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NON-LINEAR SIGNAL PROCESS0R

Field of the [nvention
The present invention relates generally to signal pracessing systems that process
signals non-lincarly and, more panticularly, to systems that non-linearly process signalsin a

partially differential configuration.

Background of the Invention

In a signal processing system it is often necessary to provide a non-lincar transfer
function to amplify portions of the signal dynamic range by different amounts. This non-
linear processing is ofien necessary for one er more reasens. For example, in & video signal
pracessing systsm, non-linear processing may be used: (1) to improve the subjective appeal of
a displayed video image, {2) to compensate for different “pamma” characterisiics of cameras
and display devices, or (3) to accommedate differing non-livear light cutput charactenstics of
the various light output channels of a color video display device.

A common problem in videa signal processing systems is pick-up of “noise” signals
due to (1) stray electrostatic and / or electromagnetic fields, (2) ground potential differences
between stages of the system and (3} supply voltage differcnces between stages of the system.
In anon-linear processing stage, it is also problematic if the bias reference for the signal and
the bias reference for the non-linear inflection point thresholds are different, which also adds a

form of “noise’” 1o the signal.

JP 2004-500757 A 2004.1.8
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In order to minimize stray clectrostatic and or eleciroagnetic pickup ir inter-stage
comngetions and / or to minietize ground mduced nolse due o ground potential differences
hetween circuits in a signal processing systern it 15 often the case that partially differential
signaling technigues will be cmployed, often in connection with twisted pair wiring, In
partially differential signaling, one connection will communicate the common-made bias for
the time variant signal communicated on the second connection of the partially differential
pair. Subseguent signal processing, such as differemtial amplifiers, baving the capzbility to
reject comman-mede variations imposed on the partally differential intercennections, will be
employed. It 15 often 1he casc that portions of the signal processing will be included in an
integrated circuit video amplifier (such as the TDA6120Q CRT Driver IC manufactured by
Toshiba) wherein the voltage gain is provided by a differential amplifier having an external
gain setting emiter degenerating resistor. One example of a purticular signal processing
system application that may include such an IC and exhibit the deseribed problems is a

kinescope driver amplifier in a welevision system.

Summary of the Invention

The invention resides, in part, in recognizing the problems described above and, in part, in
providing a non-lincar signal processing system that solves the problem. Such a system
comprises a processor for amplifying a partially differential signal, the partially differential
signal comprising a time~variant signal and 2 common-mode bias, and for rejecting a time-
variant comman-mode signal imposed upon the partially differential signal; means for
establishing a threshold level representative of the commeon-made bias; means for altering the
gain of said processor in response to a predetermined relaticoship existing between the time-
variant signal and the threshold level; and means for substantially preventing the time-variant

common-mode signal from modifying the predetermined relationship.

JP 2004-500757 A 2004.1.8
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Brief Deseription of the Drawing

The invention may be better understood by considering the drawing along with the
detailed description below. In the drawing:

Figure 1 shows, in schematic diagram form, an embodiment of a differential amplifier;

Figure 2 shows, in schematic diagram form, a signal processing system having two
gain regions with an inflection point at the input comyuon-mods bias point and the gain in the
second pain region being higher than the gain in the first region;

Figare 3 shows, in sehematic diagram form, a signal processing system having two
gain regions with an inflection point below the inpur common-mode bias point and the gain in
the second gain region being higher than the pain in the first region;

Figure 4 shows a graph of & charactleristic response typieal of a system such as that
shown in Figure 3.

Figure 5 shows, in schematic diagram form, a signal processing system having three
gzin regions with twe inflection points both below the input common-mode bias point and the
gain in the secand and third gain regions each being successively higher gain than in the first
region;

Figure 6 shows, in schematic dGagram form, a signal processing systemn having wo
gain regions with an inflection point above the input common-mode bias point and the gain in
the second gain region being higher than the gain in the first region’

Figure 7 shows, in schematic diagram form, a signal processing system having three
gain regions with inflection points above and below the snput common-mode bias point and
the gain in the second and third gain regions each being successively kigher gam than the gain

in the first region;

JP 2004-500757 A 2004.1.8
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4
Figure § shows, in schematic diagrum form, a signal processing system having two

gain regions with an intlection point above the input common-mode bias point and the gain in
the second gain region being lower than the pain in the first region;

Figure 9 shows, in schematic diagram form, a signal proccssing systetn having three
gain regaons with two intlection points both above the input common-mode bias point and the
gam 11 the second and third gain regionrs each being successively lower than the gain in the
first region;

Figure 10 shaws, in schematic diagram form, a signal processing systern having three
gain regions with inflection paints abave and below the input common-mode bias point and
the gain in the second and third gain regions each being successively lower than the gainin
the first region;

Figure 11 shows, in schematic diagram form, a signal processing system kaving tbree
gain regions with infiection points above and below the input commorn-mode bias point and
the gain in the second region being higher than the gains in either the third or the first regions;
and

Figure 12 shows, in schemaric diagram form, a signal processing system baving ibree
gain regions with inflection puints above and below the input cornmon-mede bias point and

the gain in the second region being tower than the gains in either the third or the first regions.

[n the Drawing, the use of an identical reference designator in more than one Figure

indicatcs the same or similar features in the Figures,

JP 2004-500757 A 2004.1.8
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Detailed Description

The invention is described below in the context of an exemplary embediment
involving a television signa) processing system. However, the invention may be applicable to
other types of signal precessing systemns.

A signal processing systems such as television signal processing system typically
incliedes apparatus for amplifying voltage signals, for example either a demodulated
luminance signal or component color signals. Providing a non-linear gain characteristic for
the amplifier is often desirable. As shown in figure |, it is often the case that a differential
amplifier 10 is used, wherein one input 12 to amplifier 10 contains the desired time variant
signat and the other input 14 provides the commen-mode bias for amplifier 10. Ttis alse
common that a rime variant common-made component will reside on each of these two input
sighals. In the circuit of figure 1 the commeoen-mede bias 14 is applied to the base of wansistor
16, and the time vagiant input signal 12 15 applied to the base of transistor 18 of amplifier 19.
The gain of amplifier 10 is determined by the ratio of resistor 20 to resistor 22. Current
sources 24 and 24§ are included in amplifier 10 to provide operating current for the amplifier
and to improve its cormmon-mode rejection ratio.

When it is desired 10 provide a non-linear characteristic to an amplifier se construcied,
an approach to providing, m common, both a DC bias for the amplificanon and the non-linear
gain circuiiry is required. The cireuit of figure 2 derives & threshold value signal 28 through
buffer 30, the threshold value signa) 28 bearing a predetermined relationship to the common-
mode bigs. The threshold value signal 28 comprises a DC component related to the common-
mode bigs and possibly some time variant common-mode compenent. The threshold value
signal 28 produced by the circuit shown in Figure 2 can be used to bias 2 son-linear network
32 comprising transistor 36 and secondary gain setting resistor 34. Non-linear network 32 15

configured such that the time variant common-mede signal which is applied to the inputs of

JP 2004-500757 A 2004.1.8
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6
amplifiec 10 is buffered and appears between the emitter of transistor J8 and the base of

transistor 36, The common-mode bias signal 14 applicd te transistor 16 is buffered by buffer
30 and also appears between transistor 18 emitier and transistor 36 base. Because conduction
of trangisior 36 is determined by forward bias of its base to emitter junction, the threshold of
conduetion of transistor 36 cat he determined 10 oceur a1 the level of input 12 that
corregponds to comman-mode bias 14. At levels of time variant signal 12 below threshold
value sigual 28, when transistor 36 is not ¢onductive, the gain of amplifier 10 is determined
by the ratio of resistor 20 to resistor 22. At levels of time vanant signal 12 above threshold
value signa} 28, when transistor 36 is conductive the gain of 10 is detertnined by the tatio of
resistor 20 1o the parallel combination of resistors 22 and 34.

in the embodiment shown in figurc 3, buffer 30 is accomplished with the emitter
follower stage comprising transistor 38 which drives divider network 40, comprising a
resistive divider formed by resistors 42 and 44 and bypass capacitor 46. In the embodiment of
Figure 3, the threshold value signal is derived at the divider point formed by the junction of
resistars 42 and 44, This circuit configuration allows the threshold valus 1o be located at any
level within the input signal dynamic range which is below the value of common-mode bias
14. The presence of bypass capacitor 46 causes the time variant common-mods sigoal
appear un-attenuated at input 28 of non-linear network 32. In this way an amplifier transfer
function such as shown in figure 4, having relatively higher gain for input signals above a
preset thresholdy can be ebtained, -Note that Figure 3 ghows a different mransfer fanction for
each of the red, green, and blue channel amplifiers. As is well known, the point at which the
amplifier gain changes ta provide non-linear processing may be ar a different preset level for
each channel. Because the time variant common-mnode signal is applied directly berween
transistor 36 base and transistor 18 emitter, it does par alter the conduction threshold of

transistor 36. First order temperature compensation of the non-linear inflection point
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7
reference is provided by the cunfiguration of the base-emitter junciions of transistors 36 and

38. If the non-lmear inflection point is very close to the input common-mede bias 14 level,
i.e., resistor 42 < resistor 44, the temperatare compensation will be as good 2s the thermal
match between transistors 36 and 38, As the value of resistor 42 increases with respect w0
resistor 44, the temperaiure compensation will be less than perfect, but will siill bave a
favorable influence due to transistor 38 basc-cmitter junction variation as compared to those
of transistor 36 base-cmitter junction.

Figare 5 shows a signal processing system embodiment similar to that of figure 3, but
which provides two non-Jinear inflection points, both of which are at or below the level of the
nput common-mode bias voltage 14. In the cireuit shown in figure 5 a divider network 51 38
emplnyed, nenwork 51 having an additional threshold value signal 52 developed at the divider
point formed by reaistors 44 and 48. In this embodiment bypass capaciter 50 Is added 10
assure that the un-antenuated time variant common-mode signal appsass at the input 52 10 non-
linear netwark 54 comprised of transistor 53 and a second sccondary gain setting resistor 56.
The three path regions associated with figure § aceur: (1) when neither wansister 36 nor
transistor 58 are conducting and the gain of amplifier 10 is determined by the ratio of resistors
20 and 22, (2) when twwansistor 58 conducts and the gain of amplifier 10 is determined by the
ratio of resistor 20 fo resistor 22 in parallel with resistor 56, and (3) when hoth transistors 36

and 58 are conducting and the gain of amplifier 10 is determined by the ratic of resistor 20 to

~theparalie} cembination of resistors 22, 34 and 56.

The cmbodiment in Figure 6 provides a behavier similar to that of the circuit shewn in
Figure 3, but which has a non-linear inflection point which is higher than the input common-
mode bias voltage. In the circuit of figure 6, divider network 44 is referenced fo a positive

supply voltage and an enitter load resistor 60 is added to provide bias carrent for tragsistor 38

JP 2004-500757 A 2004.1.8
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8
and divider network 40. The gains in the two gain regions are characterized the same as in the

description of tie circuit in figure 3.

The ecmbodiment of figure 7 will provide two successively increasing gain regions for
increasing input signal levels, these gain regions being as characterized in the description of
the circuit of figure 5. The inllection peints in the circuit of figurs 7 are both aboye and
below the input common-moude bias level. the lower inflection point being determined by the
threshold value signal 28 and the higher being determined by the threshiold value 52,
detenmined by the divider point of an additienal divider network 62 comprised of resistors 64
and 68. ere again bypass capacitor 70 is added to assure the un-attenuated tme variant
commen-mode variation appears at the input 52 to non-lincar network 54.

The signal pracessing system embodiment shown in figure 8 will provide a non-linear
characteristic baving a single inflection point which is above the level of the input common-
mode voltage. In this case, non-linear network 72, C(‘)mprising an NPN transistor 76, is
employed and buficr 20 employs transistar 70, a PN, to provide threshold value signal 29 1@
nop-linear network 72. Operation s similar to previous examples except that transistor 76 is
biased into conduction at lower levels of input time variant signal voitage, thus providing
amplifier 10 with a gain determined by the ratic of resistor 20 to the parallel combination of
resistars 22 and 74. As the input signal increases beyond the threshold value 28 set by divider
network 40, transistor 76 is biased off and the gain of amplifier 10 is determined by the ratio
-afresistors 20 and 22, In this way-a-non-linear characteristic is determined-which has a
reduced gain for input signals above a threshold which is at or higher than the input common-
mode bias level.

[0 a manner similar to the embodiments described above, the embadiment shown in
figure ? provides two successively reduced gain regions, both of which occur above the level

of the input ¢ommaon-mode bias voltage. For the lowest vaues of time variant voltage input
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both transistors 76 and 82 arc canducting and the gain of amplifier 10 is determined by the

ratic of resistor 20 1o the parallel combination of resistors 22, 74 and 80. At a level of time
variant signal 12 above threshold value signal 28 transistor 76 becomes non-conductive and
the gain of amplifier 10 is determined by the ratio of zesistor 20 to the parallel combination of
resistors 22 and 80. At a yet higher level of time variant signal 12 determined by threshold
value 52, transistor 82 becomes non-conductive and the gain of amplifier 10 becornes
determined by the ratio of resistors 20 and 22.

The embodiment shown in figure 19 provides two successively reduced gain regions,
one starting below and one starting abave the input commen-made bias level, s determined
by threshold velue signals 28 and 52 respectively; while the embodiment of figure 11 provides
an inflection peint, determined by thresheld value signal 28, which is below the input
common-made bias voltage and provides a transition from a region of relarively lower gain to
& region of relatively bigher gain, then a second inflection point, determmed by threshold
vahre signal 52, which is above the input common-mode bias leve! and provides a transition
from a region of relatively higher gain to one having a relatively lower gain.

The embodiment shown in figure 12 provides an inflection point, determined by
threshold valug signal 52, which is below the input common-made bias voltage and provides a
transition from a first gain to a region of relatively lower gain by causing transistor 76 to
become non-cendugtive, then a second inflection peant, derermined by threshold value signal
28, which is abeve-the-input common-mode bias level and provides a transition to a relatively
higher gain, this bigher gain being detenvined by conduction of fransistor 36. The gains in
the first and third regions may be independently set by the values of resistors 74 and 34
respoctively. As in all the other exemplary embadiments shown, optimal temperature fracking,
is maintained for each non-lincat inflection point, by vse of PNP / NEN pairs for the buffer

and its corresponding non-linear wransistor{s).

JP 2004-500757 A 2004.1.8
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As described herein, signal processing systems embodying principles of the iovention

provide lor partially differential signaling for inter-stage communication followed by
differential amplifier processing of the signal, such processing incorporating means for
generating the described nen-lincar characteristicy, By use of a commen bias for the signal
amplification and the non-linear threshold determination, many sources of noise are
eliminated. Selection of semiconductor types and cirenit configurations contribures to
substantial reduction or elimination of temperature-related variations of the nen-linear
threshold. Also, non-liveur inllection peint references track the common-mode component on
which the video signal is biased. Such systems also provide first-order temperature
compensation for the developed inflection point references, elimination of variation of these
inflection point references dug 1o time variant common-mode amplifier input signals, and one
or more regions of the signal dynamic range having differing amounts of voltage gain.

Although explicit deseriptions of circuits providing one or two non-linear inflection
points have been provided, it should be clear that the concepts described can be expanded to
provide any number of regions of increased and decreased gain having inflection points
lacated anywhere within the tnput signal ‘s dynamic range. Alse, elthough described in the
context of television signal processing systems, it will be apparent to one skilled iy e art that
the described principles of the invention are applicable to cther types of signal pracessing

systems that involve non-linear precessing.

JP 2004-500757 A 2004.1.8
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1t
CLAIMS

. A non-lincar processor. comprising:

a processor fur amplifying a panially differential signal, said partially differential
signal comprising a tme-variant signal and a common-mode bias, and for rejecting a time-
variant common-mode signal impaosed upon suid partially differcntial signal;

means for cstablishing a threshold level representative of said conumnen-mode bias;

means for altering the gain of said processor in response to a predetermuned
relationship existing botween said time-variant signal and said threshold level; and

means [or substantially preventing said rime-vartant common-mode signal from

modifying said predetermined reiationship.

2. Non-linear processor as in claim 1, wherein two or mere of said means for altering the guin
are employed and produce a gain alteration from a first region gain to 4 region of relatively

higher gain.

3. Non-finear processor as in claim 1, wherein wo or more of said means for altering the gain
are eraployed and produce a gain alteration from a first region gain to 2 region of relatively

lower gain.

4. Non-lincar processor as in claim |, wherein three or more of said means for altering the
gain are employed and produce gain alterations from a first region pain to a second regicn of

relatively lower gain to a third region having relatively higher gain than said second region.

JP 2004-500757 A 2004.1.8
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5. Non-lipear processor 4s in claim L, wherein three or mere of said nizans for altering the

pain arc employed and produce jain alierations from a first region gain (o a second region of

relatively higher gain to a third region having relatively lower gain than said sccond region.

6. Nen-lingat processor as in claims 1,2, 3, 4 or 5, wherein said threshold values arg

attenuated and DC translated representations of said commeon-modc bias,

7. Mon-linear processor as in claim 6, wherein one or more of said threshold values are

disposed below the valug of said common-made bias.

8. Non-linear processor as in claim 6, wherein one or more of said threshold values are

disposed above the vahue of sald cemmon-mode bias.

9. A method for non-linearly processing signals, comprising the steps of:

processing a partially differential signal comprising a time-variant signal and a
sommon-made bias for said partially differential signal, said processing to rgject  time-
variant common-tode signal imposed upon said partially differential signal;
developing a threshold value representative of said common-mode bias;

aliering non-tinearly said processing of said paniatly differential signal in response o
a predetermined relationship existing between said time-variant signal and said threshoid
level; and

preventing alterations of said predetermingd relationship in response to said time-

variant conmmon-tnode signal.

JP 2004-500757 A 2004.1.8
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10. Apparatus for non-Jinearly amplifying electrical signals, comprising:

a first input ta the base of ¢ first transistor;

a second input to the base of 2 second ransistor;

a first resistor micrceanected between the emitters of said first and said sccond
transistors;

the collector of said first transistor connected to a source of DC supply potential
adequate to reverse bias the base to collector junction of said first transistor;
the collector of said second transistor connected throvgh a second resistor o a source of DC
supply potential adequate to reverse bias {be base 1o collector junction of said first transistor;
an output terminal connected to said second rransistor collector at the junction of said second
transistor collgctor and one end of said second resistor;

current sources connected from each of the emitters of said first and said second
transistars to a second source of DT supply potential;

a first secondary gain sctting resisior connected from the emitter of said first transistor
10 the emiuer of a fourth transistor, the collector of said Jourth transistor connected to a
coltectar DC supply potential adequate to reverss bias the base to collector junction of said
fourth transistor; and

the base of said fourth transistor connected to & saurce of threshold potential.

il. Apparatus as in claim 10, further including a buffer, the input of said buffer being
coanceted to the emitter of said second transistor with the cutput of said bufter providing said

souroe of threshold potential.

JP 2004-500757 A 2004.1.8
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12. Apparas as in claim 18, further including a buffer, the input of said buffer being

connected 1o the emitter of said second transister with the output of said buffer driving a
resistive divider comprising enc or more divider points, onc end of said resistive divader being
comected to the cutput of said buffer with the other end of said resistive divider being
connecied to a source ef DC bias potential;

a first divider point of said divider network providing sz2id source of threshold
potential; and

a bypass capacitor connected between the output of sajd buffer and the base of said

fourth transister.

13. Apparatus as in claim 12, wherein said source of DC bias potential is lower than the DC

potentiat at the output ef said buffer.

14, Apparams as in claim 12, wherein said sowrce of DC bias potential is higher than the DC

potential at the output of said buffer.

15. Appararus as in claims 13 or J4, wherein said fourth wransistor is paled such that said
fourth ransistor is rendered conductive in response to said signal input to the base of said first

transistar exceeding said fourth transistar base potential.

JP 2004-500757 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

w0

(29)

WO 01/41303 PCT/USDO/A2694
15

16. Apparatus as in claim 15, further comprising a second secondary gain selting resistor
connected from the emitter of said sccond transistor to the emitter of a fifth tranststor, the
coliector of said fifth wansistor being connected 1o a collector DG supply potentizl adequare to
reverse bias the basc to collector junction ef said fifth transstor, the base of said fifth
transistor being connected to a second divider potnt of smd resistive divider; and

the fifth transistor being poled such that said fifth transistor is rendered conductive in response
ta said signal input to the base of said first transistor exceeding said fifth transistor base

potential.

17. Apparatus as in claim 15, further comprising a second secondary gain senting resistor
conneeted from the emitter of said second transistor to the emitter of a fifth transistor, the
coliector of said fifth transistor being connected to 2 collector DT supply potential adequare to
reverse bias the base to collector junction of said fifth transistor, the base of said fifth
transistor being connected to a second divider point of said resistive divider; and

the fifth transistor being poled such that said fifih wransistor i rendered non-
conduetive in response to said signal input 1o the base of said first fransistor exceeding said

fifth fransistor base potential.

18. Apparatus as in claims 13 or 14, wherein said fourth transistor is paled such that said
fourth transistor is rendered non-conductive in respense 1o said signal input to the base of said

firat transistor exgeeding said fourth transistor base potential.

JP 2004-500757 A 2004.1.8



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

20

(30)

WO 01/41302 PCT/USO0/32694
16

19. Apparatus as in claimo 18, further comprising 2 second secondary gain seiting resistor
connected from the emitter of said second transistor to the emitter of a fifth transisicr, the
collector of said fifih transistor being connected 10 a callector DC supply potential adequate to
reverse bias the base to colicctor junction of said fifih transistor, the base of said fifth
transistor being connected to a second divider point of said resistive divider; and

the fifth transister being poled sucl that said fifth transistor is rendered conductive in
response to said signal input (v the base of said firat ransistor exceeding said fifth transistor

base potential.

20. Apparatus as in claim 13, further comprising a second secondary gain sefting resistor
connzcted from the emitter of said second transistor 1o the emitter of @ fifih transistor, the
collector of said fifth qansistor being connected to a collector DC supply potential adequate o
Teverse bias the base to collector junction of said fifth transistor, the base of seid fifth
transistor being connceted to a second divider point of said resistive divider; and

the fifth transistor being poled such that said fifith ransistor is rendered non-
conductive in response to said signal input to the base of said first ransistor exceeding said

fifth transistor base potential.

JP 2004-500757 A 2004.1.8
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