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A data storage system (10) for storing multilevel, non-binary data includes a charge coupled device shift register(12) and
adetection circuit(20) for detecting the data level represented by the charge or signal within each cell location of the shift register
(12). The detection circuit (20) includes a sense amplifier (30) for comparing the signals from two adjacent celllocations (b0, b1),
with one signal representing a known data level. The comparison of adjacent cell locations compensates for signal losses during
shifting, since the losses experienced by adjacent cell locations are nearly identical, Switching transistors (50, 52) cause the out-
put of an incrementing digital-to-analog converter (40) to be added to one of the signals prior to comparison. The output of the
sense amplifier (30) is provided to a flip-flop (32), which controls the switching transistors (50, 52). The outputs of the sense am-
plifier (30) and flip-flop (32) are connected to an EXCLUSIVE NOR gate (54), whose output enables an up/down counter (56),
which Th turn provides a detected data level,
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DATA STORAGE SYSTEM FOR
STORING MULTILEVEL SIGNALS

Technical Field

This invention relates to data storage sys-
tems of the kind including a charge transfer device
shift register having a plurality of storage cells,
each storage cell adapted to store multilevel data in
the form of a charge having one of at least three data
levels, and a detection circuit adapted to detect the
data stored in a first one of said storage cells.

One example of a charge transfer device shift
register is a charge coupled device (CCD) shift regis-

ter.

Background Art

One problem associated with charge transfer
shift registers is the difficulty of accurately and
reliably detecting the data stored in the shift regis-
ter, since charge losses tend to occur during shifting.
Charge losses can vary from device to device and may
be affected by variations in temperature, clocking fre-
quency and the physical dimensions within the device.

A data storage system of the kind specified
is known from U.S. Patent Specification No. 3,929,171.
According to this known system a recirculating charge
transfer device shift register is used to store analog
data and a variable gain amplifier is included in a
recirculation path between the shift register output
and input. The gain of this amplifier is periodically
adjusted so as to malntaln the overall 1oop gain of
the system at unlty, gain adjustment belng effected
under the control of a comparator which compares the
amplitudes of a reference signal pulse before and after
propagation through the shift register.

Disclosure of the Invention

The known system has the disadvantage of
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being complex and expensive in view of the need to pro-
vide and control a variable gain amplifier.
It is an object of the present invention to

provide a data storage system of the kind specified

wherein the aforementioned disadvantage is alleviated.

Therefore, according to the present inven-
tion there is provided a data storage system of the
kind specified characterized by means adapted to pro-
vide signals respectively representing the data stored
in a first storage cell, and known data stored in a
second one of said storage cells, which is adjaéent to
said first storage cell, said detection circuit in-
cluding: summing means adapted to add an adjustment
signal including an incrementally changing component
to one of the data-representing signals thereby pro-
viding first and second signals; comparison means
adapted to compare said first and second signals there-
by providing a comparison signal; and incrementable
means adapted to initially provide an output signal
having a value representing said known data and capable
of changing said output signal incrementally in cor-
respondence with changes in said adjustment signal and
in dependence on said comparison signal until said out-
put has a value representing the data stored in said
first storage cell.

A further advantage of a data storage system
according to the immediately preceding paragraph is
that a high bit density- system is provided in view of
the multi-level data storage capacity of each storage
cell. A further advantage is that a reliable detection
of stored data is achieved despite éell—to;qell losses
which occur during‘;hifting. o

One embodiment of the invention will now be
described by way of example with reference to the ac-

companying drawings.

Brief Description of the Drawings

Fig. 1 illustrates a data storage system,
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including a shift register and detection circuit, in
accordance with the present invention.

Fig. 2 is a table comparing the amount of
data stored in a single cell of a shift register in
accordance with the present invention, with the same

~amount of data requiring two cells in a binary shift

register.

Fig. 3 is a block diagram illustrating the
detection circuit of Fig. 1.

Fig. 4 is & circuit diagram illustrating the
D/A converter of Fig. 3.

Fig. 5 is a table illustrating the operation
of the D/A converter shown in Fig. 4.

Fig. 6 is a timing diagram illustrating the
clock pulses applied to the data storage system, in-
cluding the detection circuit, of Fig. 1.

Fig. 7 is a table illustrating, in three éx—
emplary cases, the operation of the detection circuit ‘
of Fig. 3.

Best Mode for Carrying Out the Invention

Referring now to Fig. 1, a data storage sys-
tem 10 is illustrated. The data storage system 10 in-
cludes a charge transfer device, such as a charge
coupled device (CCD) shift register 12. A CCD, as is
well known, stores charge packets in potential wells,
and moves or transfers the charge packets along a
series of storage or cell locations from one cell to
the next, in order to function as a serial shift reg-
ister. For purposes of illustration, the shifting of
data within shift register 12 is shown in Fig. 1 and
the timing diagram of Fig. 6 as occurriﬁg upon appli-
cation of each clock bulse in a CLOCK A signal. How-
ever, it will be appreciated by those skilled in the
art that in a typical CCD, plural, multiphase clock
pulses are applied in a well known manner to accomplish
each shift or transfer of data from one cell to the
next.
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The individual cells within the shift regis-
ter 12 are labelled b0 through bn' The storage system
10 stores multilevel, non-binary data and, in the dis-

closed embodiment, each of the cells b, through bn

5 stores one of four possible data levelg, "o", "1", "2",
or "3", and each data level is represented by a differ-
ent signal or voltage value. It should be apparent
that, under this arrangement, the shift register 12
can store approximately twice as much data as a similar

10 shift register storing binary data where each cell can
store only one of two possible data levels. This is
illustrated by the table of Fig. 2 wherein the four
possible data levels capable of being stored in each
cell of the shift register 12 are compared to the same

15 amount of data requiring two cells of a binary shift
register.

Although in the described embodiment only“
four data levels are stored in each cell of the shift
register 12, it will be appreciated that almost any

20 nﬁmber of data levels cdhld be stored in a single cell
and be detected in accordance with the present inven-
tion. There are, of course, practical constraints in
selecting the number of data levels, such as the need
to limit the highest data level to the maximum voltage

25 which the CCD can store without breakdown, and keeping
a significant difference in the voltage values between
successive data levels.

The two most rightward cell locations as
viewed in Fig. 1, bO and bl' are connected to the ?wo

30 data inputs of a detection circuit 20. The output of
the detection c1rcu1t 20 prov1des, in a manner which
will be discussed 1n greater detail later, the data
level of the signal within cell location bl and re-~
generates that data level to its full signal or voltage

35 value. The cell location b, is initially loaded with

0
a reference or marker signal, and thus the shift regis-

ter 12 can store a total of n-1 data digits plus a
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single marker digit. The marker digit is provided be-
cause data level detection is accomplished in the sys-
tem 10 by sensing the difference between the voltages
or signals within the two adjacent cell locations b0

and b1, with the data level within cell location bo

--always known,-either because initially it is the marker

digit or because it.was previously determined when in
the cell location bl' The marker digit value can be
any one of the four possible data levels.

The actual manner in which the register 12
is constructed in order to permit the voltages or sig-
nals in the adjacent cell locations.b0 and b1 to be
sensed is unimportant for purposes of the present des-
cription. However, if shift register 12 is a CCD, a
conventional gate, such as a "floating gate", could be
physically located at each of the two cell locations
b0 and bl in order to provide the signals at the cell
locations to the detection circuit 20.

The output of the detection circuit is pro-
vided to the input of the shift register 12 by way of
a field-effect transistor (FET) 22. When data is to
be recirculated through the shift register, an enabling
signal, designated "RECIRCULATE", is applied to the
gate of FET 22. FET 22 becomes conductive and the
data bit then at the bo cell, after having been re-
generated by the detection circuit 20 to its full
value, is passed through the FET 22 to the bn cell.

The detection circuit 20, in addition to re-
ceiving the data inputs from the cell locaéions b0 and
blr
CLOCK D and CLOCK E, which will be descrlbed in greater

detail later, and a reference voltage, de51gnated V .

also receives clocking signals CLOCK B, CLOCK C,

The detection circuit 20 is illustrated in greater de—
tail in Fig. 3.

In Fig. 3, the detection circuit 20 is seen
to include a sense amplifier 30 and a flip-flop 32.
The amplifier 30 has a first, positive (+) input ter-
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minal and a second, negative (-) input terminal. The
negative input terminal of the amplifier 30 is connec-
ted to the b0 cell by a summing node 34 and the posi-
tive input terminal of the amplifier 30 is connected
to the b1 cell by a summing node 36. The signals from
the summing nodes 34 and 36 are designated S0 and Sl'
respectively. The amplifier 30 can be a differential
amplifier of conventional design that compares the

signals S, and Sl' and at its output SA provides a "0"

0
logic level signal if S0 is larger and a "1" logic

level signal if S, is larger.

The detéction circuit 20 also includes a
binary counter 38 and a digital-to-analog (D/A) con-
verter 40. The D/A converter 40 receives the two out-
puts BCl and BC2 of the binary counter 38 and also the
reference voltage V . The binary counter 38 receives
the clocking s1gnal CLOCK E, and in response to- each
clock pulse in the CLOCK E signal, advances by one the
binary number represented at its outputs BC1 and BC2.
The D/A converter 40 converts the signals from the
outputs BC1 and BC2 of the counter 38 into an increj
menting adjustment signal at its output VD/A having
values corresponding to each of the four possible data
levels "0", "1", "2" and "3". The D/A converter 40
also adds a small, constant adjustment vqltage Va to
each of the data levels at its output VD/A'

Fig. 4 illustrates in greater detail the D/A
converter 40. The D/A converter includes a decoder 42
of conventional design that receives the signals BCl
and BC2
gate of one of four fleld-effect tran31stors (FET's)
44, 45, 46 and 47.' Each of the FET s connects one of
four resistors RO’ Rl' R, and R, to ground by way of

2 3
The four resistors RO’ Rl' R2 and R3

and has four outputs, each connected to the

a resistor RD/A'
are also connected, as shown, to the reference voltage
V..
r
The operation of the D/A converter 40 will
now be described with reference to Fig. 4 and the table
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in Fig. 5, which illustrates the values of the outputs
BC1 and BC2 of counter 38 and the output VD/A of D/A
converter 40 at times tl' tz, t3, t4 and t.. The de-

coder 42 enables one of its outputs, and tius one of
the FET's 44, 45, 46 and 47, in response to each of the
four -possible combinations of the signals at the out-
puts BC, and BC, of .counter 38. The resistors Ry Rl'

R2 and %3 each %orm a voltage divider with the resistor
RD/A' and have yalues chosen to provide each of the
four data levels (plus the adjustment voltage Va)
across the resistor RD/A' Thus, at times t1 and tz,
when BC, and BC, are both at "0" and FET 44 is con-

ductive% the voitage VD/A across resistor RD/A is at
Va' At time t3, FET 45 is conductive and VD/A is at
the data level "1" plus Va; at time t4, FET 46 is con-
ductive and VD/A is at the data level "2" plus Va;,énd
at time t3; FET 47 is conductive and VD/A is at the
data level "3" plus Va. It can be seen from Figs. 4 B
and 5 and the timing diagram of Fig. 6, that the
CLOCK E signal includes a clock pulse at times t3, t4
and t5 to advance the counter 38 and D/A converter 40,
and at time tl to return the counter 38 to zero and the
output of the D/A converter 40 to Va'

Referring again to Fig. 3, the summing nodes
34 and 36 are connected to the output VD/A of the D/A
converter by field effect transistors (FET's) 50 and
52, respectively. The gate of the FET 50 is connected
to the output Q of the flip-flop 32 and the gate of
the FET 52 is connected to the inverted output Q of
the flip-flop 32. -The reason for the‘connection of
the FET's 50 and Q% to the ﬁlip-ﬁldp 32 and, the reason
for the adjustment voltage Va will becbme.épparent
later when the operation of the detection circuit 20

is described. ’Briefly, however, the flip-flop 32

-causes the incrementing output VD/A of the D/A con-

verter 40 to be summed to the signal from the cell bO
or b. which is at the lower data level. The adjustment

1
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voltage Va compensates for any cell-to-cell losses be-
tween 50 and bl' I1f b0 and b1 are at the same data
level, or if S, and S, are at the same data level after

the summing OfOVD/A té one of the cells b0 and bl’ the

5 adjustment voltage Va causes the signal to which it is
summed to be the larger of the signals sensed by ampli-
fier 30. .

Although the signal losses experienced by the
signais in two adjacent cells are nearly identical,

10 there will normally be a very small loss from cell-to-
cell and Va must have a value at least slightly greater
than the worst case cell-to-cell loss that could be
present between b0 and bl' For a typical CCD, assuming
the difference in voltage or signal value between each

15 of the four data levels is the same, a satisfactory
value for Va would be one-half the difference betwggn
each of the full voltage values. It should be noted,
however, that Varshould not exceed the difference be- '
tween each of the full voltage values of the four data

20 levels. Otherwise, an erroneous comparison could be
made by amplifier 30.

, The flip~-flop 32 receives the CLOCK B signal
at its reset input, which resets the flip-flop to a "0"
when the reading of the cell bl is initiated. The

25 flip-flop 32 also receives the CLOCK C signal at its
clock (CLK) input which clocks into the flip-flop the
data level (either a "0" or a "1") from the output SA
of amplifier 30.

The output SA of the amplifier 30 and the

30 output Q of the flip-flop 32 are connected to the in-
puts of an EXCLUSIVE NOR control gafe 54. The output
of gate 54 provide;jan enable control éigﬁai and is
connected to the clock enable (CLK EN) input of an up/
down counter 56. The counter 56 receives the CLOCK D

35 signal at its clock (CLK) input, a reset signal at its
reset input, and the signal from the output Q of flip-

flop 32 at its up/down (U/D) input. The up/down count-

\ G WIPD v
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ter 56 will count, in response to the clock pulses of
CLOCK D, through the four data levels wo", "1", "2"
and "3", which will appear at its output QU/D at their

u/D at
the end of each read cycle will be the data level of

full signal or voltage values. The signal at Q

the signal in the bl'cell. The clock enable ipput en-
ables the counter when it receives a "1" from the out-
put of gate 54. When a "0" is received from output of
gate 54, the counter 56 is disabled and does not count
in response to the clock pulses of CLOCK D.

The reset input of counter 56 is used to

reset the counter to the same data level as the marker

signal or digit when the marker digit reaches the cell
bO‘ The reset signal can be generated by a source ex-
ternal to the detection circuit 20, such as a memory .
controller, or the detection circuit can include an
additional counter circuit (not shown) responsive to
each cell-to-cell shift within the shift register 12
so that each time the marker digit reaches b0 the ad-
ditional counter circuit generates a signal to reset
the counter 56. While the shift register 12 is men-
tioned as only having one marker digit, it should be
appreciated that more than one marker digit could be
located at spaced apart cells along the shift register,
and that the up/down counter 56 could be reset each
time one of the marker digits reaches the bO cell,

The operation of detection circuit 20 will
now be described with reference to Figs. 3 and 6. The
detection circuit is initialized when the marker digit
is in the b0 cell. 1If the marker digit has been'given,
for example, a data level oﬁ """,

*

the up/down counter
56 is reset so thgg a "0" data level signél.appears at
the output Qy/p of counter 56.

In Fig. 6 there is illustrated the signals
CLOCK A, B, C, D and E and their occurrence during a
first read cycle T  and a portion of a second read cy-

cle Tb. Each read cycle is marked at five moments,

N Y
Vrepuanio” -
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designated times tl through t5. At time tl’ the clock
pulse in the CLOCK A signal shifts the data in the
shift register so that the signal formerly in the bl
cell is now in the b0 cell. The data level of the sig-
5 nal in b0 is now known, either because it is a marker
digit or because its level was previously detegmined
when it was in bl' Also at time tl, the clock pulse
in the CLOCK B signal resets flip-~flop 32 (Fig. 3) so
that a "0" and "1" appear at its outputs Q and 0, res-
10 pectively, and the clock pulse in the CLOCK E signal
returns binary counter 38 to zero.
During the interval between times t1 and t2
the amplifier 30 compares the signals S0 and Sl‘ Since
Q is at "0" and FET 50 is not conductive, S, will have

0

15 the same value as b,. On the other hand, Q is at "1"

and FET 52 is conductive and causes the voltage VD[A’
then at its initial value of Va, to be added to the

value of bl at summing node 36. The output SA of amp- -
lifier 30 will be either a "0" or "1", depending upon

20 whether SO or S1 is larger. At time t2 the output SA

of amplifier 30 is clocked into the flip-flop by the
clock pulse in the CLOCK C signal.

In the interval between times t2 and t3 the
amplifier 30 again compares S, and S

0 1
25 VD/A (still having a value of VA) being added to either

, with the output

b0 or bl’ depending on the signals at the outputs Q and
Q of flip-flop 32. Still in the same interval, the
output SA of amplifier 30 and the output Q of flip~flop
32 are received by the EXCLUSIVE NOR gate 54. If po

30 and bl are at the same data level, thqn output SA will
be at a "0" and output Q wil} be §t a "1"'apd the out-
put of gate 54 goeéjto a "0". The "0" at the output of
gate 54 is applied to the CLK EN input to disable the
up/down counter 56. On the other hand, if b0

35 er than bl' outputs SA and Q will both be at "0", and
if b0 is less than bl' outputs SA and Q will both be
at "1", with either condition causing the output of

is great-
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gate 54 to go to a "1". The "1" at the output of gate
54 is applied to the CLK EN input to enable the up/down
counter 56.

Still in tbe same interval between t2 and
t3, the output Q of flip-flop 32 is also applied to the
U/D input of "counter 56 and determines whether counter
56 will count up or count down from the data level then
present at its output QU/D' The data level at its out~
put will be the same as the data level in the cell bo.-
If 0 is at a "1", the counter 56 will count up; and if
Q is at a "0", the counter 56 will count down.

At times t3, t4 and ts, clock pulses in the
CLOCK D signal are applied to the CLK input of counter
56, and clock pulses in the CLOCK E signal are applied
to the binary counter 38 to advance the D/A converter

40. The output V of the D/A converter 40 is applied

during each of thgéi times to the same one of either
summing node 34 or summing node 36, depending on the
signals at outputs Q and Q of flip-flop 32. The out-
puts Q and Q control FET's 50 and 52 so that FET 50 is
conductive at times t3, t4 and t5 if the data level in
b1 is greater than the data level in bo, and FET 52 is
conductive if the data level in b0 is greater than the
data level in bl'
The output QU/D
either increment or decrement upon each of the clock

of up/down counter 56 can

pulses in the CLOCK D signal. However, when the out-
put VD/A
ue that, when added to the smaller of b0 and bl, the
resulting signal exceeds the larger of'b0 and bl’ the

of the D/A converter increments to such a val-

output SA of amplifief 30 changes, and the output of
gate 54 goes to a ;b". Up/down counter 56 is then dis-
abled by the "0" at its CLK EN input before the next
clock pulse in the CLOCK D signal is applied, and the

output Q is then at the same data level as the sig-

U/D

nal in bl and remains at that data level until the

next read cycle, Tb (Fig. 6).

PCT/US79/00660
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At the first time tl of the next read cycle
Ty data is shifted in the shift register 12 by the
CLOCK A signal and the flip-flop 32 is again reset by
the CLOCK B signal. At the same time, the binary
counter 38 receives ‘a clock pulse in the CLOCK E sig-
nal so that its outputs BCl and BC2 return to a binary
ZEero.. .
The remainder of the 6peration of the detec-
tion circuit 20 in the read cycle Tb proceeds in the
same fashion as the operation in the first read cycle
Ta.

To illustrate the operation of the detection
circuit 20 by way of example, the table of Fig. 7
shows, for three different cases, the values of b,
bl' Q, 9, SO' Sl’ SA, the output of gate 54, and the
Data Output of the detection circuit.

Referring now to Fig. 7, in connection with
the circuit of Fig. 3 and the timing diagram of Fig. 6,
in Case No._l'the signals in both bo and bl are at a
"g",., At time tl' Q is reset to a "0" by the CLOCK B
D/A of the D/A converter 40
(then at a value of Va) is added to bl at summing node

signal and the output V

36. The output SA of amplifier 30 goes to a "l1" since
S1 is greater than SO‘ At time Y the "1" from SA is
clocked into flip-flop 32, and thus Q is‘at a "1i". Va
is then added to b0 at summing node 34 and the output
SA goes to a "0", since S0 is now greater than Sl' The
output of gate 54 goes to a "0" and disables the up/
down counter 56. Thus, while the D/A converter 40 in-
crements, increasing the value of SO’ the output QU/D
of up/down counter 56 (also the Data Output) remains
at its original b0 data level of "0", 1ndlcat1ng that
b, is also at a wov.

In Case No. 2 of Fig. 7, b, is at a "0" and

0

bl is at a "2". At time tl, Q is reset to "0", S

thus at a "0", and the output VD/A
40 (then at a value of Va) is summed with b

0 is
of the D/A converter

to give




. WO 80/00633 ‘ PCT/US79/00660

10

15

20

25

30

35

-13-

s, a value of 2 + V,. Since s, is greater than S,
the output SA of amplifier 30 goes to a "1", which is
clocked into flip-flop 32 and appears at Q at time to.
The v, at the output of the D/A converter 40 is then

added to bO’ so that S0 is at Va and S1 is at "2",

-The output SA goes to a "1" and in turn the output of

gate 54 goes to a "1° which enables the up/down counter
56. With Q at a "1", the counter 56 will increment.
The D/A converter increments at time t3 to "1 + Va“

and then at time t4 to "2 + Va", which causes the value
of S0 to finally exceed the value of Sl' SA will then
go to "0", and the output of gate 54 goes to a "0",
disabling the counter 56 so that the final value of

the Data Output is "2". The one further increment of
the D/A converter at time t5 causing S0 to go to 3 + Va
has no effect on the up/down counter 56. .

In Case No. 3, bo'is at a "3" and bl is at a
"0". Since S1 is less than S0 at time tl, Q0 will re-
main at "0" at time t2 and thereafter, causing the
counter 56 to count down. The output of gate 54 is at
a "1" at times tz, t3 and t4, enabling the counter 56
to decrement until after the Data Output goes to "0"
at time t5.

It can thus be seen that the value of the
signal in the bl cell is determined by comparing the
signals from the b0 and b1 cells, with the value of
b0 being known, either because it has the value of a
marker digit and the up/down counter 56 has been reset
to such value, or it has the value of the signal just
shifted from the b1 cell, and the value of such signal
is at the Data Output of the counter 56 from the pre-
vious read cycle. ‘in either case, the'detefmination
of what data level is represented by the signal from
the bl cell is made by comparison with the known signal
from the bo cell, rather than with an external refer-
ence voltage, as is commonly done in the prior art. A

reliable determination is made even if large or unknown
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signal losses are experienced during shifting, as long
as the signals representing the four data levels are

not completely dissipated before they reach the bl cell.
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WHAT IS CLAIMED IS:

1. A data storage system including a charge
transfer device shift register (12) having a plurality
of storage cells each adapfed to store multilevel data
in the form of a charge having one of at least three
data levels, and a detection circuit (20) adapted to
detect the data stored in a first one of said storage
cells (bl)' characterized by means adapted to provide
signals respectively representing the data stored in
said first storage cell'(bl) and known data stored in
a second one of said storage cells (bo), which is ad-
jacent to said first storage cell (bl), said detection
circuit (20) including: summing means (34, 36, 40, 50,
52) adapted to add an adjustment signal including an
incrementally changing component to one of the data-
representing signals thereby providing first and m
second signals (Sl, So); comparison means (30) adapted
to compare said first and second signals (Sl, SO) there-
by providing a comparison signal (SA); and incrementable
means (56) adapted to initially provide an output sig-
nal having a value representing said known data and
capable of changing said output signal incrementally
in correspondence with changes in said adjustment sig-
nal and in dependence on said comparison signal (SA)
until said output signal has a value représenting the
data stored in said first storage cell (bl)'

2. A data storage system according to claim
1, characterized in that said adjustment signal further
includes a constant .component (Val.

3. A data storage system according to claim
2, characterized in that said constant component (Va)
has a value greater than the worst case cell-to-cell
signal loss between said first and second storage cells
(bl' bo) and less than the difference between each of
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3. (concluded)
the full values of the data levels in said multilevel
data.

4, A data storage system according to claim
3, characterized in that said comparison means includes
a differential amplifier (30), said comparison signal
(SA) having a first or second comparison value depen-
dent on the relative value of said first and second
signals (Sl, So), said comparison signal (SA) being
applied in operation to control means (54) adapted to
provide an enabling control signal to said incrementable

means (56).

5. A data storage system according to claim
4, characterized in that one of said storage cells is
arranged to store reference data, said,increméntablé
means (56) being arranged to be reset such that said
output signal corresponds to said reference data when

said reference data is stored in said control cell (bO)'

6. A data storage system accbrding to claim
5, characterized in that said detection circuit (20)
includes flip~flop means (32) arranged to store the
initial output of said comparison means (30), said
summing means (34, 36, 50, 52) including:.a digital-to-
analbg converter (40) adapted to provide said adjust-
ment signal; first and second summing node.means (36,
34) arranged to receive the data~representing signals
from said first and second storage qel}s (bl’ bo) res-
pectively, and being coupled to syitching means (50, 52)
arranged to selectf{ely provide said adﬁustﬁent signal
to said first and second summing node means (36, 34)
under the control of said flip-flop means (32).

7. A data storage system according to claim
6, characterized in that said comparison means includes
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7. {concluded)

a differential amplifier (30) having first and second
inputs arranged to receive outputs of said first and
second summing node means (36, 34) respectively and
arranged to provide said comparison signal (SA) in the
form of a logic "1" or a logic "0" level output signal
according to whether. the signal at said first or second

input is the greater.

8. A data storage system according to claim
7, characterized in that said incrementable means in-
cludes an up/down counter (56) adapted to be enabled
for counting in accordance with said ‘control signal,
the direction of counting being controlled by an out-
put of said flip-flop means (32).

9. A data storage system according to ahyr
one of the preceding claims characterized in that said
charge transfer device shift register is a charge coup- -
led device (CCD) shift register (12).
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