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as a function of thesaverage picture level of the image. In
television receivers, especially projection type television
receivers, management of the black level of the reproduced image
is critical to maintaining perceived detail and sharpness in dark

10 image portions. Unfortunately, the electro-optic characteristics of
the CRT itself, and in the case of projection type television
receiver, the optical system itself, interferes with the faithful
reproduction of dark image portion. This is primarily due to the
non-linearity or “gamma"” of the CRT, and also to light scattering

15 effects, especially in a projection television receiver.

Gamma refers to the non-linear voltage drive to light
output of the CRT. When the television transmission standard was
originally defined, television cameras were designed to have a
complimentary gamma function to that of CRTs so that the overall

20 transmission system from camera light input to CRT light output
was linear. However, as time went on, CRTs were designed for
more and more light output, resulting in a in a different (higher)
gamma than the one of earlier CRTs. Cameras, however continue
to conform more or less to the original defined gamma

25 characteristics for television cameras. Thus, the m_odem television
receivers exhibit a non-linear light output characteristic relative
to the original scene scanned by the television camera. The result
of this mis-match in gammas between the camera and the CRT is
that low level luminance scenes are displayed with less contrast

30 than the original scene and high level luminance scenes with more
contrast than the original scene.

Unnaturally high contrast areas of the picture are
rarely complained about. However, there may be a loss of
perceived detail and sharpness in low light areas having

35  unnaturally low contrast. This situation could be corrected by
adding gamma correction circuitry to the television receiver to
bring the effective gamma of the television receiver back closer to —
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The second phenomena which adversely affects

perceived low light area image detail and sharpness, light-
scattering, is due to light from high light areas spilling into all

areas causing black areas to appear less black. With images
having a significant high light image portion i.e.,

in loss of detail in

optics.
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images with a so

called high average picture level (APL), light scattering may result
dark areas. Light scattering is typically a more

severe problem in a projection television systems due to their

In accordance with an aspect of the invention, it is °
recognized that one relatively simple way of reducing the
objectionable effects from both uncorrected gamma of the CRT and
light-scattering, is to cause black levels to become "more black”
when the image has a high APL and to become less black (whiter)
when the- image has a low APL. This has the effect of restoring
perceived detail and sharpness in dark areas of an image with a
high APL in which light-scattering would otherwise tend to "wash

out” the dark area details.

This technique also tends to shift low

light images up in light level so that contrast in these scenes is
less compressed by the non-linear gamma characteristics of the

CRT.

Another aspect of invention concerns the manner in
which the above described technique may be simply implemented
in the CRT drive stage, as shown by way of example in the sole
Figure of the accompanying Drawing.

The sole Figure is a schematic of the video output

section of a projection television system including a black level
compensation arrangement constructed in accordance with the

invention,

The output section shown in the sole Figure is one of
three such sections employed in a projection television system,
each for developing an image corresponding to a respective one of
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A processed video signal (either red, green or blue) in
the form of a voltage is coupled to the input of a preamplifier 10.
Preamplifier 10 is a current amplifier which converts the video
10 input voltage to a corresponding output current. The output
‘current is in turn converted to an input voltage EIN for video
output amplifier or CRT driver 12 by a terminating resistor R1.
CRT driver 12 amplifies the relatively low input voltage EIN to
produce a relatively high level output voltage EOUT which is
15 coupled to the cathode of a projection CRT 14. The light output of
CRT 14 is transmitted by an optics section 16 to a screen 18;
where it is combined with the light outputs of the other two
output sections to display a composite color image. A high voltage
stage 20 provides a very high supply voltage to the anode of CRT
20 14, as well as relatively lower voltages to various grids of CRT 14.
Driver 12 comprises an emitter-follower amplifier
including PNP transistor Q1 and a cascode amplifier including NPN
transistors Q2 and Q3. Input voltage EIN is coupled by a resistor
R2 to the base of transistor Ql, where a voltage EIN' is developed.
25 The emitter of transistor Q1 is coupled to the base of tramsistor Q2.
A resistor R3 coupled between the emitter of transistor Q1 and a
source of supply voltage 3+VCC serves as a load resistor for
emitter-follower configured transistor Q1. Transistor Q2 is
_ configured as a common emitter amplifier, providing an output
30 current at its collector which is coupled to the emitter of transistor
Q3. Resistor R4 is coupled between the emitter of transistor Q2
and a black level compensation” neétwork 22 which develops a
reference voltage EREF dependent on the average picture level, as
will be described in detail below. Transistor Q3 is configured as a
35 common base amplifier, having supply voltage +VCC coupled to its
base and providing the output voltage EOUT at its collector.
Output voltage EOUT is developed across a load, represented
simply as a resistor RS, connected betwcen the collector of
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spi | ling int onayl be more complex and may mclude active devices. For
example the load of driver 12. may comprise complementary
5 transistors configured as respective emitter-follower amplifiers
and connected in a="push-pull”" arrangement. Resistor R6 is
coupled between the output of driver 12 at the collector of
transistor Q3 and the base of transistor Q1, and together with
resistor R2 provides negative feedback to the input of driver 12.
10 The overall gain of driver 12 is primarily set by resistors R2, R4,
R5 and R6.
Black level compensation network 22 comprises a
_ resistor R7, a resistor R8 and a Zener diode Z connected in series
between the source of supply voltage +VCC and a point of signal
15 ground, and a filter capacitor C connected in parallel with the
series combination of resistor R8 and Zener diode Z. Reference
voltage EREF is the sum of the Zener voltage developed by Zener
diode Z and the voltage developed across resistor R8. The voltage
developed by Zener diode Z establishes a nominal value for
20 reference voltage EREF. The current which flows through resistor
‘R8 is primarily provided from the output of driver 12 through
transistors Q2 and Q3 and resistor R4. Capacitor C removes the AC
signal component from reference voltage EREF. The current
_ provided from the output of driver 12, and which flows through
25 resistor RS, increases as the as the average picture level (APL)
increases and image becomes lighter, and decreases as the APL
decreases and the image becomes darker. Thus, reference voltage
EREF increases as the APL increases and decreases as the APL
_ decreases. .
30 The output voltage EQUT is approximately expressed
as:
EOUT = (B+) - (EIN' - EREF) (R5/R4)
Accordingly, voltage EOUT increases as the APL and voltage EREF
increase. This causes CRT 14 to move closer to cut off and thereby
35 makes the black level more black. Thus, the possibility of the loss
of perceived detail and sharpness in dark portions of a high APL
image due the gamma non-linearity of CRT 14 and the light
scattering produced by optics 16 and screen 18 are reduced.
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: responsive to the weurrent flowing in driver 12, and therefore the
APL, and which is coupled to the output of driver 12 so as to be a
component of output voltage EOUT. While the black level is
changed, there is no corresponding change of the AC gain of driver
10 12 and the linearity of driver 12 is maintained. '
- While the invention has been described in terms of a
projection television system, it is noted that is also useful in a
direct view television system. Further, while preamplifier 10 of
the described embodiment comprises a current amplifier, it could
15 also comprise a voltage amplifier. Still further, configurations of
drivers other than a cascode amplifier may be employed. These
and other modifications are intended to be within the scope of the
invention defined by the following claims.
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with theg 5 inventiof. yigeo output amplifier (12) for amplifying a
relatively low levelsvideo input signal (EIN) received at an input
to produce a relatively high level video output voltage (EOUT)
suitable for application to a cathode ray tube at an output;
~ characterized by
10 means (R8, Z, C) coupled to the output current path of
said video output amplifier for generating a reference voltage
(EREF) in response to the current flowing in said current path and
representative of the average picture level of said image; and
means (R4, R8) for coupling an offset signal
15 (EREF(RS/R4)) cormresponding to said reference voltage to said
output of said video output amplifier so as to be included as a .
component in said video output voltage.

2. The apparatus recited in claim 1, further
20 characterized in that:
said video output amplifier includes a transistor (Q2)
having a current path between first and second electrodes
(emitter and collector of Q2), and a control electrode (base of Q2)
for controlling the conduction of said current path, said video
25 input signal being coupled to said control electrode, the second
electrode (collector of Q2) being coupled to said output of said
video output amplifier; and
said means for generating said reference voltage .
, includes a DC impedance element (R8) and a low pass filter
30 element (C), and means (R4) for coupling said DC impedance
element to said first electrode.

3. The a;;paratus recited in claim 2, further
characterized in that:
35 said means (R4, R8) for coupling said offset voltage to
said output of said video output amplifier comprises said means
(R4) for coupling said impedancc elcment' to said first electrode.
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The ouLput”ﬂﬂlu “"m”lm the sole Figure is one of three such sections
enployed" i l evision systef each for. devel-0pR@A a&7,088ge - -
correspondi ng to a respec i ve one of -3 - ared (R green (G} or Ol ué--

(B) video signal. The other two sections are not shawn:since’they.-are-.are--
substantially identical4.t oTheeapparatis cbcited simowtainTyhi fumtheronponent val ues

and vol t ages t {he Figure by way of exanple. Resistor values
are 5 in hr(r:gl%ﬁa#tggiszggt Egr\lf\nﬁase i ndi cated.,_ The letter "K' stands for

kil ohms and the | et t er S2idvidepapytpwr amplifieringludes a second
transistor (Q3) having a current path between first and second

5 electrodes (collector- and emitter of Q3), and a control electrode
- (base of Q3) for"étﬂftrolling the conduction of said current path, a

DC voltage (VCC) being coupled to said control electrode of said
second transistor, said second electrode of said first mentioned
transistor (collector of Q2) being coupled to said first electrode of

10 said second tranmsistor (emitter of Q3), said second electrode of
said second transistor (collector of Q3) being coupled to said
output of said video output amplifier.

5. The apparatus recited in claim 2, further
15 characterized in that:
said means for generating said reference voltage
further includes means (Z) for providing a fixed DC voltage, said
DC impedance (R8) being coupled in a series path with said means
for providing said fixed DC voltage; and said low pass filter (C)
20 element is coupled in parallel with said series path.

6. The apparatus recited in claim 5, further
characterized in that: "
said means (R4, R8) for couphng said DC impedance
" 25 celement to said first electrode compnses a second DC impedance
element (R4)

7. The apparatus recited in claim 6, further
characterized in that: '

30 said first mentioned DC impedance element comprises
a first resistor (R8); said means for providing said fixed DC voltage
comprises a Zener diode (Z); said low pass filter element comprises
a capacitor (C); and said second DC impedance element comprises a
second resistor (R4). '
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A processed Vi dea signal (either red, green or blue) in the formof a
voltage t's coupled to the input of a preamplifier 10. PreanpRIGAe§7, DQ3| S &, /
current anplifier which converts the video 10 input "vol tage fora - .l it

rrere

correspondi ng output current. The output current is in’tura eonvert_ednto an <
i nput vol tage EIN for video output anmAbfiractor CRT driver 12 by a
termnating resistor RI. CRT driver 12 anplifies the relatively | ow input

voltage BIN to produce a relatively high | evel output vol tage EQUT which is
1 5 coupled to the cathod@dver (32)hrfereetsashodiray, tubmmd1d) gmcludaspat of CRT

14 |5 {ransihlddkdl leyeRudtibbReaRAL diftuil 422 irieli e gondrdte\hf Offdet! S
o Composit e 81BEe: HEBEFTAMMIL Ferinoes b B8 teahs VB HOGN
supply vol t agee tdrivée andodberfofdRkhe average picture level (APL) The
offset voltage is added as a component of the output voltage
. (EOUT) so as to increasingly shift the output voltage toward black
as the APL increases. This compensates for CRT gamma non-
10 linearities and for light scattering effects which might otherwise
~ cause the loss of perceived detail and sharpmess in dark areas of a
high APL image. In the disclosed embodiment, the driver
comprises a cascode amplifier (Q2, Q3) and the offset voltage
generating element includes a capacitively bypassed (C) resistor
15 (R8) connected in a reference voltage network (R7, R8, Z)
connected (via R4) to the emitter circuit of the lower (common
emitter configured) transistor (Q2) of the cacode amplilfier.
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20 14, as well, as relatively lower voltages to various grids of CRT 14. {
Driver: 12 conprlses an emtter-follower anplifier including PNP tr.ansistor, .. —
QL and a cascode anplifier including NPN transistors Q@ and " @3.. Inpat,” . "..0 7.
voltage EIN is coupled by a resistor R2 to the base.of [tfansi.stof..Q.;..wher.e"":*
a voltage EIN is developed. 25 The emtter of transistor QL is coupled to
the base of transistor Q.. A resi st or] coupl ed between the emtter of

transi stor QL and a source of supply voltage +VCC serves as a | oad resistor
for emtter-follower configured transistor QL. Transistor Q is configured

as a common emtter anplifier, providing an output 30 current at its
collector which is coupled to the emtter of transistofr (B. Resistor R4 is
coupl ed between the emtter of transistor @ and a black | evel conpensation

network 22 which devel ops a>=> ©
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The invention concerns an arrangement for driving a
display device, such as a cathode ray tube (CRT), with provisions
for automatically adjusting the black level of a reproduced image
as a function of the-average picture level of the image. In
television receivers, especially projection type television
receivers, management of the black level of the reproduced image
is critical to maintaining perceived detail and sharpness in dark
image portions. Unfortunately, the electro-optic characteristics of
the CRT itself, and in the case of projection type television
receiver, the optical system itself, interferes with the faithful
reproduction of dark image portion. This is primarily due to the
non-linearity or "gamma" of the CRT, and also to light scattering
effects, especially in a projection television receiver.

Gamma refers to the non-linear voltage drive to light
output of the CRT. When the television transmission standard was
originally defined, television cameras were designed to have a
complimentary gamma function to that of CRTs so that the overall
transmission system from camera light input to CRT light output
was linear. However, as time went on, CRTs were designed for
more and more light output, resulting in a in a different (higher)
gamma than the one of earlier CRTs. Cameras, however continue
to conform more or less to the original defined gamma
characteristics for television cameras. Thus, the modermn television
receivers exhibit a non-linear light output characteristic relative
to the original scene scanned by the television camera. The result
of this mis-match in gammas between the camera and the CRT is
that low level luminance scenes are displayed with less contrast
than the original scene and high level luminance scenes with more
contrast than the original scene.

Unnaturally high contrast areas of the picture are
rarely complained about. However, there may be a loss of
perceived detail and sharpness in low light areas having
unnaturally low contrast. This situation could be corrected by
adding gamma correction circuitry to the television receiver to
bring the effective gamma of the television receiver back closer to
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appremated by those skilled in the art that the | |

r y be
more conpl ex and may include active devices. For exa O§Wdri ver
12. may conprise conplenentary 5 tran5|stors conflg red as respectl e
enmitter-follower anplifiers and connected _isn ' a-"pysH- R8I DEGrHPPHoenENt .
Resi'stor R6 is coupl ed between the output o “drive 2 at the collgctor of
transistor (B and the base of transistor Q, and t gether Wih 7estsjor R2
provi des negatitifRdaRiRdbadwéeer| hbig 19 Uiarely ddneebe ' gain

O romnecr 1 oo 1o RBIRE' dod oot T6°badflan, "Epmity, Sre@thlentd 35t 000
di ode Z connectwmhanae mstesnbdw\/dow dights arease o6 theu ppprpduced sigeage/CC and a
poi nt of signajelative to an arrangement without gamma correction. This
5 results because noise introduced in the transmission path is
amplified by the geamma corrector.

The second phenomena which adversely affects
perceived low light area image detail and sharpness, light-
scattering, is due to light from high light areas spilling into all

10 areas causing black areas to appear less black. With images
having a significant high light image portion i.e., images with a so
called high average picture level (APL), light scattering may result
in loss of detail in dark areas. Light scattering is typically a more
severe problem in a projection television systems due to their

15 optics.

' In accordance with an aspect of the invention, it is
recognized that one relatively simple way of reducing the
objectionable effects from both uncorrected gamma of the CRT and
light-scattering, is to cause black levels to become "more black”

20 when the image has a high APL and to become less black (whiter)
when the- image has a low APL. This has the effect of restoring
perceived detail and sharpness in dark areas of an image with a
high APL in which light-scattering would otherwise tend to “wash
out" the dark area details. This technique also tends to shift low

25 light images up in light level so that contrast in these scenes is
less compressed by the non-linear gamma characteristics of the
CRT. -

Another aspect of invention concerns the manner in
which the above described technique may be simply implemented

30 in the CRT drive stage, as shown by way of example in the sole
Figure of the accompanying Drawing.

The sole Figure is a schematic of the video output
section of a projection television system including a black level
compensation arrangement constructed in accordance with the

35 invention.

The output section shown in the sole Figure is one of
three such sections employed in a projection television system,
each for developing an image comresponding to a respective one of
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A processed video signal (either red, green or blue) in
the form of a voltage is coupled to the input of a preamplifier 10.
Preamplifier 10 is a current amplifier which converts the video
10 input voltage to a corresponding output current. The output’
current is in turn converted to an input voltage EIN for video
output amplifier or CRT driver 12 by a terminating resistor R1.
CRT driver 12 amplifies the relatively low input voltage EIN to
produce a relatively high level output voltage EOUT which is
15 coupled to the cathode of a projection CRT 14. The light output of
CRT 14 is transmitted by an optics section 16 to a screen 18,
where it is combined with the light outputs of the other two
output sections to display a composite color image. A high voltage
stage 20 provides a very high supply voltage to the anode of CRT
20 14, as well as relatively lower voltages to various grids of CRT 14.
Driver 12 comprises an emitter-follower amplifier
including PNP transistor Q1 and a cascode amplifier including NPN
transistors Q2 and Q3. Input voltage EIN is coupled by a resistor
R2 to the base of transistor Q1, where a voltage EIN' is developed.
25 The emitter of transistor Q1 is coupled to the base of transistor Q2..
A resistor R3 coupled between the emitter of transistor Q1 and a
source of supply voltage +VCC serves as a load resistor for
emitter-follower configured transistor Ql. Transistor Q2 is
configured as a common emitter amplifier, providing an output

30 cumrent at its collector which is coupled to the emitter of transistor
' Q3. Resistor R4 is coupled between the emitter of transistor Q2
and a black level compensation nétwork 22 which develops a

reference voltage EREF dependent on the average picture level, as
will be described in detail below. Transistor Q3 is configured as a
35

common base amplifier, having supply voltage +VCC coupled to its
base and providing the output voltage EOUT at its collector.
Output voltage EOUT is developed across a load, represented
simply as a resistor RS, connected between the collector of



EREF increases as the APL increases and decreaseq a&PEMEMEN Sdiiledses. 30
The out put voltage EOUT is approximtely expressdd fas: EOUT = (BY) {- (EIN -
EREF) (R5/R4) Accordingly, voltage EQUT increasey as 2%%??'—1993‘1 val t age
EREF i ncrease. This causes CRT 14 to nove closer jtq cut o and tjhereby 35
makes the black | evel nore black. Thus, the4;5055| bi"r-i-ry—of—-r“ma"l'ﬂs of

percei ved detail and sharpness in dark portions df a high APL inmage due the
gama non- | i neap i@t GRTadd £ubdle of' Aipi§ abitaEd B PTROVARTHEY ot cs

appreciated by those skilled in the art that the load of driver 12

may be more complex and may include active devices. For

example the load of driver 12. may comprise complementary

5 transistors configured as respective emitter-follower amplifiers

and connected in a="push-pull” arrangement. Resistor R6 is

coupled between the output of driver 12 at the collector of

transistor Q3 and the base of transistor Q1, and together with

resistor R2 provides negative feedback to the input of driver 12.

10 The overall gain of driver 12 is primarily set by resistors R2, R4,
RS5 and R6.

Black level compensation network 22 comprises a
. resistor R7, a. resistor R8 and a Zener diode Z connected in series
between the source of supply voltage +VCC and a point of signal
15 ground, and a filter capacitor C connected in parallel with the
series combination of resistor R8 and Zener diode Z. Reference
voltage EREF is the sum of the Zener voltage developed by Zener
diode Z and the voltage developed across resistor R8. The voltage
developed by Zener diode Z establishes a nominal value for
20 reference voltage EREF. The current which flows through resistor
‘R8 is primarily provided from the output of driver 12 through
transistors Q2 and Q3 and resistor R4. Capacitor C removes the AC
signal component from reference voltage EREF. The current
_ provided from the output of driver 12, and which flows through
25 resistor R8, increases as the as the average picture level (APL)
-increases and image becomes lighter, and decreases as the APL
decreases and the image becomes darker. Thus, reference voltage
EREF increases as the APL increases and decreases as the APL
decreases.

30 The output voltage EQUT is approximately expressed
as: .
EOUT = (B+) - (EIN' - EREF) (R5/R4)
Accordingly, voltage EOUT increases as the APL and voltage EREF
increase. This causes CRT 14 to move closer to cut off and thereby
35 makes the black level more black. Thus, the possibility of the loss
of perceived detail and sharpness in dark portions of a high APL
image due the gamma non-linearity of CRT 14 and the light
scattering produced by optics 16 and screen 18 are reduced.



Conversely, voltage EQUT decreases as the APL and vol tage EREF decrease.
This causes CRT 14 to nove away fromcut off and thereby makes the bl ack

| evel | ess black. Black | evel conpensation network 22 operates by 5
generating a-black |evel offset voltage, (5REF)(R5/R4), whi ch is responsive
to the current flowing in driver 12, and therefore the APL, and which is
coupled to the output of driver 12 so as to be a conponent of output

I
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t el evi si on syshereby tmakesiothed bléck levehllsss uslatkl in a
Black level compensation network 22 operates by
5 generating a black level offset voltage, (EREF)(R5/R4), which is
responsive to the eurrent flowing in driver 12, and therefore the
APL, and which is coupled to the output of driver 12 so as to be a
component of output voltage EOUT. While the black level is
changed, there is no corresponding change of the AC gain of driver
10 12 and the linearity of driver 12 is maintained.
While the invention has been described in terms of a
projection television system, it is noted that is also useful in a
direct view television system. Further, while preamplifier 10 of
the described embodiment comprises a current amplifier, it could
15 also comprise a voltage amplifier. Still further, configurations of
drivers other than a cascode amplifier may be employed. These
and other modifications are intended to be within the scope of the
invention defined by the following claims.
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direct view television system_ FEurther, while preanplifier 10 of the

descri bed enbodi nent M’;m-;asﬁm nt anplifier, it could 1 5 also

conprise a voltage a lBfermrSt-t=1—3f Ur t her, configurations_of drivers ..

ot her than a cascodef appl ifier-% npl.gyed. These and ot her
thi

nodi fications are in{epd@B 0ED ih the scope of!tﬁﬂmﬂ {I ﬂ 3! ned
by the follow ng cl afns. [err] I'n a video di splitst: i a
cat hode ray tube for}disSplaying an i negeClgimar at us conprising: a video
out put anplifier for L ' atively low | evel video input

1. In a video display system having a cathode ray
tube (14) for displaying an image, apparatus comprising:
5 a video. output amplifier (12) for amplifying a
relatively low levelsvideo input signal (EIN) received at an input
to produce a relatively high level video output voltage (EOUT)

suitable for application to a cathode ray tube at an output;
characterized by

10 means (R8, Z, C) coupled to the output currént path of
said video output amplifier for generating a reference voltage
(EREF) in response to the current flowing in said current path and
representative of the average picture level of said image; and

means (R4, R8) for coupling an offset signal

15 (EREF(RS/R4)) comresponding to said reference voltage to said
output of said video output amplifier so as to be included as a
component in said video output voltage. |

2. The apparatus recited in claim 1, further
20 characterized in that:
said video output amplifier includes a tramsistor (Q2)
having a current path between first and second electrodes
(emitter and collector of Q2), and a control electrode (base of Q2)
for controlling the conduction of said current path, said video
25 input signal being coupled to said control electrode, the second
electrode (collector of Q2) being coupled to said output of said
video output amplifier; and B
said means for generating said reference voltage
includes a DC impedance element (R8) and a low pass filter

30 element (C), and means (R4) for coupling said DC impedance
element to said first electrode.

3. - The apparatus recited in claim 2, further
characterized in that:

said means (R4, R8) for coupling said offset voltage to
said output of said video output amplifier comprises said means
(R4) for coupling said impedance element to said first electrode.

35
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signal received at an input of said video output anplifier to produce a
relatively high |l evel video output voltage suitable for direct application

to a cathode ray tube at an output of said video ou’)ﬂmum'“"uﬂ”un‘sans
coupled to an output current path of said.video out

generating a reference voltage in respons?«g‘to the curreht ¥l dwidg i*n said
current path an representative of the average picture |evel of said imge;

and nmeans for coupling an ' I | MG 10 2S O ference
vol tage to sai d output %’f_ g@ﬁ%@%@%ﬁgug%u a%l%@r?’?ﬂtﬁ&ﬁe appar at us
recited i n cleharetenigad oim:thasi d vi deo output anplifier includes a
transi stor having a curggidt vidéd @@@pueea\m liftdr ancludesoadsedomd r odes, and a
control electyode for trkQlling the [ { g .CULRE h, said
vi deo i nput sﬁraﬁﬁﬁs‘%rei(ﬁgﬁc 8@5 F‘éé} ?Op%gﬁrgp r gpt"g r’%’i?ﬁ‘gs&e%{ihgécsée}@)nd
el ect r ode5Shei elgctradese(callectar-anslitemittest 0f 23), and a control electrode

(base of Q3) for cOlitrolling the conduction of said current path, a

DC voltage (VCC) being coupled to said control electrode of said

second transistor, said second electrode of said first mentioned

transistor (collector of Q2) being coupled to said first electrode of

10 said second transistor (emitter of Q3), said second electrode of
said second transistor (collector of Q3) being coupled to said
output of said video output amplifier.

S. The apparatus recited in claim 2, further
15 characterized in that:
said means for generating said reference voltage
further includes means (Z) for providing a fixed DC voltage, said
DC impedance (R8) being coupled in a series path with said means
for providing said fixed DC voltage; and said low pass filter (C) -
20 element is coupled in parallel with said series path.

6. The apparatus recited in claim 5, further
characterized in  that: .
said means (R4, R8) for coupling said DC impedance

25 ‘eclement to said first electrode comprises a second DC impedance
element (R4).

-

7. The apparatus recited in claim 6, further
characterized in that: '

30 said first mentioned DC impedance eclement comprises
a first resistor (R8); said means for providing said fixed DC voltage N
comprises a Zener diode (Z); said low pass filter element comprises
a capacitor (C); and said second DC impedance element comprises a
second resistor (R4).

35
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vi-deo output anplifier, and said neans for generating said reference

vol tage includes a DC i npedance el enent and a | ow pass filter elenent, and
means for coupling said DC i npedance el enent to said first el ectrode.
REPLACEMENT SHEET The apparatusgrecited in claim2, wherein;

said nmeans for cougllng sald of fset signal to said output of said video

out put anplif i & SAK IONTECIRCUIY FORIA iVIDERI DI SHTRA0 SyeTe enment
to said first el ectrode.

ABSTRACT

A driver (12) for a cathode ray tube (14) includes a
black level compensation circuit (22) which generates an offset
5 voltage (EREF) which tracks the current flowing to the output of
the driver and ther¥fore the average picture level (APL). The
offset voltage is added as a component of the output voltage
. (EOUT) so as to increasingly shift the output voltage toward black
as the APL increases. This compensates for CRT gamma non-

10 linearities and for light scattering effects which might otherwise
cause the loss of perceived detail and sharpness in dark areas of a
high APL image. In the disclosed embodiment, the driver
comprises a cascode amplifier (Q2, Q3) and the offset voltage
generating element includes a capacitively bypassed (C) resistor

15 (R8) connected in a reference voltage network (R7, RS, Z)
connected (via R4) to the emitter circuit of the lower (common
emitter configured) tramsistor (Q2) of the cacode amplilfier.

FIGURE 1
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4. <  The apparatus recited in claim3, wherein; said video out put
=anplifier includes a second transistor having a current path between first
and second el ectrodes, and a control electrode for controlling the
conduction of said current path, a DC voltage being coupled to said control
el ectrode of said second transistor, said second el ectrode of said second
transi stor being coupled to said output/df said video output anplifier, and
said second el ectrode of said first nentioned transistor being coupled to
said first electrode of said second transistor and thereby being coupl ed by
said current of said second transistor to said output of said video output
anplifier. 5. The apparatus recited in claim2, wherein; said neans for
generating said reference voltage further includes neans for providing a

fi xed DC voltage, said DC inpedance hging coupled in a series path with
said neans for providing said fixed ?; vol tage; and said | ow

= »
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flosste-¢
pass filtér element is coupled in parallel with said series path. 6.1,,:' The
apparatus recited in claimb5, wherein; said neans for coupling said DC
i npedance el enent to said first el ectrode conprises a second DC i npedance
el ement . 8 7. The apparatus recited in claim®6, wherein; said first

mentioned DC i npedance el ement conprises a first-registor; sai-d-eans_far
provi di ng sai dfixed DC voltage conprises a Zener,...,qffo’de;" Sal-d V| WPEss SG

filter el enent con'iJ' i
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What is claimed is :- A

1. In a video display system having a cathode ray tube for displaying an
image, apparatus comprising:

a video output amplifier for amplifying a relatively low level video input
signal received at an input of said video output amplifier to produce a relatively
high level video output voltage suitable for direct application to a cathode ray
tube at an output of said video output amplifier;

means coupled to an output current path of said video output amplifier
for generating a reference voltage in response to the current flowing in said
current path an representative of the average picture level of said image; and

means for coupling an offset signal responsive to said reference voltage

to said output of said video output amplifier.

2, The apparatus recited in claim 1, wherein;

sald video output amplifier includes a transistor having a current path
between first and second electrodes, and a control electrode for controlling the
conduction of said current path, said video input signal being coupled to said
control electrode, the second electrode being coupled to said output of said
video output amplifier; and
- sa}d means for generating said reference voltage includes a DC
impedance element and a low pass filter element, and means for coupling said -

DC impedance element to said first electrode.
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resi'stof and said first electrode. 8. In a video system appar atus
conpri,sing: a video anplifier for anplifying a video input signal received
at an input to produce a video output signal representative of an inage at
an output; said video anplifier including a transistor having a current
path between first and second el ectrodes, and a control el ectrode for
controlling the conduction of said current path, said video—input si gnal

bei ng coupled to said control electrode, the second upl ed
to said output of said video output anpl |f|er maanseli Bmmput
current path of said video amplifier generat| ng a ref nce s gna

response to the current flowng in said current path and representative of

the average picture level of said imge; said nmeans for generating said

ref erence si gnal i ncl.udi ng a DC
The apparatus recited in claim 2, wherein;

said means for coupling said offset signal to said output of said video
output amplifier comprises said means for coupling said impedance element to

said first electrode.

4, The apparatus recited in ¢laim 3, wherein;

said video output ampilifier includes a second transistor having a current
path between first and second electrodes, and a control electrode for
controlling the conduction of said current path, a DC voltage being coupled to
said control electrode of said second transistor, said second electrode of said
second fransistor being coupled to said output of said video output amplifier,
and said second electrode of said first mentioned transistor being coupled to
said first electrode of said second transistor and thereby being coupled by said

current of said second transistor to said output of said video output amplifier.

5. The apparatus recited in claim 2, wherein;

said means for generating said reference voltagé further includes
means for providing a fixed DC voltage, said DC impedance being coupled in a
series path with said means for providing said fixed DC voltage; and said low

pass filter element is coupled in parallel with said series path.

6. The apparatus recited in claim 5, wherein;

said means for coupling said DC irﬁpedance element to said first
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i npedance el ement a | ow pass filter elenment, and means for coupling said DC
| npedance elenment to said first electrode of said transistor; and neans for
coupling an offset signal corresponding to said reference S|gnal to said
out put of said video output anplifier. —— e

H!Illll I'IIII Hy | Il

7. The apparatus recited in claim 6, wherein;

said first mentioned DC impedance element comprises a first resistor;
said means for providing said fixed DC voltage comprises a Zener diode; said
low pass filter element comprises a capacitor; and said second DC impedance
element comprises a second resistor coupled in series between said first

resistor and said first electrode.

8. in a video system, apparatus comprising:

a video amplifier for amplifying a video input signal received at an input
to produce a video output signal representative of an image at an output;

said video ampilifier including a transistor having a current path between
first and second electrodes, and a control electrode for controlling the
conduction of said current path, said video input signal being coupled to said
control electrode, the second electrode being coupled to said output of said
video output amplifier;

means coupled to an output current path of said video ampilifier
generating a reference signal in response to the current flowing in said current
path and representative of the average picture level of said image;

said means for generating said reference signal including a DC
impedance element a low pass filter element, and means for coupling said DC
impedance element t6 said first electrode of said transistor; and

means for coupling an offset signal corresponding to said reference

s;ignal to said output of said video output amplifier. REPLACEMENT SHEET
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-9
BLACK COMPENSATION CIRCUIT FOR A VIDEQO DISPLAY SYSTEM

ABSTRACT

A driver (12) for a cathode ray tube (14) includes a
black level compensation circuit (22) which generates an offset
voltage (EREF) which tracks the current flowing to the output of
the driver and thersrore the average picture level (APL). The
offset voltage is added as a component of the output voltage

. (EOUT) so as to increasingly shift the output voltage toward black

as the APL increases. This compensates for CRT gamma non-
linearities and for light scattering effects which might otherwise
cause the loss of perceived detail and sharpness in dark areas of a
high APL image. In the disclosed embodiment, the driver
comprises a cascode amplifier (Q2, Q3) and the offset voltage
generating element includes a capacitively bypassed (C) resistor
(R8) connected in a reference voltage network (R7, R8, Z)
connected (via R4) to the emitter circuit of the lower (common
emitter configured) transistor (Q2) of the cacode amplilfier.

FIGURE 1
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