
4 EP 0 328 215 B1 Description This invention relates to an electronic
circuit comprising an input stage for supplying M original binary bits
represented sequentially as bits [err] where M is at least 3, the original
bits switching between a first 5`   binary value and a second binary value
as a function of an integer variable P such that, when P is set at any
particular Integer value in a range extending from O to M, each bit [err]
(where "i" is a running integer) is ideally at one of the binary values for
i > P and at the other binary value of i[err] P. An electronic circuit as
set forth in the opening paragraph is known from J.G. Peterson, AMonolithic
Video AID Converter", IEEEJSSC, Vol SC-14, No. 6, Dec. 1079, pp. 932-937.
Herein is described an analog-to-digital 10  converter (ADC) of the flash
type which contains a set of Input comparators that ideally produce a
"thennom- eter" code - i.e., a digital code consisting of a group of binary
"1s" followed by a group of binary "Os" or Vice versa -- as an intermediate
step in converting an analog input voltage Into a digital output signal.
The therm- ometer code has no "Os" in the group of "1s" and vice versa.
Table I below Illustrates the structure of an M-bit thermometer code in
more detail. M Is 3 or more. The 15  code consists of M digital signals
represented here as bits [err]. Including the "all 0" and "all 1" cases,
there are M+1 permutations of "1s" and "Os". The permutations can be
defined in algorithmic form as a function of an integer variable P. An
arbitrary one of bits [err] is referred to as bit [err], where "i" is a
running integer. At any particularvalue of P in the digital range extending
from 0 to M, each bit [err] is a "0" for i > P and a "1" for i [err] P.
This expresses the concept 20 Table  I  - Thermometer  Code. P        [err]
25 <0         0         0        0        0           0        0 0        0
0        0        0           0        0 30          1       1          0
0        0           0        0 2        1         1        0        0
0        0 3        1         1        1        0           0        0 4
1         1        1        1           0        0 35 40      M-1         1
1        1        1           1       0 M        1          1        1
1          1        1 > M         1          1        1        1
1        1 45 that the size of the group of "1s" Increases by one each time
that P increases by 1. P is the digital equivalent of the analog Input
voltage. The positions of the "1s" and "0s" could be reversed In Table I. A
"circular" code Is an extension of a thermometer code to Include all the
possible permutations of a group of "1s" and agroup of "Os". Table II below
illustratesthe organization of an M-bitcircularcode. The permutations 50
are defined as a function of variable P in the same manner as the
thermometer code. In fact the portion of Table II for 0 [err] P [err] M is
the same as Table I. The remainder of Table II shows how the group of "Os"
reappears and then progressively increases in size to enable the circular
code to "wrap around" the ends when P reaches 2M. Circular codes are used
In ADCs of the folding type such as that disclosed in U.S. patent
application, Ser. No. 809,453, filed 16 December 1985. 55 The input stage
that generates a thermometeror circular code occasionally causes a "1" to
be erroneously mixed in the group of "Os" or vice versa. This short of
error is referred to here as a transition bit error because there is at
least one extra transition between "0" and "1. 2 



EP 0 328 215 B1 Table  II  - Circular Code. P         [err] 0      0
0          0         0             0         0 1      1         0         0
0            0         0 10            2       1         1         0
0            0         0 3      1          1         1         0
0          0 4      1          1         1         1            0
0 15 M-1       1          1         1          1            1         0 20
M       1          1         1            1          1           1 M + 1
0          1         1          1            1          1 M+2       0
0         1          1            1          1 M + 3      0          0
0          1            1          1 M+4       0         0          0
0             1          1 30 2M-1      0         0          0         0
0          1 2M       0         0         0          0            0
0 36 A transition bit error normally occurs near where the code makes its
Intended transitions between 0 and "1", especially in flash and folding
ADCs. Forexample, a6-bit thermometercode ([err])appears as (110000) when P
is2. If [err] is produced 40  as a "1" instead of a "0, the code actually
appears as (110100). The presence of three transitions between "0" and "1"
indicates a transition bit error. The error creates two main problems.
Firstly, one cannot tell whether [err] should be a "0" or [err] should be a
"1" because the bit transitions occur one after the other. The actual code
does not provide any indication whether the Intended code is (110000) or
(111100). Secondly, in the absence of a suitable correction mecha- 45
nism, the output circuitry thattransformsthe code into the digital output
signal In an ADC is usually notdesigned to handle situations where there is
more than one transition between "0" and "1". A bit transition error can
se- riously foul up the output signal. One way of attacking these problems
is to put the code through a digital logic circuit that either converts the
"1" at [err] to a "0" or converts the "0" at [err] to a "1". The resulting
code is in a thermometer format. The bit 50  error is 0 or 2 because of the
uncertainty about the intended code. The average bit error is 1. However,
the mean-square bit error is [err] or approximately 1.4. This is unduly
high for performance indicators, such as signal- to-noise ratio, based on
the mean-square error rather than the average error. The present invention
provides an error correction circuit that uses a digital "averaging"
technique to over- come transition bit errors in a plurality of original
binary bits ideally arranged as a thermometeror circular code. 55
According to the invention an electronic circuit as defined in the first
paragraph is characterized by error cor- rection means comprising: end-zone
means for supply 2K end-zone binary bits represented sequentially as bits
[err] and [err] where K is at least 1; 3    



EP 0 328 215 B1 summing means for generating M intermediate signals
represented sequentially as signals [err] each signal [err] being generated
so as to vary substantially according to a weighted analog summation of the
2K+1 bits [err] and comparing means for producing M corrected binary bits
represented sequentially as bits [err] 5   by comparing signals [err]
respectively with M further signals represented sequentially as signals
[err] [err] each bit [err] being produced at one of the binary values if
signal [err] Is greater than signal [err] and at the other binary value if
signal [err] is less than signal [err]. The error correction is basically
accomplished in two steps. The correction circuit first generates a like
plurality of intermediate signals respectively corresponding to the
origianl bits. Each Intermediate signal varies 10  according to a weighted
analog summation of a selected odd number of consecutive origianl bits
centered around the corresponding original bit. The correction circuit of
the invention then compares the intermediate signals with corresponding
further signals to produce a like plurality of "corrected" bits. If there
is a single transition bit error in the original bits, the present circuit
generates the corrected bits in a true thermometer or circular format For
example, consider the above-mentioned 6-bit code which is erro- 15  neously
supplied as (110100). By virtue of the digital averaging, the correction
circuit converts the original (110100) code into a true thermometer code
(111000). The circuit also corrects certain types of multiple tran- sition
bit errors. In the foregoing example, the corrected code is one bit away
from the originally Intended code regardless of whether it is (110000) or
(111100). Thus, the average bit error is the same as that produced with the
digital 20  scheme mentioned above. However, the mean-square bit error in
the invention is only 1. This is 30% less than in the digital scheme. The
invention thereby provides a significant advantage in applications, such as
ADCs, where there are important performance indicators dependent on the
mean-square error. The invention will now be described, by way of example,
with reference to the accompanying drawing in which, 25      Fig. 1 is a
block diagram of a general circuit for correcting transition bit errors in
a thermometer or circular code in accordance with the invention, Fig. 2 is
a block diagram of an embodiment of Fig. 1 using complementary signals,
Figs. 3 and 4 are block diagrams of embodiments of Fig. 2 for correcting
thermometer and circular codes, respectively, 30      Figs. 5 and 7 are
circuit diagrams of general extended-input flip-flops usable In the circuit
of Fig. 3 or 4, Figs. 6 and 8 are circuit diagrams showing bipolar
implementations of the flip-flops in Figs. 5 and 7, re- spectively. Like
reference symbols are employed In the drawings and in the description of
the preferred embodiments to represent the same orvery similar item or
items. "N" is used as a subscript to indicate signals complementary 35  to
previously defined signals. Referring to the drawings, Fig. 1 illustrates a
circuit that applies the digital "averaging" principles of the invention to
correct transition bit errors in a code Intended to be in thermometer or
circular format. The code to be corrected consists of M original bits [err]
supplied from an input stage 10 in response to an analog input voltage
[err]. Depending on whether a thermometer or circular code is desired, bits
[err] ideally have 40  the characteristics shown in Table I or 11 and
discussed above. A network consisting of lower and upper end- zone
subcircuits 12 and 14, summing circuitry 16, a signal generator 18, and
comparing circuitry 20 corrects transition bit errors in bits [err].
Summary circuitry 16 receives bits [err]. In addition, circuitry 16 needs
some extra bits to enable error correction to be made nearthe beginning and
end of the original code. Subcircuits 12 and 14 provide the extra 45
bits. In particular, lowersubcircuit 12 supplies K bits [err]. Upper
subcircuit 14 similarly supplies another K bits [err]. K is typically 1 but
may be higher depending on the desired correction accuracy. Fig. 1 



shows the case In which K is 2. The values of bits [err] are determined in
the manner discussed below. 50      Summing circuitry 16 consists of M
interconnected summing elements [err] that respectively gen- erate M
intermediate voltage signals [err] in response to the M+2K bits [err].Each
summing element [err] receives the 2K+1 bits [err], where "i" is again a
running integer. Each element [err] then produces its signal [err] so as to
vary substantially according to a weighted analog summation of bits [err].
More precisely, [err] is a function of 55 [err] 4    EP 0 328 215 B1 where
"j" is a running integer, and the [err] terms are the weighting constants.
Each signal [err] normally varies with [err] 5 in a largely stepwise linear
manner. This relationship can be expressed as: 10        [err] where
[err]Is a constant for element [err] and B iis a general constant Elements
[err] are preferably identical. Consequently, the [err] constants are
substantially equal. The au weighting constants at each value of i are
like- 15  wise substantially equal. Eq. (1) can then be simplified to:
[err]                          (2) 20 where A is a general constant for
circuitry 16, and the [err] terms are the simplified weighting constants.
The [err] constants are typically equal. Eq. (2) then becomes: 25 [err] 30
where each of the [err] terms has been arbitrarily set at 1. Signal
generator 18 supplies M further voltage signals [err] at values that depend
on whether a single-ended or double-ended averaging structure is desired.
In the single-ended case, each voltage [err] is set at a reference level
typically about halfway between the extreme voltage levels achieved by
corresponding signal [err] during normal circuit operation. The reference
levels are preferably the same. In the double-ended 35  case, each signal
[err] is provided as the complement of signal [err] in the manner discussed
below. Comparing circuitry 20 consists of M comparators [err]that
respectively produce M "corrected" digital bits [err] by comparing voltages
[err] respectivelywith voltages [err] Letting b1 be a selected one of
binary values "0" and "1", each comparator [err] supplies its bit [err] as
value [err]if [err] is greater than [err]. The reverse occurswhen [err] is
less than [err] Comparator [err] produces bit [err] ata binaryvalue b2
opposite to b1. Wheth- 40  erb1 and b2 respectivelyequal "1" and "0"
orviceversa dependson the internal structure orsumming element [err]. The
normal result is that bit [err] is provided as a "1" if the "average" of
bits [err] is high (e.g., greater than 1/2) and as a "0" if the average is
low (e.g., less than 1/2). Corrected bits [err] ideallyform a
thermometerorcircularcode. Due to the digital averaging, the number
oftransition biterrors that occurs in bits [err] during atypical
operational period is much less than the number 45  of transition bit
errors present in bits [err]. This is particularly true for single
transition bit errors. Setting K equal to 1 so as to achieve an averaging
over 3 bits provides very good accuracy. Fig. 2 illustrates a double-ended
embodiment of the circuit shown in Fig. 1. In the complementary archi-
tecture of Fig. 2, each bit [err] is based on the difference between a pair
of signals supplied from stage 10 on 



separate lines. Stage 10 also supplies the complement [err] of bit
[err]since complement DNI is based on the fore- 50  going differenc3 taken
in the opposite direction [err] equals 1 - [err] when [err] and DNI are
represented numerically as 0 and 1. Signal generator 18 of Fig. 1 is formed
as an integral part of summing circuitry 16 in Fig. 2. In receiving the
2K+1 bits [err] summing element [err] also receives their respective
complements [err] [err]. Elements [err] then produce signal [err] so as to
vary according to a weighted analog summation of the com- 55   plements.
That is, [err] is a function of    EP 0 328 215 B1 [err] 5   where the
[err] terms are the weighting constants. Akin to the [err] signals, each
signal [err] normally varies with 0                            [err] in a
largely stepwise linear manner. Consequently: 15                 [err]
where [err] is another constant for element [err]. Each [err] summation is
preferably done with the same respective 20  constants as the corresponding
[err] summation. For the case in which elements [err] are Identical, Eq.
(4) can then be simplified to: 25                [err]
(5) In the preferred embodiment in which the [err] weighting constants are
equal, Eq. (5) becomes: 30 [err]                                (6) 35
where the aj terms have again been set at 1. Turning to Fig. 3, it depicts
additional details for an embodiment of Fig. 2 specifically directed
towards a thermometer code. Stage 10 in Fig. 3 consists of an analog input
circuit 22 and M flip-flops [err] con- trolled by a common clock signal
(notshown). In response to input[err], circuit 22 supplies M voltages [err]
[err] and M further voltages [err]. Each further voltage [err] is
complementary to voltage [err]. In 40  response to the clock signal, each
flip-flop [err] latches bit [err] at "1" if [err] Is greater than [err] and
at "0" if the opposite exists. Each pair of components [err] forms an
extended-input "flip-flop" [err]. In turn, intercon- nected flip-flops
[err] in combination with flip-flops [err] form a master-slave flip-flop
ladder. In the thermometer-code example shown in Fig. 3, each lower
end-zone bit [err] (i<1) must be set at "1" to properly terminate the
corrected code. Each upper end-zone bit [err]( i > M) must similarly be set
at "0". These 45  two conditions are shown in Table IIII below for the case
in which K equals 1. 50 55 6    EP 0 328 215 B1 Table III - Thermometer
Code with End-zone Extension for K =  1. 5    P         [err] <0       1
0        0        0       0            0         0         0 10      0
1       0       0        0        0            0         0         0 1
1       1        0       0        0            0         0         0 



2      1        1       1       0        0            0         0         0
15      3       1       1        1       1        0            0         0
0 4      1        1       1        1       1            0         0
0 20 M-1       1        1        1       1        1           1         0
0 M      1        1        1       1        1           1         1
0 25     > M       1        1       1        1       1
1         0 Fig. 3 indicates that subcircuits 12 and 14 consist of binary
"1" and "0" sources for providing the requisite ter- mination. 30      A
simple numerical example based on Fig. 3 and Table III is useful in
demonstrating the operational prin- ciples of the present correction
circuit. Assume that elements [err] follow Eqs. 3 and 6 with A equal to 0.
Let B equal 1 (volt). Each voltage [err] then varies between 0 (volt) and 3
(volts). Let binary values b1 and b2 for bits [err] respectively be "1" and
"0". Also, assume that bits [err] form a 6-bit code. The way in which the
circuit operates can now be seen by examining the following three cases: 35
Case  1          Case  2          Case  3 [err]                   =
110000             110100           110010 40    [err]
=   11100000                 11101000         11100100 [err]
=    321000             322110           321111 [err]
=    012333             011223           012222 45       [err]
=    110000             111000           110000 Case 1 represents the
situation in which the original code ([err]) is error-free. An intended
"0"-to-"1" tran- 50  sition occurs between bits [err]. Intermediate
voltages [err] are "adjacent" to the "0"-to-"1" transition. Summing
circuitry 16 produces these voltages at values between the extreme (0-volt
and 3-volt) levels. Nonetheless, E2 is greaterthan [err], while [err] Is
less than [err]. The corrected code ([err]) thereby repeats the original
code. Case 2 starts with the above-mentioned example in which a single
transition bit error occurs near the in- 55  tended "0"-to"-1" transition
point. The organization of the "1s" and "0s" in the original code indicates
either that [err] is wrong or that D4 Is wrong. It is not dear whether
([err]) should have been (110000) or (111100). Con- sequently, the
correction circuitry provides ([err]) as the "average" of the two
potentially correct original codes. This gives both a 1-bit average error
and a 1-bit mean-square error. 7    EP 0 328 215 B1 Case 3 represents the
situation In which a single transition bit error occurs far from the
regular "0"-to"1" transition point. From the way In which the "1s" and "Os"
are organized in the original code, it is clear that ([err] [err]) should
have been (110000). The analog summation overcomes the evident error at
[err]. The corrected code ([err]) is supplied at the originally intended
(110000). 5       Fig. 4 shows details foran embodimentof Fig. 2 directed
particularly towards a circular code. Components 10, 16, and 20 in Fig. 4
are furtherorganized in the way described above for Fig. 3. Flip-flops
[err] are sub- stantially identical. Voltages [err] in Fig. 4 preferably
are the interpolated signals pro- vided from the interpolation circuit of
the folding ADC described In U.S. patent application, Ser. No. 127,867,
filed 2 December 1987, corresponding to the European patent application
EP-A-0 319 097. 10      Each lower end-zone bit [err] (i < 1) in Fig. 4
must be the same as bit [err] to enable the corrected circular code to wrap
around the ends. Each upper end-zone bit D (i > M) similarly must be the
same as bit [err] Table IV below shows these conditions for the case in
which K is 1. Subcircuits 12 and 14 of Fig. 1 are Imple- 



mented in Fig. 4 by simply making the appropriate connections of flip-flops
[err]. Fig. 4 Indicates that each original bit [err]) is a differential
signal formed with separate signals [err] 15  and [err] In particular,
[err] equals [err]. Each corrected bit [err] is likewise formed with a pair
of signals [err] and [err]. Moving to Fig. 5, it illustrates the internal
circuitry of a general voltage-summing circuit for implementing each
extended-input flip-flop [err] in Fig. 3 or 4. The flip-flop in Fig. 5
contains several generalized transistors denoted by reference symbols that
begin with the letter "Q". Each of these transistors has a first flow
electrode 20  (1E), a second flow electrode (2E), and a control electrode
(CE) for controlling current transmission between the flow electrodes.
Charge carriers (electrons or holes) that move between the flow electrodes
of each tran- sistor originate at its first electorde and terminate at Its
second electrode. Each of the generalized transistors in Fig. 5 Is
preferably a bipolar transistor having an emitter, a collector, and a base
that respectively are the first flow electrode, the second flow electrode,
and the control electrode. 25   Each generalized transistor may, however,
be embodied as a field-effect transistor (FET) of the insulated-gate
orjunction type. The FETsource, drain, and gate electrode respectively are
the first, second, and control elec- trodes. Summing element [err] in
flip-flop [err] of Fig. 5 centers around like-polarity input transistors QA
and QB, 30 35 40 45 50 65    EP 0 328 215 B1 Table IV - Circular Code with
End-zone  Extension  for K  =  1. P           [err] 0      1    0       0
0       0             0       0      1 10           1      1    1       0
0       0             0      0       0 2      1    1       1      0       0
0      0   0 3      1    1       1      1      0              0      0
0 4      1    1       1       1      1             0      0       0 15 20
M-1        1    1        1      1      1              1      0      0 M
0     1       1      1      1              1      1      0 M+1      0    0
1      1      1              1      1      1 25       M+2        0    0
0       1      1              1      1      1 M+3       0    0       0
0      1              1      1       1 M+4       0    0       0       0
0              1      1       1 30 2M-1      0    0       0      0       0
0       1      1 35        2M        1    0       0       0      0
0       0      1 2K+1 resistors [err] resistors [err].The first electrodes
of transistors QA and QB are connected together at a supply point [err].
Their second electrode are respectively connected 40  by way of lines [err]
to nodes [err]. One end of each resistor [err] is connected to the QA
control electrode. One end of each resistor [err] is similarly connected to
the QB control electrode. The other ends of 



each pair of corresponding resistors [err] differentially receive bit [err]
in the form of respective signals [err] Comparator [err] in Fig. 5
basically consists of like-polarity storage transistors QE and QF and a
load 24 45  arranged as a conventional bit storage cell. Cell current for
enabling the cell to store a binary bit is provided at a supply point Ps
connected to the first electrodes of transistors QE and QF. Signal [err] Is
provided to node NE at the junction of the QE second electrode and the QF
control electrode. Signal [err] is similarly provided to node [err] at the
junction of the QF second electrode and the QE control electrode. Load 24
supplies bit B1 in the form of signals [err]. In certain embodiments, bit
[err] Is provided directly from nodes [err] con- 50  nected to load 24. The
remaining elements are a current source 26 and a switch 28. Current source
26 provides a supply current Ics. Switch 28 switches current Ics between
points [err] In response to a clock signal Vc. The flip-flop operates in
the following way. Switch 28 Is at the position indicated in Fig. 5 when
clock Vc is at a first cocking value [err]. Transistors QE and QF are both
off. Transistors QA and QB receive current Ics 55   by way of switch 28.
The sum of currents [err] flowing respectively through lines [err] is
approximately equal to Ics. Incremental voltages representing the values of
bits [err] are appropriately summed at the control electrodes of
transistors QA and QB. This causes their conductivity levels to differ
according to the bit values. 9    EP0328215B1 Ics divides between [err] in
the same way Load 24 converts currents [err] into voltages [err]. Switch 28
changes position when clock Vc Is switched to a second clocking signal
[err] different from [err]. Transistors QA and QB both turn off.
Transistors QE and QF latch ata "1" or"0" state depending on which of
voltages [err] was higherwhen signal [err]switch- 5   ed. Bit [err] is
provided at a value corresponding to the latched state. Fig. 6 shows the
specific Interconnections for a block of three flip-flops [err] employable
in Fig. 4 for the case in which K equals 1. Each flip-flop in Fig. 6 is an
NPN bipolar embodiment of the flip-flop in Fig. 5. The particular elements
in Fig. 6 that Implement the items in Fig. 5 can be determined by
inspection of the two figures. 10      Turning to Fig. 7, it shows details
for a current-summing circuit preferably used to implement flip-flop [err]
in Fig. 4. Some of the elements in Fig. 7 are the same as in Fig. 5. Only a
brief discussion is given here about the common elements. The summation
circuitry in flip-flop [err] of Fig. 7 centers around 2(2K+1) like-polarity
input transistors de- noted as first transistors [err]and second
transistors [err]. The second electr- 15  ides of transistors [err] are
connected by line [err] to a switch 30E that switches between node NE and
point [err]. The second electrodes of transistors [err] are similarly
connected by way of line [err] to a switch [err] that switches between node
[err] and point [err]. The control electrodes of each pair of corresponding
tran- sistors [err] differentially receive bit [err] In the form of signals
[err]. An important feature of the flip-flop in Fig. 7 is that the first
electrodes of all but two of the input transistors 20  are connected to the
2K nearest flip-flops. In particular, the first electrodes of each pair
[err] in flip- flop [err] are connected to supply point [err] in (a)
flip-flop [err]for < 1, (b) flip-flop [err]for 1 [err]i+j [err] M, and (c)
flip-flop [err] > M. Conditions (a) and (c) allow the summation to wrap
around the ends for the circular code. Fig. 7 illustrates the situation in
which flip-flop [err] Is near the center of flip-flops [err]. Only
transistors [err] in flip-flop [err] have their first electrode connected
to point [err] in flip-flop [err]. 25      Point [err] in flip-flop [err]
is also connected to the first electrode of 2K pairs of differentially
configured input transistors in the nearest 2K flip-flops. Although not
strictly a part of fllp-flop [err] these transistors are shown 



in Fig. 7 using a primed notation. In total, current source 26 in flip-flop
[err] provides current Ics through point [err] to 2(K+1) input transistors
In summing circuitry 18. The correction circuit operates as follows using
the implementation shown in Fig. 7. Switches [err] 30  connect lines
[err]respectivelytonodes   [err] when clock signal [err]. Clock [err] is
commonly supplied to all of flip-flops [err]. Transistors QE and QF in each
of flip-flops [err] are therefore turned off. Because flip-flops [err] are
substantially identical, the Input transistors in flip-flop [err] receive a
total sup- ply current largely equal to Ics. Furthermore, each pair of
transistors [err] receives a fractional supply 35  current determined by
their size. Depending on the value of each bit [err], one of the
transistors in corresponding pair[err] is turned on while the other is
turned off. The incremental currents flowing through those of transistors
[err] that are turned on are summed along line [err] to produce current
[err]. Likewise, current [err] through line [err] is formed as the sum of
the incremental currents flowing through those of transistors [err] -[err]
that are turned on. Currents [err] thus vary according to the values of
bits [err] 40      Transistors [err] are preferably identical except
possibly for theirwidths. Assuming that the first electrodes of each pair
[err] have the same width [err], current [err] can be expressed as: 45
K [err]                          (7) 50 55   where the term [err] equals 10
EP 0 328 215 B1 [err] 5   D [err] is given as 1 when transistor QA, Is on
and transistor [err] is off, and [err] is given as 0 in the opposite case.
Eqs. (7) and (8) are particularized versions of Eqs (2) and (5) in which
the [err] terms are the weighting constants. As in Fig. 5, load 24 converts
currents [err] into voltages [err]. Switches 30E and 30F connect lines
[err] when clock Vc is switched to [err]. Point [err] receives a supply
current largely equal to Ics. Transistors QE and QF then latch at a "1" or
"0" state. This allows load 24 to produce bit [err] at a binary 10 value
dependent on whether signal [err] was greater than or less than signal
[err] just before signal Vc changed to [err]. With slight modifications,
the circuit shown in Fig. 7 can also be used for a thermometer code.
Suitably sized current sources that act as "1" and "0" sources are
substituted for the connections that provide the wrap- around. 15      Fig.
8 depicts the specifix interconnections for a block of three identical
circuits [err]' em- ployable in Fig. 4 for the case where K is 1. Circuit
[err]in Fig. 8 is an NPN bipolar implementation of flip-flop [err] in Fig.
7 except that some of the input transistors for flip-flop [err] are shown
within circuits [err] in Fig. 8. With this in mind, the elements In Fig. 8
that implement the Items in Fig. 7 can be ascertained by in- spection. Note
that signals [err] are provided as current outputs in Fig. 8. 20      While
the invention has been described with reference to particular embodiments,
this is solely for the pur- pose of illustration and is notto be construed
as limiting the scope of the invention claimed below. For example, the
extended-inputflip-flops might be implemented with current multipliers
using complementary FET's. Thus, various modifications and applications may
be made by those skilled in the art without departing from the scope of the
invention as defined In the appended claims. 25 Claims 



1. An electroniccircuitcomprising an inputstageforsupplying M original
binary bits represented sequentially 30       as bits [err] where M is at
least 3, the original bits switching between a first binary value and a
second binary value as a function of an integervariable P such that, when P
is set at any particular integer value in a range extending from 0 to M,
each bit [err], where "i" is a running integer, is ideally at one of the
binary values for i > P and at the other binary value for i [err] P.
characterized by error correction means comprising: 315            end-zone
means for supplying 2K end-zone binary bits represented sequentially as
bits [err] [err] where K is at least 1; summing means for generating M
Intermed late signals represented sequentially as signals [err] ... [err]
each signal [err] being generated so as to vary substantially according to
a weighted analog summation of the 2K + 1 bits [err] and 40
comparing means for producing M corrected binary bits represented
sequentially as bits [err].... [err] by comparing signals [err]
respectivelywith M further signals represented sequentially as sig- nals
[err] each bit [err] being produced at one of the binary values if signal
[err] is greater than signal [err] and at the other binary value if signal
[err] is less than signal [err]. 45  2. A circuit as in Claim 1 wherein
each original bit [err] is ideally at the first binary value for i [err] P
and at the second binary value for I > P characterized In that each
end-zone bit [err] is fixed at the first binary value for i < 1 and at the
second binary value for i > M. 3.  Acircuit as in Claim 1 characterized in
that each signal [err] is setata reference voltage between the extreme 50
voltages achieved by signal [err] during normal operation. 4.  A circuit as
in Claim 1 characterized in that the bits in each group of 2K+1 bits [err]
are given approximately equal weights in generating signal [err]. 5. A
circuit as in Claim 1 characterized in that the summing means generates
each signal [err] so as to vary substantially according to a weighted
analog summation of the complements of the 2K+1 bits [err]  ... [err]. 11
EP 0 328 215 B1 5   [err] is given as 1 when transistor [err] is on and
transistor [err] is off, and [err] is given as 0 in the opposite case. Eqs.
(7) and (8) are particularized versions of Eqs (2) and (5) in which the
[err] terms are the weighting constants. As in Fig. 5, load 24 converts
currents [err] into voltages [err]. Switches  [err] connect lines [err]to
point [err] when clock V is switched to [err]. Point [err] receives a
supply current largely equal to Ics. Transistors [err] then latch at a "1"
or "0" state. This allows load 24 to produce bit [err] at a binary 10 value
dependent on whether signal [err] was greater than or less than signal
[err] just before signal Vc changed to [err]. With slight modifications,
the circuit shown in Fig. 7 can also be used for a thermometer code.
Suitably sized current sources that act as "1" and "0" sources are
substituted for the connections that provide the wrap- around. 15      Fig.
8 depicts the specifix interconnections for a block of three identical
circuits [err] em- ployable in Fig. 4 for the case where K is 1. Circuit
[err] In Fig. 8 is an NPN bipolar implementation of flip-flop [err] In Fig.
7 except that some of the input transistors for flip-flop [err] are shown
within circuits [err]in Fig. 8. With this in mind, the elements in Fig. 8
that implement the items in Fig. 7 can be ascertained by in- spection. Note
that signals [err] are provided as current outputs in Fig. 8. 20      While
the invention has been described with reference to particular embodiments,
this is solelyforthe pur- pose of illustration and is not to be construed
as limiting the scope of the invention claimed below. For example, the
extended-inputflip-flops might be implemented with current multipliers
using complementary FET's. Thus, 



various modifications and applications may be made by those skilled in the
art without departing from the scope of the invention as defined in the
appended claims. 25 Claims 1. An electronic circuit comprising an
inputstageforsupplying M original binary bits represented sequentially 30
as bits [err] where M is at least 3, the original bits switching between a
first binary value and a second binaryvalue as afunction of an
integervariable P such that, when P issetatany particularinteger value in a
range extending from O to M, each bit [err], where "i" is a running
integer, is ideally at one of the binary values for i > P and at the other
binary value for i [err] P, characterized by error correction means
comprising: 35            end-zone means for supplying 2K end-zone binary
bits represented sequentially as bits [err].... [err] where K is at least
1; summing meansforgenerating M intermediate signals represented
sequentiallyas signals [err] ... [err] each signal [err] being generated so
as to vary substantially according to a weighted analog summation of the
2K+1 bits [err] and 40            comparing means for producing M corrected
binary bits represented sequentially as bits [err]..... [err] by comparing
signals [err] respectively with M further signals represented sequentially
as sig- nals [err]each bit [err] being produced at one of the binary values
if signal [err] is greater than signal [err] and at the other binary value
if signal [err] is less than signal [err]. 45  2.  A circuit as in Claim 1
wherein each original bit [err] is ideally at the first binary value for i
[err]P and at the second binary value for i > P, characterized in that each
end-zone bit [err] is fixed at the first binary value for i <1 and at the
second binary value for i > M. 3.  Acircuitas in Claim 1 characterized in
that each signal [err] issetata reference voltage between the extreme 50
voltages achieved by signal [err] during normal operation. 4. A circuit as
in Claim 1 characterized in that the bits in each group of 2K+1 bits [err]
are given approximately equal weights in generating signal [err]. 5. A
circuit as in Claim 1 characterized in that the summing means generates
each signal [err] so as to vary substantially according to a weighted
analog summation of the complements of the 2K+1 bits [err]  ... [err].
EP 0 328 215                                    *  C  L  M  S  * 6. A
circuit as in Claim 5 wherein each original bit [err] is ideally at the
first binary value for i [err] P and at the second binary value for I > P
characterized in that each end-zone bit [err] is fixed at the first binary
value for I < 1 and at the second binary value for i > M. 5   7. A circuit
as in Claim 5 characterised in that each end-zone bit [err] for i c 1 Is
the same as bit [err], and each end-zone bit [err] for I > M Is the same as
bit [err]. 8.. A circuit as in Claim 5 characterized in that the bits in
each group of 2K+1 bits [err] and their complements are given approximately
equal weights in generating signals [err]. 10  9. A circuit as In Claim 5
characterized in that the summing and comparing means comprise M sections
rep- resented sequentially as sections [err] each section [err] comprising:
a current source for providing a supply current Ics; first and second input
transistors, each having a first flow electrode, a second flow electrode,
and a control electrode for controling current transmission between the
flow electrodes, the first electrodes coupled together at a first supply
point, each of the second electrodes coupled to a diffrent one of a pair of
nodes; 2K+1 pairs of first and second Impedance elements, one end of each
first impedance element cou- 



pled to the control electrode of the first transistor, one end of each
second impedance element coupled to the control electrode of the second
transistor, the other ends of each pair of impedance elements dif-
ferentially receiving a different one of the 2K+1 bits [err]; bit storage
means for generating bit [err] in response to signals [err] respectively
supplied at the nodes, the storage means having a second supply point for
receiving supply current to store a bit [err]; and switching means
responsive to a clock signal for switching current Ics between thefirst and
second 25      supply points. 10. A circuit as in Claim 9 characterized in
that each impedance element is a resistor. 11. A circuit as in Claim 5
characterized in that the summing and comparing means comprise M largely
iden- tical sections represented sequentially as sections [err] each
section [err] comprising: 30            a current source for providing a
supply current Ics at a first supply point; 2(2K+1) like-polarity Input
transistors represented sequentially as first transistors QA[err] ... QAK
and as second transistors [err] each transistor having a firstflow
electrode, a second flow electrode, and a control electrode for controlling
current transmission between the flow electrodes, the first electrodes
being jointly supplied with a current largely equal to current Ics, the
first electrodes of 35       each pair of corresponding transistors
[err](where "j" Is a running Integer) coupled together, the control
electrodes of each pair of transistors [err] being differentially
responsive to bit [err], the second electrode of the first transistors
coupled together to a first line, the second electrodes of the sec- ond
transistors coupled together to a second line; bit storage means for
generating bit [err] in response to signals [err] respectively supplied to
a 40      first and second nodes, the storage means having a second supply
point for receiving supply current to store bit B; and switching means
responsive to a clock signal for coupling the first and second lines
respectively to the first and second nodes when the clock signal is at a
first clocking value and for coupling the first and second lines to the
second supply pointwhen the clocking signal is at a second docking value
different 45      from the first clocking value. 12. A circuit as in Claim
11 characterized in that the first electrodes of each pair of transistors
[err] in each section [err] are further coupled to the first supply point
in section [err] for 1 [err] i+j[err] M. 50  13. A circuit as In Claim 12
characterized in that each end-zone bit [err] for i<1 is the same as bit
[err] and each end-zone bit [err] for I > M is the same as bit [err]. 14. A
circuit as In Claim 11 characterized In that the first electrodes of each
pair of corresponding transistors [err] in each section Sarefurthercoupled
to the first supply point in section [err]for [err]<1, section 55
[err] and section [err] > M. 15. Acircuitas in Claim 14 characterized in
that the first electrodes of transistors [err] In each section [err] have
largely the same width [err] and the currents [err] flowing respectively
through the first and 12    EP 0 328 215 B1                    *  C L M  S
* second lines In each section [err] when the clock signal Is at the first
clocking value are given as K K [err] 10 where 15 [err] is given as 1 when
transistor [err] is fully on and transistor [err] is off, and [err] is
given as 0 when tran- 



sistor [err] is fully on and transistor [err] is off. 20 16. A circuit as
In Claim 15 characterized in that each transistor is a bipolar transistor.
PatentansprOche 25 1.  Elektronische Schaltung, die eine Eingangsstufe zur
Lieferung von M biniren Originalbits enthalt, die fort- laufend als Bits
D1, D2 ... DM bezeichnet werden, wobel M mindestens glelch 3 lst, und wobel
die Originalbits zwischen einem ersten binaren Wert und einem zweiten
binaren Wert als Funktion einerganz- zahlgen Vafiablen P so umschalten, dal
wenn P auf einen beliebigen ganzzahligen Wert im Bereich von 30      0 bis
M eingestellt ist, Jedes Bit Di, wobei im elne laufende ganze Zahl ist, im
Idealfall bei i > P den einen binaren Wert und bei i 5 P den anderen
binAren Wert aufweist, pskennzeichnet durch Fehlerkorrektur- mittel, die
folgendes enthalten: Endzonenmittel zur Lieferung von 2K binaren
Endzonen-Bits, die fortlaufend als Bits D. K+1 ... Do und DM+1 ... Dm+K
bezeichnet warden, wobel K mindestens gleich 1 st; 35
Summiermittel zur Erzeugung von M Zwischensignalen, die fortlaufend als
Signale El, E2 ... EM bezeichnet werden, wobel jedes Signal El so erzeugt
wird, dal es Im wesentlichen entsprechend elner gewichteten analogen
Summierung der 2K+1 Bits DP K ...DI ... D1+K varilert; und Verglelchsmittel
zur Lieferung von M korrigierten binaren Bits, die fortlaufend als Bits B1,
B2 ... BM bezeichnetwerden, durch den Vergleich derSignale El, E2 ...
EMjeweils mit M welteren Signalen, diefort- 4g0     laufend als Signale F1,
F2 ... FM bezeichnet werden, wobel jedes Bit B1 mit einem der binaren Werte
pro- duziertwird, wenn des Signal El groger ist als das Signal F1, und
mitdem anderen biniren Wert produziert wird, wenn das Signal El Ideiner ist
als das Signal Fl. 2.  Schaltung nach Anspruch 1, wobeijedes Originalbit im
Ideaifall bel i 5 P den ersten binaren Wert aufweist 45      und bell> P
den zweiten biniren Wert aufweist, dadurch aekennzeichnet, dal jedes
Endzonenbit D bel I < I auf elnen ersten biniren Wert und bel l > M
auf-elnen zwelten binaren Wert festgelegt ist. 3. Schaltung nach Anspruch
1, dadurch gekennzeichnet, dalljedes Signal F1 auf eine Bezugaspannung ge-
setzt wird, die zwischen den extremen Spannungspegeln liegt, die wahrend
des normalen Betriebs durch SD      das Signal El errelcht werden. 4.
Schaltung nach Anspruch 1, dadurch aekennzeichnet, dal die Bits in jeder
Gruppe von 2K+1 BitsD K ... Di ... Dl+K bel der Erzeugung des Signals El
ungefahr gleich gewichtet sind. 5. Schaltung nach Anspruch 1, dadurch
sekennzeichnet, daB das Summiermittel Jedes Signal F, so erzeugt, S5
daB es Im wesentlichen gemra einergewichteten analogen Summierung der
Komplemente der 201 Bits DP K ... DI ... DMK variiert. 6.  Schaltung nach
Anspruch 5, wobei jedes Originalbit DI im Idealfall be! i S P einen ersten
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1 11 I! und bei i > P oinen zweiten binaren Wert aufweist, dadurch
sekennzeichnet, dag jedes Endzonenbit DI bel l < I auf einen ersten biniren
Wert und bei i > M auf einen zweiten binaren Wert festgelegt ist. 7.
Schaltung nach Anspruch 5, dadurch gekennzeichnet, daB jedes Endzonenbit DI
bei I 1 dem Bit DNM+l 5       entspricht, und dal3 jades Endzonenbit DI bel
l > M dem Bit DN. mentspricht. S. Schaltung nach Anspruch 5, dadurch
aekennzelchnet, daB die Bits in Jeder Gruppe der 2K1 Bits D% K DI ... DI+K
und ihre Komplemente bel der Erzeugung der Signale El und F, ungefahr
gleich geAwichtet sind. 0. Schaltung nach Anspruch 5, dadurch
aekennzeichnet, daB die Summierund Vergleichsmittel M S&kthonen '0
enthalten, die fortlaufand als Sektionen 81, S2 ... SM bezeichnet werden,
wobel jede Sektion S, folgendes enthalt 



Stromquelle zur Lieferung Sines Versorgungsstromes ICe; erste und zwelte
Eingangstransistoren, die Jewells eine erstb Leitungselektrode, eine zwelte
Lei- tungselektrode und eine Steuerelektrode zur Steuerung der
Stromfibertragung zwischen den Leitungs- elektroden enthalten, wobol die
ersten Elektroden an einem ersten Versorgungspunkt miteinander ver- bunden
sind und jede der zweiten Elektroden mit einem anderen von zwei
Knotenpunkten verbunden ist; 2K+1 Parar erster und zweiter
Impedanzelemente, wobel der eine AnschluB jedes ersten Impe- danzelementbs
mit der Steuerelektrode des ersten Transistors verbunden lst, der eine
AnschluB jades zwelten Impedanzelements mit der Steuerelektrode des zweiten
Transistors verbunden let und die an- deren Anschl~isse jedes Paares von
Impedanzelementen Jeweils ein unterschiedliches Bit von den 2K+1 Bits DF K
... D ... DI+K erhalten; Bitspebchermittel zur Erzeugung des Bits B, in
Reaktion auf Signale El und FI, die jeweils den Kno- tbnpunkbtn zugef
ihrtwerden, wobei die Spelchermittl einen zwelten Versorgungspunktzum
Empfangen 25      des Versorgungestroms zur Speocherung des Bits B,
enthaltbn; und Schaltmittel, die auf emn Taktslgnal reagieren, um den Strom
ICe zwlschen dem ersten und zwalten Versorgungspunkt umzuschaltbn. 10.
Schaltung nach Anspruch 9, dadurch gekennzeichnet, dalB jades
Impedanzelement ain Widerstand !st. 30  11. Schaltung nach Anspruch 5,
dadurch gekennzeichnet, daB die Summierund Vergleichsmittel M weitge- hand
identische Sektionen enthalten, die fortlaufend als Sektionen S,, S2 ... SM
bezeichnetwerden, wobel jade Sektion S, folgendes enthalt: Stromquelle zur
Lieferung des Versorgungsstromes IC8 an einen ersatn Versorgungspunkt;
2(2K+ 1) Eingangstransistoren mitgleicher Polaritat, die fortlaufend als
erste Transistoren QA.K 35      QAO ... QAKund alszweiteTransistoren QB K
...QBO3... QBK bezeichnet warden, wobei jederTransistoreine erste
Leitungselektrode, aine zweite Leitungselektrode und sine Stbuerelektrode
zur Stbuerung der Stromubertragung zwischen den Leitungselektroden enthilt,
wobel den ersten Elektroden gemeinsam ein Strom zugeffihrt wird, der im
wesentlichen dem Strom IC8 entspricht, wobel die ersten Elektroden je- des
entsprechenden Transistorpaares QA, und QB1 (wobel "J aine laufende
Ganzzahl !st) mitoinanderver- 40      bunden sind, wobei die
Stbuerelektroden jades Transistorpaares QA, und QBl jeweils auf das Bit
DI+J res- gleren, und wobel die zweiten Elektroden derersten Transistoren
Obereine erste Leitung und die zweiten Elektroden der zweitan Transistoren
Oiber aine zweite Leitung mitbinander verbunden sind; Bitspelchermittbl zur
Ueferung des Bits B, in Reaktion auf die Signale El und Fl, die jeweils
einem ersten und einem zweiten Knotbnpunit zugefuhrt warden, wobei die
Speichermittel ainen zweiten Ver- 45      sorgungspunkt zum Empfangen des
Versorgungsstroms zur Speicherung des Bits B, enthalten; und Schaitmittbl,
die auf ein Taktsignal reagleren, um die erste bzw. zweolt Leltung mit dem
ersten und dem zweiten Knotbnpunkt zu verbinden, wenn das Taktsignal einen
ersten Taktwert aufweist, und um das die erste und die zweite Leitung mit
dem zweiten Versorgungspunkt zu verbinden, wenn des Taktsignal einen
zweiten Taktwert aufweist, der sich vom ersten Taktwert unterscheidet. 50
12. Schaltung nach Anspruch 11, dadurch gekennzeichnet, daB die ersten
Elektroden jades Transistorspaares QkA und QBj in jeder Sektion S, des
weiteren mit dem erston Versorgungspunkt in Sek- tion SH verbunden sind,
wenn I 5 i+j 5 M. 65  13. Schaltung nach Anspruch 12, dadurch
aekennzeichnet. daB jedes Endzonenbit D beli i   dem Blt DN1*M entspricht,
und dalB jedes Endzonenbit DI bel i > M dem Bit DNI M entspricht 14.
Schaltung nach Anspruch 11, dadurch aekennzelchnet, daB die rsten
Elektroden jedes entaprechenden 14    EP 0 328 215 B1
I II          M   S  ! 



Transistorpaares QAj und QBj in jederSektion SI desweibtren mitdamersten
Versorgungspunkt in Sektlion SkM bel I+] < 1, in Sektbon SI.j bel I  1 5+j5
M und in Sektion Si*m bei i+J > M verbunden sind. 15. Schaltung nach
Anspruch 14, dadurch oekenrnzelchnet, daB die erstan Elektroden der
Transistoren QA 5       und QBj in jeder Sektion SI im wesentlichen die
gleiche Braite wj aufweisen und daB die StrOme IEI und IFI die durch die
ersat beziehungswelse durch die zweite Leitung In jeder Sektion SI fileSen,
wenn das Taktsignal don ersten Taktwert aufweist, slch ergeben aus: IEI
(ICSIWT) T.K_, wjDl + j lFIs" (cST)ZKIJ-KWJ(1 - Dl+d 10      wobel wT der
Summe L'$.. K Wj entspricht, Dj+j als I gesetzt wird, wenn der Transistor
QAj eingeschaltot und der Transistor QBJ ausgeschaltet !st, und D+j als 0
gesetzt wird, wenn Transistor QBj elngeschaltat und Transistor QAj
ausgeschaltet let. 16. Schaltung nach Anspruch 15, dadurch pskennzeichnet,
daS jeder Transistor ain Bipolar-Transistor tst. 15 Revendlcatlons 1.
CIrcuit electronique comportant un etage d'entree pour fournir M bits
binaires originaux representes s6- 20      quentiellement comme bits Di, D2
... DM, oO M est au moins egal A 3, les bits originaux commutant entre des
premibre et deuxieme vaieurs binaires en fonction d'une variable entiire P
de fagon qua si P ost mis A une valeur entlire particuliire comprise dans
une gamme allant de 0 A M, chaque bit Di, 0iw etant un antler courant, soit
Wialement A lune des valeurs binaires pour i > P et A l'autre valeur
binaire pour i 5 P, caracteris6 par des moyens de correction d'erreur
comportant: 25            des moyens de zone finale pour fournir 2K blts
binaires de zone finale reprhsentfi sequentielle- ment comme bits D.
K+1...Do et DM+I...DMII, oO K est au molns egal A 1; des moyens sommateurs
pour engendrer M signaux Intbrmediaires repr6sentes sequentiellement comme
signaux E1, E2 ... EM, chaque signal EI etant engendre de fagon A varier
sensiblement selon une sommation analogique ponderee des 2K+1 bits Di. K
... D ... Dl+a; et 30            des moyens comparabturs pour fournir M
bits binaires corrigis representis sequentiellement comma bits B, B2 ...
BM, on comparant les signaux E1, E2 ... EM respectivement avec M autres
signaux representes s6quentiellement comme signaux F1, F2 ... FM, chaque
bit Bi itant fourni A l'une des valeurs binaires si le signal El est
superieur au signal F1 et A l'autre valeur binaire si le signal El est
inf6rieur au signal Fl. 36 2. Circuit salon la revendication 1, dans 1equel
chaque bit original DI eat Idealement A la premlibre valeur bi- naire pour
I % P et A la deuxibme valeur binalre pour I > P, caractiris6 en ce qua
chaque bit de zone finale DI est fix6 A la premiere valour binaire pour i <
I et a la deuxieme valeur binaire pour i > M. 40  3. Circuit salon la
revendication 1, caracterlse en ce quo chaque signal F1 est regle A une
tension de reference entre les tensions extremes attointes par Is signal El
pendant le fonctionnement normal. 4. Circuit salon la revendicatlon 1,
caracterise en ce qu'au bit de chaque groups de 2K+1 bits Di. K ... DI ...
DRK sont donnes des poids A peu prts egaux lors de la gen6ratlon du signal
El. 4 5. CIrcuit selon la revendication 1, caracterise en ce qua Is moyen
sommateur engendre chaque signal F1 de facon qu'il vafie sensiblementselon
une sommatlon analogique ponderee des complements des 2K01 bits Dl K ... DI
... DI+K 6. Circuit salon la revendication 5, dans esquel chaque bit
original DI eat Idialement A la premiere valeur bi- 50      naire pour i 5
P et a la deuxieme valeur binaire pour i > P, caractirisi en co quo chaque
bit de zone finale Di est fixe a la premiere velour binaire pour I < 1 et a
la deuxilme valeur binaire pour i > M. 7. CIrcuit salon la revendication 5,
caracterise en coe qua chaque bit de zone finale DI pour I < 1 oet le mame
quo Is bit DNM+I et an ce qua chaque bit de zone finale DI pour I > M eat
le mime quo le bit DNk M. 55 8. Circuit salon la revendlcatbon 5,
caractirise en ce qu'au bit de chaque groupe de 2K+1 bits DF K ... 



DI+K et A laurs complements sont donnes des poids A peu pris igaux lors de
la giniratlon des signaux El et Fl. 15    EP 0 328 215 Si * C   L   M   S
9. Circuit solon la revendication 5, caracterisi en ce que lee moyens
sommatburs et comparateurs compor- tent M parties distinctes representees
sequentlellement comme parties S1, S2... SM, chaque partie SI comportant:
une source de courant pour fournir un courant d'alimentation Ic8; c
des premier et deuxieme transistors d'entree presentant chacun une premlire
6lectrode de cou- rant, une deuxieme 6lectrode de courant et une electrode
de commands pour commander la transmission de courant entre les 6lectrodes
de courant, les premlieros electrodes teant coupl6es entre elles a un pre-
mier point d'alimentation, chacune des deuxlemes electrodes etant couplee A
l'une differente d'une paire de noeuds; 10            2K+1 paires de
premier et deuxieme 6l6ments d'impidance, une extremite de chaque premier
ele- ment d'imp6dance etant couplee a l'electrode de commando du premier
transistor, une extremite de cha- quo deuxibme el6ment d'impedance stant
couplee A 'electrode de commando du deuxieme transistor et les autres
extremites de chaque pairs d'elements d'impedanco reoevant
differentiellement l'un differont des 2K+1 bits DS K ... DI ... D,+K; des
moyens de stockage de bits pour engendrer le bit B1 en rsaction aux 15
signaux El et F1 respectivement fournis aux noeuds, les moyens de stockage
ayant un deuxieme point d'alimentaton pour recevoir le courant
d'alimentation pour le stockage du bit B1 et des moyens oommutatburs qui,
en reaction A un signal d'horloge commutent le courant 48 entre les premier
et deuxieme points d'alimentation. 2o  10. Circuit selon la revendication
9, caractsrise en ce quo chaque el6ment d'impedanoe est une resistance. 11.
CIrcuit selon la revendication 5, caractsrise en co quo les moyens
sommatours et oomparateurs compor- tent M parties distinctes sensiblement
identiques, reprdsent~es sequentiellement par los parties 8i, S2 SM, chaque
partie SI comportant: 25            une source de courantpourfournlrun
courantd'allmentation ICS a un premier point d'allmentation; 2(2K+1)
transistors d'entree de mime polariti representes sequentlellement par les
premiers tran- sistors QA. K ... QA0 ... QAKet lea deuximes transistors QB.
K... KBO ... QBK, chaque transistor prisontant une prsmilbre lectrode de
courant, une deuxieme 6lectrode de courant et une 6lectrode de commando
pour commander la transmission de courant entre les electrodes de courant,
les premisres electrodes 90      etant alimentees en commun par un courant
sonsiblement egal au courant Ic, les prmlieres electrodes de chaque paire
de transistors correspondant QA1 et QBj (o0 07 est un antier courant) etant
couplIes entre elles, los electrodes de commando de chaque paire de
transistors QA% et QBj r6agissant diffirentiellement au bit D1+j, les
deuxiemes electrodes des premlers transistors etant couplees ensemble A une
premlire ligne et les deuxismes electrodes des deuxibmes transistors etant
couplees ensemble A une seconde II- 35      gne; des moyens de stockage
pour engendrer le bit B1 en reaction aux signaux El et F, respectivement
fournis aux promieret deuxibme noouds, les moyens de stockage pressntant un
douxisme point d'alimen- tation pour recevolr le courant d'alimentation
pour le stockage du bit B1 et des moyens commutateurs qul, en r6action A un
signal d'horloge servant A coupler les prsmiere 40      et deuxibme lignes
respectivement aux premier et deuxilme noeuds lorsque Is signal d'horloge
est A une premlire valeur d'horloge et A coupler les premiere et deuxibme
lignes au deuxieme point d'alimentation lorsque le signal d'horloge est A
une deuxieme valeur d'horloge, diffirento de la premiers valeur d'horlo- 



ge. 45  12. Circuit solon la revendication I1, caractirise en ce quo les
premibres electrodes de chaque paire de tran- sistors QAj et QBj de chaque
partle SI sont encore couplees au premier point d'alimentatlon de la
section Sl+J pour I 5 i+J 5 M. 13. Circuit selon la revendication 12,
caractirisA en co quo chaque bit de zone finals Di pour i < I est le meme
quo le bit DNM+I, et en ce quo chaque bit de zone finale DI pour I > M est
le meme que le bit DN. M. 14. Circuit solon la revendication 11,
caracterise en ce quo lea premieres electrodes de chaque pairs de tran-
sistors correspondents QA% et QBj de chaque partie SI sont encore couplies
au premier point d'alimen- tation de la partie SlJ+M pour i+J < 1, de la
partle S~l pour 1 5 i+j 5 M et de la partie Sl+jM pour i+J > M. 55   15.
Circuit solon la revendlcation 14, caractirise en co quo les premieres
Mlectrodes des transistors QAj et QBj de chaque partle S ont sensiblement
la mime largeurwj et en co quo les courants IEl et IF, traversant
respectivement lea premlere et deuxilme lignes de chaque partle SI lorsque
le signal d'horloge est A la premiere velour d'horloge, sont donnes par 16
EP O 328 215 B1                                 IIII U!11 11 P IMIII  I
DIII Ilic 11111   Mii  li IEI  (ICS/Wy)y VJ. -K wjD, . J IFI#(ICS/WT)Z=-K
WX1 - DI.P ob WT = ZK1J K Wj, Drn = 1 lorsque le transistor QAj eat
entibrement conducteur et le transistor QBj ast blo- que, et DlJ est ogal &
0 lorsque le transistor QBj est entibrement conducteur et l transistor QA,
est bloqu6. 16. Circuit selon la ravendication 15, caracterish en ce qua
chaque transistor est un transistor bipolaire. '10 15 20 25 30 35 40 45 50
55 17    


