 wheff;ain said capacitor
30 comprises a voltage dependent capacitor.

12
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FIGURE 1 is a diagram showi ng exenplary transfer characteristics and ganna'“”
values for a television transmtter, a 3 5 television receiver and th

overal |l television systemincluding the transnitter and recel cet Hast “MRclm”d
FI GURE S 2A and 2B are di agrams illustrating gama correction m Im

a block diagram partially in schematic form of a teIeV|5|on

I ncl udi ng a gama corrected ki nescope driver 5 anplifier enbodying the

i nvention;

6. Apparatus as recited in Claim 1 wherein said first
resistor and said second resistor have a combined resistance value
sufficient to impart gamma correction to images displayed by said

kinescope.
5 _

7. Apparatus as recited in Claim 1 wherein the total
resistance between said source of supply voltage and said cathode
electrode is not less than a sum of the values of said first and second
resistors for imparting gamma correction to said kinescope.

10 :

13
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FIGURES 4 and 5 illustrate nodifications of the kinescope driver anplifier
of FIGURE 3. The television receiver 10 of FIGJURE 3 includes a tuner,

i nterneditate frequency anplifier (IF) and detector unit 12 having an 1 0
RF input terminal 14 for receiving an RF input signal S1 froma suitable
source (e.g., broadcast, cable, VCR or the |like) and provi des a base band
vi deo out put signal S2 to a chrom nance/l um nance signal processing unit 16
t hat provi des conponent red (R), green (G and blue (B) video output

signals for display by a kinescope ZO.A@&@J provi de high voltage drive
signals to the cathodes K1, K2 and K3 0 I néscope 20, the R, G and B drive

signals are applied to respegty ' cat hodes K1, K2 and
K3 via respective kinescope gW§§F%IWﬁ é%ﬁﬁggﬁgﬁg 30. The.driver :
anplifiers are WITH GAMMA CORRECTION

A current source (70) is coupled to supply an output

current to a circuit node (60) proportional to a video input signal (R).

5 A first resistor (65), coupled between the circuit node (60) and a
source of supply voltage (68), develops an amplified video signal
which is coupled from the circuit node to the cathode (K1) of a
kinescope (20) via a second resistor (85). A capacitor (100 or 110) is
provided having a first electrode coupled to the cathode (K1) of the

10 kinescope (20) and having a second electrode coupled to the circuit
node (60) via an amplifier(90). Advantageously,  the combined
resistance of the two resistors (65 and 85) imparts gamma correction
to the kinescope (20), the capacitor (100 or 110) and amplifier (90)

_ compensate for stray capacitance associated with the cathode (K1)

15 without subjectmg low frequency components to any possibility of
distortion in the amplifier (90). Additionally, the capacitance (110)
may be varied as a function of the beam current for stabilizing the
overall driver amplifier frequency response.

Fig 3
Been Replaced 14
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I dentical and so only the details of one (driver 50) are illustrated. For
20 conpl eteness, exenplary el ement values are-included for—each crrcuit
elenent itn this specific enbodinment. Driver 50 (outlined in phanto
includes a circuit node 60 and a current source 70 coupl ed This Replaced
output current to the circuit node 60 proportional to the val m
video input signal ("Red" in 2 5 this case) applied to the

70. The current source 70 conprises a first transistor QL having a base

el ectrode to which the (R) video input signal is applied, having an emtter
el ectrode coupled to a source of reference potential (e.g., ground in this
exanple) via an emtter resistor 72 and having a 3 0 collector el ectrode
coupled to circuit node 60 via the conduction path of a conmon base
~anplifier conprising a second transi stor Q.

Transmitter deulation Signal
T itter to TV Overall TV-studio
Dr:::d";r transfer’ Gamma =045~/  transmitier curve
curve /3/
Picture Tube e
Dirve Voltage % —jght 'a'nm"e"
Gamma = Gamma = 1.35
104
102
Overall transfer
" curve
Picture Tube (light-in / light-out)
transfer curve

\
Light Output, Picture Tube (beam current)

FIG. 1

y EXCESS
Jwame GAMMA = 08—, /'

FIG. 2A - FIG. 2B

1/4

| THIS SHEET HAS BF !
REPLACED




Specifically, transistor Q2 is connected at the base thereef—to-a—source of
supply voltage 74 (e.g., +12 volts), at the emtter thereof to the
collector of transistor QL and at the collector thereof to ﬂhﬁSE&eﬂ@aHhBen%e aced

node 60. Two further elenments of the current source 70 are a

connected resistor 76 and capacitor 78 coupled in parall-el w mﬂHMIK
resistor 72. The tinme constant of this by-pass path is selecte

provi de high frequency boost for the current source 70 in the upper portion

of the lum nance signal band (e.g., about 4 MHz). Grcuit node 60 is
coupled to a source 68 of relatively high
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supply voltage +V (e.g., about 200 volts) by a resistor -65 and is 5——-——
coupl ed to'the cathode el ectrode K1 of kinescope 20 by a resistor 85. The

va[ues‘ofvthese two resistors are selected, as explai ned Wi thiﬁe deed
T
a

gama correction to i mages di splayed by kinescope 20 but t
hi gh total resistance tends to reduce the driver amplifier

tends to reduce the detail of displayed inages. An 10 addition resi stor
79 (e.g., 330 Chns) coupl ed between the output 102 and the cathode Kl

provi des arc protection for anplifier 50. The remai ning el ements of driver
anplifier 50 correct the bandw dth reduction probl em noted above and
conprise a buffer anplifier 90 and a capacitor 100. Specifically, anmplifier
90 has an 1 5 output 96 coupled-to the cathode Kl of kinescope 20 via the

capacitor 100 and has an Eqput 94 coupled to the circuit node 60 via a
resistor o -

_/

20
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95. Anplifier 90 is a unity gain voltage follower of the conplenentary.. . ___
enitter follower type and includes a pair of conplenentary transistors B3
(PNP) and Q4 (NPN). Transistor (B 20 has collector and base Mis&aid A5%%en Re laced
coupled to ground and to input 94, respectively, and an emtte

output 96 via a resistor 91. Transistor 4 has collector and bH'HﬂU"!ﬂm”,r{", _
el ectrodes coupled to supply 68 and input 94, respectively, an :
emtter coupled to output 96 via a resistor 92. The enitter resistors 91

and 92-are protection 2 5 resistors which limt the maxi mum current flow

t hough the series connected conduction paths of transistors B and 4

during signal transitions when one transistor is turning on while the other

is turning off. Under steady state conditions no current flows and so there
IS no qui escent power dissipation. The purpose of resistor 95 is

102
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30 tolimt the transient base current flowto transistors B and Q4
under transient conditions and to provide additional isolation of the |oad
capaci t'or 100. The effective capacitance conponent at the input node is
quite | ow being approxi mately equal to sthe | oad capacitance scal ed down .by
a factor approximately equal to the forward current 3 5 gain of the
transistors. The additional isolation of this capacitance provided by

resistor 95 ensures that capackiRESESSPE DRIVERYAPBARAITRSS f ro&n CIdEiCUI t n?)de
00, TS ool Lo avorde 2 | oonyiheih g Bkrchiant o0 additions

This invention relates to television systems generally and

particularly to kinescope cathode driver apparatus with provisions
5 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 or the
display tube are linear devices. In other words, the signal voltage

10 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

15 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

20 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

35 gamma is, in practice about 1.35 instead of a unity (1.0) gamma. This-
implies that the exponential transfer characteristic of the picture

- tube is not fully compensated, leading to compression of dark picture
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I f -capacitor 100 were to be directly connected to circuit node 65. In
operation, the current source 70 supplies an output current to the circuit
node 60 that is proportional to the value of the red (R} 5 video input
signal provided by |luma chroma processor 16. This results because

transi stor QL regulates the voltage acrdss enitter resistor 72 to be
proportional to the voltage of the red (R) signal applied to its base

el ectrode. Since the valtage across resistor 72 follows the red siﬁnal, t he
current’ t hr ougportionsef thesispdayo eomprgssion cansesspiGtyze detals naary; ¢

tﬂﬁde 6g i's Iolr oBRick bé 166t, tahfﬁi cotbrednardagntd fade tewardstblack! be not e]g
{ransi stor QL pYReHEERWHied ke BXLEBivHls. ARBLEB I Soepetr @G
and may be el i darkpertionsgiosthe point of eftercreaching pictuce sube saturafien
instead of st heahd lb8ining. '

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, Gand -
B) signal processing circuits in the television receiver. However,

10 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 is illustrated in FIGURE 2A showing a

15 partially gamma corrected ramp signal in which the gain for signals
near black level is increased. It is desirable, however, that peak white
be kept at the same level as in the uncorrected case, the dashed line,
to avoid picture tube blooming. For this to occur, the slope of the

. upper portion of the ramp signal may be reduced as shown in

20 FIGURE 2B. This corrects the black compression problem while
avoiding the problem of "blooming" (excessive whites).

Reducing the upper portion of the ramp signal to avoid
blooming, however, can create another problem. The viewer.
perceives the reduced signal as a lack of contrast in gray to white

25 picture areas resulting in "washed out" appearing pictures. In such
an event, the improvement of contrast of low-brightness portions of
the image by gamma correction is obtained at the expense of high
brightness contrast deterioration. :

There are, generally speaking, two conventional approaches to

30 gamma correction. 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. 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

35 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 kinescope. Images displayed include
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15 transistors shown. The function of the common base connected
transistor 2 is to isolate the collector electrode of transistor QL from
vol tage variations to suppress the MIler effect and thus extend the
bandw dt h of the overall anplifier forned by |oad resistor 65 and 2 0O
current source 70. In this exanple, trahsistor Q@ regul ates the collector
vol tage of transistor QL at about 12 volts as determ ned by the connection

f b I d h 1)
or ovi ded by cuenBHRARettsn L bigeR o BIAY ittty Afadand BOORIE Biail .
(e.g., around ﬂon\glza)ytbqw eqmctumarw stor 72 by- 2 5 pass net wor k

compr i sing resi stor ak.‘Htc? an'ﬁ@fd gofrection EoUbppIydinean the
Cl I cul node an age e anp IT1 e
vi deo output sPEPSE ssmgto ev1deo 51 etl % 8 thdYSh IBredl

impedance characteristics of the kmescope, cathode for gamma
correction as 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

10 amplifier load resistor to the input of a voltage follower amplifier
comprising a cascade complementary 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-linear resistive

15 portion of the cathode impedance, provides gamma correction.
However, the resisfor, in combination with the stray capacitance of
the cathode, creates an undesirable frequency response pole at a
relatively low frequency (i.e., it acts as a low pass filter). This tends
to reduce the high frequency detail of displayed images. The inclusion

20 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
impedance source for driving the by-pass capacitor.

25 In the two approaches to gamma correction described above,
the second approach has the virtue of relative simplicity, economy
and improved reliability (due to requiring fewer circuit elements).

However, it is herein recognized that the gamma corrected
video signal is subject to cross-over distortion characteristic of the

30 complementary emitter follower buffer amplifier and this distortion
exists over essentially the full video bandwith. The present invention

~ is directed, in a first respect, to reducing such distortion.
Kinescope driver apparatus embodying the invention includes
a circuit hode and a current source coupled to supply an output

35 current to the circuit node proportional to a video input signal. A
first resistor, coupled between the circuit node and a source of supply
voltage, develops an amplified video output signal which is coupled

re————————
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response to the current provided by source 70. The gain of the anplifier
formed by the conbination of current source 70 and resistor 3 0 65is, to
a first approximtion, determned by the ratio of the value of resistor 65
di vided by the value of resistor 72. The actual gain is somewhat |ess and
is not linear due to the non-linear |oaling effects of the resistor 85

gmhlch I's linear) and cat hode Kl (mhlch has a non-- |i near real conponent of
ynam ¢ |nped i s the |.e C | oad
whi ch provi des Memﬂl&m %ﬂ\ﬁ F?t &&e&%gﬁhﬁa f‘%@&ﬁ?d

resistor to provide a source 1mpedance for the cathode not less than
the sum of values of the two resistors. A capacitor is providing
having a first electrode coupled to the cathode of the kinescope and

5 having a second electrode coupled to the circuit node via an
amplifier.

Advantageously, the first and second resistors, in combination,
impart gamma correction to the kinescope. Also, DC and low
frequency components of the video signal never pass though the

10 second amplifier and so are free of any possible distortion in the
second amplifier.

A further advantage is that since most of the power of the
video signal is in the DC and low frequency portion of the spectrum,
the second amplifier power dissipation is relatively low thus

15 reducing the cooling requirements.

In another embodiment of the invention herein described, the
capacitance is varied as a function of the beam current which,
advantageously, tends to add stability to the overall driver amphfler
frequency response for variations in the beam current.

20 A method of applying gamma correction to a kinescope, in

. accordance with the invention, comprises the steps of (i) generating a

current proportional to a video input signal; (ii) applying the current
to a first resistor for producing an amplified video signal; (iii),
coupling the amplified video signal to a cathode of a kinescope via a

25 second resistor to provide a source resistance for the cathode not less
than the sum of values of the first and second resistors; and (iv)
coupling a common connection of the first and second resistors to an
input of an amplifier and coupling an output of the amplifier to the
cathode of the kinescope via a capacitor.

30 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

35 television receiver and the overall television system including the
transmitter and receiver;
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Resi stor 85, coupled between the circuit node 60 and the cathode K1 of

ki nescope 20, applies the anplified video signal devel oped by resistor 65
to.the ‘cathode el ectrode. Inportantly, the values of the resistor 65 and
the resistor 85 are selected to provide a 5 conbined or total resistance
sufficient to inpart gamma correction tb images displayed by the kinescope
20. For this purpose, resistors 65 and 85 are selected to have a total or

conbi ned resi stance t s Ul of dynam c
~resistance present egrﬁm?ggﬁﬁgeﬁﬁgﬁlmgggswé%rrma%ﬁrrum dynam ¢
10 resi st anceosreaticat hode occurs when the cathode is driven to cut-off
potential to prOdUCFI@LHQEWis@\&ﬂbCk@ﬁgraﬁ?Eaﬁ‘tiaﬂ i sctatnatic foren, of a

0

et ance of FabURMEn Sholiial i DasRblotinticl ik bpaAE® @
5 amplifier embodying the invention;

FIGURES 4 and 5 illustrate modifications of the kinescope
driver amplifier of FIGURE 3. -

The television receiver 10 of FIGURE 3 includes a tuner,
intermediate frequency amplifier (IF) and detector unit 12 having an

10 RF input terminal 14 for receiving an RF input signal S1 from a
suitable 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

15 provide high voltage drive signals to the cathodes K1, K2 and K3 of
kinescope 20, the R, G and B drive signals are applied to respective
ones of the kinescope cathodes K1, K2 and K3 via respective
kinescope driver amplifiers 50, 40 and 30. The driver amplifiers are
identical and so only the details of one (driver 50) are illustrated. For

20 completeness, exemplary element values are included for each circuit

element in this specific embodiment.

Driver 50 (outlined in phantom) includes a circuit node 60 and a
current source 70 coupled to supply an output current to the circuit
node 60 proportional to the value of the video input signal ("Red" in

25 this case) applied to the current source 70.

The current source 70 comprises a first transistor Q1 having a
base electrode to which the (R) video input signal is applied, having
an emitter electrode coupled to a source of reference potential (e.g.,
ground in this example) via an emitter resistor 72 and having a

30 collector electrode coupled to circuit node 60 via the conduction path
of a common base amplifier comprising a second transistor Q2.
Specifically, transistor Q2 is connected at the base thereof to a source
of supply voltage 74 (e.g., +12 volts), at the emitter thereof to the
collector of transistor Q1 and at the collector thereof to the circuit

35 node60. Two further elements of the current source 70 are a series
connected resistor 76 and capacitor 78 coupled in parallel with the
emitter resistor 72. The time constant of this by-pass path is selected
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Anot her way of view ng the gamma correction discussed above 1 5 is to view
t he conbi nati on of current source 70 and resistors 65 and 85 as being an
anplifier having a fixed output inpedance that is about half way between

t he i npedance variations of the kinescope cathode el ectrode. For a value in
this range, the driver anplifier essent®ally acts as a current source when
the cathode inpedance is 2 0O low (white level signals) and so limts drive

to th t hod d as ol t t t hode i i s._high

(bl ack | evel  sitgprayideizh AGancyisestdor b SRRl sairecO If the LrReo

near bl ack | evepottiom ofithedurmirdnc¢esignaliband teygcabiowtst MEz)r el at i vel y

dark scenes. 25 cn-t?lt%@ YoPisYooupled't®) #bURLY 68 o8 Reldtvilly lepiket ance
f tﬁb ) n

resi stor 65 plus resisfor 0] e ‘ga cqQrrection resisto .
Eonbi nati on P supply voltage +V (e.g., a ott 200 volts ya Fesistor 85 And is

5 coupled to the cathode electrode K1 of kinescope 20 by a resistor 85.
The values of these two resistors are selected, as explained later, to
impart gamma correction to images displayed by kinescope 20 but the
relatively high total resistance tends to reduce the driver amplifier
bandwidth and so tends to reduce the detail of displayed images. An

10 additional resistor 79 (e.g., 330 Ohms) coupled between the output
102 and the cathode K1 provides arc protection for amplifier 50.

The remaining elements of driver amplifier 50 correct the
bandwidth reduction problem noted above and comprise a buffer
amplifier 90-and a capacitor 100. Specifically, amplifier 90 has an

15 output 96 coupled to the cathode K1 of kinescope 20 via the capacitor
100 and has an input 94 coupled to the circuit node 60 via a resistor
95. Amplifier 90 is a unity gain voltage follower of the
complementary emitter follower type and includes a pair of
complementary transistors Q3 (PNP) and Q4 (NPN). Transistor Q3
- 20 has collector and base electrodes coupled to ground and to input 94,
respectively, and an emitter coupled to output 96 via a resistor 91.
Transistor Q4 has collector and base electrodes coupled to supply 68
and input 94, respectively, and has an emitter coupled to output 96
via a resistor 92. The emitter resistors 91 and 92 are protection
25 resistors which limit the maximum currént flow though the series
connected conduction paths of transistors Q3 and Q4 during signal
transitions when one transistor is turning on while the other is
turning off. Under steady state conditions no current flows and so
there is no quiescent power dissipation. The purpose of resistor 95 is
30 to limit the transient base current flow to transistors Q3 and Q4
~ under transient conditions and to provide additional isolation of the
load capacitor 100. The effective capacitance component at the input
node is quite low being approximately equal to the load capacitance
scaled down by a factor approximately equal to the forward current
35 gain of the transistors. The additional isolation of this capacitance
provided by resistor 95 ensures that capacitor 100 is fully isolated
from circuit node 60. This isolation avoids a loss of gain and an
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with the stray capacitance associated wth the cathode el ectrode of

ki nescope 20, forns effectively a | ow pass filter produci ng an unwant ed
frequency response pole at a very low frequency. In this 3 0 exanple of
the invention the total resistance is 23.2 k-Ohns. |If the stray capacitance
is, illustratively, about 15 pi co- Farads, the undesired pole would be

| ocat ed bel ow a half nega-Hert z. ThIS tends to dimnish the bandw dt h of

 mages é.eép?;"ﬁ'eﬁ“nﬁraz?q%ké‘% 603 103747qhEREY pefe iRt Giher Mk RIS oot o
noted above is ifotapagiton K werptorhe dineptlyfcannanted 40icieruit nosle %t 96
coupled to cathode Kin gpar&@GACtHOEUL IRt 3OUrBEYOIPPlted AR BuPhtc@iRead 10
the to the circuit node 60 that is proportional to the value of the red (R)

5 video input signal provided by luma chroma processor 16. This
results because transistor Q1 regulates the voltage across emitter
resistor 72 to be proportional to the voltage of the red (R) signal
applied to its base electrode. Since the voltage across resistor 72
follows the red signal, the current through it and thus the collector

10 current delivered to circuit node 60 is proportional to the red gun
signal voltage. It will be noted that the collector current differs
slightly from the emitter current of transistor Q1 by the amount of
the base current. This difference is small and may be eliminated
completely if field effect transistors were used instead of the bipolar

15 transistors shown.

The function of the common base connected transistor Q2 is to
isolate the collector electrode of transistor Q1 from voltage
variations to suppress the Miller effect and thus extend the
bandwidth of the overall amplifier formed by load resistor 65 and

20 current source 70. In this example, transistor Q2 regulates the
collector voltage.of transistor Q1 at about 12 volts as determined by
the connection of its base electrode to the source of supply voltage 74.
The current provided by current source 70 is boosted in the upper end
of the video band (e.g., around 4 MHz) by the emitter resistor 72 by-

25 pass network comprising resistor 76 and capacitor 78.

Resistor 65, coupled between the circuit node 60 and the source
of supply voltage 68, develops an amplified video output signal in
response to the current provided by source 70. The gain of the
amplifier formed by the combination of current source 70 and resistor

30 65is, to a first approximation, determined by the ratio of the value of
resistor 65 divided by the value of resistor 72. The actual gain is
somewhat less and is not linear due to the non-linear loading effects
of the resistor 85 (which is linear) and cathode K1 (which has a non-
linear real component of dynamic impedance). It is the non-

35 linearities of the cathode load which provides gamma correction as
will now be explained.
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9 circuit node 60. This circuit provides a | ow i npedance source for high
frequency signal conponents to flow to cathode K1 without presenting any
significant capacitive load to circuit node 65 and, advantageously, w thout
subj ecting DC and | ow frequency 5 conponents of the video signal to any
cross over distortion. In nore detail, %ecall that the comnbination of
current source 70, which is linear, and | oad resistor 65, which is also

source’ 5 operat oo Rauptd) 8o LB fliebl e &“@%ﬁ%?"%‘n%@t Ton 10
t hr oughout 360€C Kt BW@F@PﬁzOgé[PIgﬁq &e amplified sy Sig8@idheyer
driven to cut-déveloput byorvsistod 650td ter eatlrods elttiad éylmpottantlys the in
values of the resistor 65 and the resistor 85 are selected to provide a
5 combined or total resistance sufficient to impart gamma correction
to images displayed by the kinescope 20. For this purpose, resistors
65 and 85 are selected to have a total or combined resistance value
between the maximum and minimum values of dynamic resistance
presented by the cathode K1 of kinescope 20. The maximum dynamic

10 resistance of the cathode occurs when the cathode is driven to cut-off
potential to produce a black level image. The minimum value of the
resistance of cathode K1 occurs when the cathode is driven to
produce a peak white output image on kinescope 20.

Another way of viewing the gamma correction discussed above

15 isto view the combination of current source 70 and resistors 65 and
85 as being an amplifier having a fixed output impedance that is
about half way between the impedance variations of the kinescope
cathode electrode. For a value in this range, the driver amplifier
essentially acts as a current source when the cathode impedance is

20 low (white level signals) and so limits drive to the cathode and as a
voltage source when the cathode impedance is high (black level
signals). As a result, more drive is applied for signal levels near black
level than white level thus improving contrast for relatively dark
scenes. _ .

25 Unfortunately, the relatively high total resistance (resistor 65
plus resistor 85) of the gamma correction resistors, in combination
with the stray capacitance associated with the cathode electrode of
kinescope 20, forms effectively a low pass filter producing an
unwanted frequency response pole at a very low frequency. In this

30 example of the invention the total resistance is 23.2 k-Ohms. If the
stray capacitance is, illustratively, about 15 pico-Farads, the
undesired pole would be located below a half mega-Hertz. This
tends to diminish the bandwidth of the driver amplifier 50 and in so
doing tends to reduce the detail of images displayed by kinescope 20.

35 The diminished bandwidth problem noted above is
counteracted by buffer amplifier 90 having its output 96 coupled to
cathode K1 via capacitor 100 and having its input 94 coupled to the
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the anplified video signal delivered to the kinescope cathode K1 via
resistor 85. Wiile anplifier 90 does exhibit cross-over distortion, this is
limted to only the high frequency augnmentation conponent of the 1 5 video
si gnal conducted by capacitor 100 and, as a practical matter, would not be
vi si bl e, on i nages di spl ayed by kinescopg 20. Cross- over distortion would
however be visible if the main video signal were allowed to pass though a

buf f lifier t i st 5. This i i ded letely, || th
ndesi rabt e caiTit RedeITIYS aitsuis proviesra wddbeasnet 5oUEPEIEY

di sguss]geld by t Uﬁecﬁ@éhwti coinpenents tv o0 tardthorde K1 svithoutot ed abOVﬁ.
current. sour ce IS éﬁg%%?g)% Hliant lppbiie RERFRISCIL Rody e all= © 17
proportional tadwvantageously, without subjecting L low frequency

5 components of the video signal to any cross over distortion.

In more detail, recall that the combination of current source 70,
which is linear, and load resistor 65, which is also linear, provides
linear amplification of the red video signal. The current source is
operated in a class-A mode (meaning that there is conduction

10 throughout 360 degrees of an electrical cycle, the transistor is never
driven to cut-off condition) and so there is essentially no distortion in
the amplified video signal delivered to the kinescope cathode K1 via .
resistor 85. While amplifier 90 does exhibit cross-over distortion, this
is limited to only the high frequency augmentation component of the

15 video signal conducted by capacitor 100 and, as a practical matter,
would not be visible on images displayed by kinescope 20. Cross-
over distortion would however be visible if the main video signal
were allowed to pass though a buffer amplifier to resistor 85. This is
avoided completely, as well as the undesirable capacitive loading

20 effects on circuit node 65 previously discussed by the connections of

' capacitor 100 and amplifier 90 noted above.

To briefly summarize the foregoing, in the kinescope driver of
FIGURE 3 the current source 70 supplies an output current to. the
circuit node 60 proportional to the value of the video input signal

25 (red) applied to the current source. The common base transistor Q2
" applies the current of current source 70 to the resistor 65 for
producing an amplified video signal. Resistor 85 couples the
amplified video signal to the cathode K1 of the kinescope 20 for
producing images. The sum of the values of resistors 65 and 85 is
30 selected to impart gamma correction to the images displayed by the
kinescope 20 but tending to reduce the image detail. The detail is
restored by coupling a first plate of the capacitor 100 to the cathode
electrode K1 of kinescope 20 and coupling a second plate of the
capacitor 100 to a common connection (i.e., node 60) of the resistors
35 65 and 85 via the amplifier 90.

In the modified kinescope driver amplifier of FIGURE 4, the

capacitor 100 has been replaced by a variable capacitor 110
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25 (red) applied to the current source. The common base transistor @
applies.the current of current source 70 to the resistor 65 for producing
an anplified video signal. Resistor 85 couples the anplified video signal
to the cathode K1 of the kinescope 20 for producing inmages. The sum of the
val ues of resistors 65 and 85 is 3 0 sejgected to inpart gamma correction to
the images displayed By the kinescope 20 but tending to reduce the imge

100 10"t he.cat HORBIEBARE 4R A VerRotpre v Ghn Ry FrphatEtiRing o o
of the capaci tanodi@:&hemeaf bo output et bi hﬁer&[leaad)afolfha gathode
(v e e @Kﬂ'éﬂk.ﬁ{eg?@ys e ol o K nescope
vari abl e capacitor peratlon e cathode current flowing oug resistor
5 produces a bias voltage for the variable capacitance diode 110.
'Accordingly, as the kinescope beam current increases as the
capacitance decreases and vice versa. This variation in capacitance
tends to compensate for variations in the resistive portion of the
cathode impedance with changes in beam current and results in
10 stabilized high frequency response.

In more detail, recall that the cathode dynamic impedance
includes a real (resistive) portion which varies inversely with beam
current and an imaginary (capacitive) portion represented by the
stray capacitance associated with the cathode and which does not

15 vary with the beam current. As the beam current increases, the
resistive component decreases and so the "corner frequency" or
response pole due to the stray capacitance tends to increase in
frequency. This change means that less high frequéncy drive is
needed to maintain a constant frequency response for the overall

20 system. This reduction in high frequency compensation drive, for

' increasing beam current is provided by the variable capacitance
diode 110 which receives increasing bias with increasing beam
current and so exhibits a decrease in capacitance. This changeisina
sense to stabilize the overall frequency response for changes in

25 Dbrightness level of displayed images.

Various other changes and modifications may be made within
the scope of the invention as defined by the appended claims. For
example, the cross-over distortion of amplifier 90 may be reducing by
biasing transistors Q3 and Q4 to conduct a quiescent operating

30 current although the power dissipation will be increased. Field effect

- transistors may be used rather than bipolar transistors in the current
source 70 and in the buffer amplifier 90. Other changes may be made
such as the inclusion of an automatic kinescope bias (AKB) sensing
transistor in series with resistor 85. Also, one may include spark gaps

35 at the kinescope cathode and relatively low valued kinescope arc
protection resistors may be connected in series with capacitor 100 or,
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10 i npl emented here by a varactor or "varicap" di ode connected at the anode
thereof to output 96 of buffer anplifier 90 and at the cathode thereof to

t he cathode K1 of kinescope 20. |In operation, the cathode current flow ng

t hough resistor 85 5 produces a bhias voh age for the variable capacitance
di ode 110. Accordingly, as the kinescope ™beam current increases as the
capaci tance decreases and vice versa. This variation in capacitance tends

o compensal e | gfekehhly Rl a S5 Hiky 5 QA Qaetnf thORhode

| K1 and the common connection of capacitor 100 and resistor 85.
The modification of FIGURE 3 shown in the example of

FIGURE 5 comprises inserting an additional collector load resistor
5 66 (illustratively, 2.7 k-Ohms) between the collector of transistor Q2

and circuit node 60. Advantageously, this modification enhances the
high frequency components of the signal compared with the DC and

low frequency components.
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10 stabilized high frequency response. In nore detail, recall that the
cat hode dynam c i npedance includes a real (resistive) portion which varies
inversély with beam current and an imaginary (capacitive) portion
represented by the stray capacitance associated with the cathode and which
does not 1 5 vary with the bean1current As the beam current increases,
the resistive conponent decreases and so %he ‘corner frequency" or response
pol e due to the stray capacitance tends to increase in frequency. This
change nmeans that |ess high frequency drive is needed to maintain a
constant frequency response for the overall 2 0 system This reduction in
hi gh frequency cpapegsati on drive, for increasing beamcurrent is provided
by the variabl e capacitance diode 110 which receives increasing bias with

i ncreasi ng beam . .
1. Kinescope driver apparatus, comprising:

a circuit node;

5 a current source coupled to supply an output current to
said circuit node proportional to the value of a video input signal;

a first resistor coupled between said circuit node and a
source of supply voltage for developing an amplified video output
signal;

10 a second resistor coupled between said circuit node and a
cathode electrode of a kinescope for applying said amplified video
- signal to said cathode electrode; and

a buffer amplifier having an output coupled to said

cathode electrode via a capacitor and having an input connected to
15 said circuit node.

2. Apparatus as recited in Claim 1 further comprising
means for biasing said amplifier to conduct substantially no quiescent

current.
20 _ -

3. Apparatus as recited in Claim 1 further comprising
means for varying the value of said capacitor as a function of beam
current of said kinescope.

25 4. Apparatus as recited in Claim 1 further comprising

means for varying the value of said capacitor mversely with changes
in beam current of said kinescope.

5. Apparatus as rec1ted inClaim 1 wherem said capacitor
30 comprises a voltage dependent capac1tor

.
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current and so exhibits a decrease in capacitance. This change is in a

sense to stabilize the overall frequency response for changes in 2 5

bri ghtness | evel of displayed i mages. Various other changes and

modi fications may be made within the scope of the invention as defined by

t he appended cl ai ns. For exanple, the crass-over distortion of anplifier 90

may be reduci ng by biasing transistors Cé‘and X to conduct a qui escent

operating 3 0 current although the power dissipation will be increased.

Field effect transistors may be used rather than bipolar transistors in the

current source 70 and in the buffer anplifier 90. O her changes nmay be nade

such as the inclusion of a uto t|c klnes 0 KB ens

transistor in series wi tOr fgﬁ% WE‘Z‘%]}F&Q gr}%sélaps 35

at the ki nescopesisturtanid said seebndl nesistolrdvavma imed gepistance value
sufficient to impart gamma correction to images displayed by said

kinescope.
5
7. Apparatus as recited in Claim 1 wherein the total
resistance between said source of supply voltage and said cathode
“electrode is not less than a sum of the values of said first and second
resistors for imparting gamma correction to said kinescope.
10
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"protection resistors may be connected in series with capacitor 100 or,

alternatively,

such a resistor nmay be connected between the cathode K1 and

t he cormon connecti on of capacitor 100 and resistor 85. The nodification of
FIGQURE 3 shown in the exanple of FIGURE 5 conprises inserting an additional
collector load resistor 5 66 (illustrat '%el y, 2.7 k-Chns) between the

collector of transistor Q2 and circuit n

e 60. Advantageously, this

nodi fi cati on enhances the high frequency conponents of the signal conpared
with the DC and | ow frequency conponents.

10

15

Abstract

KINESCOPE DRIVER APPARATUS
WITH GAMMA CORRECTION

A current source (70) is coupled to supply an output
current to a circuit node (60) proportional to a video input signal (R).
A first resistor (65), coupled between the circuit node (60) and a
source of supply voltage (68), develops an amplified video signal
which is coupled from the circuit node to the cathode (K1) of a
kinescope (20) via a second resistor (85). A capacitor (100 or .110) is
provided having a first electrode coupled to the cathode (K1) of the
kinescope (20) and having a second electrode coupled to the circuit
node (60) via an amplifier(90). Advantageously, the combined
resistance of the two resistors (65 and 85) imparts gamma correction
to the kinescope (20), the capacitor (100 or 110) and amplifier (90)
compensate for stray capacitance associated with the cathode (K1)
without subjecting low frequency components to any possibility of
distortion in the amplifier (90). Additionally, the capacitance (110)
may be varied as a function of the beam current for stabilizing the
overall driver amplifier frequency response.

Fig 3
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12 CLAIMS: 1. Kinescope driver apparatus, conprising: a circuit node; 5

~a current source coupled to supply an output current to said circuit node
proportional to the value of a video input signal; a first resistor coupled

between said circuit node and a source of supply voltage for devel opi ng an

anplified video output signal; 1 0 a second resistor coupl ed
between said circuit node and a cat hode el ectrode of a kinescope for
appl ying said anplified video 1/4 :
Transmitter Modulation Signal
_ A _
Transmitter to TV Overall TV-studio
Decoder transfer’ Gamma = 0.45_~ /7  transmitter curve
curve /7
7
Picture Tube TV Camera
Dirve Voitage <% " light lnput
Gamma = Gamma = 1.35
102
Overall transfer
curve
Picture Tube (light-in / light-out)
transfer curve

Ught Output, Picture Tube (beam current)

FIG. 1
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signal to said cathode el ectrode; and a buffer anplifier having an output
coupl ed tao said cathode el ectrode via a capacitor and having an input
connected to 1 5 said circuit node. 2. Apparatus as recited in Claim1
further conprising neans for biasing said anplifier to conduct
substantially no quiescent current. 20 3. Apparatus as recited in Caim1l
further conprising nmeans for varying the value of said capacitor as a
function of beam current of said kinescopgy 2 5 4. Apparatus as
recited in Caim1 further conprising nmeans for varying the value of said
capacitor inversely with changes

om s R s
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I n beam current of said kinescope. 5. Apparatus as recited in Cdaiml
wherei n, said capacitor 3 O conprises a voltage dependent capacitor. 13
6. Apparatus as recited in Claiml wherein said first resistor and said
second resistor have a conbi ned resistance value sufficient to inpart gamma
correction to images displayed by said kinescope. 5 7. Apparatus as recited
tn Claim1l wherein the total
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resi stance between said source of supply voltage and said cat hode el ectrode
is not J]ess than a sumof the values of said first and second resistors for

i nparting ganma correction to said kinescope.

10
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