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1
CCD INPUT CIRCUITS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions made

by reissue.

The present invention relates to charge coupled de-
vices (CCD’s).

CCD’s have found numerous uses in signal process-
ing applications. The input signal to the CCD, in many
of these applications, comprises an analog signal which
can vary in either sense relative to a reference voltage
level. This requires that the input electrode to the CCD
be DC biased at a level such that when the input signal
is at the reference level—say O volts, a given amount of
charge which may be termed a “bias charge” will be
shifted into the first potential well. Biased in this way,
any variation in the input signal in one sense from the
reference level will result in a greater amount of charge
being shifted into the first potential well and vice versa.

For an AC coupled signal with symmetrical swings
(such as a sine wave), the optimum value for the “bias
charge” is one half of the full well capacity in the CCD
signal register. At this bias point the dynamic range of
the input signal charge is maximum because the bias
charge is centered between the limits of saturation (full
well) and cutoff (empty well) in the CCD register.

In the case of more complex asymmetrical analog
signals, such as the video signals employed in television,
it is generally desirable to employ a DC restoring circuit
(i.e. a clamping circuit) at the input to the CCD rather
than a simple AC coupled input circuit in order to re-
duce the dynamic range required in the CCD to handle
the maximum peak-to-peak input signal voltage. For
example, in the case of a television composite video
signal, the average level of the signal relative to the
peak of the sync pulses varies with picture content. This
is illustrated in FIGS. 11a and 11b which show the wide
variation in average level which may occur in two
different scenes. If an AC coupled input circuit were
employed for this form of signal, nearly twice the dy-
namic range would be required to handle a given peak-
to-peak video input voltage as would be needed with a
DC restored input circuit. With the latter, the optimum
“bias charge” in the CCD register can be close to a full
well or close to an empty well, depending on the polar-
ity of the clamping circuit employed.

The signal processing circuits described above nor-
mally are integrated and it is desirable, in the interest of
economy and for other reasons, that the CCD and its
associated circuits such as clock drivers, amplifiers and
so on, be on the same chip. However, up to now, so far
as is known, adjustment of the DC bias voltage dis-
cussed above has required an off chip adjusting circuit
such as a potentiometer or the like. In high volume
commercial applications, the need for such an adjust-
ment is highly undesirable because of the cost of the
external circuit and the cost for making the initial ad-
justment, and because of possible subsequent problems
relating to drift and aging which may necessitate read-
justment of the bias voltage level at some future date.

A circuit embodying one form of the present inven-
tion includes means for automatically controlling the
DC bias level discussed above. The adjusting circuit
may be on the same chip as the CCD and its associated
circuits. The circuit includes an electrically floating
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region in the substrate to which a controllable amount
of charge is applied and from which a fixed amount of
charge is periodically removed. The average voltage
level of the floating region is sensed and employed to
control the amount of charge supplied to the floating
region, for making it equal to the amount of charge
removed from the floating region, and to control also
the direct voltage bias level applied to an input elec-
trode of the CCD signal register. Other embodiments of
the invention are discussed in detail below.

In the drawing:

FIG. 1is a section through a CCD system embodying
the invention;

FIG. 2 is a drawing of waveforms which are em-
ployed in the operation of the system of F1G. 1;

FIG. 3 is a graph of the voltage applied to the first
CCD electrode versus input charge level in the CCD
signal register of FIG. 1;

FIG. 4 is a schematic showing of a circuit for produc-
ing a reference voltage Vg such as is employed in FIG.
1

FIG. 5 is a drawing of surface potential profiles to
help explain the operation of a portion of the system of
FIG. 1;

FIG. 6 is a plan view of a portion of the system of
F1G. 1;

FIG. 7 is a section through another CCD system
embodying the invention;

FIG. 8 is a plan view of a portion of the system of
FI1G. 7;

FIG. 9 is a drawing of waveforms employed in the
operation of the system of FIGS. 7 and 8;

FIG. 10 is a drawing of surface potential profiles to
help explain the operation of the system of FIGS. 7 and
8;

FIGS. 11a and 11b are drawing of composite televi-
sion video signals for two different scenes;

FIG. 12 is a circuit diagram of another form of feed-
back circuit that may be used in a CCD system embody-
ing the invention;

FIG. 13 is a block diagram of another embodiment of
the invention;

FIGS. 14-16 are block and schematic diagrams show-
ing embodiments of the invention in which radiation,
such as light, serves as an input to the system; and

FIG. 17 is a block and schematic showing of another
embodiment of the invention.

Similar reference characters are employed to identify
similar parts in the various figures.

Referring first to FIG. 1, the CCD system illustrated
includes a CCD signal register 10, a first CCD reference
register 12 and a second CCD reference register 14.
Each of these registers is shown by way of example to
comprise a two-phase, buried-channel device employ-
ing two-level polysilicon gate electrodes. It 1s to be
understood, of course, that this is intended as an exam-
ple only as the CCD’s can be either of the surface or the
buried channel type and can have P or N substrates and
can be operated by any practical number of phases.
Further, other electrode structures such as single layer
or triple layer may be employed, and metal rather than
polysilicon electrodes or combinations of metal and
polysilicon electrodes may be employed.

The signal register 10 and the first reference register
12 include “fill and spill” input circuits of the type de-
scribed in U.S. Pat. No. 3,986,198, issued Oct. 12, 1976
to Walter F. Kosonocky. In the signal register 10 this
circuit includes a source electrode S{ which comprises
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an N 4 diffusion in a P-type silicon substrate, a first gate
electrode G; and a second gate electrode G2. Here and
in the other figures, two overlapping layers of elec-
trodes are employed and these electrodes are spaced the
same distance (such as 1,000A) from the substrate by an
insulating layer such as one formed of silicon dioxide.

The electrodes Gy and G, are followed by the multi-
ple phase electrodes 16, 18; 20, 22; and so on. Electrodes
16 and 18 comprise a set of phase 1 (¢1) electrodes, with
electrode 18 the same distance from the substrate as
electrode 16 and always at a more positive potential
than electrode 16. The means for offsetting the voltage
of electrode 18 relative to 16 is illustrated schematically
as a battery 24. As is well understood in the art, the
electrode pair 16, 18 operated in this way creates in
asymmetrical potential well in the substrate for permit-
ting unidirectional charge propagation. The electrode
pair 20, 22 is similar to the pair 16, 18 but is operated by
the phase 2 voltage ¢; rather than the phase 1 voltage.
Of course other means for creating asymmetrical wells
(such as self-aligned ion implanted barriers, as shown in
FIG. 7) may be employed in systems embodying the
invention.

The first reference register 12 is substantially identi-
cal to the first portion of the signal register 10 and the
various electrodes are identified by the same reference
numerals followed by a. As already mentioned, these
two registers as well as the second reference register 14
comprise buried channel CCD’s which include a P-type
silicon substrate 24 and a very thin N-type silicon layer
26 at the surface of the P-type substrate. A P-N junction
28 1s present between the substrate 24 and N-type layer
26. All of the structure shown in FIG. 1 may be inte-
grated on a common substrate 24.

The output circuit of the first reference register 12,
which is also part of the input circuit of the second
reference register 14, includes a floating N+ diffusion
FD. It is followed by electrode pair 32, 34 which is
driven by a phase 1 reference voltage ¢g. This elec-
trode pair is followed by a phase 2 electrode 36 and the
latter is followed by an N+ drain diffusion D. The
drain diffusion is connected to a source of positive volt-
age +Vpp.

The system also includes a feedback circuit compris-
ing a differential amplifier 38 which may be integrated
and which is connected at its inverting mput terminal 40
to the floating diffusion and at its non-inverting input
terminal 42 to a source of reference voltage Vg. An
integrating capacitor 44 is connected between the in-
verting input terminal and a point of reference voltage
such as ground. In many applications this capacitor may
be a MOS capacitor (the capacitance between the un-
derlying semiconductor and a gate electrode which
overlaps at one edge an edge of an N+ diffusion and
which is also over an induced inversion layer under the
gate electrode in a P-type substrate as one example) or
other form of integrated capacitor structure which may
be integrated into the same chip as the remaining ele-
ments of the system. The output terminal of the differ-
ential amplifier connects to the first electrode Giqof the
first reference register 12 and connects through resistor
46 to the first electrode G of the signal register 10. The
input signal Vn, which may be an analog signal, is also
applied to the first gate electrode G through capacitor
48. The resistor 46 serves to isolate the signal source 49
from the differential amplifier 38 and from the first

reference register 12.
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FIG. 3 illustrates, in a general way, the input charac-
teristic of the signal register 10. V| is the DC bias level
applied to the first gate electrode Gj. It may be ob-
served that as the voltage V| becomes more positive,
less charge becomes stored in the fill and spill potential
well (the potential well beneath electrode G3). This will
be discussed in more detail later. It is desired that Vibe
s€t to some predetermined level such as V, and remain
at substantially that level during quiescent operation. If
it is assumed that the input signal Vv is an analog signal
which is symmetrical, then it is desired that Vxbe at a
value such that the CCD operates at the center of its
linear region. This corresponds to the point 50 in FIG.
3, and 50 may correspond to a charge which will fill the
potential well beneath electrode 18 to } its capacity.

The circuit just described permits this type of opera-
tion. Indeed, it permits the operating point 50 to be
placed anywhere desired along the characteristic of
FIG. 3. In the example just described of a symmetrical
Input signal, the operating point 50 may correspond to a
bias charge which half fills the well beneath electrode
18 (or may correspond to a bias charge at some other
level depending upon what portion of the characteristic
1s linear and where the linear region is located, that is,
where it is desired that V, be). For some other form of
signal, such as an asymmetrical signal, the desired oper-
ating point may be placed closer to the saturation or to
cut-off, depending upon the sense of the asymmetry of
the input signal relative to the reference base line of the
signal and also on the particular shape of the character-
istic. For the asymmetrical composite video of FI1GS.
11a and 11b, placing the operating point close to one
end of the linear range of FIG. 3 substantially reduces
the dynamic range required to handle the peak video
signal. Where the signal of FIGS. 11a and 11b simply
AC coupled to the CCD, the dynamic range required to
handle both signals would be
|AV1] 4+ |AV3| =2AVpg4x. However, if the signal is
clamped to the most negative level—that of the Sync
pulse, the dynamic range needed is only AV pg4x.

The operation of the circuit may be better understood
by considering FIGS. 1, 2 and 5. FIG. 2 shows the
operating voltages. The two-phase voltages ¢ and &>
are symmetrical. Vyis the voltage applied to the source
electrodes S; and S; and ¢z is the reference clock
voltage which is in phase with ¢; but is of greater ampli-
tude than ¢ and which is applied to the electrode pair
32, 34. These waves are intended as examples only.
Alternatives are possible. For example, the present in-
vention is equally applicable to CCD’s which employ
so-called “‘push-clock” or “drop-clock” operating
waveforms.

At time to, ¢ is low and @3 is high. Accordingly,
there is a potential barrier 60 beneath electrode 16a of
the first reference register of FIG. 5 and a potential well
62 beneath phase 2 electrode 20a. Vgis relatively nega-
tive so that the diffusion S, acts as a source of charge
{electrons) and this charge flows over the potential
barrier 64 beneath the first electrode G e and into the
potential well 66 beneath electrode G24. This is the
“fill” portion of the “fill and spill” cycle. At time ty, the
voltage Vsapplied to the diffusion S, has changed from
a relatively negative to a relatively positive value. The
diffusion Sz now operates as a drain. The charge in
excess in potential well 66 flows over the barrier 64 and
into the diffusion S,.

The charge remaining in potential well 66 in identi-
fied as Qgz. It should be clear from this figure that the
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height of barrier 64 determines the amount of bias
charge Qg2. As the barrier height increases (V) less
positive), Qg2 increases and vice versa.

At time tp, &1 has gone high and ¢2 has gone low and
also ¢1& has gone high. Note that ¢ is more positive
than ¢1. As ¢ is high, the charge Qg formerly in well
66 has shifted to the potential well 68 beneath phase 1
electrode 18a. Assume for purpose of the present expla-
nation that at a previous time corresponding to t4 (to be
discussed shortly), charge had been shifted into the
floating diffusion FD. The amount of this charge would
have depended on the bias voltage level V1 applied to
the first electrode Gi,. At time tz, when ¢ig is high,
charge (electrons) in the floating diffusion has passed
into the potential well 70 beneath electrode 34. This
filling is part of a fill and spill process as will soon be-
come apparent.

At time t3, ¢1r has returned to its low value, reducing
the depth of potential well 70. The excess charge in this
well has spilled back into the floating diffusion FD, as
shown in substrate potential profile d of FIG. 5. Thus,
what has just been described is the net removal of a
fixed amount of charge Qrgrfrom the floating diffusion
FD. In the embodiment illustrated, the potential be-
neath electrode 32 at time t3 is equal to that beneath
electrode 36 at time t3. One might wonder if in this case
some charge prematurely spills from well 70 into the
drain D. However tests have shown that by the time the
surface potential beneath electrode 32 reaches the same
level as that beneath electrode 36 essentially all of the
charge which should “spill” already has left well 70 and
passed into floating diffusion FD with essentially none
remaining to pass over the equal height barrier beneath
electrode 36. Proper operation is further assured by
proper choice of the slope of the lagging edge (high-to-
low transition) of the ¢1r wave. It is also possible to
choose the offset voltage between electrodes 32 and 34
to be such that the height of the barrier beneath elec-
trode 32 at time t3 is lower than that beneath electrode
36.

At time t4, the charge in potential well 68 has flowed
into the floating diffusion FD as ¢3 is now relatively
positive and ¢ relatively negative. Also, the reference
charge QREF previously removed has been shifted to
the drain D.

Referring now to FIG. 1, the capacitor 44 connected
to the floating diffusion integrates the net charge which
is present at this floating diffusion. If the charge QREF
removed from FD is the same as the charge Qg2 re-
ceived by FD, the voltage V. across capacitor 44 re-
mains constant; if Qrer> Qg2 the voltage V. becomes
more positive (actually less negative); if QREF< Qaca the
voltage V. becomes more negative.

The voltage range of V. over which the circuit will
operate properly is quite wide, in one particular design
about 6 volts or so. This range is a function of the rela-
tive amplitudes of ¢1rand ¢, as will be shown. V .must
be within a range such that the floating diffusion FD
acts as a drain for reference register 12 and simulta-
neously acts as a source for the fill and spill input of
reference register 14. Referring to FIG. §, the range of
V. is between (1) the potential barrier under gate 18a
when ¢ is at its most negative level and (2) the potential
barrier under gate 32 when 1Rr is at its most positive
level.

The purpose of the negative feedback circuit coms
prising differential amplifier 38 is to shift the DC level
at V. to a DC level at V| compatible with the input
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stage used, and to provide a signal inversion from V.to
V, for the negative feedback. The performance charac-
teristics needed for this differential amplifier are not at
all critical. For example, in a typical design a voltage
gain of 5 to 10 is adequate and an input offset voltage up
to 0.5 volt would not adversely affect circuit operation.
The circuit for producing Vg produces a value of Vg
which initially is near the center of the V. range so that
some drift in Vg may be tolerated. When the negative
feedback circuit reaches steady state, the voltage V.
across the capacitor is nearly equal to Vg (minus any
input offset voltage in the differential amplifier) and V)
reaches a constant value. This constant value is such
that the next charge packet which is measured and 1s
subsequently shifted to the floating diffusion will ex-
actly equal the fixed amount of charge Qrer which has
been removed from the floating diffusion. Assume, for
example, that the fixed amount of charge QRrEF1s ex-
actly equal to § of the charge capacity of the well 68
beneath electrode 18a. Then when Vi, the feedback
voltage, achieves a stable value, the charge Qg2 which
periodically is shifted to the well 68, will fill well 68 to
exactly 4 of its capacity. This same voltage Vi is fed
back to the gate electrode G in the signal register 10.
Accordingly, in the absence of input signal V, the bias
charge periodically shifted between the phase 1 elec-
trode 18 will also equal § the capacity of well 18. It is
assumed here, of course, that the CCD signal register 10
is substantially identical to the first CCD reference
register 12 in all respects including electrode dimen-
sions, channel oxide thickness, channel width and so on.
All of this, of course, is feasible when all devices are
integrated onto the same substrate.

Assume now that the amount of charge removed
from the floating diffusion FD exceeds the amount of
charge which is shifted to the floating diffusion. In
other words, more electrons are removed from the
floating diffusion than are added thereto. This results in
the average voltage across the capacitor going more
positive. This, mn turn, causes the output voltage Vj of
the differential amplifier to go more negative. This
results in a raising of the potential barrier 64 so that
upon the completion of the next spill cycle (time t,,
FIG. 5) there will be more charge Qg2 present in well
66. This increased charge subsequently is shifted to the
floating diffusion FD. This process continues until a
point is reached at which the charge entering the float-
ing diffusion will equal the charge removed from the
floating diffusion at which time the average voltage V¢
across the capacitor will equal Vg and the voltage V;
then will stabilize at a fixed level (the level Vx of FIG.
3).

Suppose now that there is less charge removed from
the floating diffusion by the second reference register 14
than is supplied to the floating diffusion by the first
reference register 12. This makes the floating diffusion
more negative (more electrons received than are re-
moved) so that the average voltage V cacross capacitor
44 becomes more negative. This makes the output volt-
age V) of the differential amplifier more positive and
this lowers the potential barrier 64. This, in tuihy, re-
duces the amount of charge stored int well 66 durin§ the
next fill and spill period and which subsequently is
shifted by the first reference register 12 to the floatifg
diffusion. Again the negative feedback &ircuit is such @8
to stabilize the voltage V at the level Vi of F1G. 3 sileh
that the desired amount of ehatrge réaches the floatii§
diffusioit. This automatically €8fitréls the voltagé &p-



Re. 31,612

7
plied to the first gate electrode G of the signal register
10.

In the previous discussion it is stated that Vg can be
within a certain range. Any variation of Vz within this
range does not result in the shifting of the position V,
(FIG. 3). So long as Vg remains within its range, at
equilibrium V¢ will be close to Vg and V1 will be at the
constant value for which the circuit has been designed
and at which Qg =QgrEzr.

The feedback voltage Vin the present system always
adjusts the bias component of charge Qg to be exactly
equal to Qrzr. Therefore, to achieve a desired bias level
V1, the system is designed to make the size of the well
70 (at time t3) some desired fraction of the maximum
capacity of the wells beneath multiple phase electrodes
in the signal register such as electrode 18. It is assumed
here that the well beneath electrode Gy, is equal in size
to the well beneath the electrode G, of the CCD signal
register 10. The approach illustrated in FIG. 6 for mak-
ing the well 70 a fraction of the size of the well beneath
electrode 18, is to reduce the CCD channel width while
maintaining the electrode 34 length L the same as that
of the corresponding previous electrodes (see also FIG.
S). In the interest of obtaining high speed charge propa-
gation, the length L of all electrodes generally i1s made
as small as the photolithographic techniques used in the
manufacture of the CCD will permit. Therefore, it gen-
erally is not possible to decrease the size of a potential
well by decreasing L. However, the channel width
readily can be decreased. In the example given, where it

1s desired that the potential well 70 at time t3 be one half

the maximum possible size of a potential well beneath
electrode 18, the channel width in the second CCD
reference register 14 is made one half that in the first
CCD reference register 12 as shown in FIG. 6.

There are alternative structures available for control-
ling the size of the potential wells in the second CCD
reference register 14. One is to shift the charge from the
diffusion FD into two diverging CCD channels. These
two channels can have geometries (widths) such that
the charge splits in any desired proportion, such as 50%
into each channel (for the case of equal channel widths
and equal electrode lengths) or in any other desired
ratio. The charge in one of these channels may then be
returned (shifted back) to the floating diffusion FD and
the charge in the other channel removed by shifting it to
a drain. In this case the charge which is removed to the
drain is QgrEgr.

It would also be possible to change the size of the
potential well beneath electrode 34 by controlling the
offset voltage between electrodes 32 and 34 at time t3.
In other words, the offset voltage between electrodes
32 and 34 would have to be made different than that
between the ¢ electrode pairs. However, this is gener-
ally less convenient than controlling the well capacity
by changing the electrode area.

There are a number of circuits available for produc-
Ing the reference voltage Vg. One convenient on-chip
circuit for performing this function is illustrated in FIG.
4. It comprises a buried channel depletion mode transis-
tor which includes a source electrode 80, a drain elec-
trode 82 and a gate electrode 84. The source and drain
electrodes comprise N+ diffusions in the substrate and
the conduction channel of the transistor includes the
buried channel 26’ which is comparable to the buried
channel of the CCD. This buried channel is N-type
silicon over the P-type silicon substrate 24. A source of
operating voltage V pp connects to the drain electrode.
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A voltage divider R3, R3is connected between the drain
electrode 82 and a point at a reference potential (such as
the most negative part of ¢1), shown as ground, and the
gate electrode 84 connects to the tap 86 of the voltage
divider. A current source 88 such as a resistor or a field
effect transistor connected to operate as a load, con-
nects between the source electrode 80 and ground.

In operation, the voltage divider comprising R and
R3 is designed so that node 86, which is connected to
the gate electrode of the buried channel transistor, is
biased to about +3V. The transistor is operated in its
saturation region and is biased about 0.5V into conduc-
tion beyond its threshold voltage Vr by the relatively
low current source 88. This sets the source diffusion 80
to a voltage Vg which is +3V —0.5=2.5V more posi-
tive than the buried channel potential minimum under
the storage gate electrode 18a when ¢ is at ground
potential (its lowest value) as shown in FIGS. 2 and 5 at
time to. This places Vg near the middle of its allowable
operating range.

While in the circuit of FIG. 1 the negative feedback
circuit is shown to include a differential amplifier, other
forms of feedback circuits may be used instead. As one
example, the feedback circuit may comprise a voltage
level shifter for translating the average voltage of the
floating diffusion FD to a second voltage level which is
compatible with the level required by the electrode Gy,
which is substantially different from the voltage at FD,
and without requiring the voltage gain of a differential
amplifier. A circuit of this kind is illustrated in FIG. 12
and discussed later.

Copending U.S. application Ser. No. 75 8,184 for
“Linear CCD Input Circuit” filed Jan. 10, 1977 by J. E.
Carnes, P. A. Levine and D. J. Sauer (the present inven-
tor) and assigned to the same assignee as the present
application, discusses the transfer function of the input
circuit to a buried channel CCD. This input circuit is
shown to have a characteristic which is relatively non-
linear at low input signal levels and which is linear at
higher input signal levels. In certain applications, for
example in CCD delay lines employed to delay analog
signals such as the video signals of television, this type
of input characteristic is highly disadvantageous as
signals at relatively low levels become distorted. It is
desirable in such applications that the input transfer
function be as linear as possible.

The CCD signal register 10a shown at the top of
FIG. 7 and shown in plan view in FIG. 8, operates on
the same principle as the CCD register described in the
above-identified application. However, in the FIG. 7
system, the CCD structure is somewhat different than
that of the copending application. The FIG. 7 system
utilizes self-aligned barrier implants such as 85 and 87
under the second layer gate electrodes in order to ob-
tain an asymmetrical potential well in the substrate for
permitting unidirectional charge propagation with two
phase clocking. Typical processing parameters for a
buried N-channel CCD with this structure are: (1) Sub-
strate: P-type 30-50 Q-cm resistivity; (2) N-type buried
layers implant: Phosphorous, Dose=1.3x 10!2/cm2,
Energy =150 keV, junction depth X;=0.75 micron; (3)
P-type barrier implant: Boron, Dose=4x 1011/cm?,
Energy 100 keV. As in the register of the copending
application, the CCD 10a includes electrodes Gi, G
and Gj3 before the first multiple phase electrode. These
electrodes are operated in such a way that a fixed
charge level Qr (FIG. 10) always remains stored in the
potential well beneath electrode G,. This fixed charge
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level acts as a bias on the input transfer characteristic of
the CCD to make the circuit operate only in the linear
region of its characteristic. Superimposed over this
fixed charge level QF is an additional charge which
comprises a bias plus signal charge Qg+5). This addi-

tional charge subsequently is “skimmed” from the po- .

tential well beneath electrode G2 and transmitted down
the CCD register. The CCD channel subsequently 1is
tapered down in width by an amount such that the
maximum bias plus signal charge Qg sy will fill the first
potential well in the narrower channel region.

The operation above is depicted in the substrate po-
tential profiles of FIG. 10 when considered in connec-
tion with the operating waveforms of FI1G. 9. At time
tp, the voltage Vs applied to diffusion S;, causes this
diffusion to operate as a source of charge carriers (elec-
trons) and these flow into the potential well 90 beneath
electrode G3. At time tc, the voltage Vs is at a more
positive level sufficiently so to cause the diffusion Sj to
operate as a drain and excess charge spills from the
potential well 90 back into the diffusion S;. There re-
mains in potential well 90 a fixed charge level QrFand a
bias plus signal charge Qs45). This bias plus signal
charge includes a direct voltage component whose
value is dependent on the voltage V) applied to gate
electrode Gi. That is, this bias component is dependent
on the level of potential barrier 92 in the absence of
input signal. In the case of a symmetrical input signal
V1n, the voltage V1 will establish a potential barrier 92
such that the bias component of the charge Qa5 will
be at the center of the linear region of the input charac-
teristic. This may correspond, for example, to 4 the
capacity of the potential well beneath electrode 94 in
the main portion of the CCD channel, that is, the nar-
rowed down portion of the CCD channel as shown in
FIG. 8. For an asymmetrical input signal, the voltage
V1 can be made to cause an operating point close to
either end of the linear region of the input characteristic
of the CCD depending upon the direction of asymmetry
of the input signal.

At time tp, when the voltage V3 applied to the gate
electrode Gi is at its most positive value and when ¢ 1s
also at its most positive value, the charge Qg4 s) has
transferred from well 90 to the potential well 96 now
present beneath the first phase 1 electrode 98. In other
words, this charge Qs+ ) has been skimmed from the
potential well 90, leaving behind the fixed charge level
Qr. The charge Qm+s) subsequently is propagated
down the CCD in conventional fashion.

The technigue already described may be employed to
control the Vi level to make the bias component Qp of
the charge Qp+5) at any level desired. The complete
system is shown in FIG. 7. It includes a first CCD refer-
ence register 12a which is comparable to register 12 of
FIG. 1 but which now is substantially identical to the
input portion of the CCD signal register 10a. In other
words, its electrodes which are identified by the same
characters as the electrodes of register 10a but foliowed
by an a, are substantially identical in construction and
dimensions to the electrodes of register 10a. In other
respects, the registers 12a and 14a function in the same
way as the corresponding registers 12 and 14 of FIG. 1.
The capacitor 44a integrates the charge level on the
floating diffusion FD and the differential amplifier 38a
operates in the same way as the differential amplifier 38
of FIG. 1. The circuit automatically regulates the volt-
age V) to a fixed value by controlling the amount of
charge Qg which is shifted to the floating diffusion FD
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to be precisely equal to the fixed amount of charge
Qrer which is removed from the floating diffusion by
the second CCD reference register 14a. Under these
conditions, V¢ becomes substantially equal to Vg and
the circuit stabilizes.

As in the case of FIG. 1, feedback circuits other than
specific ones illustrated may be employed for perform-
ing the regulating function, that is, for adjusting V| to a
level such that the charge shifted to the floating diffu-
sion FD is equal to the charge removed from the float-
ing diffusion. Under this set of conditions, of course, the
voltage V1 applied through resistor 46 to the first gate
electrode Gj is at the desired, automatically regulated
value.

In the two embodiments of the invention discussed
herein, fill and spill input circuits are employed. It is to
be understood that these are intended as examples only.
The inventive teachings are applicable also to other
conventional CCD inputs. For example, they are appli-
cable to CCD’s using the so-called current input
method in which there is an input source diffusion
which is maintained at a fixed potential, a first gate
electrode which receives a gating pulse during each
cycle of operation and a second gate electrode which
receives both a DC bias voltage and an AC signal which
is capacitively coupled to this second gate electrode.
The DC bias applied to the second electrode may be
controlled by a technique similar to that discussed
herein; however, the feedback circuit should not in-
clude a signal inversion as previously shown. For exam-
ple, the inverting and noninverting inputs of the differ-
ential amplifier may be interchanged to provide proper
negative feedback required in this case.

The invention also is applicable to a CCD input cir-
cuit using the so-called voltage input method in which
the source electrode receives the input signal, the first
gate electrode receives a gating pulse during each clock
cycle and the second gate electrode receives a DC
voltage and acts as the input storage well. Here the
feedback voltage is applied to the source diffusion
through a signal isolating resistor and the AC signal is
capacitively coupled to the source. In this case, the
feedback circuit may be the same as that illustrated for
the first two embodiments of the invention except that
V1 controls the DC bias voltage on the source diffusion.

In the various embodiments of the invention which
have been discussed, charge is shifted to the floating
diffusion FD during spaced first time intervals and is
removed from the floating diffusion during spaced sec-
ond time intervals interleaved with the first time inter-
vals. However, as the integrating capacitor holds the
floating diffusion voltage nearly constant during any
one operating cycle, it is possible to operate the circuit
in a different way. Thus, it is possible to remove the
QRrer charge from the floating diffusion concurrently
with the delivery of the Qg2 charge to the floating
diffusion. For operation in this way, a voltage ¢2r
would be applied to the electrode pair 32, 34 (FIG. 1) or
32a, 34a (FIG. 7) where ¢2r bears a similar relationship
to ¢2 that ¢1r bears to ¢1. In this case, of course ¢
would replace ¢, as the drive voltage for electrode 36
or 36a.

It has been mentioned previously that one may em-
ploy for the feedback circuit of a CCD system embody-
ing the invention a level shifter rather than a differential
amplifier. A suitable level shifter circuit is illustrated in
FIG. 12. It is shown interconnected in a system such as
that of FIG. 7 with the voltages chosen to be suitable
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for a composite video signal such as shown in FIGS.
11a and 11b. This level shifting feedback circuit in-
cludes also a circuit for clamping the video signal to the
level of the most negative-going sync pulses.

The circuit of FIG. 12 includes a current mirror am-
plifier formed of enchancement mode MOS transistors
102 and 104 and having enhancement mode MOS tran-
sistors 101 and 103 as loads for the current mirror ampli-
fier. Transistors 105 and 106 following the current mir-
ror comprise an inverting amplifier stage. Transistors
107 and 109 following the inverting amplifier, comprise
clamps. Transistor 108, 110 and 112 together comprise a
second current mirror amplifier with diode-connected
input transistor 112 receiving the input current to the
mirror, with terminal 114 forming the common terminal
of the mirror and with nodes 116 and 118 comprising
output terminals of the mirror. The current mirror tran-
sistors 108 and 110 serve as current sources for the
clamping transistors 107 and 109, respectively. Transis-
tor 111 serves as a current source for the input transistor
112 of the current mirror. A depletion mode device is
employed for transistor 111 as it provides a more con-
stant current source than would an enhancement de-
vice.

In operation, the gate electrode of transistor 103 con-
nects to the floating diffusion FD and to the integrating
capacttor 44a. It receives a voltage which is dependent
upon the average charge stored in the integrating ca-
pacitor 44a. The transfer function from node 120 at
which the voltage V. appears, to the node 124 is invert-
Ing, with a typical gain of about 3. If the voltage V., at
node 120 is equal to the voltage Vpp, which in this
example ts chosen to be + 16 volts, then both nodes 119
and 122 will be at the same voltage level which is ap-
proximately -+ 3.7 volts. This voltage level is a function
of \/Klm/sz, where K i01=channel width/channel
length of transistor 101, and K¢ is the same parameter
for transistor 102.

In operation, the current iy flowing in the drain of

transistor 104 mirrors the current iz flowing in the drain
of transistor 102. Transistor 103 acts as a source fol-
lower and transistor 104 serves as a current source. The
voltage at node 122 follows changes in V. with a typical
gain of 0.8. The signal at node 122 is further amplified
by the MOS transistor 106 which has a “ratioed” load
transistor 105. The gain of this inverting amplifier is
typically 3.8. Thus the overall voltage gain from node
120 to node 124 is about 3. In the example illustrated in
FIG. 12 where V.=15.6 volts, which is within the
operating range for V, the voltage at node 116 will be
+ 3.0 volts. The operating range for V.typically may be
between 11 and 20 volts or so and is consistent with a
fan and skim type of input in which electrode G3 of
FIG. 7 is pulsed from ground to +3 volts.

The geometries of the transistors forming current
mirror 108, 110, 112 are such that transistors 108 and
110 act as low current sources for clamping transistors
107 and 109, respectively. In the example illustrated,
transistor 111 supplies a current of 0.1 ma (milliamperes)
to the input transistor 112 of the current mirror and the
current 1g and ijg drawn by current sources 106 and 108,
respectively, are 0.01 ma. (Typical geometries for the
transistors of FIG. 12 are given later.) The actual value
of the currents ig and 119 is not critical. The value of the
current affects the input resistance seen by the input
signal Vn. This input resistance should be greater than
100 kilohms so that the value of the input coupling
capacitance Cyybetween the signal source and the gate
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G of the signal register 10,, does not have to be too
large while still being able to pass the lowest frequency
video information of interest.

The clamping voltage developed at node 116 at the

output of clamping transistor 107, is supplied to the gate
electrode Gjq of the reference register 12a. It places a
bias voltage + 3 volts on the gate electrode Gy, of the
reference register 12a which is equal to the 3 volts bias
supplied by clamping transistor 109 to the gate elec-
trode Gj of the signal register 10a in the absence of
input signal, that is, when V;n=0. The clamping level is
referenced to the voltage at node 124. In the example
illustrated, this level is +4.7 volts and it may be as-
sumed that the threshoid voltage V7 of enchancement
type transistor 105 is 1.7 volts. As the gate electrode of
transistor 107 is clamped to 4.7 volts, its source elec-
trode (at node 114) is clamped to 4.7 volts— V=3
volts. -
The clamping transistor 109 clamps the gate elec-
trode G at the same level +3 volts as transistor 107
clamps gate electrode Gy, This value corresponds to
the voltage level at the most negative-going portion of
the sync pulses of FIG. 11. With the gate G| biased in
this way, the size of electrode 34a of FIG. 7 should be
such that the charge Qgrgr removed from the floating
diffusion is close to a full well of charge. In other
words, the bias portion Qp of the charge in potential
well 90 of FIG. 10 should occupy almost the remainder
of the full well above the fixed charge level Qg or in
terms of FIG. 3, the operating point 50 is close to the
saturation region of the characteristic. The reason is
that the signal content comprises positive swings rela-
tive to the clamping level and as previously pointed out,
a positive signal swing lowers the amount of charge in
the well 90. In brief, as the gate electrode Gy becomes
more positive, the barrier 92 (FIG. 10) becomes lower
and the amount of charge which remains in well 90
upon the completion of the spill process, becomes
lower.

There is a capacitor C4 between the common gate
connection 113 of the mirror 108, 110, 112 and circuit
ground. Its purpose is to act as a high frequency bypass
for preventing high frequency video feedthrough to the
gate electrode G, of the reference register 12a. In the
absence of this capacitor, signal could be coupled from
the input signal source Vy via output terminal 118 of
the current mirror amplifier to common gate electrode
connection 113 to output terminal 116 of the current
mirror amplifier and thence to the gate electrode Gy,.

The table below gives some typical examples of tran-
sistor dimensions and current levels in the circuit of
FIG. 12. It is to be understood that these are intended as
examples only as other designs are possible.

Channel Channel

Transistor Width (Mils) Length (Mils) Current (mA)
101 04 2
102 | 0.3 I = 0.24
103 0.4 2
104 1 0.3 4 = 0.24
105 0.4 2
106 ] 0.3 i = 0.2
107 2 0.3
108 0.4 2 ig = 0.01
109 2 0.3
110 0.4 2 t10 = 0.0l
111 0.4 2
112 | 1 0.3 I = 0.1

%
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In the various embodiments of the invention dis-
cussed so far, reference register 14 operates synchro-
nously with reference register 12. In other words, all of
the operating voltages Vs, ¢1, ¢2 and $r are at the
same frequency. In addition, the controllable amount of
charge produced by register 12 is shifted to the floating
diffusion FD during first spaced time intervals and the
fixed amounts of charge are removed from the floating
diffusion by the reference register 14 during spaced
second time intervals which are interleaved with the
first spaced time intervals. FIG. 13 illustrates an em-
bodiment of the invention suitable for use as a frequency
discriminator in which reference register 12 (or 12a)
operates nonsynchronously with reference register 14
(or 14a).

In the operation of the circuit of FIG. 13, reference
register 12 operates at a fixed frequency, that is, the
various operating voltages Vs, ¢1 and ¢ are the same
and remain fixed. An incoming signal at a frequency v
applied to wave forming circuits 100 causes these Cir-
cuits to produce the drive voltages ¢ 18’ and ¢y’ for
reference register 14 (or 142). The voltage ¢1r’ is ap-
plied to the same electrodes, such as 32 and 34, as the
voltage &g is applied in FIG. 1. The voltage G2’ 18
applied to the electrode, such as 36, to which the volt-
age ¢ is applied in FIG. 1. ¢18’ and ¢2’ have the same
relationship to one another as do the voltages ¢1r and
¢2 in FIG. 2 or the voltages ¢1r and ¢ in FIG. 9, de-
pending upon whether registers 12 and 14 or 12a and

14a are being employed. However, the frequency of 30

these waves is dependent on the frequency fyn of the
input signal. This signal may, for example, be a train of
pulses at a pulse repetition frequency fin.

The principle of operation of the circuit of FIG. 13 1s
similar to that which has already been given. The refer-
ence register 12 (or 12a) supplies controllable amounts
of charge to the floating diffusion during spaced first
time intervals. The reference register 14 (or 14a) re-
moves a fixed amount of charge from the floating diffu-
sion during spaced second time intervals. These second
time intervals generally are not interleaved with the
first time intervals. The amount of charge removed
from the floating diffusion during a given interval of
time AT will depend upon the frequency fyyof the input
signal, that is, the higher the frequency, the more
charge removed.

The feedback circuit 101 may be any one of those
previously illustrated and includes an integrating capac-
itor 44 (or 44a) which is illustrated within block 100.
The feedback circuit controls the voltage fed back to
electrode G4 of the reference register 12 (or 12a) to be
at a level such that the controliable amount of charge
supplied to the floating diffusion during a given interval
AT becomies equal to the fixed amouiit of chafge Fe-
moved from the floating diffusiont during this saitie
interval AT (assuming AT to géncompass 4 reasonablé
number of periods of fzy). At the Same tithe the feed-
back circuit supplies a bias voltage over léad 102 to the
signal register 10. Thus, the signal register produces an
amount of bias charge during each clock period which
is proportional to the frequency finyof the input signal to
the wave forming circuits 100. In the present circuit the
signal register 10 does not receive input signal (such as
Vnvof FIG. 1) but receives only the bias signal supplied
over lead 102. The output voltage Vour is therefore a
measure of the input signal frequency fzy and may be
detected and/or employed for frequency control pur-
poses.
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FIG. 14 illustrates yet another embodiment of the
invention. Here, the first reference register 12 has de-
generated to simply the floating diffusion FD. The sec-
ond reference generator 14 is the same as that employed
previously. For the sake of generality, this embodiment
has been illustrated as a surface channel device.

The feedback circuit including capacitor 44 and dif-
ferential amplifier 38 supplies its output to light-emit-
ting diode 106. The latter projects its light either di-
rectly or by means of an optical system illustrated sche-
matically at 108 onto the floating diffusion FD. The
sense of the connection is such that the charge carriers
generated when the photons strike the floating diffusion
become equal in number to the number removed from
the floating diffusion by the second reference register 14
so that an equilibrium condition is established in the
same manner as in the previous embodiments. With the
circuit arranged similarly to FIG. 13, that is, with an
input signal fzy which for purposes of the present dis-
cussion can be assumed to be a frequency modulated
signal, the light produced by the light-emitting diode
106 will be amplitude modulated. A second light-emit-
ting diode 110 may be employed for producing an am-
plitude modulated light output corresponding to the
frequency modulated electrical input to the wave form-
ing circuits 100.

FIG. 15 illustrates a modification of the circuit of
FIG. 14. Here, the light-emitting diode illuminates the
substrate region beneath ¢, electrode 18a of the first
reference register 12, only a portion of which is illus-
trated. The carriers thereby generated in the substrate
add to the carriers introduced by the source electrode
S (not shown) and shifted to the potential well beneath
electrode 18a by the ¢ voltage. The remainder of the
circuit while not illustrated in FIG. 15, is similar to the
circuit of FIG. 14 and includes the second reference
generator 14, the wave forming circuits 100 and so on.
The operation is similar to that of the circuit of FIG. 14
in that the first reference register supplies to the floating
diffusion a number of charge carriers equal to that re-
moved by the second reference register as already dis-
cussed.

Another form of system is shown in F1G. 16, this one
for producing a frequency modulated output in re-
sponse to an amplitude modulated light input. The am-
plitude modulated light input is applied through optical
system 108 to the floating diffusion. The first reference
register 12 is absent. The second reference register 14 is
present and shown schematically. The differential am-
plifier 38 supplies its signal to a voltage controlled oscil-
lator 160 which produces & signal at an output fre-
quency deterimined by the voltageé produced by the
differential amplifief: This sighal €ontrols the wave
forming eircuits 100 which prodice the ¢’1r and '
driviiig voltages for the secofid Feéference register 14.
These voltages are at frequencies Sieh that the séeond
reference Fegister 14 removes from the Hoating diffu-
sion FD a#i amount of ehatge egual to that mp.flied to
the floating diffusion in response t8 the amplitude mod-
ulated light input. It can Be sééi that the output fre-
quency of the voltage contiadlied dscillator, whieh is the
output of the system, is fréqiiency-itodulated ifi €orre-
spondence with the amplitudé-middulation of the input
light to the system. The Systefti of FIG. 16, iit other
words, is an amplitude-modulated signal-to-fregiiercy-
modulated signal convétter, the input signal being ifi the
forit of light or other radidtion t8 Which the floating
diffusion is sensitive.
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In the various embodiments of the invention which
have been discussed which employ a first reference
register 12, this register is stated to be essentially identi-
cal in physical and electrical characteristics to the input
end of the signal register 10. In terms of channel widths,
the width W3 of the channel of register 12 is equal to
the width W ¢ of signal register 10. The width of refer-
ence register 14 is made to be of a value such that the
proper reference charge Qrgris generated. The size of
this reference charge determines the level at which the
signal register is DC biased. In one of the examples
discussed, the width of the channel in register 14 is
made half that of the channel of register 12. Operated in
this way, the signal register is biased close to the center
of its linear operating region. In mathematical terms:

Wia=§W3={Wyo (1)

The above is not essential to the invention. Other
channel width proportions can be employed to achieve
the same effect. For example, the same effect as just
discussed can be obtained if the channel width of signal
register 10 is made equal to that of reference register 14,
provided that the width of channel 12 is made double
that of channels 10 and 14. In mathematical terms:

Wis=Wip=W)y/2 (2)
In other words, with this relationship among channel
widths, the signal register 10 will again be biased at
about the center of its linear operating region as shown
in FIG. 3, operating point 50.

In general terms, the bias charge Qg supplied to the
signal register 10, may be defined as follows:

Qe=QREFX(Win/W12) (3)
In terms of a full well Qf, that is, the charge which
would be present at saturation (FIG. 3) of the signal
register 10

QrEF=(W14/W10) X QF (4)

Substituting equation 4 into equation 3 gives the general
expression for the relative widths of the channels of

registers 14 and 12 in terms of the full well charge as 43

follows:

Qa=(W14/W[2) X QF (3)

Equation (5) may be used by the designer to calculate
relative channel widths for any desired bias charge
level. For example, to obtain a bias charge Qg which is
$ of a full well charge, the ratio of W¢/W, 2 should be
} and is independent of W . (However, it is often desir-
able to make Wo of the same dimensions as W12 for
other reasons.)

In a number of embodiments of the invention de-
scribed so far, the floating diffusion FD receives charge
during discrete spaced time intervals. In the embodi-
ment of FIG. 17 the floating diffusion receives charge
continuously. In other respects, the operation is similar
to that of the frequency discriminator shown in FIG.
13. The difference between the circuit of FIG. 13 and
that of FIG. 17 is that in the latter, a voltage controlled
current source 110 is substituted for the first reference
register. This current source comprises a transistor hav-
Ing a source electrode S corresponding to the source of
the CCD, a gate electrode G and a drain electrode

16
comprising the floating diffusion FD. The feedback
circuit 101 controls the voltage applied to the gate elec-
trode G and in this way controls the current continu-
ously supplied to the floating diffusion. The second
5 reference register, which is illustrated here as a surface
channel CCD 14, removes charge during spaced inter-
vals recurring at a period corresponding to the fre-
quency frv of the signal applied to the wave forming
circuits 100. Here as in FIG. 13, the integrating capaci-
tor such as 44 in the feedback circuit is specifically
illustrated as it is desired that such a capacitance be
present to integrate the charge at the floating diffusion.
- The circuit 104 comprises the output transistor S,
D3, G, of a current mirror amplfier. The input transis-
tor 1s current source 110 and the gate electrode-to-drain
electrode connection of this input transistor comprises
feedback circuit 101. The output current of the current
mirror, available at lead 107, mirrors the current sup-
plied to the floating diffusion FD. This current is trans-
lated to a voltage Vouyr across resistor R;, where
Vourfin.
While the circuit of FIG. 17 is shown embodied in the
surface channel CCD, it can instead be formed of a
buried channel CCD similar to those illustrated in other
of the figures.
What is claimed is:
1. In a charge-coupled circuit which includes a semi-
conductor substrate of given conductivity type, a plu-
rality of electrode means insulated from the substrate
responsive to applied voltages for the storage and prop-
agation of charge in said substrate, and an electrically
floating region in the substrate of different conductivity
type than the substrate, in combination:
means for supplying a controllable amount of charge
to said region in accordance with a continuous Junc-
tion of the level of a direct voltage applied thereto;

means including a number of said electrode means for
removing from said region, during each of a plural-
ity of spaced time intervals, a fixed guantity of
charge, that is, an amount of charge which is of
substantially the same magnitude from one time
interval to the next; and

feedback circuit means for adjusting the controllable

amount of charge supplied to said region to be
equal to the charge removed from that region so as
to tend to maintain said floating region at a rela-
tively constant average voltage level, said feedback
circuit means including means responsive solely to
said average voltage level at said floating region
for applying [a] said direct voltage bias at a level
proportional to said average voltage level to said
means for supplying a controllable amount of
charge.

2. In a charge-coupled circuit as set forth in claim 1,
35 said means for supplying a controllable amount of
charge comprising:

a source of charge carriers in said substrate: and

at least one of said electrode means adjacent to said

source and responsive to said feedback circuit
means for controlling the amount of charge sup-
plied by said source.

3. In a charge-coupled circuit as set forth in claim 1,
said means for supplying a controllable amount of
charge to said floating region comprising means for
causing a flow of said charge in a continuous stream.

4. In a charge-coupled circuit as set forth in claim 1,
said means for supplying a controllable amount of
charge to said floating region comprising means for
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doing so during each of a plurality of spaced, discrete
first time intervals.

§. In a charge-coupled circuit as set forth in claim 4,
said means for supplying a controllable amount of
charge to said region comprising:

a source of charge carriers in said substrate; and

one of said electrode means, hereafter termed a gate
electrode, adjacent to said source responsive to said
feedback circuit means for controlling the amount
of charge introduced by said source, and a further
one of said electrode means for propagating said
introduced charge to said floating region.

6. In a charge-coupled circuit as set forth in claim §,
further including:

a charge-coupled device signal register having a
source electrode for introducing charge, and one of
said electrode means, hereafter termed a second
gate electrode, for controlling the amount of said
charge introduced by said source electrode In ac-
cordance with the level of a voltage bias applied to said
second gate electrode;

an input signal terminal for receiving a signal poten-
tial coupled to said second gate electrode [of said
signal register]; and

means receptive of an output of said feedback circuit
means for applying [a]} said direct voltage bias
exclusive of said signal potential to said second gate
electrode [of said signal register] at a level propor-
tional to said average voltage level.

7. In a charge-coupled circuit as set forth in claim 6,
said means for applying a direct voltage bias to said
second gate electrode [of said signal register] compris-
ing means for doing so at a level to cause a bias charge
to be introduced by the source electrode of said signal
register which is equal to the amount of charge intro-
duced by the first mentioned source of charge carriers.

8. In a charge-coupled circuit as set forth in claim 5,
said feedback circuit means comprising a differential
amplifier having two input terminals, one of which is
coupled to said floating region, integrating means cou-
pled to said floating region for integrating the voltage
applied to said one input terminal, means for applying a
voltage at a reference level to the other of said input
terminals, and said differential amplifier having an out-
put terminal connected to said gate electrode for sup-
plying a direct voltage bias thereto.

9. In a charge-coupled circuit as set forth in claim 4,
said feedback circuit means comprising a level shifter,
that is, a circuit for translating the average voltage level
at said floating region to a direct voltage bias at a differ-
ent voltage level.

10. In a charge-coupled circuit as set forth in claim 4,
said means for removing a fixed quantity of charge from
said region comprising means for removing said charge
during second time intervals interleaved with the
spaced first time intervals.

11. In a charge-coupled circuit as set forth in claim 1,
said means for supplying a controllable amount of

charge to said floating region comprising a source of

light.

12. In a charge-coupled circuit as set forth in claim 1,
further including current mirror amplifier means having
an input terminal, an output terminal and a common
terminal, said feedback circuit supplying an input signal
to said input terminal.

13. In a charge-coupled device (CCD) circuit which
includes a semiconductor substrate of given conductiv-
ity type in which charges may be stored and propagated
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in response to voltages applied to electrodes which are
insulated from the substrate, and which includes an
electrically floating region in the substrate of different
conductivity type [than] from the substrate, in combi-
nation:

a first CCD register integrated into said substrate,
including a plurality of said electrodes, for shifting
charge into said floating region during each of a
plurality of first time intervals;

a second CCD register integrated into said substrate,
including a plurality of said electrodes, for remov-
ing a fixed quantity of charge, that is, a quantity
whose value is substantially [contant] constant-
constant, from said floating region during each of a
plurality of spaced second time intervals, each
second time interval occurring during a period of
time that charge is present in said region and prior
to the shifting into said region during the following
first time interval of another controllable amount
of charge; and

a negative feedback circuit including means for inte-
grating the voltage present at said floating region,
and means responsive to solely the level of said inte-
grated voltage for supplying a direct voltage bias
level to said first CCD register for controlling, in
accordance with a continuous function of the inte-
grated voltage level, the amount of charge smfted by
said first CCD register into said floating region
during each first interval to be equal to said fixed
quantity of charge removed from said floating
region by said second CCD register during each
second interval.

14. In a charge-coupled device circuit as set forth in

claim 13, further including:

a third CCD register having a signal input circuit
which includes one of said electrodes, hereafter
termed an input electrode responsive to an input
signal for introducing a signal charge into said third
CCD register; and

means responsive to said feedback circuit for apply-
ing a direct voltage bias to said input electrode for
introducing [a] an amount of bias charge, in accor-
dance with a continuous function of the integrated
voltage level, into said third CCD register concur-
rently with the introduction of said signal charge.

15. A charge-coupled circuit as set forth in claim 14
wherein said first CCD register including an input cir-
cuit which is substantially identical to that of said third
CCD register.

16. A charge-coupled circuit as set forth 1n claim 15,
wherein said first and third CCD registers include input
circuits of the fill and spill type, each such circuit com-
prising:

means including at least one of said electrodes, here-
after termed a storage electrode, providing a stor-
age potential well in said substrate, a second region
in the substrate of different conductivity type than
the substrate, and an input one of said electrodes
located between said second region and said stor-
age electrode for controlling the flow of charge
between said second region and said storage poten-
tial well, means for operating said second region as
a source of charge carriers to fill said storage po-
tential well with charge, and means for operating
said second region as a drain for charge carriers to
remove some of the charge carriers from said stor-
age potential well to leave in said storage potential
well an amount of charge dependent on the differ-
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ence in potential between said input and said stor-
age electrodes.

17. A charge-coupled circuit as set forth in claim 16,

wherein each input circuit comprises:

a diffusion in the substrate of opposite conductivity
than the substrate, and first and second of said
electrodes insulated from the substrate, the first
electrode adjacent to the diffusion and between it
and the second electrode, said input signal being
applied to the first electrode of said third CCD
register; and wherein:

said means responsive to said feedback circuit com-
prising means for applying said direct voltage bias
to said first electrode of said third CCD register,

10

and said means for controlling the amount of 15

charge shifted by said first CCD register into said
floating region comprising means for applying said
direct voltage bias to said first electrode of said first
CCD register.

18. A charge-coupled circuit as set forth in claim 17,
wherein the input circuits of said first and third CCD
registers each further includes, a third one of said elec-
trodes adjacent to said second electrode, means for
shifting charge from the substrate region beneath said
second electrode via the substrate region beneath said
third electrode, and means for controlling the potential
of said third electrode during the shifting of said charge
from the substrate region beneath said second electrode
so that there remains behind in the substrate region

20

25

beneath said second electrode, a fixed amount of 30

charge.

19. In a charge-coupled device (CCD) which in-
cludes a substrate, a source of charge carriers in said
substrate, a storage electrode insulated from the sub-
strate close to said source of charge carriers, electrodes
insulated from the substrate responsive to applied volt-
ages for storing and propagating charges in said sub-
strate, means including one of said electrodes respon-
sive to an input signal whose value may vary for trans-
ferring from said source of charge carriers to the sub-
strate region beneath said storage electrode an amount
of charge dependent upon the amplitude of said input
signal, and means including one of said electrodes re-
sponsive to a direct voltage at a reference level for
transferring from said source of charge carriers to said
substrate region a bias charge, the improvement com-
prising: |

negative feedback means, including means for trans-

lating said direct voltage level into a reference
charge of a magnitude [proportional to] that is a
linear function solely of said direct voltage level, and
means for sensing a change in the value of said
reference charge which tends to occur when the
amplitude of said direct voltage reference level
tends to change, for automatically returning said
direct voltage level to said reference level to
thereby maintain the level of said bias charge sub-
stantially constant.

20. In a charge-coupled device (CCD) which in-
cludes a substrate, a source of charge carriers in said
substrate, a storage electrode insulated from the sub-
strate close to said source of charge carriers, electrodes
tnsulated from the substrate responsive to applied volt-
ages for storing and propagating charges in said sub-
strate, means including one of said electrodes respon-
sive to an input signal whose value may vary for trans-
ferring from said source of charge carriers to the sub-
strate region beneath said storage electrode an amount
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of charge dependent upon the amplitude of said input
signal, and means including one of said electrodes re-
sponsive to a direct voltage at a reference level for
transferring from said source of charge carriers to said
substrate region a bias charge, the improvement com-
prising:

a CCD reference register including a substrate, a
source of charge carriers in said substrate, a storage
electrode insulated from said substrate close to said
source of said CCD reference register, means re-
sponsive to said direct voltage at said reference
level for transferring from said source of said CCD
reference register to the substrate region beneath
said storage electrode of said CCD reference regis-
ter a controlled amount of charge thar is a continu-
ous function of the value of said direct voltage, and
means responsive solely to the level of said con-
trolled amount of charge for maintaining the value
of said direct voltage at said reference level.

21. A charge-coupled device as set forth in claim 20
wherein said means responsive to the level of said con-
trolled amount of charge comprises means for compar-
ing that level with a reference charge level.

22. A charge-coupled device as set forth in claim 21
wherein said means responsive to the level of said con-
trolled amount of charge further comprises a negative
feedback circuit.

23. In a charge-coupled device (CCD) which in-
cludes a semiconductor substrate of given conductivity
type, and electrodes insulated from the substrate re-
sponsive to applied voltages for storing and propagating
charge in the substrate, in combination:

an electrically floating region in the substrate of dif-
ferent conductivity type than the substrate:

input means for supplying charge to said region;

output means for removing charge from said region;
[and]

adjusting means for adjusting one of said input an
output means /n accordance with a continuous func-
tion of the level of a direct voltage bias supplied
thereto, for causing the amount of charge supplied
to said region by said input means to be equal to the
amount of charge removed from that region by said
output means so as to tend to maintain said floating
region at a relatively constant average voltage
level, said adjusting means including means for
integrating the voltage present at said floating re-
gion and means responsive solely to the level of said
Integrated voltage, for [supplying a]} applying said
direct voltage bias to said one of said input and
output means,

a charge-coupled device signal register having a source
electrode and a gate electrode for controlling the
amount of charge introduced by said source electrode;

an input signal terminal coupled to said gate electrode of
said signal register; and

means receptive of said direct voltage bias produced by
said adjusting means for applying the same to said
gate electrode of said signal register.

24. A CCD as set forth in claim 23, wherein said
adjusting means comprises a negative feedback circuit
having an input connected to said region and an output
circuit connected to one of said input and output means.

25. In a CCD as set forth in claim 23, said output
means comprising means removing substantially equal
quantities of charge from said region during each of a
plurality of successive, equal duration time intervals.
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26. In a CCD as set forth in claim 23, each of said
input and output means being capable of passing an
amount of charge whose value may vary during succes-
sive equal duration time intervals.
27. A CCD as set forth in claim 24, wherein said input
means comprises:
a source of charge in said substrate; and
gate electrode means adjacent to said source and
responsive to said feedback circuit means for con-
trolling the amount of charge supplied by said
source.
[28. A CCD as set forth in claim 23, and further
including:

3
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a charge-coupled device signal register having a 15

source electrode, and a gate electrode for control-
ling the amount of charge introduced by said
source electrode;
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an input signal terminal coupled to said gate electrode

of said signal register; and

means receptive of said direct voltage bias produced

by said adjusting means for applying the same to
said gate electrode of said signal register. }

29. A CCD as set forth in claim 24, wherein said
negative feedback circuit comprises a differential ampl-
fier having two input terminals, one of which is coupled
to said means for integrating, means for applying a
voltage at a reference level to the other of said input
terminals, and said differential amplifier having an out-
put terminal connected to said gate electrode for sup-
plying a direct voltage bias thereto.

30. A CCD as set forth in claim 24, wherein said
integrating means comprises an integrating capacitor
connected between said floating region and a point of

reference potential.
* *x & %x %
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