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became related to the ratio of the gains of the load device and the
pull-down transistors. The NOR The present invention relates to memories
gate was not ratioless. The gain for a single input which utilize address
transition detection, and more  was much less than unity gain. This is
particularly particularly, to memories which provide a summa-   5
undesirable because the desired fan-out for a SAT tion for a plurality of
address transition detectors.  signal is quite large. If more than one load
device In memories which use address transition de-   was activated
simulataneously, the output node tection it is typical to have a separate
address  was pulled closer to ground but this, of course, transition
detector for each address signal for   could not be relied upon. Because
the pull-up is which transitions are to be detected. If any transi-  10
passive while the pull-up is passive, the relative tion of the row address
is to be detected, then a  timing of the pull-up and pull-down do not track
transition detector is commonly used for each row  with process variations.
In those designs in which address signal. Each transition detector
generates  both row and column address transitions were de- a pulse in
response to a transition of the particular  tected the problems were even
more severe be- row address signal to which it corresponds. The   15  cause
the wide NOR gate was extended across the outputs of these detectors are
then summed to     whole chip, adding much capacitance and thus provide a
single pulse which can be referred to as  exacerbating the process tracking
and gain prob- the summation of address transitions (SAT) pulse.  lems.
This SAT pulse is then used to directly generate an   To improve this
situation, the load was clocked. equalization pulse which is used to
equalize the bit  20  In CMOS embodiments, the load device was a P lines
upon its generation and to begin the sensing  channel transistor so that
the output node could be of data upon its termination. Although other
signals,  brought to full power supply voltage with a clock such as chip
enable and write enable, may also be  signal that did not have to be
bootstrapped. One used in controlling the equalization pulse, the SAT
clocking technique that was used was to use feed- pulse is the key pulse in
the successful generation   25  back from the equalization circuitry to
turn the load of the equalization pulse.                        device on
and off. After the equalization circuitry In the prior art, the summation
function to gen-  received the 'SAT pulse, the equalization circuit erate
the SAT pulse was achieved with a single,   would output a feedback signal
to enable the load multiple-input NOR gate. The actual pulse gen-    device
for termination of the 'SAT signal. This was erated by the large NOR gate
is normally high and   30  effective for the case in which there was only
one is pulsed to a logic low in response to an address  address transition
or all of the address transitions transition so that the so generated is
complemen-  were simultaneous. The feedback was timed such tary to SAT and
referred to as *SAT. The outputs of  that the feedback signal would not
activate the load each of the transition detectors was connected to  until
at least the pulse from the activated transition the inputs of this NOR
gate. In the case of 7 row   35  detector was terminated. The load device
was then addresses typical for a 16K static random access  turned on after
the activated pull-down transistor or memory (SRAM). this meant there were
7 transis-   transistors was turned off. For the address skew tors
connected to a common output node for the    case, however, the case in
which the address tran- *SAT pulse. This made this output node  for the
sitions are not simultaneous but are separated in *SAT pulse highly
capacitive. This is shown in FIG.  40  time, there arose a problem. The
feedback signal 5 of U.S. Patent No. 4,355,377, Sud et al. As     would be
generated in response to the first address SRAMs have reached higher
densities such as       transition so that the load transistor would be ac-
64K, the number of row addresses increased as     tivated, but a second
address transition would ac- well, raising the relative capacitance of the
output  tivate one of the pull-down transistors while the node for the SAT
pulse. The desire is for these   45  load was being activated by the
feedback signal. transistors connected between the transition detec-  This
is the very situation to be avoided. The ad- tors and the output node to
quickly pull down the  dress transition detection performance was thus not
output node to ground with the first edge of the  asynchronous.
Furthermore, the tracking issue re- signal provided by a transition
detector. This has  mained a problem with this type of feedback reset been
difficult to achieve because the desire is also  50  of the 'SAT node. For
example, if transistors of to quickly drive the output node to the power
shorter channel length were introduced into the supply voltage to terminate
the SAT pulse on the  process (which is often done to increase circuit
second edge of the signal provide by a transition  speed), the feedback
path could speed up more detector. In order to drive the output node back
up  than the input to the NOR gate. This would cause to or near the power
supply voltage, a relatively  55  the pulse width to get shorter and
perhaps dis- large load device connected between the power     appear
altogether for some input conditions. This supply and the output node was
required. This     has been a typical problem in the design of self-
limited the output swing on the output node and   resetting pulses and
logic differentiators. 3    
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approach has been to clock the load        FIG. 4 is a combination block
and circuit dia- using the transition detectors. This type of tech-    gram
of a second portion of the block diagram nique made the performance more
nearly asyn-          of FIG. 2; chronous, but did not not remove the basic
prob-      FIG. 5 is a combination block diagram and cir- lem of less than
unity gain, non-tracking with pro-   5  cuit diagram of a precharge and
decoder control cess, and the problems associated with pulling
circuit according to a preferred embodiment of down a large capacitance. It
also made it neces-      the invention; sary to run the reset signals
across the chip.        FIG. 6 is a combination block and logic diagram of
a portion of the precharge and decoder con- Summary of the Invention
10    trol circuit of FIG. 5; FIG. 7 is a combination block and logic
diagram An object is to provide a memory with an           of a row
summation address transition signal improved summation address transition
pulse.          generator according to a preferred embodiment Another
object of the Invention is to provide an   of the invention; and improved
circuit for providing a summation address   15  FIG. 8 is a combination
block and logic diagram transition pulse.
of a column summation address transition signal Yet another object is to
provide a summation       generator according to a preferred embodiment
address transition pulse with improved wave-shape     of the invention.
consistency. These and other objects are achieved in a   20   Description
of the Invention memory as set forth in claim 1 having a plurality of
memory cells, a row decoder, a column decoder, a       Shown in FIG. 1 is a
memory 10 in layout form plurality of row address transition detectors, a
first  showing the physical relationship of the certain logic circuit, and
a second logic circuit. The plural-  important functional blocks which
comprise a mem- ity of memory cells are located at intersections of  25
ory architecture. Memory 10 comprises 8 sub-ar- bit line pairs and word
lines. Each memory cell is  rays 11, 12, 13, 14, 15, 16, 17, and 18; 8 word
line selected by an enabled word line and a selected     driver blocks 21,
22, 23, 24, 25, 26, 27, and 28; a bit line. The row decoder is coupled to
the word    column block 31; a left global row decoder 32; a lines for
enabling a word line in response to a     right global row  decoder 33; a
row  address plurality of row address signals. The column de-  30
buffer/control  block  34; a  column  address coder is coupled to the bit
line pairs for selecting a  buffer/control block 35; and a control data I/O
block bit line pair in response to a plurality of column  36. The various
functional blocks are located pri- address signals. The plurality of row
address tran-  marily in relation to each other in layout form as is sition
detectors are coupled to respective row ad-  typical of architecture
definition in a memory. FIG. dress signals. Each row address transition
detector   35   1 shows the architecture in two dimensional form is for
providing a detection pulse in response to   with a top and a bottom, and a
left and a right. The detecting a transition of the respective row address
row address buffer/control block 34 is at the top signal coupled thereto.
The first logic circuit is  with a bus 37 running down and to the left to
the coupled to the plurality of row address transition  left global row
decoder block, and with a bus 38 detectors and provides a plurality of
intermediate  40  running down and to the right to the right global
signals. Each intermediate signal corresponds to a  row decoder 32. Word
line driver block 21 is imme- subset of the detection signals and occurs in
re-   diately below row decoder 32. Sub-array 11 is sponse to an occurrence
of at least one of the     immediately below word line driver 21. Word line
detection pulses in the subset to which the inter-  driver 22 is
immediately below sub-array 11. Sub- mediate signal corresponds. The second
logic cir-  45  array 12 is immediately below driver 22. Word line cuit is
coupled to the first logic circuit and provides  driver 23 is immediately
below sub-array 12. Sub- a summation address transition signal in response
array 13 is immediately below driver 23. Word line to the occurrence of at
least one of the intermedi-  driver 24 is immediately below sub-array 13.
Sub- ate signals.                                        array 14 is
immediately below driver 24. Word line 50 driver block 25 is immediately
below row decoder Brief Description of the Drawings                   33.
Sub-array 15 is immediately below word line driver 25. Word line driver 26
is immediately below FIG. 1 is a layout of a memory useful in under-
sub-array 15. Sub-array 16 is immediately below standing the present
invention;                  driver 26. Word line driver 27 is immediately
below FIG. 2 is a block diagram of a portion of the   55  sub-array 16.
Sub-array 17 is immediately below memory circuit of FIG. 1;
driver 27. Word line driver 28 is immediately below FIG. 3 is circuit
diagram of a first portion of the  sub-array 17. Sub-array 18 is
immediately below block diagram of FIG. 2.;                        driver
28. Sub-arrays 11-14, which run in a top to 4    
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form a column 39 of sub-arrays.  lines. The row select lines carry
information used Sub-arrays 15-18, which run in a top to bottom     by the
word line drivers so terminate with the last direction, form a column 40 of
sub-arrays. Sub-    word line driver. The row select lines, thus need
arrays 11 and 15, which run in a left to right     not extend to overlie
the last sub-array in the direction, form a row 42 of sub-arrays.
Sub-arrays   5   column of sub-arrays. As shown, row select lines 12 and
16, which run in a left to right direction,  65 and 66 do not extend to
overlie sub-array 14, form a row 43 of sub-arrays. Sub-arrays 13 and 17,
the last sub-array in column 39. Each row select which run in a left to
right direction, form a row 44  line runs between the word lines which
correspond of sub-arrays. Sub-arrays 14 and 18, which run in a  to that row
select line over all but the last sub- left to right direction, form a row
45 of sub-arrays.  10  array. As shown in FIG. 1, row select line 65 runs
Column block 31 runs between, and in parallel with,  between word lines 46
and 47 over sub-array 11, columns 39 and 40. Column block 31 is thus inter-
and between word lines 50 and 51 over sub-array posed and breaks into each
of rows 42-45. Word     12, and between word lines 54 and 55 over sub- line
drivers 21-24 are on top of sub-arrays 11-14,  array 13. respectively, of
column 39. Word line drivers 25-28   15  Column block 31 is coupled to
sub-arrays 11- are on top of sub-arrays 15-18, respectively. As   18, word
line drivers 21-28, block 34, block 35, and used herein, "on top of" is
used in the two dimen-  block 36. Column block 31 provides column decod-
sional planar sense as is appropriate for describing  ing, local sensing of
data, routing of sub-array an architecture.
selection signals, and data routing. There are Sub-arrays 11-18 each have
128 overlying bit  20  65,536 memory locations defined by the 16 ad- line
pairs and 64 overlying word lines. As used    dress signals AO-A15. Address
signals AO-A8 de- herein, "overlying" is used in the three dimensional
fine which word line is activated (or enabled). With sense. The use of word
lines and bit lines is well  64 word lines and 8 sub-arrays this is a one
of 512 known in the art. By way of example, 4 word lines  selection. Column
block 31 routes the sub-array are shown for each of sub-arrays 11-14, and 3
bit  25  selection signals to the word line drivers to aid in lines are
shown for sub-array 15. The word lines   the word line enabling process.
Each column 39, run in a top to bottom direction, and the bit lines  40 has
32 row select lines so there are a total of 64 run in a left to right
direction. For sub-array 11,  row select lines. Address signals AO-A5
provide a word lines 46-49 are shown. For sub-array 12, word  one of 64
selection to define which of the row lines 50-53 are shown. For sub-array
13, word lines  30  select lines is activated. One of the two word lines
54-57 are shown. For sub-array 14, word lines 58-  which correspond to the
activated row select line 61 are shown. For sub-array 15, bit line pairs
62-64  will be activated. This one of two selection is deter- are shown.
Columns 39 and 40 each have 32 row      mined by address A6. Address AS
defines between select lines which run in the top to bottom direc-  left
and right, i.e., between column 39 and 40. tion. By way of example, row
select lines 65 and   35   Block 34 provides 16 sub-array selection signals
to 68 are shown for column 39. For each row select    column block 31. Each
word line driver block re- line there are two corresponding word lines
adja-  ceives two of these sub-array selection signals. For cent to that
row select line for each sub-array in  a given word line selection, only
one of the 16 sub- the particular column. Each word line is adjacent to
array selection signals is activated. The reason only one row select line,
that being the correspond-   40  each word line driver block receives two
sub-array ing row select line. Row select line 65 has cor-   selection
signals is to select between the two word responding word lines 46-47,
50-51, 54-55, and 58-  lines which correspond to and are adjacent to the
59. Row select line 66 has corresponding word      activated row select
line. Address signals A7 and lines 48-49, 52-53, 56-57, and 60-61. Row
select   A8 define which sub-array within a column of sub- lines 65 and 66
extend from row decoder 32 to  45  arrays is selected. Address signals A5,
A7, and A8 word line driver 24, overlying sub-arrays 11-13    define which
sub-array is activated for purposes of therebetween.
precharging as well as word line selection. The word lines are formed in
two layers. One       In a read mode, when one of signals AO-A8 layer is
polysilicon which forms the gates of trans-  switches state, a row address
transition signal is fer transistors which enable individual memory   50
activated which causes the selected sub-array to cells. The other layer is
metal which overlies the  be precharged. This has become a typical tech-
polysilicon word lines. Each overlying metal word  nique in high speed
SRAMS. The precharging of a line is strapped to a corresponding polysilicon
word  sub-array is to precharge and equalize the bit lines line to increase
the speed with which the memory   thereof. This precharging is a
significant portion of cells are accessed. This strapping of overlying   55
the power consumed by the memory. As such a metal to polysilicon for high
speed word lines is  significant power saving is achieved by prechar- known
in the art. The row select lines are metal   ging only the sub-array which
is to provide data. lines formed in the same layer as the metal word
Address signals A5, A7, and A8 determine which 5    
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precharged in response to an   decoding is also very similar. A write
driver Is address transition of one or more of address sig-  employed
instead of sense amplifiers. The write nals AO-A8. All other sub-arrays
remain precharged  driver is located in block 36. Address signals A14 and
deselected.                                    and A15 determine which pair
of global data lines In conjunction with a word line being activated,   5
88 carry the data to be written. The sense amplifi- column block 31
provides decoding and sensing in   ers are all made to be high impedance,
commonly order to obtain the selected data from the activated  known as
tri-stated. The sense amplifiers are by- sub-array in the read mode.
Address signals A9-    passed in the write mode so that the selected data
Al 5 provide a one of 128 selection to define which  line pair is coupled
to the column decoder. For a bit line within the sub-array will provide the
data. In  10  given address, there are 4 data paths made avail- the sensing
procedure as well as the word line     able between the selected sub-array
and the set of selection procedure, the activated sub-array must  sense
amplifiers for that sub-array. A bypass for be determined. The sub-array
selection signals are  each between the global data lines and the decod-
also useful for this purpose because they define   ers establishes 4 paths
to the sub-array when only which sub-array is selected. There are four sets
of  15  one is desired. Three of these potential data paths sense
amplifiers 67, 68, 69, and 70 present in     are blocked as determined by
address signals A14 column block 31, corresponding to rows 42, 43, 44,  and
Al 5. and 45, respectively. Each set of sense amplifiers    Shown in FIG. 2
are more details helpful In is comprised of four sense amplifiers. Set 67
is   describing the data selection and sensing process comprised of sense
amplifiers 71-74 in close prox-  20  provided by column block 31. Column
decoder 90 imity to corresponding sub-arrays 11 and 15. Set   is comprised
of four column pre-decoders 97, 98, 68 is comprised of sense amplifiers
75-78 in close  99, and 100; four secondary column decoders 101, proximity
to corresponding sub-arrays 12 and 16.   102, 103, and 104; and four write
coupling circuits; Set 69 is comprised of sense amplifiers 79-82 in   105,
106, 107, and 108. Similarly, column decoder close proximity to
corresponding sub-arrays 13 and   25  91 is comprised of four column
pre-decoders 110, 17. Set 70 is comprised of sense amplifiers 83-86  111,
112, and 113; four secondary column decod- in close proximity to
corresponding sub-arrays 14  ers 114, 115, 116, and 117; and four write
coupling and 18. Predecoding defined by address signals     circuits; 118,
119, 120, and 121. Each of the other A9-A13 couples 4 bit line pairs from
an activated  sub-array pairs 11-15, 12-16, and 14-18 also have sub-array
to respective sense amplifiers which cor-  30  an associated four column
pre-decoders, four sec- respond to the activated sub-array.
ondary column decoders, and four write coupling Global data lines 88 not
shown in FIG. 1 but    circuits. Sense amplifiers 71-86 each receive a
shown in FIG. 2 are routed from sense amplifiers   select operating clock
unique to that amplifier des- 71-86 through column block 31 to block 36.
Shown   ignated SELOC 0-15. As shown in FIG. 2, amplifi- in FIG. 2 is a
portion 89 of column block 31 and   35  ers 79, 80, 81, and 82 receive
clocks SELOC 8, sub-arrays 13 and 17. Portion 89 comprises a       SELOC 9,
SELOC 10, and SELOC 11. Only one of column decoder portion 90 coupled to
sub-array     the SELOC clocks is active for a given data access 13, a
column decoder portion 91 coupled to sub-    in the read mode. In the write
mode, all of the array 17 set of sense amplifiers 69, as well as   SELOC
clocks are inactive. global data lines 88. Four pairs of data lines 92, 93,
40  Assume as an example that data from sub- 94, and 95 comprise global
data lines 88. Each of  array 13 is to be output on data line pair 92. A
the sets of sense amplifiers 67-70 has outputs     word line in sub-array
13 is activated as deter- controllably coupled to these four data line
pairs  mined by address signals AO-A8. Decoders 97-100 92-95. Which set of
amplifiers that is coupled to  all respond to the address by providing an
output the data line pairs is defined by address signals A7   45  to
secondary decoders 101-104, respectively. De- and A8. Each set of
amplifiers 67-70 has inputs    coders 97-100 are each coupled to one fourth
of which are controllably coupled to one of the two   the 128 bit line
pairs of sub-array 13 which is 32 bit sub-arrays that are in the same row.
Which one of  line pairs. Decoders 97-100 provide a 2 of 32 the four pairs
of data lines 92-95 is selected for  selection so that two bit line pairs
are coupled to data is determined by address signals A14 and   50  each of
secondary decoders 101-104 via decoders Al 5. Signals Al 4 and A15 also
define which of the  97-100. Secondary decoders 101-104 each have a four
sense amplifiers within the set of amplifiers is  pair of outputs coupled
to inputs of amplifiers 79- not disabled. The control signals necessary to
pro-  82, respectively. Secondary decoders 101-104 per- vide the one of
four data pair selection are coupled  form a one of two selection to couple
a bit line pair from block 35 to block 36.                    55  to each
of amplifiers 79-82. The one of two selec- In a write mode the word line
selection is the  tion is determined by the state of address signal same as
for the read mode. In the write mode the   A9. Secondary decoders 114-117
all are tri-stated bit line pairs need not be precharged. The column  to
provide a high impedance output Amplifiers 79- 6    
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pair of outputs coupled to data line  Similarly, signals DL(110)0, *DL(1
10)0 DL(110)1, pairs 92-95, respectively. In the present example,  and
DL(110)1 are the decoded outputs of decoder SELOC 8 is activated while
clocks SELOC 9-11        110 present on the local data lines thereof.
Signals remain inactive so that only amplifier 79 is ac-   *DLEQ(13) and
*DLEQ(17) are equalization pulses tivated. Consequently, the data carried
by the pair   5   generated in response to a row or column address of bit
lines coupled to amplifier 79 is provided onto  transition and controlled
by address signals A5, A7, data line pair 92 where it is received by block
36.  and A8 to activate only the equalization pulse cor- In the inactive
state, amplifiers 80-82 are tri-stated.  responding to the selected
sub-army. Signals PD- If a write is to occur into sub-array 13 via data
(97)1, PD(97)0, PD(110)1, and PD(110)0 are se- line pair 92, a word line in
sub-array 13 is activated   10  lected to be active by address signals AS,
A7, AS, as determined by address signals AO-A8. All of     and A9 to enable
a selected pass device. Signals clocks SELOC 8-11 will be inactive so that
amplifi-  SS(13) and SS(17) are defined by address signals ers 79-83 will
be tri-stated. Block 36 provides the  A5, A7, A8 as sub-array select
signals. Signal WE3 data onto data line 92 as determined by address    is a
write enable signal which is active as a logic signals A14 and A15. In
response to the address,  15  high during a write. Signal S(A14, A15) is a
sense decoder 97 has two bit line pairs coupled to write  amplifier
selection signal defined by address sig- coupling circuit 105. Write
coupling circuit 105 cou-  nals A14 and A15. Signal SE is a sense amplifier
pies data line 92 to one of these pairs as deter-  enable signal which will
disable all of the sense mined by address signal A9. Thus the data is
amplifiers when it is a logic low. The transistors coupled to the selected
memory cell at the inter-  20  which have a circle on the gate are P
channel section of the activated word line and the selected  transistors
and the others are N channel. bit line pair.
Shown in FIG. 5 is a portion 200 of memory Decoders 97-100 and 110-113 each
have two       10, comprised generally of a generalized row de- pass gate
portions like pass gate circuit 123 shown  coder 201, a generalized column
decoder 202, bit in FIG. 3 for coupling bit lines to secondary decod-   25
lines 203 and 204, memory cells 205, 206, and ers 101-104 and 114-117.
There are 16 decoded      207, decoder coupling transistors 208 and 209, a
address signals DECO-DEC15 which are generated      bit line equilibration
circuit 210, a data line equili- in response to address signals A10-A13 for
cou-    bration circuit 211, an equilibration logic circuit 212, pling one
of 16 bit lines to a local data line. In a  a row address transition
detection (ATD) and con- selected sub-array as determined by address sig-
30  trol circuit 213, a column ATD and control circuit nals A5, A7, and AB,
one of signals DECO-DEC15      214, data lines 216 and 217, and word lines
218, is activated for each pass gate circuit. There are 8  219, and 220.
Bit line equilibration circuit 210 com- pass gate circuits for each
sub-array. In the de-   prises N channel transistors 222 and 223 and P
selected sub-arrays, all signals DECO-DEC15 are   channel transistor 224.
Data line equilibration circuit held inactive. As shown in FIG. 3, bit
lines BLO-   35  211 comprises N channel transistors 226 and 227 BL15 are
selectively coupled to a local data line  and P channel transistor 228.
Equilibration logic 124 and the complementary bit lines *BLO-*BL15
circuit 212 comprises a NAND gate 231, inverters are selectively coupled to
local data line 125. The  232, 233, and 234, N channel transistors 236 and
coupling from bit line to local data line is achieved  237, and P channel
transistor 238. with a single pass gate for each bit line so that  40
Memory cells 205-207 are conventional static there are 16 pass gates per
local data line. Each   RAM memory cells having inputs coupled to word
secondary decoder 101-104 and 114-117 is coup-     lines 218-220,
respectively, and complementary led to 2 corresponding data line pairs. The
single  outputs coupled to bit lines 203 and 204, respec- pass gate is
shown to be an N channel transistor. It  tively. Transistor 208 has a gate
connected to an is preferred, however, to have an additional P chan-   45
output of column decoder 20, a first current elec- nel in parallel with the
N channel transistors which  trode connected to bit line 203, and a second
are enabled by signals complementary to the         current electrode
connected to data line 216. Tran- DECO-DEC15 signals. This can be viewed as
using    sistor 209 has a gate connected to the output of conventional
transmission gates for the pass gates.  decoder 202, a first current
electrode connected to Each secondary decoder is coupled to 2 local data
50  bit line 204, and a second current electrode con- line pairs. Each
corresponding write coupling circuit  nected to data line 217. Transistor
222 has a drain is also coupled to the same pair of local data lines.
connected to a positive power supply terminal VDD Shown in FIG. 4 is a
circuit/logic diagram of   which can be, for example, 5 volts, a gate for
secondary decoders 101 and 114, and write cou-     receiving a precharge
signal PRE generated by pling circuits 105 and 118. Sense amplifier 79 is
55  logic circuit 212, and a source connected to bit line also shown in
FIG. 4. Signals DL(97)0, *DL(97)0,    203. Transistor 223 has a drain
connected to VDD, DL(97)1, and *DL(97)1 are the decoded outputs of    a
gate for receiving signal PRE, and a source decoder 97 present on the local
data lines thereof.  connected to bit line 204. Transistor 224 has a first
7    
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connected to bit line 203, a sec-  selected by the column address. Circuit
213 pro- ond current electrode coupled to bit line 204, and a  vides a row
disable signal RD to disable row de- gate for receiving an equalization
signal *EQ gen-  coder 201 and a column disable signal to disable erated by
logic circuit 212. Transistor 226 has a   column decoder 202. Signals RD
and CD each drain connected to VDD, a source connected to    5   perform
their disabling function at a logic low. data line 216, and a gate for
receiving signal PRE.    When operating at or near the shortest time
Transistor 227 has a drain connected to VDD, a      between cycles, signal
RD is a logic high except source connected to data line 217, and a gate for
for the time duration that signal "RX is a logic low receiving signal PRE.
Transistor 228 has first cur-  during which time RD is also a logic low,
disabling rent electrode connected to data line 216, a second   10  row
decoder 201 for the time duration that signal current electrode connected
to data line 217, and a  "RX is a logic low. For longer times between cy-
gate for receiving a signal complementary to        cles, signal RD will
switch to a logic low to disable precharge signal *PRE generated by logic
circuit    row decoder 201 between the end of one cycle and 212. NAND gate
231 has a first input for receiving  the beginning of the next. The effect
of disabling a row transition signal *RX generated by row ATD   15  row
decoder 201 is to disable all of the word lines and control circuit 213, a
second input for receiving  in memory 10, such as word lines 218-220 in
FIG. a sub-array select signal SA, and an output. In-    5. The purpose of
doing this between cycles is to verter 232 has an input connected to the
output of  reduce power consumption. The purpose of dis- NAND gate 231, and
an output for providing signal   abling the word lines when signal *RX is a
logic low *EQ. Transistor 236 has a source connected to  20  is to prevent
any word lines from being enabled ground, a gate connected to the output of
NAND      during equalization. Bit lines 203 and 204 are gate 231, and a
drain. Transistor 237 has a first   equalized in response to signal *RX
switching to a current electrode connected to the drain of transis-  logic
low. For the most common case signal *RX tor 236, a gate for receiving
signal *EQ, and a     pulses low for about 5 ns, but can extend to longer
second electrode for receiving a column transition   25  periods with
address skew. NAND gate 231 is signal *CX generated by column ATD and
control    forced to provide a logic high output in response to circuit
214. Transistor 238 has a gate connected to  signal *RX switching to a
logic low. Signal SA is the gate of  transistor 236, a first current
electrode  indicative of which sub-array among sub-arrays 11- for receiving
signal *CX, and a second electrode    18 of FIG. 1 is selected. Each of
sub-arrays 11-18 connected to the drain of transistor 236. Inverter  30
has a circuit such as circuit 212 for receiving 233 has an input connected
to the drain of transis-  signals *RX and *CX. The particular sub-array
sig- tor 236. and an output for providing signal PRE.    nal for the
selected sub-array is active when it is a Inverter 234 has an input
connected to the output   logic high. When signal SA is a logic high, NAND
of inverter 233, and an output for providing signal  gate 231 can respond
to signal *RX. In the deselec- *PRE.
35  ted sub-arrays, the corresponding signal SA is a Circuit 213 receives
the row address and de-    logic low which forces NAND gate 231 to provide
a tects a change thereof. When there is a row         logic high output.
For the selected case, NAND change, circuit 213 causes signal *RX to switch
to a  gate 231 provides the logic pulse of signal *RX as logic low from its
normal logic high. Signal *RX    a logic high pulse to inverter 232 which
in turn pulses to a logic low and switches back to a logic  40  provides
signal *EQ as a logic low pulse. While high in about 5 nanoseconds (ns) if
there is no     signal *EQ is a logic low, transistor 224 is conduc-
address skew. With address skew, signal *RX will   tive, equalizing bit
lines 203 and 204 by coupling remain at a logic low longer. As long as the
row    them together. When signal *EQ is a logic high, address transitions
remain relatively close together,  transistor 224 is not conducting so that
bit lines signal *RX will remain at a logic low, then switch   45  203 and
204 are not coupled together. Signal 'EQ back to a logic high after the
address transitions  is only a logic low in response to a row address have
been completed. Circuit 214 provides signal    transition in the case of
that sub-array being se- *CX in the same way except it does it for column
lected. A column address transition will not cause address transitions. Row
decoder 201, when en-      signal *EQ to switch to a logic low so that
transistor abled, selects a word line such as one of word   50  224 does
not equalize bit lines 203-204 in re- lines 218-220 as determined by the
row address      sponse to a column change. When the sub-array is received
by row decoder 201. Similarly, decoder     deselected, NAND gate 231 is
forced to provide a 202, when enabled, enables transistors 208 and
logic high output which causes inverter 232 to 209 when selected to do so
by the column ad-        provide signal *EQ at a logic low. The bit lines
in dress. Column decoder 202, of course, has many   55  the deselected
sub-arrays are thus all continuously other outputs (not shown in FIG. 5)
which are       equalized. selectively enabled In order to enable other bit
line  Circuit 214 provides signal *CX in response to coupling transistors
(also not shown in FIG. 5) as  a transition of the column address in the
same way 8    
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provides signal *RX in response to a  ging. Sustaining the precharge
voltage while pre- transition of the row address. A typical column
venting any word lines from being enabled thus address transition will
cause signal *CX to pulse  has the effect of decoupling the deselected sub-
low for about 5 ns, while address skew will cause it  arrays from
precharging and its disadvantageous to pulse low for a longer duration.
Signal CD is   5   effects. functionally the same as signal *CX but circuit
214    The bit lines for a column address transition In provides it with a
different output driver. Column  a selected array, however, are only
precharged and decoder 202 is enabled as long as signal CD is a   not
equalized. Although it may appear that bit lines logic high. Upon a column
address transition, sig-  203 and 204 will be equalized by virtue of being
nals *CX and CD pulse low causing column de-  10  precharged to the same
voltage, such is not the coder 202 to be disabled so that no coupling
case. Prior to the column address transition a word transistors such as 208
and 209 will be enabled,   line on the bit line pair was enabled and thus a
thus isolating all of the bit lines from the data lines  memory cell on the
bit line pair was actively coup- such as data lines 216 and 217. If the
column      led to the bit line pair so that one bit line is pulled address
selects bit line pair 203-204, coupling tran-  15  to a lower voltage than
the other. Assume that the sistors 208 and 209 switch from a conductive to
a  row address has selected word line 219 so that row non-conductive state
in response to signal CD      decoder 201 has enabled word line 219 and
there- switching to a logic low, isolating bit line pair 203-  by enabling
memory cell 206. Enabled memory 204 from data line pair 216-217. In the
case in    cell 206 causes bit lines 203 and 204 to separate in which there
is only a column address transition,  20  voltage by pulling down one or
the other bit line signal *EQ provided by inverter 232 is a logic high
depending on which logic state memory cell 206 is so that transistor 237 is
conducting, and the output  in. Assume that bit line 203 is the relatively
high of NAND gate 231 is a logic low so that transistor  side, and bit line
204 is the relatively low side and 238 is conducting. Transistors 237 and
238 act as  still assume that column decoder 202 had coupled a conventional
CMOS transmission gate. Prior to  25  bit line pair 203-204 to data line
pair 216-217 prior signal *CX switching to a logic low it is of course a
to a column only address transition. Upon the col- logic high so that the
input of inverter 233 receives  umn only address transition, simultaneously
bit line a logic high via the transmission gate formed by   pair 203 and
204 are decoupled from data line pair transistors 237 and 238. Inverter 233
thus provides  216-217, bit line pair 203 and 204 are precharged, signal
PRE at a logic low prior to the column   30  and data line pair 216-217 are
equilibrated. The address transition. Correspondingly, inverter 234
precharging of the bit lines raises the voltage on provides signal *PRE at
a logic high prior to the  both bit lines 203 and 204. The logic high of
bit column address transition. When signal *CX does    line 203
deteriorates with time. Memory cell 206, pulse low, this logic low is
coupled to inverter 233  by virtue of the nature of SRAM cells can very via
transistors 237 and 238 causing signal PRE to  35  effectively sustain a
logic low on a bit line but is pulse high and signal *`PRE to pulse low.
Signal    not nearly so effective in sustaining a logic high. A PRE at a
logic high causes bit line precharging    SRAM cell can sink current much
more effectively transistors 222 and 223 and data line precharging  than it
can source current. Being coupled to the bit transistors 226 and 227 to
become conductive.      line causes the logic high side of the selected
Data line equalizing transistor 228 is made conduc-  40  memory cell to
degrade. Precharging the high side tive by signal *PRE switching to a logic
low. Data  of the bit line keeps it from the adverse effects of lines 216
and 217 are equalized and precharged at  degrading. Precharging the logic
low side is not about one N channel threshold voltage below VDD.   harmful
because the enabled memory cell can, by For a deselected sub-array, NAND
gate 231 is       sinking some current, keep the bit line sufficiently
forced to provide a logic high output which causes   45  low to avoid
risking reversing the data in the mern- transistor 236 to pull the input of
inverter 233 to a  ory cell. Several accesses of bit line pair 203-204
logic low so that signal PRE and signal *PRE cause  without a row address
change would result in a bit lines 203 and 204 and data lines 216-217 to
be  continuous drop in voltage on logic high bit line precharged. Because
the deselected sub-arrays      203 if it were not precharged. This is
called "walk- have no active word lines, the bit lines do not  50  down"
and can result in the loss of data if the logic separate in the deselected
sub-arrays. The bit lines  high bit line drops close enough to the logic
low bit and data lines being precharged and equalized is   line. Cells in a
SRAM are not all perfectly balanced merely a sustaining action so that
there is virtually  so that bringing the logic high bit line close to the
no current drain due to the precharging transistors  logic low bit line can
reverse the data in the en- being conductive. By preventing any of the bit
lines  55  abled cell when the voltage level on the bit lines in the
deselected sub-arrays from  being dis-      becomes relatively low.
Included in the cross-coup- charged, the deselected sub-arrays do not
exper-   led nature of a SRAM cell is the characteristic that ience the
adverse power drain effects of prechar-  the logic high drives the current
sinking capability 9    
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When the logic high is reduced,  second input for receiving left sub-array
signal L , the current sinking capability of the logic low is  and an
output. NOR gate 251 has a first input reduced, making the memory cell
susceptible to   connected to the output of row ATD 250, a second data
loss. Bit failures and address pattern sensitivi-  input connected to the
output of NAND gate 253, ties have been experienced in rapid column-only
5   and an output. Inverter 259 has an input connected address transitions
in the prior art.            to the output of NOR gate 251, and an output.
In the case in which there is a row address   Inverter 260 has an input
connected to the output transition, signal *RX switches to a logic low
caus-  of inverter 259, and an output for providing a row ing NAND gate 231
to provide a logic high output  transition signal *RXL for the left
sub-arrays. NAND and inverter 232 to provide a logic low output. This  10
gate 254 has a first input connected to the output causes the transmission
gate of transistors 237 and  on inverter 260, a second input connected to
the 238 to be non-conductive and transistor 236 to be  output of Inverter
269, and an output for providing a conductive. The input to inverter 233
thus switches  timer signal TL for the left sub-arrays. NAND gate to  a
logic low, causing signal PRE to switch to a  255 has a first input
connected to the output of logic high and signal *PRE to switch to a logic
low.  is  NAND gate 254, a second input for receiving a This causes
transistors 222, 223, 224, 226, 227,  timer signal TR for the right
sub-arrays, and an and 228 to all be conducting so that bit line pair
output. Timer 264 has an input connected to the 203-204 and data line pair
216-217 are both equili-  output of NAND gate 255, and an output for
provid- brated in response to a row address transition   ing a cycle end
signal CYCEND. NAND gate 257 without regard to whether or not there is a
column   20  has a first input connected to the output of timer address
transition.                              264, a second input for receiving
a complementary Shown in FIG. 6 is a combination block and    write enable
signal *WE, and an output. OR gate logic diagram of a circuit 248 used in
memory 10  258 has a first input connected to the output of useful in
performing the function of circuit 213, and  NAND gate 257, a second input
connected to the of a circuit 249 useful in performing the function of  25
output of NAND gate 254, and an output. NAND circuit 214 of FIG. 5. Circuit
248 is comprised of a  gate 256 has a first input connected to the output
row address transition detector 250, NOR gates   of OR gate 258, a second
input for receiving signal 251 and 252, NAND gates 253, 254, 255, 256, and
L, and an output. NOR gate 252 has a first input 257, OR gate 258,
Inverters 259, 260, 261, 262,  connected to the output of NAND gate 256, a
and 263, and a timer 264. Circuit 249 is comprised   30  second Input
connected to the output of row ATD of a column address transition detector
265, a NOR  250, and an output. Inverter 262 has an input gate 266, a NAND
gate 267, and inverters 268,    connected to the output of NOR gate 252,
and an 269, 270. and 271. Column ATD 265 receives       output Inverter 263
has an input connected to the column address signals A9-A15 and has an
output  output of inverter 262, and an output for providing a which
provides a positive pulse in response to a   35  row decoder disable signal
RDL for the left sub- change in one or more of column address signals
arrays. A9-A15. Inverter 270 has an input connected to the   Signal L, at a
logic high, is indicative that one output of column ATD, and an output.
NAND gate   of the left sub-arrays 11-14 is selected. Signal L is 267 has a
first input connected to the output of  a function of address signal A5. A
corresponding inverter 270, a second input for receiving a left  40  signal
R (not shown) is also generated indicative of sub-array signal L, and an
output. Inverter 271 has  one of the right sub-arrays 15-18 being selected.
an input connected to the output of NAND gate    Signal *WE at a logic high
is indicative that mem- 267, and an output for providing a column disable
ory 10 is in a read mode. signal CDL for the left sub-arrays. NOR gate 266
Assuming that signal L is a logic high, circuit has a first input connected
to the output of column   45  249 provides signals *CXL and CDL as logic
low ATD 265. a second input connected to the output  pulses in response to
Column ATD 265 providing a of NAND gate 267, and an output. Inverter 268
has  logic high pulse in response to a column address an input connected to
the output of NOR gate 266,  transition. Signals *CXL and CDL both are a
logic and an output. Inverter 269 has an input connected  high except when
there is a column address transi- to the output of inverter 268, and an
output for  50  tion When signal L is a logic low, NAND gate 267 providing
column transition signal *CXL for the left  is forced to provide a logic
high output which in sub-arrays. Row ATD 250 receives row address     turn
forces NOR gate 266 to provide to provide a signals AO-A8 and  provides a
positive pulse in  logic low output Consequently, when the left sub-
response to a change in one or more of row       arrays 1l-14 are
deselected signals *CXL and CDL address signals AO-A8 on its output
Inverter 261   55  are forced to a logic low even when there is not a has
an input connected to the output of row ATD  column address transition.
Signal CDL is analogous 250, and an output. NAND gate 253 has a first    to
signal CD in FIG. 5. Signal CDL, however, en- input connected to the output
of inverter 261, a  ables and disables only the column decoders for 10    
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11-14 not all of the sub-arrays as  sentative of the entire row decoder
circuitry which, indicated in FIG. 5. For example, decoder 90 in   in
memory 10, includes the circuitry in block 34 FIG. 2 is disabled by signal
CDL being a logic low,  which performs a partial row decode to generate
whereas decoder 91 does not receive signal CDL.    the sub-array select
signals, as well as global row Decoder 91 along with the other column
decoders   5   decoders 32 and 33, and word line drivers 21-28. associated
with the right sub-arrays are enabled by  For memory 10, the disabling of
the row decoder an analogous signal to signal CDL, except that it is  as
described for circuit 200 in FIG. 5 is achieved responsive to column
address transitions only      by disabling the block select signals. Signal
RDL at when one of the right sub-arrays is selected. The  a logic low
disables all of the block select signals actual implementation is to
disable the column pre-  10  associated with sub-arrays 11-14. The
correspond- decoders. Column pre-decoders 97-100 of sub-       ing row
decoder disable signal for right sub-arrays array 13 are disabled when
signal CD is a logic    15-18 at a logic low disables the block select low.
This is achieved by forcing all of signals    signals associated with right
sub-arrays 15-18. DECO-DEC15 to a logic.low which prevents any bit
When left sub-arrays 11-14 are selected, signal lines from being coupled to
local data lines such as   15  TR is a logic high so that NAND gate 255 is
data line pair 124 and 125 in FIG. 3. The circuit  responsive to signal TL
Signal TL is normally a (not shown) which generates the column disable
logic low but pulses to a logic high in response to a signal for the right
sub-arrays uses the output of  column or row address transition. When
signal TL column ATD 265 and is connected the same way       pulses to a
logic high, NAND gate 255 responds by as gates and inverters 266-271,
except that the   20  pulsing to a logic low which resets timer 264. As
NAND gate analogous to NAND gate 267 receives     long as NAND gate 255 is
a logic low, timer 264 the right sub-array signal R. As stated previously,
will be in a reset state and will provide a logic low there is a circuit
212 in FIG. 5 for each sub-array.  output to NAND gate 257. When the output
of Each circuit 212, which corresponds to left sub-   NAND gate 255
switches to a logic high, timer 264 arrays 11-14, receives signal *CXL as
the signal  25  will begin timing while maintaining a logic low out-
analogous to signal *CX in FIG. 5. A right sub-array  put. When timer 264
has timed out, its output will signal analogous to signal *CXL is for each
circuit  switch to a logic high. Assuming memory 10 is in 212 which
corresponds to sub-arrays 15-18.         the read mode, NAND gate 256 will
be controlled Circuit 248 in FIG. 6 is shown as generating    by the output
of timer 264. During reset of timer signals *RXL, RDL, and TL for left
sub-arrays 11-  30  264 and while timer 264 is timing, NAND gate 257 14.
All of circuit 248 except row ATD 250, NAND    provides a logic high
output, causing OR gate 258 gates 255 and 257, and timer 264 are repeated
for  to provide a logic high output, which in turn causes generating
analogous signals for right sub-arrays  NAND gate 256 to provide a logic
low output. NOR 15-18. For generating the signals for the right sub-  gate
252 is thus responsive to the output of row arrays, analogous gates to NAND
gates 253 and   35  ATD 250. When there is no row address transition, 256
receive the right sub-array signal instead of  NOR gate 252 has both inputs
at a logic low so signal L. When signal L is a logic high, signal *RXL
that signal RDL is a logic high and the selected provides a logic low pulse
in response to row ATD  word line is enabled. When a row address transi-
providing a logic high pulse in response to a row  tion causes row ATD to
output a logic high pulse, address transition. When the left sub-arrays
11-14   40   NOR gate 252 causes signal RDL to pulse to a are deselected,
NAND gate 253 is forced to pro-    logic low, disabling all word lines for
the duration of vide a logic high output which forces NOR gate     the
pulse. The generation of *RXL from row ATD 251 to provide a logic low
output. Consequently,   has the same number of stages, 3, that signal RDL
when left sub-arrays 11-14 are deselected, signal  has. Consequently, the
occurrence of these two *RXL is forced to a logic low without regard to a
45  signals as logic low pulses is simultaneous. Be- row address
transition.                            cause all of the word lines are
ensured of being When left sub-arrays 11-14 are deselected,      disabled
during the occurrence of signal *RXL by signal TL is forced to a logic high
so that NAND   signal RDL, all of the word lines are ensured of gate 255
and timer 264 are responsive to timer     being disabled during
equalization of the bit lines. signal TR for right sub-arrays 15-18. When
left sub-   50  In the write mode, NAND 257 gate is also forced to arrays
11-14 are deselected, NAND gate 256 is      provide a logic high output so
that signal RDL will forced to provide a logic high to NOR gate 252,    not
disable the word lines except during the logic forcing NOR gate 252 to
provide a logic low output,  low pulse of signal "RXL. which in turn causes
signal RDL to be a logic low      For the case in which timer 264 has timed
out, without regard to row address transitions. Signal  55   NAND gate 257
provides a logic low output so long RDL, analogous to signal RD in FIG. 5,
causes all  as memory 10 is in the read mode. OR gate 258 is of the word
lines in left sub-arrays 11-14 to be   then responsive to signal TL. Signal
TL is a logic deactivated. Row decoder 201 in FIG. 5 is repre-   low except
when it pulses to a logic high in re-    19                EP 0233 198 B1
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sponse to a row or column address transition.     receiving pulse *A6TX, a
second input coupled to When TL is a logic low, NAND gate 256 is forced
the output of ATD 307 for receiving pulse "A7TX, a to provide a logic high
output in response to timer  third input coupled to the output of ATD 308
for 264 timing out, which causes signal RDL to be a   receiving pulse
*A8TX, and an output NOR gate logic low, disabling all of the word lines.
Con-   5   313 has a first input connected to the output of sequently,
after timer 264 has timed out, the word  NAND gate 309, a second input
connected to the lines are disabled. For the case in which there is a
output of NAND gate 31 0, and an output. NOR gate row address transition
after timer 264 has timed  314 has a first input connected to the output of
out, signal *RXL pulses to a logic low causing the  NAND gate 311, a second
input for receiving a row bit lines to be equilibrated, signal TL to pulse
to  10  delayed chip select signal *CSD1, and an output. switch to a logic
high, and timer 264 to be reset  NAND gate 312 has a first input connected
to the For the case in which there is a column address   output of NOR gate
313, a second input connected transition after timer 264 has timed out,
signal *CXL  to the output of NOR gate 314, and an output for pulses to a
logic low causing the bit lines to be  providing a row summation address
transition sig- precharged and signal TL to switch to a logic high.  15
nal SATROW. SATROW is the output of row ad- Signal TL is used to not only
reset timer 264 but  dress transition detector 250 which is connected to
also to speed-up the enabling of the row decoder  NOR gate 251 of FIG. 6.
in the case in which timer 264 has timed out. The    ATDs 300-308 provide a
logic high output until selected word line is thus enabled without the    a
row address transition occurs. Consequently, delay through the resetting of
timer 264. Signal TL   20  NAND gates 309-311 receive only logic highs on
causes signai RDL to switch to a logic high about 5  their inputs until a
row address transition occurs. ns after signal *CXL pulses to a logic low.
This is  Prior to a row address transition, NAND gates 309- timed so that
signal RDL will enable the selected  311 all provide logic low outputs. NOR
gate 313 in word line just as equilibration is terminating. If for  turn
receives logic low inputs so provides a logic some reason there is
relatively severe row address  25  high output. The first input of NOR gate
314 Is a skew so that the pulse generated by row ATD is of  logic low while
the second input is the logic state relatively long duration, NOR gate 252
prevents   of signal *CSD1. While memory 10 is selected, RDL from enabling
the selected word line until   signal *CSD1 is a logic low. NOR gate 314
thus signal *RXL is no longer actively equilibrating bit  provides a logic
high output. NAND gate 312 thus lines. By the time signal TL has switched
back to a   30  provides SAT ROW at a logic low in the absence of logic
low, timer 264 has been reset and NAND gate  a row address transition. The
output of NAND gate 257 is providing a logic high output to ensure that
312 is the output of row address transition detector the output of NAND
gate 256 does not change      250 which Is connected to NOR gate 252 of
FIG. 8. state when signal TL switches back to a logic low.   When one of
the row address signals AO-A8 Shown in FIG. 7 is row address transition de-
35  changes logic state, the corresponding ATD of tector 250 shown in more
detail. Row address      ATDs 300-308 provides the corresponding pulse of
transition detector 250 is comprised generally of  pulses "AOTX-*A8TX at a
logic low for about 5 ns. address transition detectors (ATDs) 300, 301,
302,  Assume for example that row address signal A3 303, 304, 305, 306,
307, and 308; NAND gates      changes logic state. For such a row address
transi- 309, 310, 311, and 312; and NOR gates 313 and   40  tion, ATD 302
responds by providing pulse "A3TX 314. Each of address transition detectors
300-308  at a logic low for about 5 ns. NAND gate 310 is have an input for
receiving one of row address    then forced to provide a logic high output
for the signals AO-A8, respectively, and an output for pro-  duration of
pulse *A3TX. With NAND gate 310 viding an output pulse, pulses *AOTX,
*A1TX,      pulsing to a logic high for about 5 ns forces NOR *A2TX. A3TX,
*A4TX, *A5TX, *A6TX, *ATX, and   45  gate 313 to also to switch logic
states for the A8TX, respectively, on a transition of the received
duration of the pulse received on its first input. address. NAND gate 309
has a first input coupled  NOR gate 313 thus provides a logic low output to
the output of ATD 300 for receiving pulse *A0TX,  pulse for about 5 ns
which causes NAND gate 312 a second input coupled to the output of ATD 301
to provide SATROW at a logic high for about 5 ns. for receiving pulse A1
TX, a third input coupled to  so  A single row address signal which changes
logic the output of ATD 302 for receiving pulse *A2TX,  state causes SATROW
to switch to a logic high for and an output. NAND gate 310 has a first
input    the duration of the pulse provided by the ATD coupled to the
output of ATD 303 for receiving    which corresponds to the changed row
address pulse "A3TX, a second input coupled to the output  signal. That
portion of a data cycle which begins of ATD 304 for receiving pulse *A4TX,
a third input  55  the sensing of data begins with the fall of coupled to
the output of ATD 305 for receiving    SATROW, I.e., SATROW switching from
a logic pulse *A5TX, and an output. NAND gate 311 has a   high to a logic
low. If two row address signals first input coupled to the output of ATD
306 for  simultaneously change logic states, SATROW will 12    21
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be produced at the same time and for the same     line pairs are equalized.
Signal "CSD1 causes the duration as for a single row address transition.
For  bit line pairs to be equalized when memory 10 is example, if both
signal A3 and A6 simultaneously  deselected. Additionally, because signal
*CSD1 is change logic states, then pulses *A3TX and *A6TX  delayed with
respect to the chip select signal, are simultaneously generated, causing
NAND gates   5   signal *CSD1 keeps the bit line pairs equalized for 310
and 311 to provide simultaneous logic high    a delay time following chip
selection. The delay pulses. Simultaneous logic high pulses to NOR     time
is selected to be sufficiently long to prevent gates 313 and 314 causes
simultaneous logic low   SATROW from switching to a logic low and then
pulses from NOR gates 313 and 314. NAND gate      switching back to a logic
high in response to a row 312 responds to simultaneous logic low pulses in
10  address transition. The delayed feature of signal the same way as for a
single logic low pulse, by   *CSD1 prevents memory 10 from beginning an
providing a logic high pulse for the duration of the  access which would
have to be immediately abor- received logic low  pulse. For any number of
si-  ted by an address transition anyway. multaneous row address
transitions, the resulting     Shown in FIG. 8 is column address transition
SATROW Is essentially the same as for a single  is  detector 265 shown in
more detail. Column address row address transition.
transition detector 265 is comprised generally of For the case in which
there Is row address     address transition detectors (ATDs) 319, 320, 321,
skew, the case in which row address changes are   322, 323, 324, and 325;
NAND gates 326, 327, delayed in time by a relatively short amount,     328,
and 329; and NOR gates 330 and 331. Each SATROW is extended by the amount
of the skew.  20  of address transition detectors 319-325 have an For
example, assume that row address signal A6    input for receiving one of
column address signals changes state 3 ns after signal A3 changes state.
A9-A15, respectively, and an output for providing ATD 306 provides pulse
*A6TX 3 ns after ATD 303   an output pulse, pulses *A9TX, 'A1OTX, Al1TX,
provides *A3TX so that NAND gate 311 receives a   *A12TX, *A13TX, *A14TX,
*A15TX, respectively, on logic low input for 3 ns after NAND gate 310 is
25  a transition of the received address. NAND gate receiving only logic
high inputs. Consequently,   326 has a first input coupled to the output of
ATD NAND gate 311 provides a logic high output for 3  319 for receiving
pulse *A9TX, a second input ns after NAND gate 310 has terminated providing
a  coupled to the output of ATD 320 for receiving logic high output. This
results in NOR gate 314   pulse *A10TX, a third input coupled to the output
of providing a logic low output for 3 ns after NOR   30  ATD  321 for
receiving pulse A11TX, and an out- gate 313 has terminated providing a
logic low out-  put. NAND gate 327 has a first input coupled to the put.
NAND gate 312 thus is forced to provide      output of ATD  322 for
receiving pulse *A12TX, a SATROW at a logic high for 3 ns longer than that
second input coupled to the output of ATD 323 for required by pulse *A3TX
alone. If another row ad-  receiving pulse *A13TX, a third input for
receiving dress signal is changed another 3 ns after signal  35  signal
address transition detection write enable sig- A6 changed, then SATROW
would be extended for     nal *ATDWE, and an output. NAND gate 328 has a
yet another 3 ns. This extension will continue as  first input coupled to
the output of ATD 324 for long as there are address changes. As long as the
receiving pulse *A14TX, a second input coupled to address changes are at
least as close together as  the output of ATD 325 for receiving pulse *Al
5TX, the pulse width provided by the ATD circuits,  40  and an output. NOR
gate 330 has a first input SATROW  will be held high until after the last
connected to the output of NAND gate 326, a address transition. Only if the
address skew is so  second input connected to the output of NAND severe
that the address changes are more than 5   gate 327, and an output. NOR
gate 331 has a first ns apart, will SATROW switch to a logic low before
input connected to the output of NAND gate 328, a the next address
transition brings it back to a logic  45  second input for receiving a
column delayed chip high. When the address skew is that severe, it is
select signal *CSD2, and an output. NAND gate 329 considered a different
address so that it is desir-  has a first input connected to the output NOR
gate able to reset the operation anyway. There is no   330, a second input
connected to the output of operational problem in performing such a reset.
NOR gate 331, and an output for providing a col- SATROW is also held to a
logic high when   50  umn row summation address transition signal memory 10
is deselected. Signal *CSD1 is delayed  SATCOL. SATCOL is the output of
column address in time from the chip select signal which selects
transition detector 265 which is connected to NOR memory 10. To indicate
deselection, the chip se-  gate 266 of FIG. 6. lect signal is a logic high.
To indicate selection, the  Column address transition detector 265 pro-
chip select signal is a logic low. During deselection,  55  vides SATCOL in
response to a column address signal *CSD1 forces the output of NOR gate 314
to  transition in the same way that row address transi- a logic low which
then forces NAND gate 312 to a  tion detector 250 provides SATROW in
response to logic high. With SATROW at a logic high, the bit  a row address
transition. In response to a single 13    23                EP 0 233 198 B1
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column address transition or a plurality of simulta-  down device and vice
versa, of CMOS logic gates neous column address transitions, SATCOL is a
prevents the problems of having many pull-down logic high for the duration
of the pulse width pro-  devices on the same node while only having one
vided by the ATD circuits 319-325, which is chosen  pull-up device. The
ratioless feature also results in to be about 5 ns. In the case of column
address   5   an improvement in the power requirement. Also the skew,
SATCOL is extended in the same way as       gain of each stage is greater
than unity whereas a SATROW  is for row address skew. SATCOL
single NOR gate of the prior art has less than unity switching to a logic
high initiates the bit lines being  gain due to the large number of inputs
connected precharged as previously described for the output  thereto. of
column address transition detector 265. Addi-  10  In the present example
of 9 row address sig- tionally, signal *CSD2 is delayed from the chip
nals AO-A8, a prior art circuit would have 9 transis- select signal in
substantially the same way as    tors connected to a common node. This
would signal *CSD1 in FIG. 7. Signal *CSD2 at a logic  result in the output
being a logic low pulse instead high forces SATCOL to a logic high to
precharge   of the logic high pulse of SATROW. This polarity the bit lines
during deselection of memory 10 and   15  difference is not particularly
significant and is han- is delayed from switching back to a logic low with
died by some conventional inverting function to respect to the chip select
signal. This causes    obtain the polarity needed. To simply convert the
SATCOL to remain a logic high for the delay period  prior art of 9 input
transistors connected to a com- so that SATCOL does not have to switch to a
logic  mon node with a separately clocked load device to low and then
immediately back to a logic high in  20  a CMOS NOR gate is not
particularly feasible be- response to a column address transition. Signal
cause there would then be 9 P channel transistors ATDWE at a logic low
forces SATCOL to a logic    in series between VDD and the output node and
high. Signal *ATDWE is normally a logic high but  there would still be a
large capacitance at the pulses to a logic low in response to  a read to
write  output node. Although breaking the 9 input NOF or write to read
transition. This is to use the normal  25  gate into several stages
increases the number of high speed path to reset the timer 264 of FIG. 6
gates in series between the ATDs and SATROW, and begin the Initiation of
the cycle in the normal  the decrease in capacitance in each stage results
way as for an address transition.                 in less propagation delay
than through a 9 input Both row address transition detector 250 and  NOR
gate. Consequently, the row and column ad- column address transition
detector 265 use CMOS   30  dress transition detectors 250 and 265 provide
logic gates to perform the summation function for  improved control of the
pull-up requirement for the providing a pulse in response to any individual
summation address transition signals, improved address transition. Detector
250 has a first group of  signal shape, and improved speed. The technique
CMOS logic gates 309-311 for receiving the ad-   of providing  high gain
SAT detection for row and dress transition pulses. Each of these NAND gates
35  column addresses, independently, prevents the 309-311 receives a subset
of these transition     need to combine the detection of the column and
pulses and provides an output pulse if one or more  row transitions which
would have the adverse effect of the transition pulses occur. A second
stage in  of spreading the detection across the chip. The the summation
function is performed by a second   present technique provides a fully
ratioless circuit group of CMOS logic gates 313 and 314. The third  40
which is not sensitive to the quantity of addresses, and final stage in the
summation function is per-  and thus has all of the advantages of such
ratioless formed by CMOS logic gate 312. CMOS logic         circuits, such
as power supply insensitivity, and gates 312-314 provide SATROW in response
to      improved process corner insensitivity. It is also one or more of
the first group of logic gates provid-  fully asynchronous so as to be
insensitive to ad- ing an output pulse. In the prior art, all of the  45
dress skew or other address timing changes. transition pulses enabled
transistors which were connected to a common node which resulted in
Claims tradeoffs between rapid pull-down and rapid pull-up and pulse shape.
Poor output pulse shape can      1. A memory, comprising: result in
reliability problems for circuits which must  so  a plurality of memory
cells (205, 206, 207) use the poorly shaped signal. By dividing the sum-
located at intersections of bit line pairs and mation function into more
than one stage, each       word lines, each memory cell selected by an
stage can control both pull-up and pull-down by      enabled word line and
a selected bit line; taking full advantage of CMOS logic gates. The
row decoder means (201) coupled to the ratioless aspect, that the pull-up
and pull-down   55  word lines for enabling a word line in response
transistors that make-up the logic gate are not on   to a plurality of row
address signals; at the same time because the very same signal
column decoder means (202) coupled to turns off the pull-up device which
turns on the pull-  the bit line pairs for selecting a bit line pair in 14
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column address transition or a plurality of simulta-  down device and vice
versa, of CMOS logic gates neous column address transitions, SATCOL is a
prevents the problems of having many pull-down logic high for the duration
of the pulse width pro-  devices on the same node while only having one
vided by the ATD circuits 319-325, which is chosen  pull-up device. The
ratioless feature also results in to be about 5 ns. In the case of column
address   5  an improvement in the power requirement. Also the skew, SATCOL
is extended in the same way as        gain of each stage is greater than
unity whereas a SATROW  is for row  address skew. SATCOL           single
NOR gate of the prior art has less than unity switching to a logic high
initiates the bit lines being  gain due to the large number of inputs
connected precharged as previously described for the output  thereto. of
column address transition detector 265. Addi-  10  In the present example
of 9 row address sig- tionally, signal CSD2 is delayed from the chip
nals AO-A8, a prior art circuit would have 9 transis- select signal in
substantially the same way as     tors connected to a common node. This
would signal CSD1 in FIG. 7. Signal *CSD2 at a logic     result in the
output being a logic low pulse instead high forces SATCOL to a logic high
to precharge    of the logic high pulse of SATROW. This polarity the bit
lines during deselection of memory 10 and   15  difference is not
particularly significant and is han- is delayed from switching back to a
logic low with  died by some conventional inverting function to respect to
the chip select signal. This causes     obtain the polarity needed. To
simply convert the SATCOL to remain a logic high for the delay period
prior art of 9 input transistors connected to a com- so that SATCOL does
not have to switch to a logic  mon node with a separately clocked load
device to low and then immediately back to a logic high in  20  a CMOS NOR
gate is not particularly feasible be- response to a column address
transition. Signal    cause there would then be 9 P channel transistors
"ATDWE at a logic low forces SATCOL to a logic     in series between VDD
and the output node and high. Signal *ATDWE is normally a logic high but
there would still be a large capacitance at the pulses to a logic low in
response to a read to write  output node. Although breaking the 9 input NOR
or write to read transition. This is to use the normal  25  gate into
several stages increases the number of high speed path to reset the timer
264 of FIG. 6   gates in series between the ATDs and SATROW, and begin the
initiation of the cycle in the normal  the decrease in capacitance in each
stage results way as for an address transition.                  in less
propagation delay than through a 9 input Both row address transition
detector 250 and    NOR gate. Consequently, the row and column ad- column
address transition detector 265 use CMOS   30  dress transition detectors
250 and 265 provide logic gates to perform the summation function for
improved control of the pull-up requirement for the providing a pulse in
response to any individual    summation address transition signals,
improved address transition. Detector 250 has a first group of  signal
shape, and improved speed. The technique CMOS logic gates 309-311 for
receiving the ad-     of providing high gain SAT detection for row and
dress transition pulses. Each of these NAND gates   35  column addresses,
independently, prevents the 309-311 receives a subset of these transition
need to combine the detection of the column and pulses and provides an
output pulse if one or more  row transitions which would have the adverse
effect of the transition pulses occur. A second stage in  of spreading the
detection across the chip. The the summation function is performed by a
second     present technique provides a fully ratioless circuit group of
CMOS logic gates 313 and 314. The third  40  which is not sensitive to the
quantity of addresses, and final stage in the summation function is per-
and thus has all of the advantages of such ratioless formed by CMOS logic
gate 312. CMOS logic          circuits, such as power supply insensitivity,
and gates 312-314 provide SATROW  in response to       improved process
corner insensitivity. It is also one or more of the first group of logic
gates provid-  fully asynchronous so as to be insensitive to ad- ing an
output pulse. In the prior art, all of the   45  dress skew or other
address timing changes. transition pulses enabled transistors which were
connected to a common node which resulted in        Claims tradeoffs
between rapid pull-down and rapid pull-up and pulse shape. Poor output
pulse shape can       1. A memory, comprising: result in reliability
problems for circuits which must  50  a plurality of memory cells (205,
206, 207) use the poorly shaped signal. By dividing the sum-     located at
intersections of bit line pairs and mation function into more than one
stage, each         word lines, each memory cell selected by an stage can
control both pull-up and pull-down by        enabled word line and a
selected bit line; taking full advantage of CMOS logic gates. The
row decoder means (201) coupled to the ratioless aspect, that the pull-up
and pull-down   55  word lines for enabling a word line in response
transistors that make-up the logic gate are not on     to a plurality of
row address signals; at the same time because the very same signal
column decoder means (202) coupled to turns off the pull-up device which
turns on the pull-  the bit line pairs for selecting a bit line pair in 14
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response to a plurality of column address sig-     transition signal. nals;
a plurality of row address transition detec-  5. The memory of claim 1
further characterized tors (ADT) coupled to respective row address       as
being enabled in response to an occurrence signals, each row address
transition detector   5  of a chip select signal, and wherein the second
for providing a detection pulse in response to     logic means is further
characterized as provid- detecting a positive transition and in response
ing the summation address transition signal for to detecting a negative
transition of the respec-  a predetermined delay time following the oc-
tive row address signal coupled thereto;           currence of the chip
select signal. first logic means (309, 310, 311), coupled   10 to the
plurality of row address transition detec-  6. The memory of claim 1
wherein the first and tors, for providing a plurality of intermediate
second logic means are comprised of CMOS signals, each intermediate signal
correspond-      logic gates. ing to a subset of the detection signals and
occurring in response to an occurrence of at  15  7. The memory of claim 1
wherein the second least one of the detection pulses in the subset    logic
means comprises: to which the intermediate signal corresponds;
third logic means, coupled to the first logic second logic means (312, 313,
314), coup-       means, for providing at least one of a plurality led to
the first logic means, for providing a      of output signals in response
to the occurrence summation address transition signal in re-  20     of at
least one of the intermediate signals; and sponse to the occurrence of at
least one of the        fourth logic means coupled to the third
intermediate signals; and                          logic means for
providing the summation ad- equalization means for equalizing the bit
dress transition signal in response to the third line pairs in response to
the summation ad-        logic means providing at least one of the out-
dress transition signal.                  25       put signals of the third
logic means. 2. The memory of claim 1 further comprising:       8. The
memory of claim 1 further comprising a plurality of column address
transition de-    means for disabling the row decoder in re- tectors
coupled to respective column address       sponse to the summation address
transition signals, each column address transition detec-  30  signal. tor
for providing a column detection pulse in response to detecting a
transition of the re-  9. A method for providing a summation address
spective column address signal coupled there-      transition signal in
response to a transition of at to;
least one row address signal in a memory third logic means, coupled to the
plurality  35  comprising: of column address transition detectors, for pro-
a plurality of memory cells located at inter- viding a plurality of column
intermediate sig-     sections of bit line pairs and word lines, each nals,
each column intermediate signal corre-       memory cell selected by an
enabled word line sponding to a subset of the column detection       and a
selected bit line; signals and occurring in response to an occur-  40
row decoder means coupled to the word rence of one or more of the column
detection       lines for enabling a word line in response to a pulses in
the subset to which the column inter-    plurality of row address signals;
mediate signal corresponds; and                        column decoder means
coupled to the bit fourth logic means having a plurality of        line
pairs for selecting a bit line pair in re- inputs for receiving the column
intermediate  45   sponse to a plurality of column address sig- signals and
for providing a column summation       nals; and address transition signal
in response to one or        a plurality of row address transition detec-
more of the column intermediate signals occur-     tors coupled to
respective row address signals, ring.
each row address transition detector for provid- 50      ing a detection
pulse in response to detecting 3. The memory of claim 2 further comprising
a positive transition and in response to detect- precharging means for
precharging the bit          ing a negative transition of the respective
row lines in response to the column summation          address signal
coupled thereto; address transition signal.                            the
method comprising the steps of: 55          dividing the transition pulses
into subsets; 4. The memory of claim 2 further comprising
providing a plurality of intermediate pulses, means for disabling the
column decoder in          each intermediate pulse corresponding to one
response to the column summation address           of the subsets and
occurring in response to the 15    27                EP 0 233 198 B1
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pulses in the corresponding subset; and           tection de colonne en
r6ponse a la ddtectiodn providing the summation address transition
d'une transition du signal d'adresse de colonne signal in response to the
occurrence of at least  respectif qui lui est couple; one of the
intermediate pulses.           5          un troisieme moyen logique qui
est couple. a une plurallte de detecteurs de transition Revendications
d'adresse de colonne pour fournir une pluralfte de signaux intermediaires
de colonne, chaque 1. M6moire comprenant:
signal intermediaire de colonne correspondant une pluralite de cellules de
memoire (205,  10  un sous-ensemble des signaux de dtection 206, 207)
localis6es a des intersections de       de colonne et se produisant on
reponse a la paires de lignes de bit et de lignes de mot,      survenue de
l'une ou de plusieurs des impul- chaque cellule de m6moire etant
selectionnee      sions de detection de colonne du sous-ensem- par une
ligne de mot valide et par une ligne de   ble auquel le signal
intermediaire de colonne bit selectionne;                          15
correspond ; et un moyen de decodeur de rangde (201)              un
quatribme moyen logique ayant une qui est coupl6 aux lignes de mot pour
valider     pluralite d'entrees pour recevoir les signaux une ligne de mot
en reponse a une pluralite de    intermndialres de colonne et pour foumir
un signaux d'adresse de rangee;                      signal de transition
d'adresse de totalisation do un moyen de decodeur de colonne (202)  20
colonne en r6ponse a lun ou a plusieurs des qui est couple aux paires de
lignes de bit pour   signaux Intermediaires de colonne qul survien-
selectionner une paire de lignes de bit en        nent. reponse a une
pluralite de signaux d'adresse de colonne;
3. Memolro selon la revendicatbon 2, comprenant une pluralit6 de d6tecteurs
de transition   25  en outre un moyen de precharge pour pr6char- d'adresse
de rang6e (ADT) qui sont couples a      ger les lignes de bit en reponse au
signal de des signaux d'adresse respectifs, chaque de-      transition
d'adresse de totallsation de colonne. tecteur de transition d'adresse de
rangee per- mettant de fournir une impulsion de detection  4. Memoire selon
la revendication 2, comprenant en reponse a la detection d'une transition
posi-  30  en outre un moyen pour Invalider le decodeur- tive et en reponse
a la detection d'une transi-   de colonne en r6ponse au signal de
transition tion negative du signal d'adresse de rangeo       d'adresse de
totalisation de colonne. respectif qui lui est 'couple; un premier moyen
logique (309, 310, 311)   5. Memolre selon la revendication 1, caracterise
qui est coupl6 a la pluralits de dstecteurs de   35  en outre en ce qu'elle
est validee en r~ponse a transition d'adresse de rangee pour foumir une
la survenue d'un signal de silecton de puce pluralite de signaux
intermediaires, chaque si-   et en co que le second moyen logique est en
gnal interm6diaire correspondant a un sous-       outre caract~ris6 par le
fait qu'il foumit le si- ensemble de signaux de d6tection et se pro-
gnal de transition d'adresse de totalisation duisant en reponse a la
survenue d'au moins   4o  pendant un temps de retard predetermin6 qui une
des impulsions de detection du sous-en-       suit la survenue du signal de
selection de semble auquel le signal intermediaire. corres-    puce. pond;
un second moyen logique (312, 313, 314)    6. Memolre selon la
revendication 1, dans laquel- qui est couple au premier moyen logique pour
4S  le les premier et second moyens logiques sont fournir un signal de
transition d'adresse de      constitu6s par des portes logiques CMQS
totalisation en r6ponse & la survenue d'au
(metal-oxyde-semiconducteur  compl6mentai- moins l'un des signaux
intermediaires ; et        re). un moyen d'6galisation pour 6galiser les
paires de lignes de bit en r6ponse au signal de   so  7. Memolre selon la
revendication 1, dans laquel- transition d'adresse de totalisation.
le le second moyen logique comprend: un troislsme moyen logique qui est
coupl6 2. Memoire selon la revendication 1, comprenant       au premier
moyen logique pour fournir au en outre:
molds l'un d'uno pluralit6 de signaux de sortie une pluralite de detecteurs
de transition   5S  en reponse & la survenue d'au moins l'un des d'adresse
de colonne qui sont couples a des       signaux intermrdiaires ; et signaux
d'adresse de colonne respectifs, cha-        un quatrieme moyen logique qui
est cou- quo d6tectour de transition d'adresse de colon-   p1l au troisieme
moyen loglque pour foumir le 16    29                EP 0 233 198 B1
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reponse au troisieme moyen logique qui fournit     werden, au moins lPun
des signaux de sortie du trolsie-       mit einem  an den Wortleitungen
ange- me moyen logique.                                  schlossenen
Zeilendecodierer (201), um in Ab- 6      hlngigkeit von mehreren
Zeilenadrel-Signalen 8  Memoire selon la revendication 1, comprenant
sine Wortleitung zu schalten, en outre un moyen pour invalider le decodeur
mit einem an den Bitleitungspaaren ange- de rangee en reponse au signal de
transition       schlossenen Spaltendecodierer (202), um in -
d'adresse de totalisation.                          Abhangigkeit von
SpaltenadreB-Signalen eln 70      Bitleitungspaar anzuwahlen, 9. ProcMd6
pour fournir un signal de transition           mit mehreren
ZeolenadreB-Obergangsde- d'adresse de totalisation en reponse a une
tektoren  (ADT),  denen  die  jeweiligen transition d'au moins un signal
d'adresse de       Zeilenadrefl-Signale zugeleitet werden, und die rangde,
dans une m6moire qui comprend:            je bei der Wahmehmung eines
positiven bzw. une plurallte de cellules de memoire locali-  15  negativen
Oborgangs des betreffenden, zuge- *       s6es a des Intersections de
paires de lignes       leiteten Zeilenadrelsignals einen Anzeigeim- de bit
et de lignes de mot, chaque cellule de      puls liefern, memoire etant
s6lectionn6e par une ligne de           mit ersten logischen Hilfsmitteln
(309, 310, mot valide et par une ligne de bit s~lectionn~e    311), die an
mehreren ZeilenadreB-Obergangs- 20      detektoren zur Lieferung mehrerer
Zwischensi- un moyen de d6codeur de rangee qui est          gnale
angeschlossen sind, die je einer Tell- couple aux lignes de mot pour
valider une          menge der Anzeige-Signale entsprechen und iigne de mot
en r6ponse a une pluralite de         beim Auftreten mindestens eines
Anzeigeim- signaux d'adresse de rangee;                       pulses aus
der Teilmenge erscheinen, der das un moyen de d6codeur de colonne qui est
25     Zwischensignal entspricht, coup l aux paires de lignes de bit pour
s6lec-        mit zweiten an den ersten logischen Hilfs- tionner une paire
de lignes de bit en rdponse a    mitteln angeschlossenenlogischen
Hilfsmitteln une pluralite de signaux d'adresse de colonne      (312,  313,
314)  zur  Lieferung  eines et
SummenadreB-Obergangssignals beim Auftre- une pluralite de detecteurs de
transition   30  ten mindestens eines Zwischensignals und d'adresse de
rangee qui sont couples & des            mit Kompensationsmitteln zurn
Ausglei- signaux d'adresse respectifs, chaque d6tecteur     chen der
Bitleitungspaare in Abhangigkeit von de transition d'adresse de rangee
permettant       dem SummenadreB-Obergangssignal. de foumir une impulsion
de detection en rd- ponse a la detection d'une transition positive et  35
2. Speicher des Anspruches 1 ferner mit mehre- en reponse A la d6tection
d'une transition n6-     ren SpaltenadreB-Obergangsdetektoren, denen gative
du signal d'adresse de rang6e respectif     die betreffenden
SpaltenadreB-Signale zugelel- qui lul est couple;
tat werden, und die je einen Spaltenanzeigeim- J>         le procede
comprenant les etapes de:            puls bei der Wahrnehmung eines
Ubergangs la division des impulsions de transition en   40  des
betreffenden, zugeleiteten Spaltenadretsi- sous-ensembles;
gnals liefern, la fourniture d'une pluralite d'impulsions         mit
dritten logischen Hilfsmitteln, die an hntermediaires, chaque impulsion
intermediaire     mehreren  SpaltenadreB-Obergangsdetektoren correspondant
& lun des sous-ensembles et          zur Lieferung mehrerer
Spaltenzwischensignale so produisant en reponse a la survenue d'au   45
angeschlossen sind, die je einer Teilmenge moins l'une des impulsions de
transition du        der Spaltenanzeige-Signale entsprechen und in
sous-ensemble correspondant ; et                   Abhangigkeit vom
Auftreten eines oder mehrm- la fourniture d'un signal de transition
rer Spaltenanzeigeimpulse in der Teilmenge d'adresse de totalisation en
reponse a la sur-     erscheinen, denen das Spaltenzwischensignal venue
d'au moins une des impulsions interme-  so   entspricht, und dialres.
mit vierten mehrere Eingange aufweisen- den, logischen Hilfsmitteln zum
Empfang der PatentansprUche
Spaltenzwischensignale und zur Lieferung ei- nes
SpaltensummenadreB-Obergangssignals in 1. Speicher mit mehreren
Speicherzellen (205,  55      Abhangigkeit von einem oder mehreren auftre-
206, 207), die an den Schnittpunkten eines         tenden
Spaltenzwischensignalen. Bitieitungspaares mit den Wortleitungen ange-
ordnet sind und je Ober eine geschaltete Wort-  3. Speicher des Anspruches
2 ferner mit einer 17    31                 EPO 233 198 B1
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einem  SpaltensummenadreBi-Obergangssignai         tungspaar anzuwahlen,
die Bitleitungen im voraus aufzuladen.                 und mit mehreren
Zeilenadre3-Obergangs- detektoren, denen betreffende Zeilenadre3i-Si- 4.
Speicher des Anspruches 2 ferner mit Hilfsmit-   6  gnale zugeleitet
werden, und die je einen An- teln zum Abschalten des Spaltendecodierers in
zeigeimpuls bei einem positiven und negativen Abhgngigkeit von dem
SpaltensummenadreB-           Obergang des betreffendenzugeleiteten Zel-
Obergangssignal.                                   Ienadrefisignals liefem,
wobei das Verfahren die folgenden Schritte 5. Speicher des Anspruches 1,
ferner dadurch   io      enthalt gekennzeichnet, daB er beim Auftreten
eines            die Obergangsimpulse in Teilmengen zu Chipw~hisignals
geschaltet wird,wobei die         unterteilen, zweiten logischen
Hilfsmittel dadurch gekenn-          mehrere Zwischenimpulse vorzusehen,
die zeichnet sind, daB wahrend einer vorherbe-         je einer Teilmenge
entsprechen und beim Auf- stimmten Verzogerungszoit, die dem Auftreten   1S
treten mindestens eines Obergangsimpulses in des ChipswahIsignals folgt,
ein SurnmenadreO-      der entsprechenden Teilmenge erscheinen,
Obergangssignal geliefert wird.                        und das
Summenadreo-Obergangssignal beim Auftreten mindestens eines Zwischenim- 6.
Speicher des Anspruches 1, bei dem die er-          pulses vorzusehen. sten
und zweiten logischen Hilfsmittel aus logi-  20 schen
CMOS-Verkntipfungsgliedern aufgebaut sind. 7. Speicher des Anspruches 1,
bei dem die zwei- ten logischen Hilfsmittel die folgenden Be-  25
standteile enthalten: dritte an den ersten logischeen Hilfsmittel
angeschlossene, logische Hilfsmittel zur Abga- be mindestens eines von
mehreren Signalen beim Auftreten mindestens elnes Zwischensi-  30 gnals und
vierte an den dritten logischen Hilfsmitteln angeschlossene, logische
Hilfsmittel zur Liefe- rung des Summenadrei3-Obergangssignals in
Abhangigkeit von den dritten logischen Hilfs-  35 mitteln, die mindestens
eines der Signale der dritten logischen Hilfsmittel abgeben. 8  Speicher
des Anspruches 1 ferner mit Hilfsmit- teln zurn Abschalten des
Zeilendecodierers in  40 Abhangigkeit von dem SummenadreB-Obor-
gangssignal. 9. Verfahren zur rrstellung eines Summenadrel-
Obergangssignals in Abhangigkeit von minde-   4s stens einem
Zeilenadrelsignal in einem Spei- cher mit mehreren Speicherzellen, die an
Schnittpunkten von Bitleitungspaaren mit Wort- leitungen angeordnet sind
und je von einer  so geschalteten Wortleitung und einer gewihiten
Bitleitung gewAhit werden, mit einem an den Wortleitungen ange- schlossenen
Zeilendecodierer zum Schalten einer Wortleitung in Abhangigkeit von mehre-
55 ren ZeilenadreB-Slgnalen, mit elnem an den Bitleitungspaaren ange-
schlossenen Spaltendecodierer, um in Abhin- 18    


