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memory cells in a memory cell array according to the X-address and
Y-address. An output means outputs data BACKGROUND OF THE INVENTION
from the selected memory cells in synchronization with the clock signal.
This invention relates to a dynamic random-access  5  According to oine
embodiment of the invention, the memory (DRAM) that operates in
synchronization with a  output means comprises a data latch means,
tri-state clock signal, thus being suitable for integration into mi-
output means, and output control means. Data read from crocontrollers and
application-specific integrated cir-    the memory cell array are held in
the data latch means, cuits.
and output by the tri-state output means in response to A microcontroller,
for example, generally comprises  10 an output control signal from the
output control means. a central processing unit, read-only memory,
random-ac-  The output control means activates the output control cess
memory, and other modules integrated onto a sin-  signal for one or more
clock cycles, starting a certain gle semiconductor chip. Operations of all
on-chip circuits  number of clock cycles after activation of the first
control are synchronized by a system clock signal. In the past,    signal.
the random-access memory has generally been of the  15  According to
another embodiment of the invention, static type (SRAM), which has a simple
control scheme  theoutput means comprises a multiple data latch means,
permitting rapid access and can easily be synchronized  a tri-state output
means, and a consecutive output con- to the system clock. For many purposes
it would be de-  trol means. The multiple data latch means latches and
sirable to use DRAM, which takes up less space and dis-  holds data read
from a plurality of memory cells in the sipates less power than SRAM, but
the more complex  20 memory cell array. The consecutive output control
control required by DRAM has been an obstacle.     means receives one or
more address bits from the ad- In prior-art DRAM, the timing of address
input and  dress input means, selects the data held in the multiple data
output is determined by a plurality of control signals.  data latch means
in an order determined f rom these one Even if these control signals are
generated by the central  or more address bits, and supplies the selected
data to processing unit in synchronization with the system clock, 25 the
tri-state output means for external output. because of unavoidable
fabrication variations in circuit elements, synchronization between the
system clock  BRIEF DESCRIPTION OF THE DRAWINGS and DRAM input and output
operations will be inaccu- rate. Inaccurate synchronization must be allowed
for by  Fig. 1 is a block diagram of a synchronous DRAM. employing a low
clock frequency, which of course limits 30  Fig. 2 is a schematic diagram
of a novel address in- the speed of the entire device.
put circuit. Fig. 3 is a timing diagram for Fig. 2. SUMMARY OF THE
INVENTION                               Fig. 4 is a schematic diagram of a
modification of the address input circuit of Fig. 2. It is accordingly an
object of the present invention to. 35  Fig. 5 is a timing diagram for Fig.
4. synchronize DRAM address input accurately to a clock   Fig. 6 is a block
diagram of a synchronous DRAM signal.
with novel output means. Another object of the invention is to synchronize
Fig. 7 is a schematic diagram illustrating one config- DRAM data output
accurately to a clock signal.     uration of the output control circuit in
Fig. 6. Yet another object of the invention is to output data  40  Fig. 8
is a timing diagram for Fig. 6 and Fig. 7. in a single clock cycle selected
in relation to a first control  Fig. 9 is a schematic diagram illustrating
another signal.                                            configuration of
the output control circuit in Fig. 6. Still another object is to enable
data output to be ex-  Fig. 10 is a timing diagram for Fig. 6 and Fig. 9.
tended for additional clock cycles responsive toasecond  Fig. 11 is a block
diagram of a synchronous DRAM control signal.
45 with another novel output means. Afurtherobject is to enable datafrom
different mom-  Fig. 12 is a timing diagram for Fig. 11. ory cells to be
output in consecutive clock cycles.    Fig. 13 is a block diagram of a
synchronous DRAM A still further object is to enable the order of data
with yet another novel output means. output in consecutive clock cycles to
be altered accord-  Fig. 14 is a timing diagram for Fig. 13. ing to certain
address bits.                   50      Fig. 15 is a timing diagram for
Fig. 13. A synchronous dynamic random-access memory according to the
invention as indicated in Claim 1. It has  DETAILED DESCRIPTION OF THE
INVENTION address input means for latching an address signal on a first
transition of a clock signal to generate an X-address,  A more detailed
description of the invention will be and on a second transition of the
clock signal to generate  55 given with reference to the drawings. These
drawings a Y-address. The first transition is selected by a first con-  are
shown as illustrations of the invention but they do not trol signal; the
second transition is selected by a second  restrict its scope as set forth
in the appended claims. control signal. A decoding means selects one or
more   Referring to Fig. 1, the invented memory comprises 2    
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circuit 10that receives n+1 addresssig-  high. The X-address latch signal
S13 is the output of the nals AO-An (n is a positive integer), a clock
signal (CLK),  NAND gate 13c. a first control signal (conventionally
designated [err]:   The operation of the X-address latch signal gener- row
address strobe), and a second control signal [err]:  ating circuit 13 is
evident from the schematic. S1`3 is in- column address strobe). Address
input is multiplexed:  5  active (low) whnever  [err] is inactive (high).
If RAS be- both a row address (X-address) and column address   comes active
(low) while CLK is low, at first there is no (Y-address) are input on the
same signal lines AO-An.  change in S13, but as soon as CLK goes high, the
set-re- The address input circuit latches the address signals on  set
flip-flop 13e sets and S13 becomes active (high). a first transition of CLK
selected by [err], the latched  Thereafter, S13 remains active (high) until
[err] be- address becoming an X-address (AXO-AXn), then latch-  10 comes
inactive (high) again. es the address signals again on a second transition
of  The Y-address latch signal S14 is output by a Y-ad- CLK selected by
[err] the address latched this time be-  dress latch signal generating
circuit 14 similar in struc- coming a Y-address (AYO-AYn).
ture and operation to the X-address latch signal gener- The X-address is
supplied to an X-address decoder  ating circuit 13, having an inverter 14a,
a NAND gate 20 and the Y-address to a Y-address decoder 30. These  15 14b,
and a set-reset flip-flop circuit 14e comprising address decoding means
decode the X-address and      NAND gates 14c, and 14d. The Y-address latch
signal Y-address to select one or more memory cells in a mem-  S14 is
inactive (low) whenever [err] is inactive (high), ory cell array 40. A data
input/output means 50 transfers  becomes active (high) when [err] is active
(low) and data between the selected memory cell or cells and an  CLK is
high, and remains active until [err] becomes in- external data bus (not
shown) thereby either reading  20 active (high) again. data out of the
memory cells or writing data into the mem-  To avoid unwanted changes in
the output of the sec- ory cells. Data output is synchronized with CLK.
ond transparent latch 18, this address input circuit also Fig. 2 is a
schematic diagram of the address input  has a delay line 15 and a Y-address
input gate 16. The circuit 10 in Fig. 1. The address signal AO-An is
supplied  delay line 15 comprises, for example, a D-type flip-flop to a
first transparent latch circuit 17 and a second trans- 25 that delays the
output of the first transparent latch circuit parent latch circuit 18. The
address input circuit also has  11 by a certain amount responsive to CLK,
also inverting a third transparent latch circuit 11 for latching [err] ,
and  the output of the firsttransparent latch 11, thus producing a fourth
transparent latch circuit 12 for latching [err]  .  a signal S15 that
becomes active (high) at a certain tran- A transparent latch circuit is
controlled by an enable  sition of CLK after [err] has become active (low).
The signal, being transparentto its inputwhen the enable sig- 30 Y-address
input gate 16 performs an AND logic opera- nal is in a first state,
latching its input when the enable  tion on S15 and each of the address
bits AO-An, thus signal changes to a second state, and continuing to out-
feeding the address signal A-An to the second transpar- put the latched
value until the enable signal reverts to  ent latch circuit 18 when 815 is
active and blocking the the first state. In Fig. 2 the first transparent
latch circuit  address signal AO-An when S15 is inactive. 17 is controlled
by an X-address latch signal S13, the  35  The operation of Fig. 2 will be
explained with refer- second transparent latch circuit 18 is controlled by
a  ence to Fig. 3, which is a timing diagram for Fig. 2. Y-address latch
signal S14, and the third and fourth  Cross-hatching in Fig. 3 indicates
the don't-care state. transparent latch circuits 11 and 12 are controlled
by  RA  is driven active (low) by an external device CLK. Specifically, the
first transparent latch circuit 17 is  such as a central processing unit at
a time t1 after the enabled or made transparent when the X-address latch
40 fall of CLK, allowing a certain setup time Trs with respect signal S13
low, and lathes the address signal AO-An  to the next low-to-high
transition of CLK. At about the upon low-to-high transition of the
X-address latch signal.  same time, the central processing unit outputs an
X-ad- The second transparent latch circuit 18 is made trans-  dress on the
address signal lines AO-An. As soon as it parent when the Y-address latch
signal S14 is low, and  becomes valid, this address is passed through the
first latches the address signal A0-An via an input gate 16  45 transparent
latch circuit 17 to the X-address decoder 20 upon low-to-high transition of
the Y-address latch signal  as the X-address AXO-AXn. Since the Y-address
input S14. The third and fourth transparent latch circuits 11  gate 16 is
closed, this address is not passed to the sec- and 12 are made transparent
when CLK is Low and latch  ond transparent latch 18 or the Y-address
decoder 30. the [err] or [err] upon low-to-high transition of CLK.      At
time t2 CLK goes high, the X-address latch signal The X-address latch
signal S13 is output by an X-ad- 50 S13 rises, and the first transparent
latch circuit 17 closes. dress latch signal generating circuit 13
comprising an in-  The first transparent latch circuit 17 thus continues to
verter 1 Sa that inverts [err] , a NAND gate 13b that per-  output the
X-address AXO-Axn even after the address forms the NOT AND logic operation
on the output of the  signal AO-An changes. At the next high-to-low
transition inverter 1 Sa and CLK, and a set-reset flip-flop 13e com-  of
CLK the signal S15 goes high, opening the Y-address prising NAND gates 13c
and 13d. The set-reset flip-flop  55  input gate 16. 13e is set by the
output of the NAND gate 13b and reset  At time t3, following this
high-to-low transition of CLK by the output of the inverter 13a; it
therefore sets when  and allowing a certain setup time Tcs with respect to
the [err] is low and CLK is high, and resets when [err] goes  next
low-to-high transition of CLK, the central processing 3    
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active (low). At about the same time the  The remainder of the detailed
description of the in- central processing unit places a Y-address on the
ad-  vention is concerned with the output section of the data dress signal
lines AO-An. As soon as it becomes valid,  input/output circuit 50 in Fig.
1, and will show several this address is passed through the Y-address input
gate  novel means of outputting memory data in synchroniza- 16 and the
second transparent latah circuit 18 to the  5  tion with CLK. Y-address
decoder 30 as the Y-address AYO-AYn.         Fig. 6 is a block diagram
showing one basic data At time t4 CLK goes high, the Y-address latch signal
output scheme. Elements common to Fig. 1 have the S14 rises, and the second
transparent latch circuit 18  same reference numerals. The address input
circuit 10 closes, thus continuing tooutputthe Y-address AYO-AYn  can bethe
circui shown in Fig. 2oramodification thereof even after the address signal
AO-An changes.    10 as noted above. The address signal AO-An is
synchronized with CLK,  Output data from the memory cell array 40 are am-
so by latching this signal at the CLK transitions at t2 and  plified by
sense amplifiers (not explicitly shown) and t4 it is easy to ensure that
valid addresses are latched.  placed on an internal data bus 51. After
further amplifi- In addition, since [err] and [err] are not used as latch
cation by an amplifier circuit 60, the data are sent to a triggers (as in
the prior art), but only to determine the  15 data latch circuit 70 and
held for output. Output takes triggering edges of CLK, their timing
requirements are  place through a tri-state output circuit 80 capable of
pro- relaxed. [err] and [err] can be driven active even prior  ducing high
or low output, or placing the output signal to valid address output, as in
Fig. 3. High clock rates are  line or lines (Do in the drawing) in the
high-impedance thus possible.                                      state.
The output circuit is enabled and disabled by an Moreover, the use of
transparent latch circuits 17  20 output control signal S90 generated by an
output control and 18 allows decoding of the X- and Y-addresses to be-
circuit 90. gin even before the latch points at t2 and t4, resulting in
Also shown in Fig. 6 is a memory control signal gen- an overall shortening
of the memory cycle. Similar ad-  erating circuit 100 comprising a latch
circuit 101 and a vantages apply to the latching of [err] and [err]  by the
signal generating circuit 102. The latch circuit 101 re- transparent latch
circuits 11 and 12, the outputs of which  25 ceives CLK and external
control signals such as RAS, are furnished to other circuits such as data
input and out-  [err], an output enable signal [err], and a write enable
put timing circuits not shown in Fig. 2.            signal [err], and has
the general function of latching the The address input circuit 10 in Fig. 1
is not limited to  control signals and synchronizing the operation of the
the configuration shown in Fig. 2. For example, the third  DRAM with CLK.
The latch circuit 101 comprises, for ex- and fourth transparent latches 11
and 12, the delay line  30 ample, circuits similartothose in Fig. 2.
(Thefourthtrans- 15, and the Y-address input gate 16 can be omitted if not
parent latch 12 in Fig. 2, which is not explicitly used for needed. The
internal structure of the X- and Y-address  address input, can be
considered as disposed in the latch signal generating circuits 13 and 14
can be modi-    latch circuit 101.) The signal generating circuit 102 re-
fied. First and second control signals that are active high  ceives the
outputs of the latch circuit 101 and generates can be used instead of [err]
and [err] . X- and Y-address  35 various types of memory control signals,
such as a signal buffer circuits may be added as output stages following
selecting read or write mode, which are not explicitly the first and second
transparent latch circuits 17 and 18.  shown but will be familiar to those
skilled in the art. A modification of the address input circuit of Fig. 2
The output control circuit 90 is adapted to drive the is shown in Fig. 4.
The address input circuit of Fig. 4 dif-  output control signal S90 to the
active state for one clock fers from the address input circuit of Fig. 2 in
that the  40 cycle, starting a certain number of clocks after [err] be-
input of the X- and Y-address latch signal generating cir-  comes active:
for example, S90 may be active during an cuits 13 and 14 are connected
respectively tothe outputs  interval from substantially the third rising
edge of CLK of the first and second transparent latch circuits 11 and
after [err] becomes active until substantially the fourth 12. With this
modification, the timing requirements of  rising edge. In order for S90 to
be activated, [err] must [err] and [err]  further relaxed, as will be seen
from Fig. 45 become active after [err] becomes active, but it is not 5.
That is, if the [err]   goes low at t1' before high-to-low  necessary for
[err] to remain active. The output control transition of CLK, the X-address
latch signal S13 does  circuit 90 can be realized in various ways, one of
which not go high until t2 because the output S11 of the trans-  is
described next. parent latch circuit 11 goes low at or slightly after (with
Referring to Fig. 7, the output control circuit 90 com- the propagation
delay) the high-to-lowtransition of CLK. 50 prises an inverter 91 for
inverting RA , a set-reset The time at which the X-address is latched is
therefore  flip-flop 92-1 that is set by [err]   and reset by the output
unaffected. Similarly, even if the [err] goes low at t3' be-  of the
inverter 91, and D-type flip-flops 92-2 to 92-5 con- fore high-to-low
transition of CLK, the Y-address latch  nected in series and clocked by
CLK. The output of the signal S14 does not go high until t4 because the
output  set-reset flip-flop 92-1 is fed to a further D-type flip-flop S12
of the second transparent latch circuit 12 goes low  55 93-1, which is also
clocked by CLK. at or slightly after (with the propagation delay) the  The
firstflip-flop 92-2 in the seriesof D-typeflip-flops high-to-lowtransition
of CLK. The time at which the Y-ad-  92-2 to 92-5 receives the inverted
[err] signal from the dress is latched is therefore unaffected.
inverter 91, and passes this signal to the second flip-flop 4    
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flip-flop 92-3, the signal enters  CLK cycle from substantially time t13 to
substantially the next-to-last flip-flop 92-4. The output S92-4 of the
time t14, regardless of the active duration of [err]. The
next-to-lastflip-flop 92-4isfednotonlytothe lastflip-flop  data can be read
at or before time t14. 92-5 but also to an AND gate 93-2 comprising a NAND
Although not shown in the drawing, at an appropriate gate followed by an
inverter. The other input of the AND  5  time [err] goes high to end the
memory cycle. RAS can gate 93-2 is the output of the further flip-flop
93-1.  be driven high at any time after time t13, and the The output of the
AND gate 93-2 is fed to a one-shot  low-to-high transition of [err] need
not be precisely syn- pulse generating circuit 94-1 comprising an odd
number  chronized with the time at which the output data are read. of
inverters and a NAND gate connected in series. The  An advantage of the
memory illustrated in Fig. 6 to output of the last flip-flop 92-5 is fed to
a similar one-shot 10 Fig. 8 is that data output is accurately synchronized
to pulse generating circuit 94-2. The outputs of the   CLK regardless of
the precise timing of [err] and [err]. one-shot pulse generating circuits
94-1 and 94-2 are fed  The same is true of the latching of address input.
Oper- as set and reset inputs, respectively, to a set-reset  ation of the
memory can thus easily be synchronized with flip-flop 92-6. The output of
the set-reset flip-flop 92-6 is    the operation of other circuits
disposed, for example, on the output control signal S90.
15 the same semiconductor chip and driven by the same The purpose of the
set-reset flip-flop 92-1, the fur-  clock signal CLK. ther flip-flop 93-1,
and the AND gate 93-2 is to ensure  Fig. 9 illustrates another possible
configuration of thattheoutputcontrol signal S90does notgo high unless  the
output control circuit 90. Elements common to Fig. 7 [err] becomes active
(low) beforehand.                have the same reference numerals, except
that the out- The operation of the memory in Fig. 6 and Fig. 7 will 20 put
of the set-reset flip-flop 92-6 is denoted S90A. be explained with
reference to Fig. 8. Address input is  Fig. 9 is identical to Fig. 7 except
for the addition of carried out asalready described: an X-address is
latched  an OR gate 93-3 and an output extending circuit 95. The atthefirst
rising edge of CLKafter  [err] becomes active,  output extending circuit 95
receives CLK, [err] S92-4, at time t11 in Fig. 8; a Y-address is latched at
the first  and the output of the inverter 91 and produces an output rising
edge of CLK after [err] becomes active, at time  25 extending signal S95.
The OR gate 93-3, which compris- t12 in Fig. 8. Decoding of the X- and
Y-addresses begins  es a NOR gate followed by an inverter, combines the
sig- even before t11 and t12, so data output from the memory  nal S90A with
the signal S95 by OR logic to produce the cell array 40 starts promptly
around time t12, permitting  output control signal S90 sent to the
tri-state output cir- the data to be latched in the data latch circuit 70
before  cuit 80 in Fig. 6. the next rising CLK edge at time t13.
30     The output extending circuit 95 comprises a logic cir- The lower
eight waveforms in Fig. 8 illustrate the op-  cult 95a, a set-reset
flip-flop 95b, and an inverter 95c. eration of the output control circuit
90 and tri-state output  The logic circuit 95a comprises logic gates and a
flip-flop circuit 80. When [err]  goes active (low) between times  (FF)
that is triggered on rising edges of CLK. It can read- t11 and t12, the
set-reset flip-flop 92-1 sets. The signal  ily be verified from Fig. 9 that
the set-reset flip-flop 95b S92-1 goes high atthis time and remains high
regardless  35  resets, driving the signal S95 high, when [err] and [err]
of the further behavior of [err]   . The flip-flop 93-1 latches  are both
low and S92-4 is high, and sets, driving the sig- the signal S92-1 at time
t12, causing the signal S93-1 to  nal S95 low, when [err] is high and CLK
goes high, or go high at substantially time t12.                 when [err]
is high, or when S92-4 is low. The fall of [err] before time t11 causes a
high signal  The operation of the output control circuit in Fig. 9 to be
latched in the flip-flop 92-2 at timet1, in the flip-flop  40 will be
explained with reference to the timing diagram in 92-3 at time t12, and in
the flip-flop 92-4 at time t13. The  Fig. 10, which illustrates two cases:
a first case (a) in signal S92-4 thus goes high substantially at time t13.
which [err]  goes high before the output cycle begins at Since S93-1 is
already high, the output of the AND gate  time t13, and a second case (b)
in which [err] goes high 93-2 changes from low to high, causing the
one-shot  after time t13. pulse generating circuit 94-1 to output a brief
low pulse  45  In case (a), the signal S95 output by the output ex- S94-1
that sets the set-reset flip-flop 92-6. The output  tending circuit 95
remains low throughout the memory control signal S90 thus becomes active
(high) at sub-  cycle, because S92-4 never becomes high while [err]
stantially time t13.                               is low. The operation is
thus the same as in Fig. 8: data At time t14 the signal S92-4 is latched in
the flip-flop  Do are output for one CLK cycle from substantially time
92-5, the output of which thus changes from low to high, 50 t13 to
substantially time t14. causing the one-shot pulse generating circuit
94-2topro-  In case (b), [err] is still active (low) when S92-4 duce a
brief low pulse S94-2 that resets the set-reset  goes high at time t3, so
the signal S95 becomes active flip-flop 92-6. The output control signal S90
therefore be-  (high) at this time. S95 remains active until t15, the first
comes inactive (low) at substantially time t14.     rising edge of CLK
after [err]  becomes inactive (high). The tri-state output circuit 80 is
normally in the  55 The high input of S95 to the OR gate 93-3 in Fig. 9 ex-
high-impedance state, but when the output control signal  tends the active
(high) interval of the output control signal S90 is active, thetri-state
output circuit 80 is enabled and  S90 until time t15. Data output thus
continues for two outputs data Do. Data output thus takes place for one
CLK cycles from substantially time t13 to substantially 5    
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can be read, for example, on the first  bit storage cells 112-1 to 112-4
are sent as outputs from rising edge of CLK after CA  becomes inactive.
the shift register 112 to the output select circuit 113. The output control
circuit in Fig. 9 provides the same  The output select circuit 113
comprises switches advantages as the output control circuit in Fig. 7,
output  113-1 to 113-4 that turn on and off in response to the being
accurately synchronized to CLK regardless of the  5  outputs of the shift
register. These switches connect the precise timing of [err]    and [err].
A further advantage is  outputs of the one-bit latch circuits 70A-1 to
70A-4 to the that by holding [err] low, the central processing unit can
output circuit 80. prolong data output until it becomes convenient to read
A circuit generally analogous to the output control the data.
circuit 90 in Fig. 6, but with additional D-type flip-flops Fig. 11 is a
block diagram of a novel memory gen-  10 following the flip-flop 92-5, is
incorporated into the sig- erally similar to the one in Fig. 6 but adapted
for nib-  nal-generating circuit 102 in Fig. 11. Using this circuit,
ble-mode output. Elements common to Fig. 6 have the  the signal-generating
circuit 102 generates a signal same reference numerals. Descriptions of the
address  S90B that enables the tri-state output circuit 80 for four input
circuits will be omitted.                     consecutive CLK cycles
starting, for example, with the The nibble output mode is a mode in which
input of  15 second cycle after [err]   becomes active. a single pair of X-
and Y-addresses causes output in four  The operation of the memory in Fig.
11 will be ex- consecutive clock cycles of data from, for example,  plained
with reference to Fig. 12. As before, the X-ad- memory cells in four
different quadrants of the memory  dress is latched at the first rising
edge of CLK after the cell array. If the width of the output data Do is one
bit,    fall of [err] (time t21) and the Y-address is latched at the this
operation causes one nibble (four bits) to be output 20 first rising edge
of CLK after the fall of [err] (time t22). in four clock cycles. For
simplicity, the subsequent de-  The decoder 111 decodes the most
significant address scription will be confined to this case, but the
invention  bits AXn and AYn. At time t22 the four decoded signals is not
limited to output of one bit at a time. The width of  from the decoder 111
are stored in the shift register 112. the output data Do may be eight bits,
for example, in  Also at time t22, four bits of data DO, D1, D2, and D3 are
which case thirty-two bits are output in four clock cycles, 25 sent from
the memory cell array 40 viathe data bus group eight bits at a time.
Neither is the invention limited to just  51A to the multiple data latch
circuit 70A, and stored in four clock cycles; the same inventive concept
can be  the one-bit latch circuits 70A-1 to 70A-4. used to obtain data
output in any desired number of con-  Since just one of the four decoded
signals from the secutive clock cycles.
decoder 111 is active, a logic "1" is stored in just one of The memory in
Fig. 11 has a data bus group 51A  30 the four bit storage cells 112-1 to
112-4. Suppose, for comprising four data buses, each similar to the data
bus  example, that a logic "1" is stored in the bit storage cell 51 in Fig.
6. These carry data from separate memory  112-1 and a logic "O" in the bit
storage cells 112-2 to cells in the memory cell array 40 to a multiple
latch circuit  112-4. Then the switch 113-1 turns on while the switches 70A
comprising, in this case, four one-bit latch circuits  113-2 to 113-4 are
off, and during the interval from sub- 70A-1 to 70A-4. The outputs from the
multiple latch cir- 35 stantially time t22 to time t23 the bit Dl stored in
the cuit 70A are sent to a consecutive output control circuit  one-bit
latch circuit 70A-1 is sent to the tri-state output 110.
circuit 80 and output as the output data Do. The consecutive output control
circuit 110 compris-  When the clocksignal CLK rises at time t23 the logic
es a decoder 111, a shift register 112, and an output se-  "1"  is shifted
from the bit storage cell 112-1 tothe bit stor- lect circuit 113. The
decoder 111 receives certain bits of 40 age cell 112-2, causing the switch
113-1 to turn off and the X-address AXO-AXn and the Y-address AYO-AYn
the switch 113-2 toturn on. During the interval from sub- from the address
input circuit 10, such as the most sig-  stantially time t23 to time t24
the bit D2 stored in the nificant address bits AXn and AYn, decodes these
bits,  one-bit latch circuit 70A-2 is sent to the tri-state output and
sends four resulting signals to the shift register 112.  circuit 80 and
output as the output data Do. For any input to the decoder 111, just one of
the sig- 45  Similarly, at time t24 the logic "1" is shifted from the nals
output from the decoder is active, the others being  bit storage cell 112-2
to the bit storage cell 112-3 and the inactive. Provided this condition is
met, the invention is  bit D3 stored in the one-bit latch circuit 70A-3 is
output not limited to any particular decoding scheme. Nor is the  as the
output data Do. At time t25 the logic "1" is shifted invention limited to
the use of the most significant ad-  from the bitstorage cell 112-3 tothe
bit storage cell 112-4 dress bits; the decoder 111 can decode any address
bit 50 and the bit D4 stored in the one-bit latch circuit 70A-4 is or set
of address bits as required by the application.  output as the output data
Do. The shift register 112 is well-known device that    An advantage of the
memory described in Fig. 11 stores the outputs of the decoder 111 in four
bit storage  and Fig. 12 is that nibble-mode output is obtained at the
cells 112-1 to 112-4, and rotates the contents of these  rate of one bit
per clock cycle. In the prior art, nib- bit storage cells 112-1 to 112-4 in
synchronization with  55 ble-mode output was obtained by toggling [err]. If
tran- the clock signal CLK. The rotation is from left to right, the
sitions of [err]  are synchronized with, say, the falling contents of the
last bit storage cell 112-4 being shifted  edge of CLK, then two CLK cycles
are needed to produce into the first bit storage cell 112-1. The contents
of the  one cycle of [err], so data can be output at only half the    11
EP 0 487 288 B1                   12 



rate shown in Fig. 12.                                      a memory cell
array (40) having a plurality of Fig. 13 shows a modification of the memory
in Fig.      memory cells; 11. Elements common to Fig. 11 have the same
refer-         address input means (10) for latching said ence numerals.
address signals on a first transition of said clock The new element in Fig.
13 is a shift control circuit  5  signal selected by said first control
signalto gen- 114 that receives a shift control signal S111 from the de-
erate an X-address, and on a second transition coder 111 and sends a
corresponding signal to the shift     of said clock signal selected by said
second register 112 to control the shift direction. When the shift  control
signal to generate a Y-address; control signal S111 is high, for example,
the shift register  decoding means (20,30) coupled to said mem- 112 rotates
from left to right, but when the shift control  10  ory cell array and said
address input means, for signal S111 is lowthe shift register 112 rotates
from right  selecting one or more memory cells in said to left. The decoder
generates S111 by decoding the         memory cell array according to said
X-address most significant address bits AXn and AYn.                  and
said Y-address; and The operation of the memory in Fig. 13 will be de-
output means (50) coupled to said memory cell scribed with reference to
Fig.  14 and Fig. 15.  15         array, for outputting data from said
memory cells Referring to Fig. 14, suppose that the most signifi-    in
synchronization with said clock signal. cant address bits AXn and AYn are
decoded as in Fig. 12 so that the bit D1 stored in the one-bit latch
circuit  2. The memory of claim 1, wherein said address input 70A-1 is
output first, and suppose further that for this val-  means comprises: us
of AXn and AYn, the shift control signal S111 is high. 20 Then the output
operation is identical to Fig. 12, data be-  X-address latch signal
generating means (13) ing output in the order D1, D2, D3, D4.
for generating an X-address latch signal that Referring to Fig. 15, suppose
that the most signifi-    becomes active when said clock signal under- cant
address bits AXn and AYn have different values,        goes a certain
transition while said first control causing- the bit D2 stored in the
one-bit latch circuit 25  signal is active, and remains active until said
70A-2 to be output first and the shift control signal S111  first control
signal becomes inactive; to be held low. Then the order of output is D2,
D1, D4, D3.  Y-address latch signal generating means (14) In some
microcontroller designs it is convenient for    for generating a Y-address
latch signal that the central processing unit to be able to receive nibble
becomes active when said clock signal under- data in either the forward or
reverse order, depending on  30  goes a certain transition while said
second con- the starting bit. The memory in Fig. 13 can easily be in-
trol signal is active, and remains active until said terfaced to such a
central processing unit. The central     second control signal becomes
inactive; processing unit can operate faster than in the prior art    first
transparent latch means (17), for latching because it does not have to
rearrange the data received     said address signal in response to said
from the memory.                                 35         X-address latch
signal; and The memories in Fig. 6, Fig. 11, and Fig. 13 also       second
transparent latch means (18), for latch- have circuits for writing and
refreshing data in the mem-   ing said address signal in response to said
ory cell array 40. These circuits are well known and for    Y-address latch
signal. the sake of simplicity and clarity were omitted from the drawings.
40 3. The memory of claim 2, wherein said X-address The structures of the
output control circuits in Fig. 7  latch signal generating means comprises:
and Fig. 9 and the consecutive output control circuits in Fig. 11 and Fig.
13 can be modified in various ways, and    a first set-reset flip-flop
circuit (13e); these circuits can be combined to provide, for example,
an first inverter (1 3a) for inverting said first con- both single-bit and
nibble output modes in the same  45     trol signal to generate a first
inverted signal that memory. These and other changes can be made without
resets said first set-reset flip-flop circuit; and departing from the scope
of the present invention, which    a first logic gate circuit (13b) for
combining the should be determined solely from the appended claims.
clock signal and the first inverted signal to gen- erate a signal that sets
said first set-reset so        flip-flop circuit. Claims 4. The memory of
claim 2, wherein said Y-address 1. A synchronous dynamic random-access
memory           latch signal generating means comprises: that provides
data output in response to multiplexed address signals [err] a first
control signal [err],   55  a second set-reset flip-flop circuit (14e); a
second control signal [err], and a clock signal      asecond inverter (14a)
for inverting said second (CLK), comprising:
control signal to generate a second inverted sig- nal that resets said
second set-reset flip-flop cir- 7    11                 EP 0 487 288 B1
12 



rate shown in Fig. 12.                                      a memory cell
array (40) having a plurality of Fig. 13 shows a modification of the memory
in Fig.       memory cells; 11. Elements common to Fig. 11 have the same
refer-         address input means (10) for latching said ence numerals.
address signals on a first transition of said clock The new element in Fig.
13 is a shift control circuit  5  signalselected
bysaidfirstcontrolsignaltogen- 114 that receives a shift control signal
S111 from the de-  erate an X-address, and on a second transition coder 111
and sends a corresponding signal to the shift     of said clock signal
selected by said second register 112 to control the shift direction. When
the shift  control signal to generate a Y-address; control signal S111 is
high, for example, the shift register  decoding means (20,30) coupled to
said mem- 112 rotates from left to right, but when the shift control  10
ory cell array and said address input means, for signal S111
islowtheshiftregister112rotatesfromright          selecting one or more
memory cells in said to left. The decoder generates S111 by decoding the
memory cell array according to said X-address most significant address bits
AXn and AYn.                  and said Y-address; and The operation of the
memory in Fig. 13 will be de-       output means (50) coupled to said
memory cell scribed with reference to Fig. 14 and Fig. 15.   15
array, foroutputting data from said memory cells Referring to Fig. 14,
suppose that the most signifi-    in synchronization with said clock
signal. cant address bits AXn and AYn are decoded as in Fig. 12 so that the
bit D1 stored in the one-bit latch circuit  2. The memory of claim 1,
wherein said address input 70A-1 isoutputfirst,
andsupposefurtherthatforthisval-    means comprises: ue of AXn and AYn, the
shift control signal S111 is high. 20 Then the output operation is
identical to Fig. 12, data be-  X-address latch signal generating means
(13) ing output in the order D1, D2, D3, D4.                     for
generating an X-address latch signal that Referring to Fig. 15, suppose
that the most signifi-     becomes active when said clock signal under-
cant address bits AXn and AYn have different values,         goes a certain
transition while said first control causing- the bit D2 stored in the
one-bit latch circuit 25   signal is active, and remains active until said
70A-2 to be output first and the shift control signal S111   first control
signal becomes inactive; tobe held low. Then the order of output is D2, D1,
D4, D3.   Y-address latch signal generating means (14) In some
microcontroller designs it is convenient for    for generating a Y-address
latch signal that the central processing unit to be able to receive nibble
becomes active when said clock signal under- data in either the forward or
reverse order, depending on  30  goes a certain transition while said
second con- the starting bit. The memory in Fig. 13 can easily be in-
trol signal is active, and remains active until said terfaced to such a
central processing unit. The central      second control signal becomes
inactive; processing unit can operate faster than in the prior art    first
transparent latch means (17), for latching because it does not have to
rearrange the data received     said address signal in response to said
from the memory.                                 35          X-address
latch signal; and The memories in Fig. 6, Fig. 11, and Fig. 13 also
second transparent latch means (18), for latch- have circuits for writing
and refreshing data in the mem-    ing said address signal in response to
said ory cell array 40. These circuits are well known and for     Y-address
latch signal. the sake of simplicity and clarity were omitted from the
drawings.                                        40  3. The memory of claim
2, wherein said X-address The structures of the output control circuits in
Fig. 7  latch signal generating means comprises: and Fig. 9 and the
consecutive output control circuits in Fig. 11 and Fig. 13 can be modified
in various ways, and    a first set-reset flip-flop circuit (1 3e); these
circuits can be combined to provide, for example,      an first inverter
(13a) for inverting said first con- both single-bit and nibble output modes
in the same  45     trol signal to generate a first inverted signal that
memory. These and other changes can be made without         resets said
first set-reset flip-flop circuit; and departing from the scope of the
present invention, which     a first logic gate circuit (1 3b) for
combining the should be determined solely from the appended claims.
clock signal and the first inverted signal to gen- erate a signal that sets
said first set-reset 50        flip-flop circuit. Claims 4. The memory of
claim 2, wherein said Y-address 1. A synchronous dynamic random-access
memory            latch signal generating means comprises: that provides
data output in response to multiplexed address signals [err] a first
control signal [err], 55  a second set-reset flip-flop circuit (1 4e); a
second control signal [err], and a clock signal       a second inverter (1
4a) for inverting said second (CLK), comprising:
control signal to generate a second inverted sig- nal that resets said
second set-reset flp-f lop cir- 7    11111 1111111    13                 EP
0 487 288 B1                  14 



cuit; and                                           a series of flip-flop
means (92-2, 92-3, 92-4) a second logic gate circuit (1 4b) for combining
clocked by said clock signal, for delaying said the clock signal and the
second inverted signal     first control signal; to generate a signal that
sets said second         first one-shot pulse generating means (94-1),
set-reset flip-flop circuit.             5          coupled to receive
output of a next-to-last flip-flop means in said series, for generating a
5. The memory of claim 2, also comprising:                 first pulse
signal (S94-1) in response thereto; second one-shot pulse generating means
third transparent latch means (11) for latching     (94-2), coupled to
receive output of a last said first control signal in response to said
clock  10  flip-flop means in said series, for generating a signal; and
second pulse signal (S94-2) in response fourth transparent latch means (12)
for latching   thereto; and said second control signal in response to said
first set-reset flip-flop means (92-6) set by said clock signal.
first pulse signal and reset by said second pulse 15        signal. 6. The
memory of claim 5, further comprising: 12. The memory of claim 11, wherein
said output control delay means (15) coupled to said third transpar-  means
also comprises: ent latch means, for delaying output of said third latch
circuit responsive to said clock signal; and  20  second set-reset
flip-flop means (92-1) set by gating means (16) coupled to said second
trans-     said second control signal and reset by said first parent latch
means, for gating address input to     control signal; said second
transparent latch means respon-         further flip-flop means (93-1),
clocked by said sive to output of said delay means.                 clock
signal, for latching output of said second 25        set-reset flip-flop
means; and 7. The memory of claim 1, wherein said output means
gating means (93-2) for gating output of said comprises:
next-to-last flip-flop means by output of said fur- ther flip-flop means.
data latch means (70) for latching data read from said memory cells;
30 13. The memory of claim 11, wherein said output control output control
means (90) for generating an out-  means also comprises: put control signal
that becomes active for one cycle of said clock signal, starting a certain
output extending means (95) for generating an number of cycles of said
clock signal after a       output extending signal (S95) that becomes cycle
of said clock signal in which said first con- 35  active when said first
control signal is active, trol signal becomes active; and
said second control signal is active, and output tri-state output means
(80), enabled and disa-      of said next-to-last flip-flop is active, and
bled by said output control signal, for external    becomes inactive if a
certain transition of said output of data held in said data latch means.
clock signal occurs when said second control 40        signal is inactive;
and 8. The memory of claim 7, wherein said output control      OR logic
means (93-3) for modifying said output signal becomes active only if said
second control      control signal according to said output extend- signal
becomes active after said first control signal   ing signal, thereby
causing said output control becomes active.
signal to remain active while said output extend- 45        ing signal is
active. 9. The memory of claim 7, wherein said output control signal
remains active for just one clock cycle.  14. The memory of claim 1,
wherein said output means comprises: 10. The memory of claim 7, wherein
said output control signal remains active for just one clock cycle if said
50  multiple data latch means (70A) for simultane- second control signal
becomes inactive before or       ously latching data read from a plurality
of said duringthis clockcycle, but otherwise remains active     memory
cells; for further clock cycles until said second control sig-  consecutive
output control means (110) for nal has become inactive.
selecting data latched in said multiple data latch 55         means,
different data being selected in different 11. The memory of claim 7,
wherein said output control     clock cycles; and means comprises:
tri-state output means (80)for externally output- ting data selected by
said consecutive output 8    15                EP 0 487 288 B1
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control means.                                     Y-Adresse zu erzeugen;
eine Decodiereinrichtung (20, 30), die mit der 15. The memory of claim 14,
wherein said consecutive      Speicherzellenmatrix und der Adresseneinga-
output control means selects data in a cyclic order    beeinrichtung
gekoppelt ist, zum Auswahlen starting from a point determined according to
one or  5  einer oder mehrerer Speicherzellsn in der Spei- more bits of
said X-address and said Y-address.        cherzellenmatrix gem&B der
X-Adresse und der Y-Adresse; und 16. The memory of claim 15, wherein said
consecutive      eine Ausgabeeinrichtung (50), die mit der Spei- output
control means selects data in either a forward  cherzellenmatrix gekoppelt
ist, zum mit dem cyclic order or a reverse cyclic order depending on  10
Taktsignal synchronen Ausgeben von Daten said one or more bits of said
X-address and said       aus den Speicherzsllen. Y-address. 2. Speicher
nach Anspruch 1, wobei die Adressenein- 17. The memory of claim 14, wherein
said consecutive   gabeeinrichtung folgendes aufweist: output control means
comprises:             15 eine X-Adressen-(Zwischen-)Speicher-Signal-
decoder means (111) for decoding one or more       erzsugungseinrichtung
(13) zum  Erzsugen bits of said X-address and said Y-address to       eines
X-Adressen-(Zwischen-)Speichersi- produce decoded outputs;
gnals, das aktiv wird, wenn das Taktsignal shift register means (112) for
storing decoded  20  einem bestimmten Obergang unterzogen wird, outputs of
said decoder, and rotating said         wihrend das erste Steuersignal
aktiv ist, und decoded outputs responsive to said clock sig-       aktiv
bleibt, bis das erste Steuersignal inaktiv nal; and
wird; output selecting means (113) for selecting data    sine
Y-Adressen-(Zwischen-)Speicher-Signal- stored in said multiple data latch
means accord- 25  erzeugungseinrichtung (14) zum  Erzeugen ing to contents
of said shift register means.      sines
Y-Adressen-(Zwischsn-)Speichersignals, das aktiv wird, wenn das Taktsignal
einem 18. The memory of claim 17, wherein said output select-   bestimmten
Obergang unterzogen wird, wah- ing means comprises a plurality of switches
(113-1    rend das zweite Steuersignal aktiv ist, und aktiv to 113-4),
controlled by contents of said shift register 30  bleibt, bis das zweite
Steuersignal inaktiv wird; means, for connecting said multiple data latch
sine erste transparente (Zwischen-)Speicher- means to said tri-state output
means.                  ein richtung (17) zum (Zwischen-)Speichern des
Adressensignals in Antwort auf das X-Adres- 19. The memory of claim 17,
wherein said decoder          sen-(Zwischen-)Speichersignal; und means also
generates a shift control signal (S111), 35  sine zweite transparente
(Zwischen-)Speicher- and said consecutive output control means also
einrichtung (18) zum (Zwischen-)Speichem des comprises shift control means
(114) for command-       Adressensignals in Antwort auf das Y-Adres- ing
said shift register means to rotate right or left
sen-(Zwischen-)Speichersignal. according to said shift control signal. 40
3. Speicher nach Anspruch 2, wobei die X-Adressen-
(Zwischen-)Speicher-Signalerzeugungseinrich- PatentansprOche
tung folgendes aufweist: 1. Synchroner dynamischer Direktzugriffsspsicher,
sine erste Setz-Rfcksetz-Flip-Flop-Schaltung der in Antwort auf
gemultiplexte Adressensignale  45  (13e); (AO-A,), sin erstes Steuersignal
(Sl ), ein zweites    einen ersten Inverter (1 3a) zum Invertieren des
Steuersignal (CMAS) und sin Taktsignal (CLK) sine      ersten
Steuersignals, um sin erstes invertiertes Datenausgabe liefert und
folgendes aufwsist:           Signal zu erzeugen, das die erste Setz-ROck-
setz-Flip-Flop-Schaltung rOcksetzt; und sine Speicherzellenmatrix (40) mit
einer Viel- 50  sine erste Logikgatterschaltung (13b) zum zahl von
Speicherzellen;                           Kombinieren des Taktsignals und
des ersten sine Adressensingabeeinrichtung (10) zum           invertierten
Signals, um sin Signal zu erzeugen, (Zwischen-)Speichern der
Adressensignale bei       das die erste Setz-Rucksetz-Flip-Flop-Schal-
einem ersten Olbergang des durch das erste         tung setzt. Steuersignal
ausgewAhIten Taktsignals, um  55 eine X-Adresse zu erzsugen, und bei einem
4. Speicher nach Anspruch 2, wobei die Y-Adressen- zweiten Obergang des
durch das zweite Steu-    (Zwischen-)Speicher-Signalerzeugungseinrich-
ersignal ausgewAhIten Taktsignals, um sine     tung folgendes aufweist:
17                EP 0 487 288 B1                  18 sine zwsite
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einen zweiten Inverter (14a) zum Invertieren    ersignal aktiv wird,
nachdem das orate Steuersignal des zweiten Steuersignals, um ein zweites
aktiv wird. invertiertes Signal zu erzeugen, das die zweits
Setz-ROcksetz-Flip-Flop-Schaftung rOcksetzt;  9. Speicher nach Anspruch 7,
wobei das Ausgabe- und
steuersignal fOr genau einen Taktzyklus aktiv bleibt. sine zweite
Logikgatterschatung (14b) zum Kombinieren des Taktsignals und des zweiten
10. Speicher nach Anspruch 7, wobei das Ausgabe- invertierten Signals, um
sin Signal zu erzeugen,  10    steuersignal fOr genau einen Taktzyklus
aktiv bleibt, das die zweite Setz-Rfcksstz-Flip-Flop-Schal-   wenn das
zwefte Steuersignal voroderwahrend die- tung setzt.
ses Taktzyklus inaktiv wird, aber sonst fOr weitere Taktzyklen aktiv
bleibt, bis das zweite Steuersignal 5. Speicher nach Anspruch 2, der auch
folgendes auf-  inaktiv geworden ist. weist:
15 11. Speicher nach Anspruch 7, wobei die Ausgabesteu- Bine drille
transparente (Zwischen-)Speicher-  ereinrichtung folgendes aufweist:
einrichtung (11) zum (Zwischen-)Spsichern des ersten Steuersignals in
Antwort auf das Taktsi-    sine Folge von durch das Taktsignal getaktsten
gnal; und                               20         Flip-Flop-Einrichtungen
(92-2, 92-3, 92-4) zum sine vierte transparente (Zwischen-)Spsicher-
Verzogern des ersten Steuersignals; K>           einrichtung (12) zum
(Zwischen-)Speichem des       sine erste stabilisierte Impulserzeugungsein-
zweiten Steuersignals in Antwort auf das Takt-     richtung (94-1), die zum
Empfangen einer Aus- signal.
gabs einer vorletzten Flip-Flop-Einrichtung in 25        der Folge
gekoppeHt ist, zum Erzeugen sines 6. Speicher nach Anspruch 5, der
weiterhin folgendes      ersten Impulssignals (S94-1) in Antwort darauf;
aufweist:                                              sine zweite
stabilisiorte Impulserzeugungsein- richtung (94-2), die zum Empfangen einer
Aus- sine Verzogerungseinrichtung (15), die mit der     gabs einer letzten
Flip-Flop-Einrichtung in der dritten transparenten (Zwischen-)Speicherein-
30   Folge gekoppelt ist, zum Erzeugen eines zwei- richtung gekoppelt ist
zum Verzogern einer Aus-    ten Impulssignals (S94-2) in Antwort darauf;
gabs der dritten (Zwischen-)Speicherschaltung      und in Antwort auf das
Taktsignal; und                 sin e rste
Setz-ROcksetz-Flip-Flop-Einrichtung sine Torsteuerungseinrichtung (16), die
mit der    (92-6), die durch das erste Impulssignal gesetzt zweiten
transparenten (Zwischen-)Speicher- 35      und durch das zweite
Impulssignal rOckgesetzt einrichtung gekoppeHt ist, zum Torsteuern einer
wird. Adresseneingabe zu der zweiten transparenten
(Zwischen-)Speichersinrichtung in Antwort auf  12. Speicher nach Anspruch
11, wobei die Ausgabe- sine Ausgabe der Verz6gerungseinrichtung.
stsuereinrichtung auch folgendes aufwsist: 40 7. Speicher nach Anspruch 1,
wobei die Ausgabeein-        sine zweite Setz-ROcksetz-Flip-Flop-Einrich-
richtung folgendes aufweist:                          tung (92-1), die
durch das zweite Steuersignal gesetzt und durch das erste Steuersignal
rOck- sine Daten-(Zwischen-)Speichereinrichtung          gesestz wird; (70)
zum (Zwischen-)Speichern von aus den  45      sine weitere
Flip-Flop-Einrichtung (93-1), die Speicherzellen gelesenen Daten;
durch das Taktsignal getaktet wird, zum (Zwi- sine
Ausgabosteuereinrichtung  (90) zum           schen-)Speichern einer Ausgabe
der zweiten Erzeugen sines Ausgabosteuersignals, das fOr
Setz-ROcksetz-Flip-Flop-Einrichtung; und einen Zyklus des Taktsignals aktiv
wird, der sine  sine Torsteuerungseinrichtung (93-2) zum Tor- bestimmte
Anzahl von Zyklen des Taktsignals  50    steuern  einer  Ausgabe  der
vorletzten nach einem ZykIus des Takitsignals beginnt, bei
Flip-Flop-Einrichtung durch sine Ausgabe der dem das erste Steuersignal
aktiv wird; und         weiteren Flip-Flop-Einrichtung. sine
Tristate-Ausgabeeinrichtung (80), die durch das Ausgabesteuersignal
freigogeben   13. Speicher nach Anspruch 11, wobei die Ausgabe- und
gesperrt wird, fOr eine Ausgabe von in der ss  steuereinrichtung auch
folgendes aufwsist: Daten-(Zwischen-)Speichereinrichtung gehal- tenen Daten
nach aul3en.                           sine Ausgabssrwsiterungseinrichtung
(95) zum Erzeugen sines Ausgabeerweiterungssignals 10                 1
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und eine Ausgabe des vorletzten Flip-Flops      (113-1 bis 113-4) aufwsist,
die durch Inhalte der aktiv ist, und inaktiv wird, wenn ein bestimmter
Schieberegistereinrichtung gesteuert werden, zum Obergang des Taktsignals
auftritt, wenn das  5  Verbinden der Mehrfach-Daten-(Zwischen-)Spei- zweite
Steuersignal inaktiv ist; und            chereinrichtung mit der
Tristate-Ausgabeeinrich- eine OR-Logikeinrichtung (93-3) zum Modifizie-
tung. ren des Ausgabesteuersignals gem&13 dem Ausgabeerweiterungssignal, um
dadurch zu    19. Speicher nach Anspruch 17, wobel die Decodierein-
veranlassen, daB das Ausgabesteuersignal  10    richtung auch ein
Schiebesteuersignal (S111) aktiv bleibt, wahrend das Ausgabeerweite-
erzeugt, und die Folge-Ausgabesteuereinrichtung rungssignal aktiv ist.
auch eine Schiebesteuereinrichtung (114) aufweist zum Befehlen der
Schiebsregistereinrichtung, 14. Speicher nach Anspruch 1, wobei die
Ausgabeein-    gem&a3 dem Schiebesteuersignal nach rechts oder richtung
folgendes aufweist: eine Mehrfach-Daten-  15    links zu rotieren.
(Zwischen-)Speichereinrichtung (70A) zurn gleich- zeitigen
(Zwischen-)Spsichern von aus einer Visi- zahl der Spsicherzellen gelesenen
Daten;        Revendleatlons eine Folge-Ausgabesteuereinrichtung  (110) 20
1. Memoire vive dynamique synchrone qui delivre une zum Auswahlen von in
der Mehrfach-Daten-        sortie de donnees en reponse a des signaux
(Zwischen-)Speichereinrichtung  (zwischen-)     d'adresse multiplex6s
(AO-An), & un premier signal gespsicherten Daten, wobei unterschiedliche
de commande (RAnS), & un second signal de com- Daten in unterschiedlichen
Taktzyklen ausge-    mande (CAS) et & un signal d'horloge (CLK), wihit
werden; und                       25      oomprenant: eine
Tristate-Ausgabeeinrichtung (80) zum extemen Ausgebsn von durch die
Folge-Aus-          une matrice de cellules de m6moire (40) ayant
gabesteuereinrichtung ausgewihiten Daten.          une pluralite de
cellules de memoire; un moyen d'entree d'adresse (10) pour ver- 15.
Speicher nach Anspruch 14, wobsi die Folge-Aus- 30    rouiller lesdits
signaux d'adresse sur une pre- gabesteuereinrichtung Daten in einer
zyklischen        mibre transition dudit signal d'horloge selection-
Reihenfolge beginnend. von einer gemAl3 einem          nee par ledit
premier signal de commands pour odor mehreren Bits der X-Adresse und der
produire une adresse X, et sur une seconde Y-Adresse bestimmten Stslle
auswahit.                 transition dudit signal d'horloge selectionn6 par
35        ledit second signal de commands pour produire 16. Speicher nach
Anspruch 15, wobei die Folge-Aus-       une adresse Y;
gabesteuereinrichtung Daten entweder in einer vor-     des moyens de
d6codage (20, 30) reli6s A ladite wartsgerichteten zyklischen Reihenfolge
oder einer     matrice de cellules de memoire et audit moyen umgskehrten
zyklischen Reihenfolge in Abhingig-        d'entree d'adresse, pour
s6lectionner une ou keit von dem einen oder den mehreren Bits der 40
plusieurs cellules de m6moire dens ladite X-Adresse und der Y-Adresse
auswihlt.                  matrice de cellules de memoire selon ladite
adresse X et ladite adresse Y; et 17. Speicher nach Anspruch 14, wobei die
Folge-Aus-       un moyen de sortie (50) reli6 a ladite matrice de
gabestsuersinrichtung folgendes aufweist:              cellules de memoire,
pour sortir des donn6es 45        desdites cellules de memoire en
synchronisa- eine Decodiereinrichtung (111) zum Decodie-        tion avec
ledit signal d'horloge. ren eines oder mehrerer Bits derX-Adresse und der
Y-Adresse, urn decodierte Ausgaben zu   2. Memoire de la revendication 1,
dans laquelle ledit erzeugen;                                       moyen
dentres d'adresse comprend: eine Schiebsregistereinrichtung  (112) zum  50
Speichrem decodierter Ausgaben des Decodie-        un moyen generateur de
signal de verrouillage rers und zum Rotieren der decodierten Ausga-
d'adresse X (13) pour produire un signal de ver- ben in Antwort auf das
Taktsignal; und             rouillage d'adresse X qui devient actif lorsque
eine Ausgabeauswahleinrichtung (113) zum           ledit signal d'horloge
subit une certaine transi- Auswahlen von in der Mehrfach-Daten-(Zwi- 55
tion tandis que ledit premier signal de corn- schen-)Speichereinrichtung
gespeicherten        mande est actif, et demeure actif jusqu'a ce que Daten
gemAB den Inhaiten der Schieberegister-      ledit premier signal de
commande devienne einrichtung.
inactif; 11                 I I~III~j 1   I   1    21                 EP 0
487 288 B1                 22 un moyen generateur de signal de verrouillage
moyen de verrouillage transparent, pour retar- d'adresse Y (14) pour
produire un signal dever-    der la sortie dudittroisieme circuit
averrouillage rouillage d'adresse Y. qui devient actiH lorsque   r6agissant
audit signal d'horloge; at 



ledHt signal d'horloge subit une certaine transi-  un moyen formant porte
(16) relie audit second tion tandis que ledit second signal de corn-  5
moyen de verrouillage transparent, pour trans- mande est actif, et demoure
actif jusqu'a ce quo   mettre lentree d'adresse audit second moyen ledit
second signal de commande devienne           de verrouillage transparent
reagissant a la sor- inactif;                                           tie
dudit moyen & retard. un premier moyen de verrouillage transparent (17)
pour verrouiller ledit signal d'adresse on  10 7. Memoire de la
revendication 1, dans laquelle ledit reponse audit signal de verrouillage
d'adresse  moyen de sortie comprend: X; et un second moyen de verrouillage
transparent        un moyen de verrouillage de donn6es (70) pour (18) pour
verrouiller ledit signal d'adresse en    verrouiller des donnees lues a
partir desdites reponse audit signal de verrouillage d'adresse  15
cellules de memoire; Y.                                                 un
moyen de commando de sortie (90) pour pro- duire un signal de commando de
sortie qui 3. Memoire de la revendication 2, dans laquelle ledit
devient actif durant un cycle dudit signal d'hor- moyen gen6rateur de
signal de verrouillage            loge, demarrant un certain nombre de
cycles d'adresse X comprend:                       20         dudit signal
d'horloge aprbs un cycle dudit signal d'horloge dans loquel ledit premier
signal i>          un premier circuit de bascule RS (1 3e);           de
commando devient actif ; et un premier inverseur (1 3a) pour inverser ledit
un moyen de sortie & trois 6tats (80) valid6 et premier signal de commando
pour produire un        mis hors service par ledit signal de commando
premiersignal inverse qui remet zero ledit pre- 25  de sortie, pour une
sortie exteme de donnees mier circuit de bascule RS; et
maintenues dans ledit moyen de verrouillage de un premier circuit de porte
logique (13b) pour     donnees. combiner le signal d'horloge et le premier
signal invers6 pour produire un signal qui met a *I1  8. Memoire de la
revendication 7, dans laquelle ledit ledit premier circuit de bascule RS.
30      signal de commando de sortie ne devient actif quo si ledit second
signal de commando devient actif 4. M6moire de la revendication 2, dans
laquelle ledit  apres quo ledit premier signal de commando est moyen
g6nerateur de signal de verrouillage         devenu actif. d'adresse Y
comprend: 35 9. Memoire de la revendication 7, dans laquelle ledit un
second circuit de bascule RS (14e);         signal de commando de sortie
demoure actif durant un second inverseur (14a) pour inverser ledit
seulement un cycle d'horloge. second signal de commando pour produire un
second signal inverse qui remet & z6ro ledit    10. M6moire de la
revendication 7, dans laquelle ledit second circuit de bascule RS; et
40      signal de commando de sortie demoure actif durant un second circuit
de porte logique (14b) pour  seulement un cycle d'horloge si ledit second
signal combiner le signal d'horloge et le second signal  de commando
devient inactif avant ou durant ce inverse pour produire un signal qui met
& '1I  cycle d'horloge, mais autrement demeure actif ledit second circuit
de bascule RS.             durant d'autres cycles d'horloge jusqu'a ce quo
ledit 45     second signal de commande soit devenu inactif. 5. Memoire de
la revendication 2, comprenant de plus: 11. Memoire de la revendication 7,
dans laquelle ledit un troisieme moyen de verrouillage transparent  moyon
de commando de sortie comprend: (11) pour verrouiller ledit premier signal
de com- mande en reponse audit signal d'horloge; et   50   une s6rie de
moyens formant bascule (92-2, un quatrieme moyen de verrouillage transpa-
92-3, 92-4) cadences par ledit signal d'horloge, rent (12) pour verrouiller
ledit second signal de  pour  retarder  ledit premier signal de commando on
reponse audit signal d'horloge.        commando; un premier moyen
generateur d'impulsion 6. M6moire de la revendication 5, comprenant en  55
monostable (94-1), rli pour recevoir la sortie outre:
dun avant-demier moyen formant bascule de ladite serie, pour produire un
premier signal un moyen a retard (15) relie audit troisieme
d'impulsion (S94-t) en reponse a ce dernier;    23                EP 0 487
288 B1                 24 un second moyen generateur d'impulsion
un moyen de sortie a trois etats (80) pour sortir monostable (94-2), relie
pour recevoir la sortie  de fagon externe des donnees selectionnees d'un
demier moyen formant bascule de ladite       par ledit moyen de commando de
sortie conse- serie, pour produire un second signal d'impul-    cutif. 



sion (S94-2) en r6ponse a co demier; et  5 un premier moyen formant bascule
RS (92-6)  15. M6moire de la revendication 14, dans laquelle ledit mis & m1
* par ledit premier signal d'impulsion et  moyen de commando de sortie
consecutif selec- remis A zero par ledit second signal d'impulsion.  tionne
des donnbes dans un ordre cyclique en com- mencant par un point determine
solon un ou plu- 12. Memoire de la revendication 11, dans laquolle ledit 10
siours binaires de ladite adresse X et de ladite moyen  de  commando de
sortie comprend            adresse Y. egalement: 16. Memoire do la
revendication 15, dans laquelle ledit un second moyen formant bascule RS
(92-1)     moyen de commando de sortie cons6cutif selec- mis a un par ledit
second signal de commando  15    tionne des donnees soit dans un ordre
cyclique et remis A zero par ledit premier signal de   direct soft dans un
ordre cyclique inverse solon ledit commando;
ou lesdits binaires de ladite adresse X at de ladite un autre moyen formant
bascule (93-1),        adresse Y. cadence par ledit signal d'horloge, pour
ver- rouiller la sortie dudit second moyen formant 20 17. M6moire de la
revendication 14, dans laquelle ledit bascule RS; et
moyen  de commando  de sortie consecutif un moyen formant porte (93-2)
pourtransmettre  comprend: la sortie dudit avant-derniermoyonformant bas-
cule parlasortieduditautremoyenformantbas-        un moyen de decodage
(111) pour decoder un cule.                                  25         ou
plusieurs binaires de ladite adresse X et de ladite adresse Y pour produire
des sorties 13. Memoire de la revendication 11, dans laquelle ledit
decodees; moyen  de commando  de sortie comprend                un moyen de
registre a decalage (112) pour egalement:
memoriser les sorties decodees dudit deco- 30        dour, et faire
effectuer un mouvement de rota- un moyen d'extension de sortie (95) pour
pro-    tion auxdites sorties decod6es reagissant audit duire un signal
d'extension de sortie (S95) qui   signal d'horloge; et devient actif
lorsque ledit premier signal de     un moyen de selection de sortie (113)
pour commando est actif, quo ledit second signal de    selectionner des
donnees memorisees dans commando est actif et quo la sortie de ladite  35
ledit moyen de verrouillage de donnees multiple avant-demibre bascule est
active, et qui devient  solon la contenu dudit moyen de registre a inactif
ei une certaine transition dudit signal   d6calage. d'horloge so produit
lorsque ledit second signal de commando est inactif; et                18.
Memoire de la revendication 17, dans laquelle ledit un moyen logique OU
(93-3) pour modifier ledit 40  moyen de selection de sortie comprend une
pluralite signal de commando de sortie solon ledit signal  de commutateurs
(113-1 a 113-4), commandos par d'extension de sortie, ce par quoi ledit
signal de  le contenu dudit moyen de registre a decalage, pour commando de
sortie demoure actif tandis que   relier ledit moyen de verrouillage de
donnees multi- ledit signal d'extension de sortie est actif.  pie audit
moyen de sortie & trois etats. 45 14. Memoire de la revendication 1, dans
laquelle ledit    19. Memoire de la revendication 17, dans laquelle ledit
moyen de sortie comprend:                         moyen de decodeur produit
egalement un signal de commando A decalage (Sll1), et dans laquelle ledit
un moyen de verrouillage de donnees multiple  moyen de commando de sortie
cons~cutif com- (70A) pour verrouiller simultanement des don- 50  prend
6galement un moyen de commando de deca- nees lues & partir d'une pluralite
desdites collu-  lage (114) pour commander ledit moyen de registre les de
m6moire;                               a decalage defacon qu'iltoumre
Adrofte ou & gauche un moyen de commando de sortie consecutif     solon
ledit signal de commando de decalage. (110) pour selectionner des donnees
ver- rouillees dans ledit moyen de verrouillage de  55 donn6es multiple,
difflrentes donn6es etant selectionnees dans dilferents cycles d'horloge;
et    


