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SPECIFICATION
Electronic signal processing apparaths

This .invention relates to electronic signal proc-
essing apparatus employing a plurality of sig-
nal delaying stages of the charge transfer
device (CTD) type.

A charge coupled device (CCD), which is
one version of the charge transfer device, is
well suited for processing analog signals.
These devices include input structures for con-
verting a signal voltage or current to an
amount or packet of charge in a transfer
channel, and output structures for measuring
the charge in the packet at the output of the
channel.

A considerable amount of design effort has

been expended to provide substantially linear .

conversion from input signal voltage or cur-
rent to charge and back again. Any non-
linearities in these processes are particularly
troublesome where a plurality of signals are
supplied to a plurality of inputs of a CCD for
combining in predetermined proportions to
produce a desired filter characteristic. Such a
situation is encountered, for example, where
the CCD is a part of a comb filter for color
television signals and is constructed in the
manner described in U.S. Patent No.
4,096,516 entitled ‘‘Electronic Signal Proc-
essing Apparatus’’ in the name of D. H.
Pritchard.

In the Pritchard comb filter, a composite
video signal, including frequency interleaved
luminance and chrominance signal compo-
nents, is supplied to a first signal path includ-
ing a number of delay elements arranged to
exhibit a total delay incrementally greater than
the period of a television line scanning inter-
val (i.e., 1-H). The composite video signal is
also supplied to second and third signal paths,
each of which is arranged to exhibit a delay
equal to the incremental difference between
the line scanning interval and the total delay
of the first path. The differences in delay
between the first and second paths, and be-
tween the first and third paths, are thereby
equal to 1-H. The delay is accurately deter-
mined since it is dependent substantially only
upon the difference in the number of delay
stages (a geometric certainty) and upon the
clock frequency associated with the signal
transfer. The clock frequency can be con-
trolled to a high degree of accuracy, for
example, by use of a crystal oscillator. Lumi-
nance signals are derived by additively com-
bining the signals from the first and second
paths while chrominance signals are derived
by subtractively combining the signals from
the first and third paths. The subtraction is
most readily performed by inverting the com-
posite video signal supplied to the third path
and then adding the outputs of the first and
third paths. This latter addition of signals

provides a comb filter response with maxima
at the color subcarrier frequency and all other
odd multiples of one-half the line scanning -
frequency, while the addition of signals from

70 the first and second paths provides a comb
filter response with maxima at multiples of the
line scanning frequency. The relative depth of
the notches in each of the two filter responses
depends upon the accuracy with which the

75 amplitude and phase responses for the two
associated signal paths are matched and the
accuracy of the difference in time delay be-
tween the two paths. The accuracy of the time
delay may be set consistently by the delay

80 difference technique of Pritchard.

The present invention provides practical so-
lutions to the problems of matching amplitude
and phase responses of two or more signal
delay systems, providing proper weighting of

85 the signals from two such systems to achieve
a desired degree of signal cancellation, and
reproducing characteristics from one CCD cir-
cuit chip to another and providing a reason-
able economy of chip area.

90 In accordance with the invention, a comb
filter comprises a charge transfer device ar-
rangement for processing a video signal con-
taining image-representative luminance and
chrominance components disposed within a

95 frequency spectrum of the video signal in
frequency interleaved relation. The arrange-
ment includes first and second charge com-
bining wells, and first and second inputs for
coupling signal charge representative of mutu-

100 ally complementary versions of the video sig-
nal to the first and second combining wells,
respectively. Each of the first and second
inputs has a predetermined geometry for de-
termining its video signal voltage to charge

105 amplitude conversion characteristic. Also pro-
vided is a third input responsive to the video
signal and having a predetermined geometry
for determining the video signal voltage to
charge amplitude conversion characteristic of

110 the third input. The geometry of the third
input is related to the geometry of the first
and second inputs such that the effective
voltage to charge amplitude conversion char-
acteristic of the third input is substantially

115 equal to the aggregate of the voltage to

" charge amplitude conversion characteristics of
the first and second inputs. Signal charge
from the third input is received by a charge
transfer channel comprising a plurality of de-

120 lay stages. A first delayed signal charge por-
tion from the channel is coupled to the first
charge combining well, and a second delayed
signal charge portion from the channel is
coupled to the second charge combining well.

125 Each of the first and second coupled delayed
signal charge portions is delayed relative to
the charge coupled to the respective first and
second charge combining wells from the first
and second inputs by an amount correspond-

130 ing to a horizontal line scanning interval. The
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first and second delayed signal charge por-
tions are relatively proportioned in a manner
substantially identical to the relative propor-
tioning of the voltage to charge amplitude
conversion characteristics of the first and sec-
ond inputs.

In accordance with a feature of the inven-
tion, the third input comprises a pair of inputs
each of which exhibits a geometry substantial-
ly identical to the respective geometries of the
first and second inputs.

Figures 1a and 1b comprise a circuit dia-
gram partially in block form and partially in
pictorial form, of an embodiment of this in-
vention.

In the illustrated arrangement, composite
color television video signals including lumi-
nance, chrominance and synchronizing signal
components are provided by television signal
processing circuits 10 which are conventional
and may take the form of a portion of a
broadcast receiver, a video signal reproducer
of the disc or tape playback type or other
equivalent apparatus. For purposes of expla-
nation, the signal processing circuits 10 and
remaining apparatus will be described in the
context of a broadcast receiver suitable for
processing NTSC (standard U.S. broadcast
format) signals.

In the television receiver, signal processing
circuits 10 include a video detector for provid-
ing frequency interleaved luminance and
chrominance video signal components via a
capacitor 12 to a terminal 14 of a signal
processor enclosed by a dashed line. The
luminance component occurs at integral mul-
tiples of the horizontal line scanning fre-
quency, and the chrominance component oc-
curs at odd multiples of one-half the line
scanning frequency and alternates in phase
during alternate line scanning intervals. All
components enclosed within the dashed line
are suitable for fabrication on a single mono-
lithic integrated circuit chip of the N-MOS, P-
MOS or C-MOS types. A significant portion of
the chip is occupied by a multiple input,
multiple stage CCD register or delay line confi-
guration. The CCD delay line includes a rela-
tively long delay portion 16 (Fig. 1b) associ-
ated with a charge transfer channel 24 of
seprentine form. Long delay portion 16 is
arranged to provide the previously mentioned
signal delay incrementally greater than 1-H
(i.e., greater than 63.55 microseconds in the
case to be described). The full bandwidth,
composite video signal is coupled from termi-
nal 14 via an attenuator 18 to an input
section 20 of long delay portion 16. Input
section 20 is arranged to provide a substan-
tially linear conversion from signal input volt-
age to charge and preferably is constructed in
the manner described in German Patent Appli-
cation No. P2800893.7.

As described in German Appln.
P2800893.7 input section 20 includes a first -

70

75

80

85

90

95

100

1056

110

115

120

125

130

gate electrode G, to which a predetermined
direct voltage level (V,) is applied along with
the video signal-representative voltage. Sec-
ond and third gate electrodes G,, G; are also
included in input section 20 and are supplied,
respectively, with a relatively constant direct
voltage (V,) and a direct voltage (V,) which
changes between two different levels in a
predetermined manner during each clock or
signal sampling cycle. A source electrode S, is
also included in input section 20 and is
supplied with a voltage waveform (LS,) which
changes between two particular levels in a
predetermined manner during each clock cy-
cle. The particular forms of the varying volt-
age waveforms V; and LS, (as well as the
clock waveforms ¢, and ¢,) are described in
the above German application. These and
other required waveforms (e.g., SS,) which
recur at a desired signal sampling frequency
of approximately 10.7 MHz are derived from
crystal controlled color subcarrier generating
circuits normally provided within the chromi-
nance signal processor of a color television
receiver. One suitable arrangement for such a
chrominance signal processor is described in
the Data Bulletin for the RCA Type CA3151
linear integrated circuit which is available
from RCA Solid State Division, Somerville,
New Jersey.

In this illustrated embodiment of the pre-
sent invention, such a chrominance signal
processor 60 includes a crystal controlled os-
cillator which produces a continuous wave
output at the color subcarrier frequency (cus-
tomarily referred to as 3.58 MHz). The color
subcarrier wave is coupled via a terminal 62
to a frequency multipler 64 which, in the
preferred arrangement, is a frequency tripler
constructed in monolithic form on the same
integrated circuit as the CCD delay line. Logic
and clock driver circuits 66 are arranged to
process the 10.7 MHz continuous wave signal
provided by multiplier 64 so as to produce
oppositely phased, square wave clock signal
(¢:. ¢,). waveforms for the source electrodes
(LS, and SS,) and appropriate waveforms for
the G; gates in the manner described in the
above-noted German application.

Signal-representative charge is transferred
from input section 20 into the buried charge
transfer channel indicated by the boundary
lines 24. The width of the boundary of chan-
nel 24 varies in a predetermined manner.
Specifically, in the vicinity of input section
20, Channel 24 is divided by a channel stop
25 into two equal parts, each having a width
designated as "'2W’’. The two parts of chan-
nel 24 are merged together following input
section 20 to cause the signal charge produc-
ed in the two halves of input section 20 to
combine. Channel 24 then is tapered in a
regular manner to a width "W’’ in the vicinity
of a delay stage 22 and is generally main-
tained at this width throughout its length with

'z
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the exception of the vicinity of several 180°
turns such as turn 26. '

The two equal channel parts of width
"*2W’’ associated with input 20 are wider
than the channel portion of width ““W’’ in
order to enhance the linearity of input voltage
to charge transfer function at the input charge
wells. However, the channel portion shown as
having width "W’ need not be one-half as
wide or narrower than the two equal channel
parts associated with input 20, and need only
be wide enough to accommodate the total
charge injected into channel 24 by means of
each of the two equal channel parts of width
""2W’’. As described in the German patent
application mentioned previously, the useful

- depth of the charge wells associated with

input 20 is considerably less than the useful
depth of the charge wells associated with
channel 24 following input 20. This also
promotes input linearity, and permits channel
24 of width “"W'’ to accommodate the signal
charge supplied from input 20.

Each of the turns 26 preferably is con-
structed in the manner set forth in German
patent application Serial No. P2815607.2.

The serpentine delay portion 16 includes,
for example, 683 } delay stages following the
input section 20. Each of the delay stages
includes four gate electrodes (such as elec-
trodes 22a, 22b, 22c and 22d of stage 22)
positioned in overlapping pairs with respect to
buried channel 24 to provide a two phase
charge transfer operation in a known manner
as is described, for example, in German Pa-
tent Application No. P2800893.7.

The serpentine delay portion 16 in this case
includes, for example, a total of twelve paral-
lel channel portions joined together by eleven
180° turns of the type noted above to provide
the desired number of stages in a reasonable
area.

Signal-representative charge packets cou-
pled through long delay portion 16 are split
into two substantially equal fractions (halves)
by means of a charge splitting structure indi-
cated generally by the reference numeral 28
(Fig. 1a). In the charge splitting structure 28
(one type of which is described, for example,
at pate 61 of the book entitled ‘"Charge
Transfer Devices’” by C. H. Sequin and M. F.
Tompsett, published in 1975 by Academic
Press, Inc.), the width of channel 24 is in-
creased in a regular manner under one or
more of the sets of gate electrodes 22’ to
distribute the signal charge substantially uni-
formly across the widened portion of channel
24 shown in Fig. 1a. A channel divider or
channel stop 29 is positioned midway be-
tween the sides of the widened part of chan-
nel 24 to cause the signal charge to split into
two equal halves. The leading edge of the
channel divider is preferably positioned be-
neath-the mid-point of the overlaying storage
gate electrode (e.g., such as represented by

gate electrodes 22a or 22c) in order to
achieve charge balance beneath the gate elec-
trode before the charge is transferred, and
thereby divided, in response to a charge trans-

70 fer clock signal. Positioning the leading edge
of the channel divider in this manner en-
hances the accuracy of the process by which
the signal charge is divided into two equal
halves, which are then supplied to respective

. 75 signal summing wells 42 and 44. '
The composite video signals supplied via
terminal 14 are also coupled via an adjustable
attenuator 31 and an adjustable inverting at-
tenuator 33 to two additional relatively short

80 signal delay portions 30, 32 (Fig. 1a) in-
cluded in the CCD arrangement. Attenuators
31, 33 as well as attenuator 18 serve to
provide appropriate input signal amplitudes in
accordance with the CCD input requirements.

85 The use of a signal inverting stage such as 33
preceding input section 36 represents one
technique for generating an inverted signal.
Another technique for generating the comple-
ment (i.e., inversion) of a given signal with a

90 CCD structure is described in U.S. patent
application Serial No. 836,508 of Walter F.
Kosonocky, entitled ’CCD Circuit For Produc-
ing Charge And Its Complement’’ filed Sep-
tember 26, 1977.

95  Short delay portions 30 and 32 include
respective input sections 34 and 36 for con-
verting composite video signal voltage varia-
tions in a substantially linear manner into
packets of signal-representative charge. Input

100 sections 34, 36 respectively include source
electrodes S,’ and S,’/ supplied with clock
signal SS,, and are of substantially identical
geometry and each is associated with a chan-
nel width “2W"’. Input sections 34, 36 exhib-

1065 it signal voltage to charge conversion charac-
teristics which are substantially identical to
each other and to the characteristics of each
half of input section 20. The two separate
inputs 20 and 34, 36 as described ensure

110 that, for the same signal volitage level applied
to these inputs, input 20 will exhibit twice as
much signal charge as either input 34 or 36
independent of non-linear input channel width
fringing effects (i.e., edge effects). If input

115 sections 34 and 36 were each “'2W’’ wide
and a single input channel of width ""4W"’
were employed for input 20, the amount of
signal charge injected at input 20 would not
necessarily be twice as great as the charge

120 injected at input sections 34 and 36, especial-
ly in the case of narrow channel widths.
Arranging channel 24 into two equal parts
each of width “'2W’’ in the vicinity of input
20, and afterwards merging these two equal

125 channel parts into a single channel of width
W'’ as mentioned, serves to accurately pro-
vide the desired amount of charge.

The inverted and non-inverted signal-repre-
sentative charge packets produced in input

130 sections 34 and 36 are transferred through
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respective single delay stages 38 and 40 to
respective signal combining stages including
summing wells 42 and 44. As in the case of
delay stage 22, single delay stages 38 and
40 include four gate electrodes in overlapping
pairs with respect to the underlying charge
transfer channel to provide a two phase
charge transfer operation.

A significant difference between short delay
portions 30, 32 and long delay portion 16
can be seen by inspection of the phase of
clock signal applied to the first stage following
the third gate electrode G, or G,' (which
follows second gate electrode G,’ and first
gate electrode G,’ of input section 34, and
first gate electrode G,’’ of input section 36).
Thus, in the case of long delay portion 186,
the ¢, clock signal is applied to the first set of
transfer electrodes following the G, gate while
in the case of short delay portions 30, 32, the
¢, clock signal is applied to the first set of
transfer electrodes following the G,’ gate. This
arrangement makes it possible to provide a
difference in delay between the long and short
delay portions which includes a half stages of
delay (i.e., 682 } stages). Specifically, the
long delay portion provides 683 1 delay
stages (1,367 half delay stages) between the
input of the long delay portion and summing
wells 42 and 44. The charge packets arriving
at the summing wells from the long delay
portion are therefore delayed by 682 } delay
stages relative to the charge packets arriving
at the summing wells from the short, single
delay portion.

In this example, two-phase clock signals are
used in the manner noted to provide the
desired number of fractional delay stages
(682 ). A similar result can be obtained by
using four-phase clock signals, and fractional
delays of '/; and 2/, can be obtained by
using three phase clock signals in accordance
with the requirements of a particular system.

Thus, the signal-representative charge pack-
ets arriving at summing well 42 from long
delay portion 16 of channel 24 are delayed
682 1 clock periods more than those charge
packets arriving at well 42 via input section
34 and associated single delay portion 30. A
similar result obtains with regard to the
charge packets which arrive at summing well
44 from long delay portion 16 of channel 24,
and from input section 36 and associated
single delay portion 32. The charge packets
respectively summed in wells 42 and 44
therefore are delayed relative to each other by
a time corresponding to one horizontal image
scanning interval (1H).

Due to the frequency interleaved nature of
the NTSC television signal, the non-inverted
charge packets when combined (added) in
well 42 produce a ‘‘combed’’, luminance
component with maxima occurring at mul-
tiples of the line scanning frequency. Like-
wise, the mutually inverted charge packets

combined (i.e., effectively subtracted) in well
44 produce a ‘‘combed’” chrominance compo-
nent with maxima at the color subcarrier fre-
quency and all other odd multiples of one-half
70 the line scanning frequency.
Charge representative of the combed
chrominance component appears at a channel
end portion 48. This charge is converted to a
signal-representative voltage in a substantially
75 linear manner in accordance with conventional
charge-to-voltage conversion techniques, such
as disclosed in the book by Sequin and Tomp-
sett mentioned earlier. The signal voltage rep-
resentative of the combed chrominance com-
80 ponent is amplified by amplifier 70, after
which it is sampled by a keyed sample and
hold unit 72 which in this case samples at a
10.7 MHz rate, or three times the chromi-
nance subcarrier frequency {(3.58 MHz). The
85 sampled combed chrominance component ap-
pears at terminals 73 and 74.
The sampled combed chrominance compo-
nent is coupled from terminal 74 to an input
of chrominance processor 60 via a filter 75
90 which selectively passes the band of chromi-
nance frequencies and rejects vertical detail
and clock frequency related signals. Chromi-
nance processor 60 is also supplied with burst
gate pulses from the output of a burst gate
95 generator 82 of conventional type. The burst
gate pulses are developed by unit 82 of
conventional type. The burst gate pulses are
developed by unit 82 in response to horizon-
tal sync pulses derived from the television
100 signal by a sync separator 80. The signals
supplied to chrominance processor 60 are
utilized to provide R-Y, B-Y and G-Y color
difference output signals which are coupled to
inputs of a signal matrix stage 90.

The combed luminance component appears
at a channel end portion 49 after being de-
layed a given amount by a delay portion 46
comprising two delay stages. Delay portion
46 serves to delay the combed luminance
110 signal developed at summing well 42 by a

sufficient amount so that the chrominance and
luminance components are properly time coor-
dinated at the inputs of matrix 90. In this
example, delay 46 primarily serves to com-
115 pensate for chrominance phase delays attrib-
utable to chrominance bandpass filter 75.
This use of delay 46 eliminates the need for a
conventional discrete luminance delay equali-
zation network (e.g., included in luminance
120 processor 79) for equalizing the luminance
and chrominance signal processing transition
times prior to being combined in matrix 90.
The charge representative of the combed iu-
minance component appearing at channel end
125 portion 49 is then linearly converted to a
signal voltage, which is afterwards amplified
by amplifier 50 and sampled by a keyed
sample and hold unit 52 in essentially the
same manner as accomplished for the combed
130 chrominance component.

105

\
'./
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The sampled combed chrominance compo-
nent appearing at terminal 73 is filtered by a
low pass filter 76 and the sampled combed
luminance component appearing at a terminal
54 is filtered by low pass (luminance band-
pass) filter 56, to remove clock signal compo-
nents from the combed luminance and chrom-
inance signals. Filter 76 also serves to restore
relatively low frequency luminance (vertical)
detail information which is present in the
combed chrominance component but which
has been removed from the combed lumi-
nance component. For this purpose, low pass
filter 76 exhibits a cutoff frequency below the
frequency band occupied by the chrominance
band (e.g., a cutoff frequency just below two
Megahertz), for passing relatively low fre-
quency vertical detail information while reject-
ing relatively higher frequency chrominance
information contained in the output of sample
and hold network 72. The luminance signal
ultimately processed by a luminance processor
79 therefore includes a combed high fre-
guency portion (occupying a band of frequen-
cies above the cutoff frequency) from which
chrominance signal frequencies have been re-
moved, and an ‘‘uncombed’’ low frequency
portion in which substantially all luminance
signal frequencies have been preserved.

Output signals from filters 56 and 76 are
combined in a vertical peaking mixer 77.
Mixer 77 may comprise, for example, a signal
combining amplifier which is gain controliled
with respect to the signals supplied from filter
76. The amount of signal from filter 76
present in the luminance output signal of
mixer 77 determines the amount of vertical
peaking present in the luminance output of
mixer 77. This output signal is then supplied
to luminance processor 79 for further process-
ing and amplification. The luminance output
signal from processor 79 is combined in max-
trix 90 with the color difference signals from
chrominance processor 60, to provide R, G
and B color output signals. These signals are
then applied to intensity control electrodes of
a color kinescope (not shown).

The combed luminance component devel-
oped at charge accumulation well 42 is the
result of an additive combining process
whereby non-interlaced frequency components
(e.g., luminance components) reinforce each
other while the interlaced frequency compo-
nents (e.g., chrominance components) are of
polarities to cancel each other, to provide a
comb filter response with maxima at multiples
of the line scanning frequency. The combed
chrominance component developed at charge
accumulation well 44 is the result of an
effective subtractive combining process (i.e.,-
combining mutually inverted signals) which
provides a comb filter response with maxima
at the color subcarrier frequency and all other
odd multiples of one-half the line scanning
frequency. In this instance the non-interlaced

70

75
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85
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100

105
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(luminance) frequency components are of po-
larities to cancel each other while the inter-
laced (chrominance) frequency components: re-
inforce each other. The relative depth of the
notches in each of the two filter responses
depends upon the accuracy with which the
amplitude and phase characteristics of the
delayed and relatively undelayed charge trans-
mission paths are matched, and also upon the
accuracy of the time delay difference between
the two paths. Also, accurate timing of the
combed luminance component relative to the
combed chrominance component assists to
insure that the luminance and chrominance
components are properly time coordinated at
matrix 90.

Since the periodicity of combing is a func-
tion of the amount of delay, accurate periodi-
city requires accurate delay. That is, devia-
tions from the amount of delay necessary to
produce the desired periodicity should be kept
at an acceptable minimum, as in the case of
the disclosed arrangement. In this regard it is
noted that the mutually non-inverted signal
charge packets and the mutually inverted sig-
nal charge packets are directly combined in
accumulation wells 42 and 44, respectively.
This manner of charge combination eliminates
any unwanted variable delay which may be
introduced by the known technique of filtering
before signal combining in order to remove
clock signal frequency components. The
amount of delay is precisely determined prior
to signal charge combination in accumulation
wells 42 and 44, since the delay is fixed by
the clock signal frequency and the number of
delay stages, so that the desired combing
periodicity results. Although the combed iumi-
nance and chrominance signals are afterwards
tiltered by low-pass filters 56 and 76, any
variable delay introduced by these filters does
not affect the periodicity of the combed sig-
nals.

The amount of signal charges which are
combined in wells 42 and 44 should be
controlled accurately in order to achieve prop-
er nuiling at the signal frequencies at which
the comb filters are to exhibit a minima re-
sponse. This is accomplished in the present
arrangement by providing substantially identi-
cal input sections 34, 36 and 20.

As mentioned previously, input sections 34,
36 are of substantially identical geometry and
each is associated with a channel width
““2W'’. Similarly, in the vicinity of input sec-
tion 20, channel 24 is divided into two equal
parts each of a width "'2W’’ which are even-
tually merged into a channel width W'’ and
afterwards split into two equal halves just
prior to accumulation wells 42 and 44. In this
manner, the amount (i.e., amplitude) of the
relatively delayed and undelayed signal charge
respectively summed in wells 42 and 44 are
substantially equal.

Present CCD design techniques permit
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charge to be translated (e.g., divided) such
that, in the case of the present arrangement,
substantially equal amounts of signal charge
enter summing wells 42 and 44 from the
long and short delay sections. However, small
deviations of the input characteristics of the
delay sections, or of the location of the chan-
nel stop divider (e.g., channel stop 29), may
upset the desired accuracy of the filter re-
sponse. lllustratively, deviations on the order
of two to five percent could reduce the magni-
tude of the attenuation which occurs at the
frequencies at which the filter is to exhibit a
minima response (i.e., the null frequencies). If
necessary, these deviations can be compen-
sated for by means of adjustable attenuators
31 and 33 associated with input sections 34
and 36.

Attentuators 31 and 33 are situated prior to
the two short delay sections associated with
input 34 and 36. These attenuators can be
adjusted by means of an appropriate external
control such that the magnitude of the charge
entering summing wells 42, 44 from the
short delay sections associated with inputs
34, 36 exactly matches the magnitude of the
charge entering the summing wells from the
long delay section. Only two adjustments are
required and these can be made at any two of
the inputs, although adjustments associated
with inputs 34, 36 are preferred. If attenuator
18 associated with input 20 were adjusted
together with either of attenuators 31 and 33,
the two adjustments would interact. Employ-
ing attenuators 31 and 36 for making any
necessary adjustment in the charge levels per-
mits the chrominance and luminance filter
responses to be tailored independently. That
is, attenuator 31 can be employed to tailor
the attenuation characteristic (i.e., the null
depths) associated with the combed lumi-
nance component, while attenuator 33 can be
similarly employed with respect to the
combed chrominance component.

Charge attenuation caused by charge trans-
fer inefficiency is considered to be negligible
in this instance. lllustratively, long delay por-
tion 16 provides 1,367 charge transfers and
exhibits a transfer inefficiency of the order of
10-5 per transfer. The charge attenuation
associated with this transfer inefficiency is of
the order of .01, which corresponds to — 40
db. This amount of attenuation is considered
to be virtually insignificant and acceptable
within the framework of processing color tele-
vision signals as described.

In sum, the described CCD arrangement
provides an advantageous means of accurately
separating luminance and chrominance sig-
nals (or a plurality of equivalent signals) from
a composite signal by means of a single CCD
structure. The technique described for com-
bining signal charge to provide separated lu-
minance and chrominance components con-
serves chip area, is reproducible on a unit-to-

unit basis, and avoids troublesome non-lineari-

ties otherwise encountered with signal charge

to voltage or current conversion accomplished

prior to obtaining the desired separated sig-
70 nals.

More specifically, the described CCD comb
filter arrangement employs only a single long
delay channel (683 } delay stages) to accom-
plish multiple filtering functions, in this case

75 two. The utilization of charge merging follow-
ing input section 20, and subsequent charge
splitting into two separate channels prior to
combining signal charge in summing wells 42
and 44, permits this to be accomplished with

80 only a single long delay line. In the absence
of these features, the dual filtering function
resulting in separated luminance and chromi-
nance components could be accomplished by
means of two separate long delay channels.

85 Since two such long delay channels would
occupy a considerable amount of integrated
circuit surface area and would also result in
considerable clock driver power dissipation; as
a practical matter, two separate integrated

90 circuit chips would very likely be required. A
comb filter arrangement in accordance with
the principles of the present invention can
accomplish multiple filtering functions without
exhibiting these limitations, and therefore can

95 be fabricated within a single integrated circuit
chip without difficulty. In this regard it is
noted that, in the case of the disclosed ar-
rangement, the integrated circuit surface area
and the clock driver power dissipation can be

100 minimized by making the width "W’ of chan-
nel 24 as narrow as practical.

Although the invention has been disclosed
in terms of a particular embodiment, other
arrangements can be devised by those skilled

105 in the art without departing from the scope of
the invention.

The frequency of the two-phase clock signal
is not limited to 10.7 MHz as in this example.
llustratively, the clock signal frequency can

110 be four times the color subcarrier frequency,
or 14.3 MHz. In this instance, a differential
delay provided by 910 delay stages instead of
682 ] delay stages would be required.

Also, the two equal channel parts of width

1156 ""2W’’ associated with input 20 can be re-
placed by a single input channel of width
""4W'". The present configuration is preferred,
however, since it provides more uniform track-
ing between the various input structures.

120 Although the invention has been described
in the context of apparatus for separating the
frequency interleaved luminance and chromi-
nance components of an NTSC color televi-
sion signal in accordance with United States

125 broadcast standards, the invention is also ap-
plicable to apparatus for separating the com-
ponents of equivalent frequency interleaved
signals, including signals in accordance with
PAL broadcast standards.
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CLAIMS

1. Comb filter apparatus for processing a
video signal containing image-representative
luminance and chrominance components dis-
posed within a frequency spectrum of said
video signal in frequency interleaved relation,
comprising:

a charge transfer device arrangement in-
cluding first and second charge combining
means;

means for providing first and second inputs
for coupling signal charge representative of
mutually complementary versions of said vid-
eo signal to said first and second combining
means, respectively, each of said fist and
second inputs having a predetermined geome-
try for determining its video signal voltage to
charge amplitude conversion characteristic;

means for providing a third input responsive
to said video signal and having a predeter-
mined geometry for determining the video
signal voltage to charge amplitude conversion
characteristic of said third input, said geome-
try of said third input being related to said
geometry of said first and second inputs such
that the effective voltage to charge amplitude
conversion characteristic of said third input is
substantially equal to the aggregate of the
voltage to charge amplitude conversion char-
acteristics of said first and second inputs;

A charge transfer channel comprising a plu-

rality of delay stages for receiving signal

charge from said third input;

means for coupling a first delayed signal
charge portion from said channel to said first
combining means; and ‘

means for coupling a second delayed signal
charge portion from said channel to said sec-
ond combining means; and wherein

each of said first and second coupled de-
layed signal charge portions is delayed relative
to said charge coupled to the respective first
and second combining means from said first
and second inputs by an amount correspond-
ing to a horizontal line scanning interval, said
first and second delayed signal charge por-
tions being relatively proportioned in a man-
ner substantially identical to the relative pro-
portioning of the voltage to charge amplitude
conversion characteristics of said first and
second inputs.

2. Apparatus according to Claim 1, where-
in: said third input comprises a pair of inputs.

3. Apparatus according to Claim 2, where-
n: .

each one of said pair of inputs and said first
and second inputs exhibit substantially identi-
cal geometries. .

4. Comb filter apparatus for processing a
video signal containing image-reprentative lu-
minance and chrominance components dis-
posed within a frequency spectrum of said
video signal in frequency interleaved relation,
comprising:

a charge transfer device arrangement in-

cluding first and second charge combining
means;

means for providing first and second inputs
for coupling signal charge representative of

70 mutually complementary versions of said vid-
eo signal to said first and second combining
means, respectively, each of said first and
second inputs having a predetermined geome-
try for determining its video signal voltage to

75 charge amplitude conversion characteristic;

means for providing third and fourth inputs
responsive to said video signal and having a
predetermined geometry for determining the
video signal voltage to charge conversion

80 characteristic of said third and fourth inputs,
said geometry of said third and fourth inputs
being substantially identical to said geometry
of said first and second inputs such that the
effective voltage to charge amplitude conver-

85 sion characteristics of said first, second, third
and fourth inputs are substantially equal;

a charge transfer channel comprising a plu-
rality of delay stages for receiving signal
charge from said third and fourth inputs;

90 means for coupling a first delayed signal
charge portion from said channel to said first
combining means;

means for coupling a second delayed signal
charge portion from said channel to said sec-

95 ond combining means; and
wherein

each of said first and second coupled de-
layed signal charge portions is delayed relative
to said charge coupled to the respective first

100 and second combining means from said first
and second inputs by an amount correspond-
ing to a horizontal line scanning interval, said
first and second delayed signal charge por-
tions being substantially equal in amplitude to

105 signal charge coupled to said first and second
combining means from said first and second
inputs, respectively.

5. Apparatus according to Claim 4, where-
in:

110 said means for coupling said first and sec-
ond delayed signal charge portions from said
channel to said first and second combining

. means, respectively comprises means for di-
viding signal charge from said channel into

115 first and second charge portions of substan-
tially equal amplitude.

6. Apparatus according to Claim 5, where-
in:

said first and second combining means

120 comprise respective charge summing wells.

7. Apparatus according to Claim 6, where-
in:

said second input is preceded by signal
inverter means for providing a complementary

125 version of said video signal.

8. Apparatus according to Claim 4, where-
In:

said first and second inputs each comprise |
a delay stage providing substantially equal

130 amounts of delay; and
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said first and second delayed charge por-
tions when combined in said combining
means exhibit a delay, relative to said signal
charge coupled to said first and second com-
bining means from said first and second in-
puts, incrementally greater than said horizon-
tal line scanning interval by an amount corre-
sponding to the delay provided by said delay
stages of said first and second inputs.

9. Apparatus according to Claim 4, where-
in:

each of said third and fourth inputs is
associated with a given channel width; and

said charge transfer channel exhibits a
width narrower than said given width.

10. Apparatus according to Claim 9,
wherein:

said channel is arranged in serpentine form.

11. Apparatus according to Claim 4 and
turther comprising:

first means coupled to said first combining
means for selectively passing signal frequen-
cies within the band of luminance signal fre-
quencies;

second means coupled to said second com-
bining means for selectively passing signal
frequencies within a range of signal frequen-
cies below the band of chrominance signal
frequencies;

means for summing signals from said first
and second frequency selective means to pro-
duce a luminance signal to the substantial
exclusion of chrominance information;

third means coupled to said second combin-
ing means for selectively passing signals
within the band of chrominance signal fre-
quencies to produce a chrominance signal to
the substantial exclusion of luminance infor-
mation;

means for deriving color difference signals
from said chrominance signal; and

matrix means for combining said luminance
signal from said signal summing means with
said color difference signals to provide color
representative signals.

12. Apparatus according to Claim 11,
wherein:

said signal coupled to said summing means
from said second frequency selective means is
adjustable in magnitude.

13. Apparatus according to Claim 12,
wherein said charge transfer device arrange-
ment comprises:

- means for delaying combined signal appear-
ing at said first charge combining means by
an amount such that said luminance signal
and said color difference signals combined by
said matrix means exhibit predetermined time
coordination.

14. Comb filter apparatus substantially as

hereinbefore described, with reference to
Figs. Taand 1b.
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