
KINESCOPE DRIVER APPA~A TUS 
WITHCONTRASTENHANCE:MENT 

RCA 86.906 

This invention relates to television systems and 
5 particularly to kinescope cathode driver apparatus with provisions 

for e~hancing the contrast o( displayed images. 
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 

1 0 or 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 

I 5 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 

2 0 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 

25 
equals 0.5. Gamma, in other words, is simply a measure of curvature 
of a transfer function, 

FIGURE l shows the gamma of various aspects of a video 
signal transmission syste~. with curve la representing the transfer 
characteristic of the transmission side, curve 1 b representing the {j 

transfer characteristic of the picture tube (kinescope or "CRTu), and 
3 0 curve le 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 

3 5 (light into the camera to light oµtput 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 
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characteristic of the picture tube is not fully compensated, leading to 
compression of dark picture portions of the display. Such 
compression causes picture details near black to be lost, and colored 
areas to fade to black. Concurrently, whites are excessively amplified 

5 with respect to the dark portions to the point of often reaching 
picture tube saturation and blooming. 

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 

l 0 (R,G and B) signal processing circuits in the television receiver. 
However, picture tubes have a relativ'ely 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 

I 5 the high signal whites. This is illustrated in FIGURE 2A showing a 
gamma corrected ramp signal. Peak white must be kept ~t the ·same 

level as in the uncorrected case, the dashed line, to avoid picture 
tube blooming. As· a consequence, the upper portion of the ramp 
signal has a reduced slope as shown in FIGURE 2B. This corrects the 

2 0 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 grey to white 

2 5 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. 

A very effective solution to the problem of providing 
3 0 gamma correction while avoiding loss of high brightness contrast is 

described by Haferl et al. in U.S. Patent No. 5,083,198 entitled 
NONLINEAR RGB VIDEO SIGNAL PROCESSING which issued January 
21, 1992. 

FIGURE 3 herein is an exemplary embodiment of a 
3 5 television receiver (indicated as 300, generally) including kinescope 

driver circuits 308, 310 and 312 in ~ccordance with an embodiment 
of the Haferl et al. system. The receiver 300 includes an antenna 
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input terminal 302 that supplies RF input signals to a tuner, IF 
amplifier and detector unit 304 which produces a baseband video 
signal S l. A chrominance/luminance signal processor 306, of 
conventional design, provides functions such as hue and tint control. 

5 brightness and contrast control, matrixing, etc., and provides red blue 
and green (RGB) video color component output signals for display by 
a kinescope 314. The R,G and B signals are applied to respective 
cathodes 320, 322 and 324 of the kinescope 314 by means of 
respective kinescope driver and contrast enhancement circuits 308, 

I 0 310 and 312. The details of circuit 308 are shown in the drawing. 
Circuits 310 and 312 are identical to circuit 308 and so are shown in 
block form to simplify the drawing. 

Driver apparatus 308 of the Haferl et al. system includes 
an inverting, high voltage, kinescope cathode driver amplifier 330 

1 5 having an input 332 coupled via an input resistor RI to input 
terminal 334 (to which the Red video signal is applied) and having 
an output 336 coupled to the red cathode 320 of kinescope 314 and 
coupled also back to the amplifier input 332 via a feedback resistor 
R2. These elements," Rl, R2 and inverting amplifier 330, connected as 

2 0 described, provide linear amplification of the video input signal Vl 
at input 334 with a gain equal to the ratio of the feedback resistor R2 
divided by the value of the input resistor Rl. 

The remaining elements of drive circuit 308 provide non­
linear processing of the input signal Vl. Specifically, signal Vl is 

2 5 applied to a non-linear signal splitter 340 which splits the input 
signal V 1 into a low level portion V2 representative of black to grey 
regions of the image and into a high level portion V3 representative 
of gray to white portions of the image. The low level or dark portion 
V2 is applied via resistor 342 to the summing input 332 of amplifier 

3 0 330 and so boosts the picture brightness in the black to gray region. 
This provides gamma correction of dark scenes and so improves the 
low light contrast of displayed images. The higher level signal V3 is 
AC coupled via resistor 346 and capacitor 344 to amplifier 330 for 
improving large area contrast and is also AC coupled via capacitor 

3 5 348, resistor 350 and high pass filter 352 to amplifier 330 for 
improviI~g small area white contrast. Blooming is prevented by the 
AC coupling and high pass filtering of the gray to white picture signal. 
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applied to the high voltage cathode driver amplifier 330. 
Advantageously, this "dual level" processing enhances detail for both 
bright and dim areas of displayed images, gamma is more close.ly 
corrected and spot blooming is avoided. 

5 Although the aforementioned Haferl et al. system 
provides excellent performance, it is herein recognized that 
substantial further improvement may be obtained and, particularly 
so, with regard to simplification of the circuitry required. 

In accordance with an· aspect of the invention, circuit 
1 0 simplification is achieved by effectively combining the functions of 

the non-linear processing with high voltage amplification of the 
video driver amplifier. As a result, the kinescope driver amplifier 
itself becomes part of the non-linear contrast enhancement circuit 
and eliminates the need, as in · the prior art, for separate 

1 5 enhancement and driver circuits. Additionally, the need for splitting 
the video input signal into separate signal ranges is .also eliminated. 
A further advantage of the present invention is that no 'active 
amplifying devices (e.g., transistors) are needed for the non-linear 
processing. Accordingly, costs are reduced and reliability is enhanced 

2 0 by the reduced component count. 
There is herein described a kinescope driver amplifier 

having a non-linear feedback network which (1) increases the 
amplification of vide.o signals in black-to-grey picture areas (thus 
improving dark picture details and increasing saturation of low 

2 5 luminance color signals) and which (2) amplifies video details in 
high bri~htness picture areas to substantially the same level as the 
low-brightness signal (thus improving subjective contrast without 
spot blooming and avoiding the impression of "washed-out" pictures.) 

Kinescope driver apparatus embodying the invention 
3 0 includes a kinescope driver amplifier having an input for receiving a 

video input signal to be amplified, having an output for providing an 
amplified video output signal for application to a cathode of a 
kinescope, and having ·linear and non-linear feedback paths. The two 
feedback paths together determine. a nominal closed loop gain for the 

3 5 amplifier. The non-linear path increases the closed loop gain of said 
amplifier by a given amount in low brightness picture areas and 
increases· the closed loop gain of said amplifier by substantially the 
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same· given amount for video detail signal components in high 

brightness picture areas. 
The foregoing and furtper features of the invention are 

illustrated in the accompanying drawing wherein like elements are 
5 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; 

l 0 FIGURE 2A is a diagram showing a graphical 
representation of a video ramp signal which has undergone gamma 
correction; 

FIGURE 28 is illustrates a modification of the gamma 
corrected ramp signal of FIGURE 2A for preventing picture tube 

I 5 (kinescope) blooming due the the gamma correction; 
FIGURE 3 is a simplified block diagram of a television 

receiver employing a known (prior art) non-linear RGB kinescope 
driver apparatus with contrast enhancement; 

FIGURE 4 is a simplified block diagram of a television 
2 0 receiver including contrast enhancing kinescope driver apparatus 

embodying the invention; 
FIGURE 5 illustrates a modification of the kinescope 

driver apparatus of FIGURE 4; 
FIGURES 6A, 6B and 6C are transfer response diagrams 

2 5 illustrating gain and frequency responses of kinescope driver 
apparatus embodying the invention; and · 

FIGURE 7 is a detailed circuit diagram with exemplary 
circuit element values of kinescope driver apparatus embodying the 
invention. 

3 0 As an overview, in the prior art system previously 
discussed non-linear video processing was applied to low level video 
signals prior to the amplification thereof to high voltage cathode 
drive signals and the processing was applied in a feed-forward 
manner. By contrast, in the example of the invention shown in 

3 5 FIGURE 4, the non-linear pr<?cessing is integrated with the high 
voltage video output amplifier and this integration is accomplished 
using feedback rather than feed-forward techniques. Also, as will be 
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seen. the system employs a complex, voltage dependent, impedance 
for gamma and detail compensation rather. than the band-splitting 
and high pass filtering technique of the prior art. 

The receiver 400 of FIGURE 4 includes an antenna input 
5 terminal 402 that supplies an RF input signal to a tuner, IF amplifier 

and video detector unit 404 which produces a baseband video output 
signal SI. A chrominance/luminance signal processor 406, of 
conventional design, provides various functions such as hue and tint 
control, brightness and contrast control, matrixing, etc., and provides 

l 0 red, (R) blue (B) and green (G) video color component output signals 
for display by a kinescope 414. The R, G and B signals are applied to 
respective cathodes 420, 422 and 424 of kinescope 414 by means of 
respective kinescope driver and contrast enhancement circuits 408, 
410 and 412. The circuit details of kinescope driver circuit 408 are 

I 5 shown outlined in phantom. Circuits 410 and 412 may be identical to 
circuit 408 and so are shown in block form to simplify the drawing. 

The kinescope driver circuit, embodying the invention, 
includes a high voltage, inverting amplifier 430. By, "high voltage" it 
is meant that the amplifier is of a type capable of producing output 

2 0 voltages of O!}e or two hundred volts or so (e.g., a common range for 
kinescope cathode driver amplifiers is about 80 to 150 volts or so). 
The input 431 of amplifier 430 is coupled via an input resistor RI to 
a circuit input terminal 409 to which the Red video signal (R) is 
applied. The output 433 of amplifier 430 is coupled via output 

2 5 terminal 413 to the red cathode 420 of kinescope 414 and is also 

coupled via a feedback resistor R2 to the input 431 of amplifier 430. 
The ratio of the feedback and input resistors determines the nominal 
closed loop gain, G 1, of amplifer 430. 

The remainder of the circuitry of kinescope driver 408 
3 0 comprises a non-linear feedback network which applies gamma 

correction to gray to black portions of displayed images. and boosts 
the high frequency detail in gray to white portions of images. The 
non-linear network comprises a circuit node 460 that is coupled to 
the input (431) and output (433) terminals of amplifier 430 via 

3 5 respective resistors R3 and R4 and which is coupled to a point of 
reference potential (ground in this example} by means of a parallel 
connection of a capacitor C 1 and a voltage dependent impedance 440 
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which. as shown here, compr~ses a Zener diode D 1 connected at. the 
. . . 

cathode thereof to node 460 and at the anode thereof to the point of 

reference potential (ground). 
In operation, the voltage gain G (i.e., V in I V out) for the 

5 overall circuit is equal to the open loop gain A of amplifier 430 

divided by the function I +AB where B is the feedback fraction. 

Where, as is usually th~ case, the open loop gain A is very large 

compared with unity (e.g .• A >> 1), the overall closed loop gain G is. 

substantially equal to the reciprocal of the feedback fraction, i.e., G = 
l 0 1/B. Here, there are two feedback paths. The path ~eluding resistor 

R2 is a linear path and is in.dependent of both the amplitude and the 

frequency of the output voltage of the amplifier. The path including 

resistors R3 and R4 is a non-linear path. In this path the feedback 
fraction or current varies both as a function of the amplitude of the 

l 5 outp~t signal and as the frequency of the output signal. Specifically, 

the feedback fraction for this path decreases as the output signal 

goes from white to black and the feedback fraction also decreases 

with frequency as a function of the amplitude of the output signal. 

The first of the· non-linearities described above provides 

2 0 gamma correction. Since the feedback fraction (i.e., the current fed 

back) decreases as the output voltage increases (due to the action of 

the Zener diode D 1) the overall closed loop amplifier gain increases 
since the closed loop gain is inversely proportional to the amount of 

feed back. A preferred gain change vs amplitude is on the order of 

2 5 about 6 dB for boosting the contrast j.n grey to black picture areas. 
The second of the non-linearities mentioned above is due 

to the combined effects (interaction) of the capacitor Cl and the· 

switching of the Zener diode 01. As the output voltage changes, the 

impedance to ground changes as well as the impedance of capacitor 

3 0 Cl. The combined effects increa~0~e ~y~all gain ·(by about 6 dB) 
for high frequency video detail as the output siganl approaches 
white. 

In FIGURE 4 a single Zenet diode Dl is used to provide 

the effect of a negative voltage dependent impedance. As the output 

3 5 voltage increases above, for example, the 50 IRE level, the diode 

becomes conductive thus shunting the negative feedback to ground 

and changing the circuit gain. The diode Dl exhibits some dynamic 
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and static impedance and so the switching is not abrupt but, as a 
practical matter provides a moderate smooth transition between the 
high gain ( +6 dB) and normal gain states of the system. This does, 
however, provide only two discrete gain regions. A suitable voltage 

5 dependent impedance could be used in series with the non-linear 
feedback path to provide a more gradual transition region. Examples 
include a suitably biased field effect transistor or a varistor. 

To summarize the operation of the arrangement of 
FIGURE 4, recall that the gain is determined by the ratio of the 

1 0 fe_edback impedance and the input resistance in this closed loop 
system. If diode DI and capacitor Cl were not present in the circuit, 
the signal gain G l would be given by the total resistance of the 
network divided by the value of R 1. The feedback resistance equals 
the sum of resistors R3 and R4 connected in parallel with resistor 

l 5 R2. Thus the gairt, for this assumed condition (DI and Cl omitted) is 
given by: 

01 = [(R3+R4)//R2]/Rl (1) 

wherein the II sign indicates "in parallel with". 
If the diode Dl or the capacitor Cl is conducting, (as is 

2 0 the case for signals in the white range and for high frequency detail 
signals) the current in the feedback path R3 and R4 is shunted to 
ground and so the . gai~ for this . condition becomes: 

02=R2/Rl (2) 

so, for this condition, 02 will always be greater than 01 since the 
2 5 parallel combination of R2 with the sum of resistors R3 and R4 is 

always less than the value of R2 alone. The values of R3 and R4 are 
selected to provide a net boost in gain of about 6 dB for gamma 
correction and high frequency video detail. 

If the output voltage at terminal 413 is greater than 
3 0 twice the Zener voltage of diode Dl (and R3 is about equal to R4), 

then the signal is amplified by 02. Otherwise the amplification will 
equal G 1. Detail signals (frequencies above Fe) are bypassed by C3 
and therefore· they receive a maximum gain of 02. The corner 
frequency Fe above which the detail signals are amplified (assuming 

3 5 R3=R4) is given by: 
Fe = l/{pi *R3*C1) 

(3) FIGURE 5 illustrates a modification. of the amplifier 
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of FIGURE 4 for providing a smoother gain transition region. To 
provide a smoother gain change with signal amplitude changes, as 
shown in FIG. 6A, the system of FIGURE 5 includes additional Zener 
diodes (02, 03) and parallel resistors (RS, R6, R7). Practical Zener 

5 diodes have a dynamic resistance of several tens to hundreds of 
Ohms and thus so this resistance coupled with the increased number 
of diodes results in a relatively smooth gain curve. Resistors RS-7 
together with R3 and R4 define the gains in the gain regions G l -G4 of 
FIGURE 6A. The small signal diodes 04 and 05 are helpful in 

l 0 improving the sharpness of the switching of the Zener diodes. FIGURE 
68 illustrates the over-all non-linear amplitude response having 
increased gain near black level and reduced gain near white level. 
FIGURE 6C illustrates. the over-all frequency response where it is 
seen that signals near white level experience 6 dB of boost at 5 MHz, 

l 5 those near grey level (50 IRE) receive about 3 dB of boost and those 
near black level receive essentially no additional amplification. 

FIGURE 7 shows the circuit schematic of the video driver 
apparatus of FIGURE 5 and includes exemplary element values. Also 
shown are the circuit diagram (and element values) of a suitable high 

2 0 voltage inverting video amplifier 430, a suitable automatic kinescope 
bias current. sensing circuit 700 and an input peaking _circuit 
C 11/R 11. It will be appreciated, of . course, that other suitable 
amplifiers may be used instead. The AKB sensing circuit may be 
omitted in a given case as well as the input peaking . circuit. 

2 5 The amplifier 430 (outlined in phantom) comprises a 
common emitter connected NPN transistor Q2 whose emitter (which 
is the non-inverting input) is coupled to a reference voltage of 4 
volts. The collector of Q2 is coupled to conventional active load 
network comprising transistor Q 13, Resistors R 17, R 18 and R 19 and a 

3 0 pair of small signal diodes 011 and 0 l 2sd connected as shown. This 
form of "active" load impedance provides a high gain for the 
amplifier and a relatively low output impedance at the amplifier 
output node "A". Base drive for the amplifier transistor Q2 is 
provided by an emitter follower circuit comprising PNP transistor 

3 5 QI 1 and resistors Rl3, Rl4 and Rl6 connected as shown. This 
provides improved input impedance for the amplifier invert_ing input 
terminal 903. The output 702 of amplifier 430 is coupled via a 
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current sensing network 700 
Ohm resistor to a connector 413 for 
kinescope 314. AKB network 700 
associated components 03, Cl2, R20, 

5 for sensing output current flow for use by (optional) AKB control 
circuitry (not shown). The input impedance RI for the system 
comprises a network including resistors RI and R 11 in series with 
R 11 being by-passed by a peaking capacitor C 11. Thus, in calculating 
the overall circuit gain, the impedance of the feedback network 

I 0 should be divided by the effective input impedance of these 
elements which provides a little extra high frequency peaking. If, in 
a given application, this is not desired, capacitor Cl I and resistor RI I 
may be eliminated. 

The feedback network 750 (outlined in phantom) 
1 5 corresponds to that of FIGURE 5 except that exemplary element 

values are given. For the specific values shown the maximum closed 
loop gain is given by R2/Rl which corresponds to about 50:1 or +34 
dB. The nominal closed loop gain is determined by [(R3+R4)//R2] I 
RI equals about 25: I or about 27 dB which is 6 dB less than the 

2 0 maximum boost for gamma correction and for high frequency detail. 
Operation of the example of FIGURE 9 is substantially the 

same as in the example of FIGURE 5 and so will not be repeated in 
detail here. It will be noted, for this . specific example, that the cut-off 
voltage assumed for the picture tube connected to terminal 413 is 

. 2 5 about 150 volts and white appears at around 80 volts. The resistance 
of R3+R4 is equal to the value of R2 (33K Ohms), therefore the 
maximum gain is approximately double the minimum gain. Here, R3 
is selected to equal R4 but this equality is not essential. The Zener 
diodes were chosen to give a smooth gain curve in the range of 150 

3 0 Volts to 80 Volts as shown in FIGURE 6A and FIGURE 6B. The 
capacitor C 1 and R4 define the frequency Fe to be about 1 mega­
Hertz so that signals well above this level are amplified with black­
level gain (see FIGURE 6C)~ 

There has been shown and described, in accordance with 
3 5 the invention, kinescope driver amplifiers having a non-linear 

feedback network which ( l) increases the amplification of video 
signals in black to grey picture areas (thus improving dark picture 
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details and increasing saturation of low luminance color signals) and 
which (2) amplifies video details in high brightness picture areas to 
substantially the same level as the low-brightness signal (thus 
improving subjective contrast without spot blooming and avoiding 

5 the impression of "washed-out" pictures). Various changes may be 
made within the scope of the invention including, for example, using 

threshold break-down devices or variable impedances other than 
Zener diodes, providing more or fewer gain smoothing regions, using 
different high voltage amplifier configurations and so forth. 
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CLAIMS: 11111111111111111111111111 1111 
* C L M S * 

1. Kinescope driver apparatus, compnsmg: 
a kinescope driver amplifier ( 430) having an input ( 431) 

5 for receiving a video input signal (R;G;B) to be amplified, having an 

output ( 433) for providing an amplified video output signal for 
application to a cathode (420) of a kinescope (414), and 

a linear feedback path (R2) coupling said amplifier input 

to said amplifier output; characterized by 

I 0 a non-linear feedback path (R3,R4,Cl,Dl) coupling said 

amplifier input to said amplifier output; and in that 

Said two feedback paths together determine a nominal 
· closed loop gain for the amplifier; 

said non-linear path includes both amplitude (Dl) and 

I 5 frequency (Cl) dependent elements for increasing the closed loop 

gain of said amplifier by a given amount in low brightness picture 

areas and increasing the closed loop gain of said amplifier by 

substantially the same given amount for high frequency video detail 

signal components in high brightness picture areas. 

20 

2. Kinescope driver apparatus as recited in Claim 1 
further characterized in that said non-linear feedback path 

compnses: 

a circuit node ( 460) coupled via respective resistors 

25 (R3,R4) to respective input (431) and output (433) terminals of said 

amplifier; and 

30 

a shunt path (Cl,Dl) from said node to a point of 
reference potential and including a voltage dependent impedance 

(Dl) and a frequency dependent impedance (Cl). 
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