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IMPROVEMENTS IN OR RELATING TO CHARGE TRANSFER APPARATUS (71) We, WESTERN
ELECTRIC  the first common output terminal are refer- COMPANY,
INCORPORATED, of 222  red to as forming the "first set" of sense Broadway,
New York City, New York State, electrodes, and all the electrode segments
United States of America, a Corporation  that are connected to the second
common 5 organized and existing under the laws of the output terminal are
referred to as forming   50 State of New  York, United States of the
"second set" of sense electrodes. During America, do hereby declare the
invention for operation of such a charge transfer device of which we pray
that a patent may be granted  the split-electrode type, there will be a
sequ- to us, and the method by which it is to be  ence of periodic time
intervals (or time slots) 10 performed, to be particularly described in
during which each of these split-electrode   55 and by the following
statement:-      segments is sensitive to the corresponding This invention
relates to charge transfer underlying charge packet in the semi- apparatus.
conductor by reason of induced electrical Semiconductor charge transfer
devices image charges, so that signals ([err]and[err]) are 15 generally are
of two basic types: charge cou- periodically developed at the output termi-
60 pled devices. (CCD) and bucket brigade  nals respectively of the first
and second set of devices (BBD). Either of these types can be  electrodes,
each such signal being propor- used for transfer of charge packets and can
tional to the sum of the various charge pack- be built in the form of a
transversal filter ets underlying all the various electrodes in 20 device,
that is, a tapped delay line configura- that set, with each such packet
multiplied by   65 tion with suitably weighted outputs. Such a  the
corresponding tap weight. The desired filter device contains many stages,
typically  output signal of the device is then the sequ- of the order of 10
or more, each stage con- ence of instantaneous differences between taining
a split-electrode having two electrode  the signals periodically developed
during the 25 segments for sensing the charge packet in  aforementioned
time slots at the two output  70 that stage. Typically, the lengths (1 and
12)  terminals; that is, the desired (difference of the two segments of
such a split-electrode  mode) output signal ([err]-[err]) for a given time
pair in a given stage are characterized by a  slot is proportional to:
ratio, r = [err]/[err] in accordance with a pre- 30  determined tap weight
for that stage,  [err](1 + n)/2 - [err](1 - n)/2 = [err]  (1)  75 whereas
the sum of the lengths ([err]+[err]) of the two segments of a
split-electrode pair is where n is the effective tap weight of the the same
for all such split-electrode pairs, split-electrode pair of the ith stage,
and [err] is corresponding to the width of the charge  the charge packet in
the ith stage during the 35  transfer channel. The effective tap weight n
given time slot.                80 of that stage is then given by: r =
([err]-[err])   In order for a transversal filter to function
/([err]+[err]). One electrode segment ([err]) of properly, it is important
that there be a sub- every split-electrode is ohmically connected
stantially linear relationship between the to a first common output
terminal for the  input signal and the corresponding output 40  charge
transfer device, and the other elec- signal. In a semiconductor charge
transfer  85 trode segment ([err]) of every split-electrode is  device
operating as a transversal filter, it is ohmically connected to a second
common  thus important to have a linear relationship output terminal for
the charge transfer  not only between charge packet and corres- device. For
convenience of description, all ponding input signal but also between
charge 45  the electrode segments that are connected to  packet and
corresponding output signal.  90    2
1,589,320                                      2 However, the voltage on a
sense electrode in  suppressing means arranged to suppress a charge.
transfer device has an important  common mode signals without substantially
influence on the width of the depletion layer  suppressing difference mode
signals by in the semiconductor underlying the elec-  applying to the
output terminals of the device 5  trode; hence, the voltage on a sense
elec-  substantially  cancelling common mode 70 trode has an important
influence on the  signal. "image" charge induced on the sense elec-    The
suppressing means may include amp- trade by an underlying charge packet in
the  lifier means having at least first and second 



semiconductor, because of the tendency of  input terminals of opposite
polarity one cou- 10  every charge packet to image a portion of its  pled
to one of the device output terminals. 75 charge into the semiconductor
substrate  and the other for receiving a reference vol- across the
depletion layer (rather than into  tage, and an output terminal coupled via
first the sense electrode) depending upon the  and second capacitors to the
first and second local depletion layer width (and hence upon  device output
terminals, respectively. The 15  depletion layer capacitance). Since the
vol-  capacitances of the first and second 80 tage on a given sense
electrode in one set of  capacitors are preferably substantially equal,
sense electrodes depends upon the charge  and preferably equal to within
substantially induced by the various charge packets under-  0.1%. The
capacitances of the first and sec- lying all the other electrodes in that
set, the  ond capacitors may be of the order of mag- 20  charge packets
underlying all these other  nitude of one-half the sum of the capaci- 85
electrodes undesirably  influence the  tances of the first and second sets
of elec- "image" charge induced by any charge pac-  trodes. ket underlying
the given electrode. Thus, the    Preferably the amplifier means has a
third relationship of the charge packet in a given  input terminal coupled
to the other device 25  stage to the "image" charge induced on the  output
terminal and of the same polarity as 90 overlying electrode is distorted
from the  that of said one input terminal, and said other ideal value, that
is, the output signal is not the  input terminal is coupled to an electrode
for desired value because the output is not prop-  charge transfer in the
charge transfer device. ortional to the display of Eq.(1). This unde-
The apparatus may include a difference 30  sirable phenomenon is called
"crosstalk"  amplifier means having its input terminals 95 and causes
distortion of the output signal.    coupled respectively to the first and
second A measure of the overall distortion in the  device output terminals.
An output terminal output signal at. a given moment of time  of the
difference amplifier means may be caused by the effects of "crosstalk" is
the  coupled via first electrical coupling means to 35  sum total of all
the charges instantaneously  one of the device output terminals. That   100
present in all the charge packets in the trans-  device output terminal not
coupled to the versal filter device. This sum total of all the  output
terminal of the difference amplifier charges is reflected in the common
mode  means may be coupled via second electrical signal ([err]+[err]) on
the two sets of electrodes;  coupling means to a terminal for receiving a
40                                          reference potential. The first
and second    105 [err](1 + n)/2 + [err](1 - n)/2 =  [err]  (2)  coupling
means may include third and fourth capacitors, respectively. The
capacitances of This common mode signal ordinarily is large  the third and
fourth capacitors may be of the compared with the desired difference mode
order of magnitude of the difference in 45  signal, and thus the detection
process is made  capacitance between the first and second sets 110
difficult by reason of the need for detecting  of electrodes. the
relatively small difference signal (Eq. 1)    Each of the input terminals
of the differ- in the presence of a relatively large common  ence amplifier
means may be coupled to a mode signal .(Eq. 2). R.D. Baertsch et al., in a
respective one of the first and second device 50  paper entitled "The
Design and Operation of output terminals via arespective capacitor.   115
Practical Charge-Transfer Transversal Fil-   There may be included switch
means for ters" published in IEEE Transactions on  coupling one of the
input terminals of the Electron Devices, Vol. ED-23, No.2, pp. difference
amplifier means to an output ter- 133-141 (February, 1-976), have disclosed
minal of the difference amplifier means. 55  detection circuits for a CCD
transversal fil-   There may be included switch means for 120 ter. However,
in all those circuits the differ-  coupling the first device output
terminal to ence mode signal is detected by an amplifier the second device
output terminal. which must also handle the common mode    In an embodiment
of the invention to be signal, thereby necessitating costly and cum-
described in detail later, in order to suppress 60  bersome circuit
elements and configurations. the distortion due to common mode signal in
1.25 According to this invention charge trans-  a split-electrode
semiconductor charge trans- fer apparatus includes a charge transfer fer
transversal filter device, the two sets of device having first and second
sets of sense  sense (split) electrodes in the device are electrodes
connected respectively to first and  maintained at a fixed predetermined
voltage 65  second output terminals of the device and  level during all
times when output signal is    130    3
1,589,320                                     3 detected. More
specifically, each of a pair of tant, for eliminating as much common mode
amplifier means for detecting, respectively, signal as possible, that the
capacitances of the common mode and the difference mode  these feedback
capacitors be as nearly equal output signal of the transversal filter, is
pro- as possible ("substantially equal"), typically 5  vided with feedback
means to suppress dur- to within about 0.1% for about 60 dB com  70 ing all
detection time intervals any voltage  mon mode suppression; that is,
although the variations on the sense electrodes caused  absolute value of
their capacitances is not 



both by common mode signal and by differ- crucial, it is important that the
ratio of their ence mode signal. Thus, at the moments of capacitances be
equal to unity to within the 10  detection of the desired output signal of
the  tolerable common mode backgound in the 75 filter, both sets of
electrodes are at the same  desired output. Thereby, the first amplifier
potential as determined by a fixed D,C. suppresses common mode signals on
these reference source. The amplifier means may  output sense electrodes
during operation of be operational amplifiers, each amplifier the CCD, by
reason of the resulting negative 15  having at least one positive summing
input feedback through the pair of feedback 80 terminal and one negative
summing input capacitors. In order to detect the difference terminal.
Advantageously, the common  mode signal on these output sense elec- mode
amplifier has two negative summing  trodes, each of the output sense
terminals of input terminals each of which is connected to  the CCD is
further connected to a different 20  a different one of the sense electrode
sets, one of a pair of input terminals of opposite 85 while the positive
summing input terminal is summing polarity of a second amplifier. This for
connection to the reference source. second amplifier's output terminal is
con- Advantageously, also, the same amplifier nected to a utilization means
for using the means has a pair of feedback capacitors of desired output
signal of the CCD. In addi- 25  substantially equal capacitance, each con-
tion, in order to suppress the change in vol- 90 nected between an output
terminal of this tage on the sense electrodes caused by differ- amplifier
and a different set of electrodes, ence mode signals, the output terminal
of the each capacitor having a capacitance of the  second amplifier is
connected for negative same order of magnitude as one-half the sum
feedback through another capacitor back to 30  of the capacitances of all
the sense electrodes  one of the output sense terminals of the 95 of both
sets. On the other hand, the differ-  CCD, and the other of the output
sense ter- ence amplifier means is arranged for detect- minals is connected
through yet another ing the desired difference mode output signal capacitor
to a terminal for connection of the split-electrode transversal filter
during  thereto of a second D.C. potential source 35  suitable periodic
time intervals. Moreover, (which can be ground potential). Thus, dur- 100
advantageously, this amplifier has an output ing operation, all the sense
electrodes of both terminal connected to a terminal of a  sets in the CCD
are restored to the same capacitor whose other terminal is connected
potential whenever signal is sensed, thereby (for feedback) to one of the
sets of sense  eliminating both common mode and differ- 40  electrodes. In
this way, the output of the  ence mode distortion otherwise caused by 105
amplifier is a useful representation of the  Variation in width of the
depletion region of desired output signal of the semiconductor the
semiconductor underneath each sense transversal filter device, the
distortion due to electrode. nonlinearity of sense electrode capacitances
Some embodiments of the invention will 45  (caused by both common mode and
differ- now be described by way of example with 110 ence mode signal)
thereby being suppressed.  reference to the accompanying drawings in In a
more specific embodiment of the  which: invention to be described later; a
split-   FIG. 1 is a schematic diagram of charge electrode CCD has a pair
of output sense  transfer apparatus embodying the invention; 50  terminals,
each connected to a different one    FIG. 2 is a schematic diagram of
another 115 of two sets of sense electrodes, each set charge transfer
apparatus embodying the including one of the electrodes of every pair
invention; of split-electrodes in the CCD. At least one    FIG. 3 is a
partly schematic, partly pictor- of these output sense terminals is
connected  ial diagram of charge transfer apparatus 55  to a negative
summing input terminal of a  embodying the invention;            120 first
amplifier which has a positive summing    FIG. 4 is a circuit diagram of an
amplifier input terminal for connection to a D.C. useful in the apparatus
shown in FIGS. 2 and source, advantageously the same D.C. 3; and source as
is used for controlling the potential   FIG. 5 is a diagram of the timing
for vari- 60  of one of the transfer electrodes in an input ous applied
voltages useful in operating the 125 stage of the CCD. An output terminal
of the  apparatus shown in FIGS. 2 and 3. first amplifier is connected for
negative feed-   FIG. 1 shows a circuit 100 for sensing the back through a
separate one of a pair of output of a semiconductor charge coupled feedback
capacitors back to each of the out- device (CCD) 20. This output is in the
form 65  put sense electrodes of the CCD. It is impor-  of electrical
voltages on output terminals 130    4
1,589,320                                     4 21.1 and 22.1, each of
which is connected to  amplifier 40 acting through the feedback a different
set of sense (or "detection") elec-  capacitor 41. Thus, the voltage on
line 21 is trodes, each detection electrode typically  also restored to the
fixed level of [err], and being of the CCD split-electrode configura-
hence the detection process of the charge 5  tion as known in the art.
These terminals  packets in the CCD occurs at a fixed operat- 70 21.1 and
22.1 are connected respectively to  ing point of the detection circuit. The
differ- 



bus lines 21 and 22, respectively. The differ-  ence signal is effectively
integrated by the ence in the image charges on lines 21 and 22  capacitor
41, and is available for utilization at times during which the charge
packets in  at the output terminal of the difference amp- 10  the CCD 20
are present underneath the  lifier 40. It should be understood that sample
75 CCD split-electrodes (i.e., the sense elec-  and hold means may be
incorporated in the trodes, as opposed to other CCD transfer  utilization
means 70, which sample the out- electrodes) is the desired output signal.
The  put signal during the appropriate time slots common mode signal on the
lines 21 and 22  suitable for detecting charge under the sense 15  is
suppressed with the aid of an amplifier  electrodes of the CCD, and which
hold that 80 means 30, one of whose input terminals (a  value of output
signal until the next sample is positive summing terminal) is connected to
a  taken, thereby affording a smoother output fixed (D.C.) voltage source
[err] and the other  signal. of whose input terminals (a negative sum-   On
the other hand, it should be noted in 20  ming terminal) is connected to
the output conjunction with the circuit 100 of FIG. 1 85 line 22. The
output terminal of this amplifier that because of thermal or other noise in
the 30 is connected through feedback capacitors CCD system, significant but
spurious charge 31 and 32, respectively, back to the output differences can
build up in the (floating) lines 21 and 22. For the purpose of suppres- CCD
detection electrodes over a period of 25  sing common mode signal, it is
important time of the order of an hour or so. In order to 90 that the
capacitances of capacitors 31 and 32  suppress the corresponding spurious
output be made as nearly equal as possible as men- signal, it is desirable
to take suitable meas- tioned above. In addition, these capacitances ures,
such as periodically short-circuiting the should be selected so as to match
the max- output line 21 to the output line 22. Such 30  imum signal at the
output terminal of the  measures are automatically taken in the sens- 95
amplifier 30 (generated in response to the  ing circuit 200 shown in FIG.
2. maximum signal of the CCD) to the signal   As shown in FIG. 2, the
sensing circuit 200 handling capacity of the amplifier 30. On the  contains
many elements that are substan- other hand, for detection of the difference
tially identical with those of FIG. 1, and 35  mode signal, a difference
amplifier means 40  accordingly these elements are labelled with 100 has
one of its input terminals (the positive  the same reference numerals. The
sensing summing terminal of the amplifier 40) con- circuit 200 includes an
amplifier means 60 nected to the line 22, and the other of its having three
input terminals, such that the input terminals (negative summing terminal
output of this amplifier is proportional to V- 40  of the amplifier 40)is
connected to line 21. A  1/2 ([err]+[err]),where [err] and [err] are the
105 feedback coupling capacitor 41, coupling the  potentials of the output
lines 21 and 22, output terminal of the difference amplifier respectively.
Thus, the amplifier means 60 40 to the output line 21, serves as an
integrat- affords a more nearly ideal common mode ing capacitor of the
difference signal sensed  suppressor, since it tends to reset the sense 45
by this difference amplifier 40, and a  electrodes such that the arithmetic
means of 110 capacitor 42 couples the output line 22 to a  their potentials
is restored to the fixed level fixed voltage source [err]. The capacitors
41  [err]. A circuit for such an amplifier means is and 42 are selected so
that the amplifier 40  shown in FIG. 4, which is described in grea- can
accommodate the largest expected dif- ter detail below. A control circuit
90 fur- 50  ference signal; Thus, the capacitors 41 and  nishes operating
voltages (such as the clock 115 42 are ordinarily rather small in
comparison  pulses) for the CCD 20 through electrical to the capacitors 31
and 32. An output ter- leads 71 and controls the electrical switching minal
of the amplifier 40 is connected to a  elements (e.g. IGFETS) 34, 35, 76,
77 and utilization means 70 for detecting and using  52 through electrical
leads 72, 73 and 74 55  the output of this amplifier.           (indicated
by dotted lines). Switching ele- 120 During operation with the circuit
shown in  ments 34 and 35 periodically are closed dur- FIG. 1, the
relatively large common mode  ing "reset" intervals in order to neutralize
signal of the sense electrodes is suppressed  the stray charges. Capacitors
43 and 44 are by the amplifier 30 acting through the feed- for the purpose
of correlated double sampl- 60  back capacitors 31 and 32. Thereby the vol-
ing, described more fully below, in order to  125 tage level of all the
sense electrodes on line  suppress "reset" noise caused by the switch- 22
is resorted to the fixed level of [err]. The  ing of the switching elements
34 and 35, that voltage on line 21, on the other hand, is is, the
well-known kTC noise (k = Boltz-. resotred to the voltage on line 22 by
virtue of mann's constant; T = absolute tempera- 65  the feedback signal
output of the difference  ture; C = capacitance, mainly of the split- 130
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5 electrodes). The capacitors 43 and 44 should  implanted): input diode
region 301, shield be large enough to hold the input voltages to  gate
region 303.5, located between the split the difference amplifier 40
reasonably con- shield gate electrode 303, and charge packet stant even in
the presence of switching trans- sink region 316. In addition, as an
optional 5  ients ("spikes") caused by capacitive feedt- feature, adjacent
to one or both segments of 70 



hrough of switching elements 76 and 77. the split shield gate electrode
303, an [err] Typical values of the capacitors 43 and 44 are  impurity
region 303.2 connected to a high of the order of 3 picofarad, and these
positive voltage VDD can serve (just after capacitors are made equal to
within a few  -transfer of charge to the semiconductor reg- 10  percent.
Switching element 76 is for the pur- ion underlying electrode 303) to drain
off 75 pose of clamping the voltage (both during the  any possible excess
charges which may reset process of switching elements 34 and 35  otherwise
accumulate under the shield gate and for a short time thereafter) at node
45 to  electrode 303. The shaded areas represent- [err], as part of the
correlated double sampling  ing diffused semiconductor zones between 1-5
process described more fully below. Simi- split-electrodes 308.1, 308.2,
312.1 and 80 larly, the switching element 77, when closed, 312.2 are
present by reason of the lack of any forms a feedback loop around the
difference  mask against their formation during the amplifier 40 and thus
enables the restoration  "self-aligned" introduction of impurities to of
the voltage at node 46 to [err]. Switching  form the other [err] regions
but these. [err] reg- 20  element 52 periodically enables delivery of ions
between the split-electrodes in the body 85 the output signal to an output
amplifier 50  of the CCD do not materially affect opera- for delivering the
desired output signal to the  tion. The amplifier 60 is provided with a
utilization means 70. A capacitor 51 serves second output terminal 62 which
produces a to smooth out this output, in a conventional D.C. shifted output
signal, symbolically indi- 25 "sample and hold" configuration.        cated
by a fixed D.C. voltage source 66. This 90 FIG. 3 shows a sensing circuit
300 for source is inserted between the output termi- detecting the output
of a CCD which is nal 61 and the switching elements 34 and 35 shown in some
detail. For the sake of clarity, for the purpose of putting the operating
point only the electrodes overlying the insulating  of the amplifier output
at terminal 61 at a less 30 layer are indicated together with shaded
positive value, in order to obtain a larger 95 areas indicative of
underlying diffused semi- linear dynamic range for amplifier 60 in
conductor regions. For an N-channel CCD, responding to the negative-going
signals on these shaded regions are of [err] (strongly N) the output lines
21 and 22. type electrical conductivity in the semicon-   During operation,
a signal source 320 con- 35  ductor, owing to an excess of significant
trols the potential of the input diode 301. 100 donor impurities in the
otherwise P-type  The voltage on the input gate electrode 302
semiconductor, typically an excess of phos- periodically allows charge in
accordance with phorous impurities in silicon. It should be  this signal to
flow from the input diode region understood that the CCD and the sensing
through the shield gate region 303.5 to the 40  circuit 300 are both
advantageously inte- semi-conductor regon underneath the met- 105 grated in
a single monocrystalline silicon  ering electrode 304. Specifically, this
flow substrate. Many of the elements of FIGS. 2  can occur during the
positive-going pulse and 3 are substantially identical, and there- phases
of the input gate IG (FIG. 5). The fore these elements are labelled with
the  charge is then trapped under the metering 45  same reference numerals.
electrode as soon as the IG pulse terminates 110 More specifically, the CCD
of FIG. 3  and it is this charge which is thus metered out includes several
overlying electrodes: an  by the metering electrode 304 for transfer to
input gate electrode 302, a split shield gate  the remainder of the CCD, in
accordance electrode 303 having a pair of segments con- with the thus
sampled signal. As soon there- 50 nected together by a conductive wire or
elec- after as the positive-going pulse of [err] is deli- 115 trode 303.1,
shield gate electrodes 307,311, vered to the electrode 305, the thus
metered and 315, first clock phase ([err]) driven elec- charge packet is
transferred to the semicon- trodes 305, 309 and 313, second clock phase
ductor region underlying said electrode 305. (P2) driven electrodes 306,
310 and 314 and  Thereafter, when the next positive-going 55  a metering
electrode 304 controlled by the  pulse is delivered by [err] to the
electrode 306, 120 fixed (D.C.) voltage source [err]. The shield  this
charge packet is transferred to the semi- electrodes 303, 307, 311 and 315
are main- conductor region underlying this electrode tained at a fixed
potential [err]. As known in 306. Thereafter, when the positive pulse on
the art, every electrode is separated from a [err] ceases, the charge
packet is transferred 60  major surface of an underlying semiconduc-
through the semiconductor region underly- 125 tor medium (not shown for
purpose of clar- ing the shield gate electrode 307 to the semi- ity) by an
oxide layer, typically silicon diox- conductor region underlying the pair
of ide on the single crystal silicon substrate  split-electrodes 308.1 and
308.2, at which medium. The CCD also includes several time the desired
output signal from the 65  impurity regions (typically diffused or charge
packet begins to be communicated, 130    6
1,589,320                                     6 by way of electrical image
charge on the  these capacitors are advantageously formed split-electrodes,
to the respective output  simultaneously with, and with the same sort lines
21 and 22. It is at this time when the  of electrode material as that of,
the split- switch 52 is closed (FIG. 5) in order to sam-  electrodes and
with the same electrode 



5  ple these outputs. This switch 52 is opended  width, so that both of
these capacitor elec- 70 before the next positive-going [err] pulse trans-
trodes will suffer from approximately the fers the charge packets
underlying the split-  same misalignments as well as the same electrodes
308.1 and 308.2 to the region of  overetching and underetching (and hence
semiconductor underlying electrode 309  the same corresponding  capacitance
10  (controlled by [err]). It should be understood,  changes) as the
split-electrodes. In this way, 75 of course, that while switch 52 remains
better control is obtained over the overall closed, tie output lines 21 and
22 are also  filter gain (which depends upon the capaci- sensitive to the
other charge packets (if any)  tance ratios of the capacitors 41 and 42 to
the then underlying the other split-electrodes,  split-electrodesystems of
the CCD). 15  these other charge packets having been pro-    FIG. 4
illustrates a circuit diagram for the 80 duced earlier by earlier input
signals.  amplifier 60. Insulated gate field effect trans- Typical voltages
(with respect to subs-  istors (IGFETs) 402, 405 and 406, together trate)
of the various sources, are, by way of  with load IGFETs 403, and 404, and
a cur- illustration only, approximately as follows:   rent source 401 form
a differential preamp- 20                                           lifier
stage feeding a pair of conventional 85 [err] =  0 to 8 volts
cascaded operational amplifiers 407 and [err] = 11 volts
408. Output lines 21 and 22 of the CCD feed [err] =  0 volt (ground)
signal to the gate electrodes of transistors [err] = 17 volts
405 and 406, whereas the fixed D.C. voltage 25           [err] = 17 volts
source [err] is connected to the gate electrode 90 [err] =  8 volts
of transistor 402. In this way, the negative [err] =  5 volt passive, 13
volt active  feedback signal delivered to the node 61 is phase
proportional to [err] - 1/2([err]+[err]), as [err] =  5 volt passive, 13
volt active  desired in the amplifier 60. By virtue of this 30
phase                      negative feedback, the potential on the same 95
[err] = 5 volt passive, 17 volt active  electrodes is resorted, that is:
([err]+[err])/2 phase                            [err]. Thereby the common
mode signal S   = 9 volt ([err] 2 volt signal)    ([err]+[err]) is
eliminated. Although  the  invention  has been 35    As further indicated
in FIG. 5, the switch-  described in detail with respect to a specific 100
ing elements 34 and 35 are periodically kept  embodiment, various
modifications can be closed during suitable "reset" intervals, to  made.
For example, instead of the CCD keep the split-electrodes at the desired
input configuration of electrodes 302 and potential. The switching elements
76 and 77  303, the input arrangement for the CCD can 40  are also closed
during these "reset" intervals  take the form of the antialiasing input
circuit 105 plus for a short time interval thereafter dur-  described in
copending patent application ing the active phase of [err], in order to
elimi-  no. 37232/77 (Serial No. 1584689). It nate the reset noise (on the
order of kTC)  should be understood, of course, that the that results on
lines 21 and 22 when the  various amplifiers, capacitors, and transis- 45
switching elements 34 and 35 are suddenly  tors in the sensing circuit 300
can all be 110 opened at the end of each "reset" interval. advantageously
integrated in the same semi- At this moment of time, the switching ele-
conductor substrate as the CCD itself. It ments 76 and 77 are still dosed,
thus keeping  should be mentioned that in order to achieve the output of
the difference amplifier 40 at  linearity of output response vs. input
signal in 50  the desired potential [err]. Even after the  the CCD of FIG.
3, it is important that the 115 switching elements 76 and 77 have been
electrode 304 and its underlying oxide be opened, the respective reset
noise voltages  geometrically substantially identical to each are stored
across the capacitors 43 and 44,  of the split electrodes (with the spaces
bet- and the output of the amplifier 40 is still at  ween each pair of
electrode segments being 55  [err]. Subsequently, the output signals of the
matched to region 303.5, in order to minim- 120 CCD appear on lines 21 and
22, thereby  ize nonlinear distortions). Finally, it should applying
corresponding signals on the input  be understood that instead of the CCD
20, a terminals of the amplifier 40 that are inde-  semiconductor bucket
brigade device may be pendent of the earlier kTC noise voltages.    used.
60    Advantageously each of the capacitors 41    WHAT WE CLAIM IS:-
125 and 42 should be made in the form of a    1. Charge transfer apparatus
including a meandering or fingerlike electrode sepa-  charge transfer
device having first and sec- rated from the semiconductor substrate by  ond
sets of sense electrodes connected the same sort of oxide layer as the
split-  respectively to first and second output termi- 65  electrodes. In
addition, these electrodes for  nals of the device and suppressing means
130    *   C  L  M   S  * 6
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charge on the  these capacitors are advantageously formed split-electrodes,
to the respective output  simultaneously with, and with the same sort 



lines 21 and 22. It is at this time when the  of electrode material as that
of, the split- switch 52 is closed (FIG. 5) in order to sam-  electrodes
and with the same electrode 5  ple these outputs. This switch 52 is opended
width, so that both of these capacitor elec- 70 before the next
positive-going [err] pulse trans-  trodes will suffer from approximately
the fers the charge packets underlying the split-  same misalignments as
well as the same electrodes 308.1 and 308.2 to the region of  overetching
and underetching (and hence semiconductor underlying electrode 309  the
same  corresponding  capacitance 10  (controlled by [err]). It should be
understood,  changes) as the split-electrodes. In this way, 75 of course,
that while switch 52 remains  better control is obtained over the overall
closed, the output lines 21 and 22 are also  filter gain (which depends
upon the capaci- sensitive to the other charge packets (if any)  tance
ratios of the capacitors 41 and 42 to the then underlying the other
split-electrodes,  split-electrode systems of the CCD). 15  these other
charge packets having been pro-    FIG. 4 illustrates a circuit diagram for
the 80 duced earlier by earlier input signals.  amplifier 60. Insulated
gate field effect trans- Typical voltages (with respect to subs-  istors
(IGFETs) 402, 405 and 406, together trate) of the various sources, are, by
way of  with load IGFETs 403, and 404, and a cur- illustration only,
approximately as follows:   rent source 401 form a differential preamp- 20
lifier stage feeding a pair of conventional 85 [err] = 0 to 8 volts
cascaded operational amplifiers 407 and [err] = 11 volts
408. Output lines 21 and 22 of the CCD feed [err] = 0 volt (ground)
signal to the gate electrodes of transistors [err] = 17 volts
405 and 406, whereas the fixed D.C. voltage 25            [err] = 17 volts
source. [err] is connected to the gate electrode 90 [err] = 8 volts
of transistor 402. In this way, the negative [err] =  5 volt passive, 13
volt active  feedback signal delivered to the node 61 is phase
proportional to [err] - 1/2([err]+[err]), as [err] = 5 volt passive, 13
volt active  desired in the amplifier 60. By virtue of this 30
phase                        negative feedback, the potential on the same
95 [err] = 5 volt passive, 17 volt active  electrodes is resorted, that is:
([err]+[err])/2 phase                        =[err]. Thereby the common
mode signal S   = 9 volt ([err] 2 volt signal)   ([err]+[err]) is
eliminated. Although the invention has been 35    As further indicated in
FIG. 5, the switch-  described in detail with respect to a specific 100 ing
elements 34 and 35 are periodically kept  embodiment, various modifications
can be closed during suitable "reset" intervals, to  made. For example,
instead of the CCD keep the split-electrodes at the desired  input
configuration of electrodes 302 and potential. The switching elements 76
and 77  303, the input arrangement for the CCD can 40  are also closed
during these "reset" intervals  take the form of the antialiasing input
circuit 105 plus for a short time interval thereafter dur-  described in
copending patent application ing the active phase of [err], in order to
elimi-  no. 37232/77 (Serial No. 1584689). It nate the reset noise (on the
order of kTC)  should be understood, of course, that the that results on
lines 21 and 22 when the  various amplifiers, capacitors, and transis- 45
switching elements 34 and 35 are suddenly  tors in the sensing circuit 300
can all be 110 opened at the end of each "reset" interval.  advantageously
integrated in the same semi- At this moment of time, the switching ele-
conductor substrate as the CCD itself. It ments 76 and 77 are still closed,
thus keeping  should be mentioned that in order to achieve the output of
the difference amplifier 40 at  linearity of output response vs. input
signal in 50  the desired potential [err]. Even after the  the CCD of FIG.
3, it is important that the 115 switching elements 76 and 77 have been
electrode 304 and its underlying oxide be opened, the respective reset
noise voltages  geometrically substantially identical to each are stored
across the capacitors 43 and 44,  of the split electrodes (with the spaces
bet- and the output of the amplifier 40 is still at  ween each pair of
electrode segments being 55  [err]. Subsequently, the output signals of the
matched to region 303.5, in order to minim- 120 CCD appear on lines 21 and
22, thereby  ize nonlinear distortions). Finally, it should applying
corresponding signals on the input  be understood that instead of the CCD
20, a terminals of the amplifier 40 that are inde-  semiconductor bucket
brigade device may be pendent of the earlier kTC noise voltages.  used. 60
Advantageously each of the capacitors 41    WHAT WE CLAIM IS:-
125 and 42 should be made in the form of a    1. Charge transfer apparatus
including a meandering or fingerlike electrode sepa-  charge transfer
device having first and sec- rated from the semiconductor substrate by  ond
sets of sense electrodes connected the same sort of oxide layer as the
split-  respectively to first and second output termi- 65  electrodes. In
addition, these electrodes for  nals of the device and suppressing means
130    7                                        1,589,320
7 arranged to suppress common mode signals    13. Apparatus as claimed in
any one of 



without substantially suppressing difference  claims 7 to 12 including
switch means for mode signals by applying to the output ter- coupling one
of the input terminals of the minals of the device a substantially
cancelling  difference amplifier means to an output ter- 5  common mode
signal.                       minal of the difference amplifier means.  70
2. Apparatus as claimed in claim  1    14. Apparatus as claimed in any
preced- wherein the suppressing means includes  ing claim including switch
means for coupling amplifier means having at least first and sec-  the
first device output terminal to the second ond input terminals of opposite
polarity one  device output terminal. 10  coupled to one of the device
output terminals    15. Charge transfer apparatus substan- 75 and the other
for receiving a reference vol-  tially as herein described with reference
to tage, and an output terminal coupled via first  Fig. 1, 2 or 3, or to
Fig. 4 with Fig. 1, 2 or 3, of and second capacitors to the first and
second  the accompanying drawings. device output terminals respectively. 15
3. Apparatus as claimed in claim  2                C.S.T. BUCKLEY
80 wherein the capacitances of the first and sec-     Chartered Patent
Agent ond capacitors are substantially equal.       Western Electric
Company Limited, 4. Apparatus as claimed in claim  3                5
Mornington Road, wherein the capacitances of the first and sec-
Woodford Green, Essex. 20  ond capacitors are equal to within substan-
Agent for the Applicants         85 tially 0.1%. 5. Apparatus as claimed in
claim 3 or 4        Printed for her majesty's Stationery Office, wherein
the capacitances of the first and sec-   by Croydon Printing Company
Limited, Croydon, Surrey. 1981. ond capacitors are of the order of
magnitude  Published by The Patent Office, 25 Southampton Building. 25  of
one-half the sum of the capacitances of the  London. WC2A IAY. from which
copies may be obtained. first and second sets of electrodes. 6. Apparatus
as claimed in any one of claims 2 to 5 wherein the amplifier means has a
third input terminal coupled to the other 30  device output terminal and of
the same polar- ity as that of said one input terminal, and said other
input terminal is coupled to an elec- trode for charge transfer in the
charge trans- fer device. 35    7. Apparatus as claimed in any preced- ing
claim including difference amplifier means having its input terminals
coupled respectively to the first and second device output terminals. 40
8. Apparatus as claimed in claim  7 wherein an output terminal of the
difference amplifier means is coupled via first electrical coupling means
to one of the device output terminals. 45  9. Apparatus as claimed in claim
8 wherein that device output terminal not coupled to the output terminal of
the difference amp- lifier means is coupled via second electrical coupling
means to a terminal for receiving a 50  reference potential. 10. Apparatus
as claimed in claim 9 wherein the first and second coupling means include
third and fourth capacitors, respec- tively. 55     11. Apparatus as
claimed in claim  10 wherein the capacitances of the third and fourth
capacitors are of the order of mag- nitude of the difference in capacitance
bet- ween the first and second sets of electrodes. 60     12. Apparatus as
claimed in any one of claims 7 to 11 wherein each of the input terminals of
the difference amplifier means is coupled to a respective one of the first
and second device output terminals via a respec- 65  tive capacitor.    


