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CODE MODULATION

Dennis B. James, Far Hiills, and Robert M. Wo!fe,
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Yeork

Filed Nov. 3¢, 1959, Ser. No. 856,119
29 Claims. (CL 325-—-38)

This invention relates to signal translating apparatus
and, more particularly, to such apparatus utilizing pulse
code modulation techniques.

Coders as known in the art comprise elements arranged
so as to translate a complex input signal wave into suc-
cessive trains of fixed amplitude pulse signals arranged
in a particular code pattern. In genmeral, this result is
obtained by analyzing successive samples of the input sig-
nal and generating a distinct binary code group to corre-
spond to the amplitude of each sample. In order to
analyze the complex input signal, a selected amplitude
sample is stored and compared with a succession of dif-
ferent reference signal amplitudes. When the stored am-
plitude sample is suitably matched by a particular com-
bination of reference signal amplitudes, the encoding
apparatus recapitulates the number of distinct reference
signals utilized in forming the suitable matching ampli-
tude level in an appropriate output code indication.

It is common practice to obtain the distinct reference
signals used in the comparison process with the aid of
active elements such as flip-flops or wave generating appa-
ratus. These active elements initiate signals of distinct
amplitudes in consecutive time intervals which are com-
pared cumulatively with the input signals to obtain each
output code indication. Thus the amplitude of each ref-
erence signal must persist until the entire output code
group is obtained. By adding together these reference
signals, a succession of reference amplitudes that increase
in a step-wise fashion with time is obtained. When the
reference amplitude level is reached which most closely
matches the input signal sample amplitude, the addition
of reference signals is stopped, and the code train repre-
senting the input signal sample is completed.

It is recognized in the art that there is a tendency for
active elements to produce reference pulses which drift
in amplitude with time. Thus, when individual reference
pulses extend over several time intervals, the possibility
of coding error arises. For instance, if there is an appre-
ciable trail-off in the amplitude of the first reference
pulse, this deteriorating pulse, when added to the succeed-
ing reference pulses utilized to form one code group,
would require the accumulation of a greater number of
pulses than normally required to obtain the appropriate
matching amplitude. The output code train which is
determined by the number of reference signal pulses uti-
lized in forming the matching amplitude would thus pro-
vide an erroneous indication of the input signal sample.

In an effort to eliminate the active comparison elements
and their associated disadvantages, other types of en-
coders such as the one shown in J. R. Pierce Patent
2,508,622 have been developed. Generally, such en-
coders use passive elements in the form of a plurality of
resistances to obtain the requisite reference signals.
These resistances are added to or omitted from the circuit
in order to obtain a desired balance between the cumu-
lative reference signal amplitude and the signal sample
amplitude. The numerous components necessary to pro-
vide the reference signals, the complexity of the circuitry
necessary to add and subtract the passive elements, and
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the burdensome power supply requirements tend to make
such a solution to the problem unattractive.

A further disadvantage of the above-mentioned passive
element encoder may be found by reference to time divi-
sion communication systems, such as the PCM time divi-
sion telephone system disclosed in Patent 2,957,949 by
Fames-Johannesen-Karnaugh-Malthaner, issued October
25, 1960. In such a system it has been found that, in
order to maintain proper fidelity, the information which
is to be represented by coded indications must be sampled
at approximately 8,000 times each second. Considering
that such a system may serve a large number of multiplex
information sources simultaneously, the time available to
complete each indication in the code train, representing
a sample from each one of the plurality of information
sources involved, may be less than a microsecond. In
view of such exceedingly short time intervals available
to complete the coding operation, trial and error com-
parison processes involving the omission or addition of
elements become even less attractive.

Accordingly, it is a general object of our invention to
provide an improved signal translating system for trans-
lating between PCM and analog signals. More specifi-
cally, it is an object of this invention to provide an im-
proved signal translating system capable of operation at
the high speeds necessary in systems such as those involv-
ing time division multiplex.

It is a further object of this invention to provide req-
uisite coding accuracy with a simple, rugged, and eco-
nomical signal translating apparatus.

These and other objects of our invention are attained
in one specific illustrative embodiment wherein a signal
translating system comprises a capacitor for storing a
charge which is proportional to the amplitude of a dis-
crete time segment sample of an input signal and a plu-
rality of additional capacitors which store reference sig-
nals for comparison with the input signal sample.

A circuit utilizing capacitors of different sizes for stor-
ing binary weighted charges offers a straightforward
approach to the provision of the essential reference signal
amplitudes or levels. The use of standard capacitors,
however, is not entirely satisfactory in that different size
capacitors necessary to establish binary weighted charges
are difficult to standardize, the time constants for the
larger capacitors prove troublesome, and valuable time is
wasted in a clamping action that is mandatory for each
reference capacitor used. Added to the above-mentioned
difficulties is the disadvantage of having to provide an
extremely accurate and stable potential source necessary
to charge the various reference capacitors.

We have found, however, that ferroeleciric capacitors
satisfy the requirements of translators in accordance with
our invention in that they are capable of delivering pre-
determined or metered charge rapidly and accurately to
a load. Thus, in accordance with one aspect of our in-
vention, a signal translating system includes a plurality
of ferroelectric capacitors which are utilized to form the
various reference signal levels necessary for comparison
with the level of each input signal sample.

The ferroelectric capacitors advantageously are divided
into two groups such that distinct binary wejghted charges
of both positive and negative polarity are available to
to be used as reference signals. Each of the groups in
turn is connected by distinct gates to the sampling ca-
pacitor which holds the input signal sample charge.

When the encoding operation commences, one of the
gates connected between the sampling capacitor and the
reference signal groups will be operated to allow refer-
ence signals opposite in polarity to the stored signal
sample to be compared with the signal sample. Thus,
the charge stored in the sampling capacitor, representing
the initial sample, is reduced in discrete steps by the
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amount of charge available in each particular reference
signal utilized.

The reference capacitor sequence used in altering the
signal sample commences, in this illustrative embodi-
ment, with the largest reference signal charge and ends
when the smallest reference signal charge has been dis-
sipated. ‘This sequential use of the highest to lowest
valued reference capacitors of one common polarity would
occur, however, only if the signal sample charge was
the maximum amplitude that the coder could handle. In
many cases, the sample to be coded is less than the maxi-
mum that the coder can handle. In such instances, at
some point in the encoding process a charge used as one
of the reference signals will be greater in absolute mag-
nitude than the sample signal charge remaining in the
sampling capacitor.

When this situation arises, the circuit, in accordance
with this embodiment of the invention, is arranged such
that a reference signal charge of opposite polarity to that
of the preceding reference signal charge is utilized in
the following comparison step. Thig switching back and
forth between the two distinct groups of ferroelectric ele-
ments at the appropriate time provides an expedient
method of canceling out and rectifying what may be
termed an invalid comparison step. The circuitry which
accomplishes this appropriate switching operation also
functions to send out one binary code indication for
valid comparison steps and the other binary code indi-
cation for the invalid comparison steps. The series of
indications representing the valid and invalid comparison
steps when viewed as an entire code train thus provides
an indication of the amplitude of the input signal sample.

In accordance with one aspect of this invention, the
reference ferroelectric capacitors advantageously may be
formed by plating a series of distinct electrodes on one
side of a single strip of ferroelectric material with a com-
mon electrode plated on the other side. A high degree
of accuracy in the forming of each capacitor is obtained
by utilizing an accurate template to regulate the size of
the plated-out electrode areas. The use of this single
template would furthermore establish uniformity and
standardization throughout the various reference capaci-
tor elements.

Accordingly, it is a feature of our invention that a sig-
nal sample be diminished in absolute amplitude by ref-
ence signals of decreasing amplitude, the reference sig-
nals being always of opposite polarity to that of the re-
maining portion of the signal sample.

Tt is another feature of our invention that the reference
signals applied be of decreasing amplitude in binary
weighted steps.

It is a further feature of our invention that an output
pulse only be generated after a diminution of the signal
sample if the remainder of the signal sample be of one
polarity, Further, it is a feature of our invention that
a sign bit output pulse may also be generated prior to
diminution of the signal sample if the signal sample is
of the above-mentioned one polarity.

It is a still further feature of our invention that the
reference signals be obtained from two storage groups,
one for each polarity, and that gating circuitry be pro-
vided to connect the signal sample storage element to that
group of reference signals of opposite polarity to the
polarity of the remaining portion of the signal sample.

It is another feature of this invention that the value of
an input signal sample be established by comparing it
with a number of discrete valued reference signals ob-
tained from ferroelectric capacitive elements.

It is another feature of this invention that the ferro-
electric capacitive elements providing the reference sig-
nals comprise distinct positively and negatively charged
groups of capacitors.

1t is still another feature of this invention that the ferro-
electric capacitors in the oppositely charged groups be
switched successively in pairs and that the resultant
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4
charges be compared with the input signal sample by ap-
plying the charges selectively to a sampling capacitor
initially storing the input signal sample.

It is yet another feature of this invention that the initial
coder output indicates the polarity of the input signal
sample and that succeeding coder outputs indicate the
polarity of the signal stored in the sampling capacitor
after each comparison with the selectively applied refer-
ence signals.

A complete understanding of these and other features
of this invention may be gained from consideration of
the following detailed description, together with the ac-
companying drawing, in which:

FIG. 1 is a schematic arrangement partially in block
diagram form of a multiple digit encoder in accordance
with one specific embodiment of the invention;

FIG. 2 is a series of pulse trains and wave forms il-
lustrating the operation of the encoder in FIG. 1; and

FIG. 3 is a decoder for use with the embodiment of
FIG. 1.

Turning now to FIG. 1, a schematic circuit partially
in block diagram form of the signal translating apparatus
in accordance with our invention is shown. The circuit
comprises a capacitor 15 which stores a sample of the
input signal received through sampling gate 11, indicative
of a distinct amplitude of the input signal wave. A series
circuit comprising an amplifier 12, a coincidence or AND
gate 13, and a bistable flip-flop 14 is connected to sam-
pling capacitor 15 to check the stored sample.

The bistable flip-flop 14 is utilized to accomplish three
operations. The first operation is to send coded indica-
tions from one of the output terminals of flip-flop 14
through inhibit gate 16 to a common communication
link 10. Also, if the sample stored in capacitor 15 is
of the proper polarity, the same output terminal of flip-
flop 14 will perform the second operation which is to
send an enabling pulse to a second inhibit gate 17. This
enabling pulse will allow inhibit gate 17 to operate gate
18 to which it is connected. The third operation will
occur if the sample stored in capacitor 15 is of opposite
polarity than the sample that initiated the second opera-
tion. If such is the case, the second output lead of bi-
stable flip-flop 14 would send an enabling pulse through
a connection to inhibit gate 19 so as to operate gate 20.

Both gates 18 and 20, as well as transmission gate 11,
may advantageously be of the type shown in Johannesen-
Meyers-Schwenker Patent 2,899,570, August 11, 1959.
Generally, such gates comprise transistors normally re-
verse biased with respect to the transmission path so that
the gates are permitted to conduct a signal only upon ap-
plication of an enabling pulse thereto. The application
of the enabling pulse to the normally reverse biased tran-
sistors changes the control gates from a state of high im-
pedance to a state of low impedance, thus permitting es-
sentially lossless passage of a signal.

The inhibit gates utilized are logic gates, familiar to
the art, which will not deliver an output indication if a
pulse is applied to the inhibit input lead even though all
other input conditions are satisfied. The coincidence or
AND gates utilized, also familiar to the art, yield an out-
put when all of the input connections are energized.
These gates may be generally of the type described in
an article in the November, 1952 issue of the Proceed-
ings of the IRE by J. H. Felker, pages 1584-1596.

When control gates 18 and 29 are in the operative or
low impedance condition, direct paths to ground from
ferroelectric elements 24 and 25 through common lead

‘21 and storage capacitor 15 are provided. These paths

are utilized to conduct the reference signal levels pro-
duced by the ferroelectric elements to capacitor 15. Six
separate reference signal levels advantageously are pro-
vided by each of the ferroelectric elements 24 and 25,
with each element comprising six binary weighted ca-
pacitors. Binary weighted, as utilized herein, indicates
that the charge delivered by each of the plurality of ca-
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pacitors represents a distinct value corresponding to the
significance of each digit position in the conventional
binary code, ie., 32, 16, 8, 4, 2, 1. This binary weighting
is attained in this specific embodiment by providing upper
electrodes 2435, 24,4, etc. and 25, 256, etc. of different
areas and common lower electrodes 24, and 25, on the
common ferroelectric dielectric.

The dielectric of the ferroelectric capacitors shown
may be any of the types known in the art that exhibit a
relatively “square” hysteresis loop similar to the “loops”
exhibited by ferromagnetic materials. This “electrostatic
hysteresis,” as it is conveniently termed, provides two
stable remanent polarization states, as more thoroughly
explained in J. R. Anderson Patent 2,717,372, Septem-
ber 6, 1955. Briefly, however, one remanent polariza-
tion state is obtained in a ferroeleciric material when an
electric field of one polarity is applied through the thick-
ness of the crystal and then removed. The other polari-
zation state is obtained by the application and removal
of an electric field of opposite polarity.

The fields necessary for the establishment of the two
opposite polarization states are advantageously obtained
by the application of signals from the positive and nega-
tive voltage sources 26 and 27. These sources are con-
nected to ferroelectric elements 24 and 25 by the enable-
ment of AND gates 22 and 23 while gates 18 and 20 are
disabled, thus isolating storage capacitor 15 from the fer-
roelectric elements. After the connection and subsequent
disconnection of the potential sources, the ferroelectric
elements will be in preselected polarization states. These
respective states will persist until the corresponding ferro-
electric elements are switched to the opposite polariza-
tion states. In order to accomplish this switching opera-
tion, a pulse of proper strength and polarity is applied to
each ferroelectric element from a suitable source, such
as, for example, the ring counter 28.

The ring counter 28 and the clock generator and gate
control circuit 29 advantageously comprise well-known
pulse forming and timing components which serve to
provide various pulses in a preassigned time sequence to
the individual components in the circuit of FIG. 1. The
ring counter 28 is connected to the ferroelectric elements
24 and 25 such that by cycling continuously, it provides
the pulses necessary to switch simultaneously each pair
of oppositely charged capacitors having the same binary
weight. In this specific illustration, the switching order
cycles from the largest down to the smallest binary
weighted capacitors, though it is obvious that the switch-
ing order might also be revised to suit any desired op-
eration by proper modification of the overall circuitry.

The capacitive charge actually used as a reference sig-
nal level depends upon which of the control gates is in
its operative or low impedance condition at the time of
the switching. The control gate operation, as explained
earlier, depends, in turn, upon the polarity of the signal
sample stored in sampling capacitor 15. In any event,
after the ring counter 28 has completed one cycle and all
of the binary weighted ferroelectric capacitors have been
pulsed, six reference level signals will have been used, the
original signal sample will be dissipated, and a repre-
sentative binary output train will have been transmitted
to communication link 10 by the encoder.

The encoding operation can best be illustrated by con-
sidering the processing of a typical input signal sample.
The operation is initiated upon delivery of an enabling
pulse 181, FIG. 2, from clock generator and gate control
29 to the input gate 1%, thereby permitting an instan-
taneous sample of the input signal to be stored in the
sampling capacitor 15. A typical signal sample which
stores 4-35 units of charge in the sampling capacitor 15
is illustrated in FIG. 2. The pulse 101 also serves to
enable AND gates 22 and 23 in order to preset reference
signal capacitors 24 and 25 so as to place them in their
preselected polarization states through the charging paths
from battery sources 26 and 27 to ground in ring counter
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6
28, which paths include enabled gates 22 and 23, and
ferroelectric capacitors 24 and 25.

The circuit is now in condition to begin successive com-
parisons of the input signal sample with those stored in
the reference capacitors 24 and 25 in order to provide
output binary code indications which will define the am-
plitude of the stored signal sample. Pulses 162 and 163
are applied from clock generator and gate control 28 to
various logic gates in the circuit throughout the opera-
tion. These pulses, as indicated in FIG. 2, appear, out
of phase, in cach time interval T, through T7 comprising
an operating cycle. Thus, upon storage of the input
signal sample in sampling capacitor 15, a pulse 162 is
applied during time T, by clock generator and gate con-
trol Z% to AND gate 13, which pulse, together with the
positive signal sample as received through amplifier 12,
enables AND gate 13 to apply an input signal to the set
terminals of flip-flop circuit 14, In this instance the set-
ting of flip-flop 14 energizes the output lead 51 from its
terminal X.

The appearance of pulse 163 from clock generator and
gate control 29, FIG. 1, in time T, together with the
signal pulse 186 on lead 51 from the fiip-flop 14, serves
to enable inhibit gates 16 and 17 upon removal of the
respective inhibit input pulses 164 and 185, FIG. 2, there-
from. The inhibit input pulse 164 for gate 16 appears
only in time T, immediately after operation of the sam-
pling gate 11 and thus serves to prevent the appearance
of an output signal at this time. Similarly, pulse 165 is
applied to the inhibit input of gates 17 and 49 during the
sampling operation in time T, and Ty, as indicated in
¥FIG. 2, so as to prevent premature operation of the refer-
ence signal circuitry. Thus upon the setting of flip-flop
14 in the next time interval Ty, FIG. 2, the appearance of
a signal pulse 186 on output lead 51, together with a pulse
183, enables gates 16 and 17 to provide an output signal
and to activate the reference signal circuitry, respeciively.

The resultant cutput signal from gate 16 is a positive
pulse indicative of the binary digit “1,” as shown in the
time interval Ty in FIG. 2. This first output binary code
digit indicates the polarity of the input signal sample and
thus is termed the “polarity bit.” Simultaneously, the gate
18 is activated by the output pulse 168 from inhibit gate
17 such that a reference signal appearing on lead %4 ig
transmitted to the sampling capsacitor 15. The signal on
lead 54 results from the operation of ring counter 28
which is cyclically advanced in each time interval by the
pulse 163 such that, in interval Ty, the ring counter output
serves to switch the capacitor designated 3§ in capacitor
block 25. Capacitor 3@ is the largest ferroelectric refer-
ence signal storage capacitor in the group of capacitors 25
storing signals of a polarity opposite to that stored in the
sampling capacitor 15 and is defined by upper electrode
2535 and the lower clectrode 25;. Thus in this instance
negative polarity signals are stored in capacitor block 25
and capacitor 3¢ when switched by the ring counter oui-
put in conjunction with enablement of gate 18, applies
—32 units of charge through lead 54, enabled gate &8,
and lead 231 to the storage capacitor 15 where it serves
to alter the stored input signal sample.

The charge remaining in sampling capacitor 15 after
this comparison has a value of 3 units as shown in time
T1, FIG. 2. Also in time Ty, as in each successive time
interval, flip-flop 14 is reset by pulse 110, However, as
a positive sample is still present after the first comparison
operation, flip-lop 14 again is set upon application of
pulse 162 to gate 13 during time Ty, and the ocutput lead
$1 from terminal X of flip-flop 14 again is energized.
Thus another positive output signal is transmitted from
gate 16 upon application of pulse 183 thereto in the next
time interval T,. Also during time interval Ty pulse 163
and the pulse 196 on lead 51 again enable inhibit gate 17
which in turn enables gate 18. This sequence, coupled
with advance of the ring counter by the pulse 103 in time
Ty, permits the second largest binary weighted reference
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capacitor in the capacitor block 25 to be switched and
its —16 units of charge to be applied to the sampling
capacitor 15. As the capacitor 15 contained 43 units,
the receipt of —16 units at this time results in a negative
balance of —13 units, as indicated in time T,, FIG. 2.

Flip-flop 14 is reset by pulse 118 in time Ty as before,
but in this instance the negative charge on sampling ca-
pacitor 15 prevents the setting of flip-flop 14. Thus upon
receipt of pulse 183 at output gate 16 in time Tj, there
is no coincident signal on lead 5% from flip-flop 14, and
gate 46 fails to provide a position output signal. Ab-
sence of a positive output signal in time T, when an
output signal is due, is indicative, in this example, of ihe
presence of the opposite binary code condition, in this
instance designated as a binary “0.” The failure of flip-
flop 14 to be set during time T also resuits in output ter-
minal X’ providing a pulse 107, FIG. 2, on lead 52 which
is coincident with the occurrence of pulse 163 in time
Ty. This condition permits gate 19 to provide an output
pulse 169 which enables gate 28 in time Tj as shown in
FIG. 2. The operation of gate 20, in turn, permits the
next reference signal to come from the positive capacitor
group 24 and specifically from the capacitor defined by
electrode 24;. Thus 8 units of charge are applied to
sampling capacitor 15.

The reference level of -8 uniis leaves a balance of
—35 units in capacitor 15, as shown in time Ts, FIG. 2.
Thus fiip-flop 14 again fails to provide an output signal
on lead 51 and a binary “0” is recorded in the output cir-
cuit in time T,. Also, the fiip-flop output pulse 167 from
X’ again activates inhibit gate 1% so as to operate gate 28
which in turn iniroduces the next lowest reference level
of -4 units into sampling capacitor 15. As indicated in
time T,, however, the charge remaining in capacitor 18
after this action is still negative; viz., —1 unit, so that
once more a binary “0” output is provided in time Ts.

The comparison conducted during time Ts includes the
positive reference capacitor containing the next lowest
reference level of +2 units. The introduction of the ref-
erence level of -2 units into the sampling capacitor 13
containing —1 unit results once more in a positive result-
ant signal of +-1 unit stored in capacitor 15 during time
Ts. In the manner previously described, this positive re-
sultant signal causes a positive binary “1” to be sent out
on communication link 16 in time Tg and at the same
time it effects a transmission of the —1 unit charge from
the final reference ferroelectric capacitor in negative block
25 to sampling capacitor 15 so as to reduce the charge
thereon substantially to zero. However, as some charge
remains in storage capacitor 45, the final output signal,
representing the least digit of the output binary code train,
is transmitted to communication link 1¢ in time Tn.

No further reference capacitors remain to be switched,
and inhibit pulse 165 again is applied to gates 17 and 19,
serving to isolate the ferroelectric capacitor groups 24
and 25 from storage capacitor 15 during time Ty and T
so that they may be returned to their preselected polariza-
tion states by the connection and subsequent disconnec-
tion of potential sources 26 and 27. It should be noted
that regardless of the value of the input signal sample,
the charge remaining on storage capacitor 15 after the
last reference signal is applied will always be less than
Y44 of the maximum amplitude, and its removal prior to
receipt of the next input signal sample is not required.
This ability to omit a clamping operation between succes-
sive coding cycles advantageously increases the speed of
operation of the encoder. Thus, in time Tq pulse 101
again enables input gate 11 to apply a new signal sample
to capacitor 15 and enables gates 22 and 23 to apply re-
setting signals to the ferroelectric capacitors in blocks 24
and 25, respectively, while the final digit in the coded
output representing the previous signal sample is being
transmitted from gate 186.

Pulse 164 appearing in interval Ty and pulse 185 ap-
pearing in interval Ty and maintained through T, insure
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that the reference and sampiing capacitors are properly
charged prior to appearance of the first output code indi-
cation for the new sample. The ring counter 28 also
completes its cycle so that it is again prepared, in time
Ty, to switch the largest binary weighted charge in ferro-
electric capacitor groups 24 and 25.

1t is evident, as indicated in accordance with one aspect
of the invention, that the fabrication of each of the two
groups of ferroelectric capacitors 24 and 25 in distinct
unitary blocks of ferroelectric material is readily adapted
to the particular novel circuit operation. Such fabrica-
tion provides a more economical coder and may be ac-
complished while maintaining the desired precise forma-
tion and storage capacity of each ferroelectric unit. Con-
nection of the input leads to the individual ferroelectric
units and of the requisite common output lead to each
group is easily facilitated.

A summary rather than a detailed account of a decod-
ing operation is inciuded in that its operation is similar
in many aspects to the reverse of the encoder operation
previously described.

Shown in FIG. 3 is a decoder for use with the em-
bodiment of the described encoder. A common com-
munication link 10 provides a connection that establishes
the PCM train at the input of shift register 68. Shift
register 60 might advantageously be of the type well
known in the art that utilizes a back edge transfer pulse
to serially advance the PCM train into the shift register
stages. The outputs of shift register 6& are connected to
two distinct ferroeleciric elements 61 and 62. Ferro-
electric element 61 may advantageously be identical in
structure to ferroelectric elements 24 or 25 shown in
FIG. 1. Ferroelectric element 62, however, contains
only one capacitor storage element and could advanta-
geously be on the same piece of material 61. These fer-
roelectric elements 61 and 62, in the manner described
in the encoder operation, are established in their respec-
tive polarization states by the application of the positive
and negative voltage sources 66 and 67 by the enable-
ment of AND gates 62 and 63.

The transmission gates 68 and 78, which advanta-
geously are of the same type as gates 18 and 26, FIG. 1,
are utilized to conduct the reference signal levels pro-
duced by the ferroelectric elements to a storage capacitor
49. The reference signal levels accumulated by storage
capacitor 40 comprise the restored amplitude representa-
tion of the initial input signal sample. This accumu-
lated information may be transmitted to a receiving cir-
cuit through gate 44 when desired. A clamping gate 45
of the type well known in the art is provided so that once
the restored amplitude signal has been transmitted to
the receiving circuit any remaining excess charge may be
clamped to ground.

The decoding operation can best be illustrated by
considering the processing of a typical input signal which,
for explanatory purposes, will be the PCM train produced
by the encoder of FIG. 1. The operation is initiated by
the entrance and serial advancement of the PCM code
train in shift register 60. At any desired time interval
after the entrance of the PCM code and before its com-
plete advancement into the shift register stages, pulse
220 may be provided to enable AND gates 62 and 63
so as to connect and disconnect the positive and negative
voltage sources 66 and 67 to the ferroelectric elements.
This procedure requires only that the voltage sources 66
and 67 be of greater magnitude than the output voltage
of the shift register so that the ferroelectric elements 61
and 62 may be placed in their preselected polarization
states, which states will persist until operation of gates
68 and 70 provides a switching path to ground through
storage capacitor 40.

The voltages necessary to accomplish the switching of
ferroelectric elements 61 and 62 are provided at the out-
put of each stage of the shift register and are either posi-
tive or negative depending upon the presence of the
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binary indication in that particular stage. For instance,
the capacitor electrode of ferroelectric block 61, which
is set in a positive polarization state, is connected to the
shift register in such a manner that a presence of a “1”
in any of the last six shift register stages establishes a
switching potential at the capacitor electrode. The ca-
pacitor electrode of ferroeleciric block 62, set in a nega-
tive polarization state, is connected to the shift register
stage in such a manner that the presence of a “1” in the
polarity bit stage does not establish a switching po-
tential.

For purposes of explanation, the code train produced
by the encoder of FIG. 1 is shown as it would appear
in the various shift register stages prior to the operation
of gates 68 and 70 which would establish the desired
switching paths for the several ferroelectric capacitors.
At the time interval that the code train reaches the posi-
tion shown, pulse 204 operates gates 68 and 76 thereby
establishing a completed path to effect switching of the
ferroelectric capacitors connected to the stages contain-
ing the proper binary indication. In this example, the
conditions established effect switching of capacitors 71,
72, and 76 having binary weighted charges -1, 4-2,
and --32, respectively. These charges are transmitted
through lead 64 and gate 78 to be accumulated as --35
units by storage capacitor 4, and thereby produce the
restored amplitude representation of the initial input sig-
nal sample. One time interval after this charge accu-
mulation by storage capacitor 40, pulse 205 operates gate
44 so that the accumulated signal is transmitted to a re-
ceiving circuit as desired. The operation of the clamp-
ing gate then occurs to remove any residual charge from
capacitor 49, prior to a following decoding operation.

Although a figure showing the series of pulse trains
and wave forms associated with the operation of the de-
coder has not been shown, it should be understood that
the proper operation of the decoder may advantageously
be obtained by utilization of a clock generator and gate
control circuit similar to circuit 29 in FIG. 1.

From the above description, it can be determined then
that a positive signal sample is reconstructed solely by
the addition of the charges from the switched ones of
capacitors 71 through 76. A negative signal sample, on
the other hand, is reconstructed by initiaﬂy switching fer-
roelectric capacitor 62 containing a negative charge of the
same magnitude as the absolute summation of the charges
in capacitors 71 and 76 and thereafter by switching the
corresponding positive ferroelectric capacitors so as to
provide a complementary output indication which is a
desired negative amplitude level.

It is to be understood that the above-described ar-
rangements are illustrative of the application of the prin-
ciples of the invention. Numerous other arrangements
may be devised by those skilled in the art without de-
parting from the spirit and scope of the invention.

What is claimed is:

1. An encoding circuit comprising a storage capacitor
for storing an amplitude signal sample, a first and a sec-
ond plurality of ferroelectric capacitors having graded
charge capacities for the storage of reference signals,
said first and second pluralities storing opposite polarity
reference signals, means for decreasing the absolute am-
plitude of said signal sample in steps comprising means
for applying to said storage capacitor successive reference
signals from said ferroelectric capacitors of opposite
polarity than that of the remaining portion of the signal
sample in said storage capacitor at the instant of applica-
tion of each specific reference signal, and means for gen~
erating an output signal after each such decrease of said
signal sample only on the remaining portion of the signal
sample on said storage capacitor being of a predeter-
mined polarity.

2. An encoding circuit in accordance with claim 1
wherein said graded ferroelectric capacitors in said first
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and second pluralities have electrode areas corresponding
to binary weightings.

3. An encoding circuit in accordance with claim 1
further comprising means for generating a polarity bit
output signal on said signal sample being of said one
polarity prior to any decrease thereof.

4. An encoding circuit comprising a storage capacitor
for storing an amplitude signal sample, a first and a
second plurality of ferroelectric capacitors having graded
charge capacities corresponding to binary weightings,
said first and second plurality of ferroelectric capacitors
storing opposite polarity reference signals, means for suc-
cessively activating a ferroelectric capacitor from said first
and second plurality in order of decreasing charge capac-
ity, means for decreasing the absolute amplitude of said
signal sample on said storage capacitor comprising means
connecting said storage capacitor to said activated one of
said first and second plurality ferroelectric capacitors hav-
ing a reference signal of opposite polarity to that of the
remaining portion of the signal sample in said storage
capacitor at that instant, and means for generating an
output signal only on the remaining portion of the signal
sample stored on said storage capacitor after each de-
crease of its absolute amplitude being of a predeter-
mined polarity.

5. An encoding circuit comprising a storage capacitor
for storing an amplitude signal sample, means for trans-
ferring successive reference signals to said storage capaci-
tor to diminish the absolute amplitude of sajd signal sam-
ple, said reference signals having metered valies of suc-
cessively decreasing binary weighted charges, means for
determining that the reference signal transferred at any
instant to said storage capacitor is of opposite polarity to
the remaining portion of said signal sample on said stor-
age capacitor, and means for transmitting an output pulse
after each diminution by said reference signals only when
the portion of the signal sample remaining on said stor-
age capacitor is of a predetermined polarity.

6. An encoding circuit in accordance with claim 5
further comprising means for also transmitting a polarity
bit output pulse prior to diminution of said signal sam-
ple or said initially stored signal sample being of said
one polarity.

7. An encoding circuit comprising storage means for
storing an amplitude signal sample, means for applying
successive reference signals to said storage means to di-
minish the absolute amplitude of said signal sample, said
reference signals having metered values of successively
decreasing graded changes, means for determining that
the reference signal applied at any instant to said stor-
age means is of opposite polarity to the remaining por-
tion of said signal sample on said storage means and
means for transmitting a plurality of output pulses, one
of said fransmitted output pulses being indicative of the
initial polarity of said signal sample and the remainder
of said pulses being transmitted after each diminution
only when the remaining portion of the signal sample on
said storage means is of a predetermined polarity.

8. A signal transmitting system for transforming a
signal amplitude sample into a binary code group occupy-
ing a predetermined number of successive time intervals
comprising a storage capacitor for storing an amplitude
signal sample, means for applying successive reference
signals to said storage capacitor to diminish the absolute
amplitude of said signal sample, said reference signals
having successively decreasing graded changes, means for
determining that the reference signal applied during any
of said time intervals is of opposite polarity to the instant
portion of said signal sample on said storage capacitor,
and means for transmitting output pulses in accordance
only with one polarity of said signal existing in said stor-
age capacitor in each time interval.

9. A signal translating system comprising first stor-
age means, means for storing an input signal in said first
storage means, a plurality of capacitive storage mieans,



3,056,085

11

means for varying the input signal stored in said first
storage means comprising means for selectively connecting
said capacitive storage means to said first storage means,
and means for generating coded indications of said input
signal comprising polarity comparison means connected
between said first storage means and said connecting
means for activating said connecting means upon each
variation in the stored input signal.

10. A signal translating system in accordance with
claim 9 wherein said capacitive storage means comprises
two groups of capacitive elements, each of said capacitive
elements having a distinct charge capacity.

11. A signal translating system in accordance with
claim 10 wherein each of said capacitive elements has a
dielectric of ferroelectric material.

12, A signal translating system in accordance with
10 and further comprising means for storing signals of
one polarity in one of said groups of capacitive elements
and for storing signals of the opposite polarity in the
other group.

13. A signal translating system in accordance with
claim 10 wherein said connecting means comprises gat-
ing means connected to each of said groups of capacitive
elements and means for selectively enabling said gating
means dependent upon the polarity of the signal stored
in said first storage means.

14. A signal translating system comprising storage
means, means for storing an input signal of one polarity
in said storage means, a plurality of ferroelectric reference
signal storage elements, means for altering the signal
stored in said storage means comprising means responsive
to the polarity of said signal in said storage means for
selectively connecting said ferroelectric elements to said
storage means, an output circuit, and means for applying
coded indications to said output circuit in response to
each alteration of the signal in said storage means com-
prising bistable logic means connected between said stor-
age means and said connecting means.

15. A signal translating system in accordance with
claim 14 wherein said ferroelectric elements comprise a
first group normally set in a first stable remanent polariza-
tion state and a second group normally set in a second
remanent polarization state.

16. A signal translating system in accordance with
claim 14 wherein said connecting means comprises first
gating means connected to said first group of ferroelectric
elements and second gating means connected to said sec-
ond group of ferroelectric elements, said bistable logic
means selectively enabling said first and second gating
means.

17. A system for translating the amplitude of an input
signal sample into a train of binary output indications
occupying a predetermined number of successive time in-
tervals comprising a source of discrete valued reference
signals, means for activating said reference signal source
in each time interval to provide a pair of reference signals
of the same value but opposite polarity, signal compari-
son means including means for adding algebraically a dis-
tinct reference signal appearing in each successive time
interval with the input signal sample and each succeeding
comparison resultant, means for indicating the polarity of
each comparison resultant, means connected to said polar-
ity indicating means for applying the reference signal of a
polarity opposite to that of said comparison resultant to
said comparison means, and output means connected to
said polarity indicating means for providing an output in-
dication dependent upon the polarity of the comparison
resultant.

18. A system in accordance with claim 17 wherein said
reference signal source comprises oppositely charged
groups of ferroelectric capacitors, the capacitors within a
group being distinct in charge capacity and each corre-
sponding in absolute value to that of one capacitor in the
other group.
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of said groups of ferroeleciric capacitors comprises a thin
elongated strip of ferroelectric material having two paral-
lel broad faces, a series of distinct electrodes of different
areas on one of the said broad faces and another electrode
on the parallel one of said broad faces.

20. A signal translating system in accordance with
claim 19 wherein said distinct electrodes differ in area
according to a binary numbering system,

21. A system in accordance with claim 17 wherein said
signal comparison means includes a signal storage capaci-
tor.

22. A system in accordance with claim 17 wherein
said polarity indicating means comprises a bistable flip-
flop.

23. A system in accordance with claim 22 wherein
said means connected to said polarity indicating means
comprises a pair of inhibit gates and a pair of trans-
mission gates.

24. A system in accordance with claim 17 wherein said
activating means comprises a ring counter.

25. A signal translating system for transforming a sig-
nal amplitude sample into a binary code group occupying
a predetermined number of successive time intervals com-
prising storage means, means for storing an input signal in
said storage means, a plurality of ferroelectric capacitors
defining a first series of positive reference signals and a
second series of negative reference signals, means for es-
tablishing reference signals in said successive time inter-
vals comprising means for switching corresponding ele-
ments in said first and second series of ferroelectric refer-
ence capacitors, means for applying particular ones of
said reference signals to said storage means comprising
first gating means connected to said first series of refer-
ence capacitors and second gating means connected to
said second series of reference capacitors, output means,
and means connected to said storage means for selectively
activating said first and second gating means and for
transmitting said binary code group of said output means
in accordance with the polarity of the signal in said
storage means in each time interval.

26. A signal translating system in accordance with
claim 25 wherein said output means comprises an inhibit
gate synchronized with said input means so as to trans-
mit the final preceding digit of said code group as said
input means stores a new sample of said input signal.

27. A signal translating system comprising a storage
capacitor, an input gate, means for activating said input
gate to store an imput signal amplitude sample in said
capacitor, and means for translating said signal amplitude
sample stored in said capacitor into a binary code group
occupying a predetermined number of successive time
intervals, said translating means comprising a plurality
of ferroelectric capacitors having positive signals stored
in = first series and negative signals stored in a second
series, a pulsing circuit for sequentially activating par-
ticular ones of said first and second series of ferroelectric
capacitors, first and second gating means connected to
said first and second series of ferroelectric capacitors
respectively for transmitting a signal from an activated
ferroelectric capacitor to said storage capacitor in each
time interval, means for selectively enabling said first
and second gating means comprising a coincidence gate,
a flip-flop and an inhibit gate connected in series between
said capacitor and said first and second gating means, and
output means comprising an inhibit gate connected to
said flip-flop to deliver said binary code group following
selected activations of said first and second series of ferro-
electric capacitors.

28. A signal translating system comprising means for
storing a coded input signal representative of an original
signal sample, and means for reconstituting said original
signal in accordance with said coded input signal, said
reconstituting means comprising a group of ferroelectric
capacitors having selected capacitors in said group set
in one remanent polarization state and the remainder of
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said group set in an opposite remanent polarization state,
said group of capacitors being responsive to particular
digits of said coded signal stored in said first means for
switching their respective remanent polarization states,
signal accumulating means, and means connected between
said ferroelectric group and said accumulating means for
simultaneously conducting charges from said switched
capacitors to said accumulating means, said accumulating
means being responsive to said connecting means for re-
constituting said original signal sample from said switched
charges of said ferroelectric capacitors.

29. A signal translating system in accordance with
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claim 28 wherein said selected capacitors in said group
of ferroelectric capacitors have binary graded charge ca-
pacities and said remainder of said group comprises a
single ferroelectric capacitor having a charge capacity
of the same magnitude as the absolute summation of the
binary graded charge in said selected capacitors.
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