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& he. Invention This invention relates generally to integrated circuit

seni conduct or menory wunits and, nore particularly, to an 7’@%)
“architecture for synchronous dynan1c random access nenory ( SDRAM unlts

which elimnates the conflict between a nenory bank precharge cycle and a
central processing unit access of that nenory bank. 2. Description of the

Rel ated Art In a synchronous dynani c ransoin access nenory DRAM uni t,
the conponents of the nenpgpbgggfbsnyﬁﬁ ﬁg@ugbeﬁggqggqupgt@r 0 access by the
central processing unit. Because th rechar operatior/takes a few
clock cycles, this operation FNDOM ARCH TE t access of the

menory unit by the central processing unit thereby I'inmting the
effective bandw dth of data processing system In order to reduce the
overlap of the precharge operation and the access by the central processing

unit in the prior ar t he stora e cell array has been divided into
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This invention relates generally to integrated circuit,
semiconductor memory units and, more particularly, to an
architecture for synchronous dynamic random access memory (SDRAM)
units which eliminates the conflict between a memory bank precharge
cycle and a central processing unit access of that memory.bank.

2. Description of the Related Art (

!I.

In a synchronous dynamic !iransom access memory (SDRAM)
unit, the components of the memory unit must be precharged prior to
access by the central processing unit. Because the precharge
operation takes a few clock cycles, this operation can be in
conflict with the access of the fmemory unit by the central
processing unit thereby limiting the effective bandwidth of data
processing system. 1In order to reduce the overlap of the precharge
operation and the access by the central processing unit in the
prior art, the memory storage cell array has been divided into two
or more memory banks. In this configuration, one memory bank can
be implementing the precharge operation while the central
processing unit access the second memory bank. ﬁowever, -this
configuration does not eliminate the overlap problem. Referring to
Fig. 1, a portion 10 of a memory unit necessary for exposition of
the present invention is shown. Control signals are applied to
memory controller unit 14, x-address signals are applied to the x-
address register 15, y-address signals are applied to the y-address



or nore nmenory banks. In this configuration, one nmenory bank can be
sinmplementing the precharge operation while the central processing
unit access the second nenory bank. However, this configuration does not
elimnate the overlap problem Referring to Fig. 1, a portion 10 of a
menory unit necessary for exposition of the present invention is shown.
Control signals are applied to nmenory controller unit 14, x-address signals
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x- addr essagleceslar-abidfeasdré@isteaddsess THecadrtents of x-address register
15 are applied to x-address decoder 13A and to x-address decoder
13B. The sense amplifier array 12A exchanges signals with memory
bank 11A; while sense amplifier array 12B exchanges signals with
memory bank 11B. X-address decoder 13A applies address signals to
memory bank 11A; while x-address decoder 13 applies address signals
to memory bank 11B. The y-address decoder unit 16 receives y-
address signals from the y-address register 17 applies the decoded
y-address signals to the sense amplifier array 12A and to sense
amplifier array 12B.

Referring next to Fig. 2A and Fig. 2B, the relationship
as a function of time for selected signals for memory unit 10 is
jllustrated for the non-conflict situation (Fig. 2A) and the
conflict situation (Fig. 2B) between the precharge operation and
the central processing unit access in a memory unit having the
memory storage cell array divided into two memory arrays. These
Figures illustrate a read operation with a latency of 3 clock
cycles and a burst length of 8 clock cycles. In both Figures, the
x-address Ax is applied to the memory bank 12A during the first
clock cycle and the y-address Ay is applied to the memory bank 12A
during the third clock cycle. The data from the memory bank 12A is
read out in the fourth through the eleventh clock cycles for both
Figures. In the case that the x-address Xb is located in memory
bank 12B, no conflict exists in the precharge operation and thé
storage cell access. The x-address is then applied to memory bank
12B during the ninth clock cycle, the y-address applied during the

eleventh clock‘ cycle and the data is read out from the memory bank



13B. The sense anplifier array 12A exchanges signals with nenory bank 11A
swhile sense anplifier array 12B exchanges signals with nenory bank 11B

X- address decoder 13A applies address signals to nenory bank 11A; while
x- address decoder 13 applies address signals to nenory bank 11B. The
y-address decoder unit 16 receives y- address signals fromthe y-address
regi ster 17 applies the decoded y-address Xignals to the sense anplifier
array 12A 1aml dhmﬁ@rtsrﬁa awpl F€h ethraughyti® Binéekenth nolawkx cytbe Fi gin FAgand
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t he nemrys;gg:rg@nj;gAthrough the twenty th1rd clock cycle.

As will be clear, the conflict between the precharge
operation ‘and the memory access operation compromises the
synchronous operation between the memory unit and the central
processing unit. One technique for reducing the conflict between
the precharge operation and the memory access operation is to
increase the number of memory banks. However, this technique will

not completely eliminate the problem and will add complexity to the
memory unit 10.

A need has therefore been felt for apparatus and an
associated method for eliminating the conflict between the
precharge operation and the central processing unit access
operation of the memory unit. The apparatus and associated method
must permit the synchronous operation of the central processing
unit and the memory to be maintained without a multiplicity of
independently addressable memory arrays.

Summary of the Invention

The aforementioned and other features of the present
invention are accomplished, according to the present invention, by
providing a single memory array with two sets of sense amplifiers
and an associated memory unit controller. Each memory unit storage
cell is coupled to both sets of sense amplifiers. In response to

control signals, a first set of sense amplifiers accesses memory



during the third clock cycle. The data fromthe nenory bank 12A is read out
sin the fourth through the el eventh clock cycles for both Figures. 1In the
case that the x-address Xb is located in nmenory bank 12B, no conflict
exists in the precharge operation and the storage cell access. The
x-address is then applied to nenory bank 12B during the ninth clock cycle,
the y-address applied during the eleventh & ock cycle and the data is read
out fromt hecatsimmsy bafiter tBel28qwimiiteg datie shehdlsh ane dughstfhasred nBraent h
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12A, a con et ween precharge operation and access operation is
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cycle, and the data is read out during the sixteenth throulgrbh_:the tvv,entg

third cl chpg%tpé)_n, a WRITE operation, or mixed READ and WR operations,
write-back the data signals from the second set of sense amplifiers
to the storage cells of the memory unit. After storage of the
signals involved in the previous READ, WRITE, or mixed READ and
WRITE operation is complete, a precharge of the memory ari:ay is
implemented. Thereafter, the next memory access is performed by
means of the second set of sense amplifiers. In this manner
synchronous operation can be maintained between the central
processing unit and the memory unit.

These and other features of the present invention will

be understood upon the reading of the following description in
conjunction with the Figures.

_ Brief Description of the Drawings

Figure 1 is a block diagram of a portion of a

synchronous dynamic random access memory unit according to the
prior art.

Figure 2A is a timing diagram showing the relationship
of selected signals in a non-conflict situation between a precharge
operation and a memory access operation for Fig. 1; while Figure 2B
is a timing diagram shov&ing the relationship between selected
signals in an conflict situation between a ptecharge operation and
a memory access operation for Fig. 1.



As will be clear, the conflict between the precharge operation and the
smenory access operation conprom ses the synchronous operation between the
menory unit and the central processing unit. One technique for reducing the
conflict between the precharge operation and the nenory access operation is
to increase the nunber of nenory banks. wever, this technique will not
conpletely elimnate the problemand will|l “add conplexity to the nenory unit
10. A need has ther efigaeebegn igl taf Glappadabgsarindfan asyortaded ot hod
for elimnati t he copflict between the precharge. opeys.ati
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and associ angentihod nust permt the synchronous operation of the central
processing unit and the nmenory to be maintained without a nultiplicity of

i ndependent |y addressable nenory arrays. Summary of the Invention The
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acconpl i shet A0CREdNGilgRal8e RBreSEMiri 1B €HbdAbiockY in a dynamic random
access memory operation according to the present invention; while
Figure 4B is a timing diagram showing the relationship of selected
signals for a read operation in a dynamic random access memory
operation according to the present'invention. -

'Figure 5 is a first embodiment of a dynamic random
access memory unit have a block of memory storage cells activated
by two banks of sense amplifier units.

Figure 6 is a timing diagram showing time dependence of
selected signals for the embodiment of the present invention shown
in Fig. 5.

Figure 7 is a second embodiment of a dynamic random
access memory unit having a block of memory storage cells activated
by two banks of sense amplifier units.

Figure 8A is a third embodiment of dynamic random access
memory unit having a block of memory storage cells activated by two
banks of sense amplifier units, while Fig. 8B is a diagram'
illustrating an implementation of a storage cell for the embodiment
of the memory unit of Fig. 8A.

Figure 9A is a block diagram of the present invention
showing the components which are active during the first cycle of a
READ operation; while Figure 9B is a timing diagram showing the



broviding a single menory array with two sets of sense anplifiers and an

sassoci ated nmenory unit controller. Each nenory unit storage cell is coupled
to both sets of sense anplifiers. |In response to control signals, a first
set of sense anplifiers accesses nmenory 4 |ocations. After the requisite

data signals are transferred fromthe nmenory array to the first set of
sense anplifiers and are being transferréd to the /O termnals, the
second seﬁlmdﬁdepﬁaHSﬁcanpflEeheetadISLgnaﬂStH@rpn@vtbasfhéﬁ%r9Y@k%e§§ gycl e
was a REA egatkon a WRI TE operation, or mxed READ and WRI TE

oper ati ons, RELE %%%k the data signals fromthe second set of sense
anplifiers to the storage cells of the nenory unit. After storage of the
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operation is conplete, a precharge of the nennrg array . Is |nB gnented
Ther eaf t ershawi@anske eemRANENEScHBiCh angeACsiRR(OREANg the second cycle of

a READ operation; while Figure 10B is a timing diagram showing the
time dependence of selected signals during the second cycle of a
READ operation.

Figure 11A is a block diagram of the present invention
illustrating the components which are active during the third cycle
of a READ operation; while Figure 11B is a timing diagram showing
the time dependence of selected signals durihg the third cycle of a
READ operation.

Figure 12A is a block diagram of the present invention
illustrating the components which are active during the fourth
cycle of a READ operation; while Figure 12B is a timing diagram
showing the time dependence of selected signals during the fourth
cycle of a READ operation.

Figure 13A is a block diagram of the present invention
illustrating the components which are active during the fifth cycle
of a READ operation; while Figure 13B is a timing diagram showing
the time dependence of selected signals during the first fifth of a
READ operation.

Figﬁre 14A is a block diagram'of the present invention
illustrating the components which are active during the ninth cycle
of a READ operation; while Figure 14B is a timing diagram showing
the time dependence of selected signals during the ninth cycle of a
READ operation.



means of the second set of sense anplifiers. In this manner synchronous
.operation can be naintai ned between the central processing unit and the
menory unit. These and other features of the present invention will be
under st ood upon the reading of the foll ow ng description in conjunction
with the Figures. Brief Description of the Drawings Figure 1 is a bl ock
di agram of a portion of a synchronous dynam c random access nmenory unit
according to the prior art. Figure 2A is & timng diagramshow ng the

relationship of Sel gghefl SL0AS 4 NoRodlOiGhibh! B thelgkbginbelieaitian

precharge operation a
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operation

or Fig.
the time dependence of selected signals during the tenth cycle of a

READ operation.

Figure 16A is a block diagram of the present invention
illustrating the components which are active during the eleventh
cycle of a READ operation; while Figure 16B is a timing diagram
showing the time dependence of selected signals during the eleventh
cycle of a READ operation.

Figure 17A is a block diagram of the present invention
illustrating the components which &are active during the twelfth
cycle of a READ operation; while Figure 17B is a timing diagram
showing the time dependence of selected signals during the twelfth
cycle of a READ operation.

Description of the Preferred Embodiment (s)
1. Detailed Description of the Drawings

Fig. 1, Fig. 2A and Fig. 2B have been described with
respect to the prior art.

Referring to Fig. 3, a schematic diagram of the memory
portion 30 according to the present invention is shown. X-address
signals are applied to x-address register 35A and to x-address
register 35B. The x-address register 35A and x-address register

a nenory access operation for Fig. 1; while Figure

in



5 Figure 3 is a block diagramof a portion of a synchronous dynam ¢ random
-access nenory according to the present invention. Figure 4Ais a timng

di agram showi ng the rel ationship of selected signals for a wite operation
in a dynam ¢ random access nmenory operation according to the present

I nvention; while Figure 4B is a timng di agram showi ng the relationship of
sel ected signals for a read operation in & dynam ¢ random access nenory
oper ati on 38K QEH1NYsignile ty ehenk-denmieri anit F3Yur erte iss-addfesstdecoder
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B amplifier array 32B, and x-address register 35A and x-address
register 35B receive control signals from the memory control unit
34. The y-address decoder unit 36 has y-address signals applied
thereto and applies signals to sense amplifier 32A and to sense
amplifier 32B. (A y-address register, not shown, can be positioned
.between the y-address decoder unit 36 and the applied y-address

‘signals or can be included as part of the y-address decoder unit
36.)

Referring to Fig. 4A and Fig. 4B, timing diagrams of
selected signals for a WRITE operation (Fig. 4A) and for a READ
operation (Fig. 4B) of the apparatus of Fig. 3 are shown. In each
‘diagram, the clock signals CLK, the x-address signals Ax, the y-
address signals Ay and the data signal (data in Din or data out

Dout) are illustrated. Note that the memory unit operation is
synchronous.

Referring to Fig. -5, a first embodiment of the block
diagram shown in Fig. 3 is illustrated. The sense amplifier arrays
'32A and 32B each include a plurality of sense amplifiers (S/A) S51.

The sense amplifier array 32A has control signals S11 and S12
coupled to the component sense amplifiers' 51. The bitline
conductor pairs from the sense amplifiers 51 have transistor gates
52 positioned between the sense 'amplifiers and the storage cells 55
of the memory array 31. The transistor gates 52 have control grids
coupled to the Pl signal. Coupled between the bitline conductor
pair of each sense amplifier, equalization transistors 53 have the
gate terminals coupled to the 'Peq (equalization) signal. The gate



access nmenory unit having a block of nenory storage cells activated by two
banks of sense anplifier units. Figure 8Ais a third enbodi nent of dynamc
random access nmenory unit having a block of nenory storage cells activated
by two banks of sense anplifier units, while Fig. 8B is a diagram
illustrating an inplenentation of a storage cell for the enbodi nent of the
menory unit of Fig. 8A. Figure 9A is a blbdck diagram of the present

i nvent i on Hmminagstbf therporeasistahi componenist phether sheradee deldst Seyefe of
a READ oPGidiidrgns1Wiide® JhiBiEs 86 Liordy dd"l dbholiclBE A S haVLagh e, el | M2
dependence o el ected sighals during the first cycle of a D oper ati on.
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conponent s3pireld BES Fidnaie during the second cycle of

Referring to Fig. _6, selected signals illustrate the
operation of memory unit of Fig. 3. The signals presented include
the clock signal (CLK); wordline signals Wa, Wx, and Wb; precharge
signals P1,'P2, and P3; control signals S11, S12, S21, and S22; and
the bitline conductor signals Bit and Bit_. The equalization
signal is the signal concluding the pfecharge operation.

Referring to Fig. 7, a second embodiment the present
invention is shown. Each sense amplifier 51 has two bitline
conductor pairs associated therewith. 1In this manner, the number
storage cells which can be accessed can be doubled. In additionm,
the number of precharge control signals must be doubled, i.e., the

P1 and P2 control signals now becomes the P1l, P2, P3, and P4
control signals.

Referring to Fig. B8A, a third embodiment of the inemory
unit of the present invention is shown. This implementation
permits, as in Fig. 7, each sense amplifier 51 can access two sets
of storage cells 55. Once again, four control signals Pl, P2, P3,
and P4 are required to select which of two amplifiers 51 has access
to the bitline conductor pair. 1In this embodiment however, the

number of equalization transistors 53 has been reduced by a factor
of two.

Referring to Fig. 8B, an embodiment of storage cell 55
is- illustrated. The capacitor 81 is a N+ doped substrate region.
The wordlines 83 are formed from a metal 1 layer, while the



a READ operation; while Figure 10B is a timng diagram show ng the tine
-dependence of selected signals during the second cycle of a READ operati on.
Figure 11A is a bl ock diagramof the present invention illustrating the
conponents which are active during the third cycle of a READ operation;
while Figure 11B is a timng diagram show ng the time dependence of

sel ected signals during the third cycle oflla READ operation. Figure 12A is
a bl ock di ag:rra:ihmiESt r@ paesefbringd eficonn & Img'salr aBi nkpyete . corfdenesruplimidch
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READ oper ati®rnocated above the elements shown in Fig. 8B.
2. Operation of the Preferred Embodiment (s)

Referring once again to Fig. 3, the memory array of the
present invention has two sense amplifier arrays (i.e., 32A and
32B). Each sense amplifier array can access any location in the
memory array. The two sense amplifier arrays are used in an
interleaving manner. In this manner, while one sense amplifier is
transferring data to the I/0O terminals, the second sense amplifier
can be executing a precharge operation.

The operation of the present invention is illustrated in
more detail in Fig. 9A through Fig. 17B in which the active
components of the memory unit are associated with specific cycles
in a READ operation. The READ operation has a READ latency of 3
and burst length of 8. Referring to Fig. 9A and Fig. 9B as well as
Fig. 6, during first cycle, the memory unit is activated by the
MREQ (MEMORY REQUEST) signal. The bitline equalization signal Peq
assumes a low value. 'The x-address Xa is applied to x-address
register 35A. The contents of the x-address register 35A are
applied to x-address decoder unit 33. After a time delay, the x-
address decoder 33 activates one of the word lines Wa in the memory
array. Each of the storage cells connected to the wordline Wa is
activated. The capacitor of the storage cell is coupled to the
bitline conductor pair. As a result of charge transfer, a small
voltage difference is developed between the bitline and the



Figure 14A is a block diagram of the present invention illustrating the
.conponents which are active during the ninth cycle of a READ operati on;
while Figure 14B is a timng diagram showi ng the tinme dependence of

sel ected signals during the ninth cycle of a READ operati on. 7 Figure
15A is a block diagram of the present inveption illustrating the conponents
whi ch are active during the tenth cycle of 14 READ operation; while Figure
15B is a t bitA§ne agradvcirawi-ng Tiies t Voktatispekiddesenot del ddead aripdadied
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di agram showi ng the time dependence of selected signals during the el eventh

Referring to Fig. 10A and Fig. 10B (and Fig. 6), in the
second cycle, the sense ampl_ifier activation signal Sl11 is driven
to a high value. The small voltage difference between the bitline
and the bitline conductors are amplified. 1In the implementation
herein described, a conventional two-step sensing scheme is
assumed. Therefore, the S11 drives the sense with a manner in
which the differential voltage is amplifier relatively slowly (cf.
Fig. 6). After a time delay, the bitline isolation signal P1
drops. Then the sense amplifier activation signal S12 has a high
value. The data signals in the sense amplifier are amplified to
the full VDD or VGND levels. As a result of the exchange of charge
between the storage cell capacitor and the bitline conductor, the

charge on the storage cell capacitor may no longer represent a data
signal.

Referring to the Fig. 11A, 11B, and Fig. 6, in the third
cycle, the y-address Ya is applied to the memory unit 30. The y-
address decoder unit 36 has the y-address applied thereto and
decodes the y-address. The addressed data signals Daa is applied
to the output terminals of the sense amplifier array 32A. At the
same time, all of the bitline and bitline- conductor pairs are
equalized by the Peq signal. (Note that this bitline and bitline
conductor pair equalization may be skipped.) 1In parallel with this
activity, the previous x-address (in this case a meaningless x-
address Wx) latched in x-address register 35B is sent to the =x-
address decoder 33 after the wordline Wa has been decoded.



cycle of a READ operation. Figure 17A is a bl ock diagram of the present
‘invention illustrating the conponents which are active during the twelfth
cycle of a READ operation; while Figure 17B is a timng di agram show ng the
ti me dependence of selected signals during the twelfth cycle of a READ
operation. Description of the Preferred Enhodi nent(s) 1. Detail ed
Description of the Drawings Fig. 1, Fig. J& and Fi g. 2B have been descri bed
with respect to theRgfémringrtto REferridny t ifi gl2B,; andcifdgat i dimgkhen of
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The sense amplifier array 32A applies the addressed data Dab to the
output terminals. The Peq signal has a low value and P2 has a high
value. The sense amplifier array 35B is coupled to the memory
array by the signal P2. Bj that procedure, the data signals in
sense amplifier array 32B are transferred (written-back) to the
memory cells which are connected to the wordline Wx, thereby
restoring the data signals compromised by a READ operation, a WRITE
operation, or mixed READ and WRITE operations.

Referring to Fig. 13A, Fig. 13B, and Fig. 6, in the
fifth cycle, in addition to the application of the Dac data signals
to the output terminal, the memory array 31 begins the precharge
operation after Wx is deactivated and sense amplifier array 32B is
deactivated by a low value of signals S21 and S22.

In the sixth to the eighth cycle, the addressed data
from the memory array is being applied to the output terminals of
sense amplifier array 32A. During this same period, the memory
array 31 continues with the precharge operation.

Referring to Fig. 14A, Fig. 14B and Fig. 6, in the ninth
cycle, the new x-address Xb is being applied to the memory unit.
The address Xb is latched in x-address register 35B and is applied
to the x-address decoder unit 33. After a time delay, the x-
address decoder unit 33 activates one of the wordlines Wb in the
memory array 31l. Data signals in the storage cell coupled to
wordline Wb are applied to the bitline and bitline conductor pair.
And the READ operation continues.



35B apply signals to the x-decoder unit 33. The x-address decoder unit 33
'controls the location access to nenory array 31. The nmenory array 31 has
sense anplifier array 32A and sense anplifier array 32B coupl ed thereto.
Sense anplifier array 32A and sense anplifier array 32B, and x-address

regi ster 35A and x-address register 35B receive control signals fromthe
menory control unit 34. The y-address decob®r unit. 36 has y-address _signals
applied thereto and 2Dl i%8&as| HYhatthet Ssks e fiieTera ané™t d‘”slénsge '
anplifier I@BtteA yinmaddrese mefibsyelarragt Fhown, Theaefbee poSift | gaesl WRITEEN
t he y-address _decod

r, unit 36 and.the applied y-address,signals.or_can, be
I ncl uded as°p§§P l%?%’hgh%ﬁ adifv&ds b&SEOEEBu%‘fe[&/ﬁ WeRBY é:lei rrrglfg BP9. glzﬁ
and Fi g. 4Bienthi oyoledi @y MARETEf opetaddbadwsl hnadcurf an ah@\REWd fijhecytilen
(Fig. 4A) and for a READ operation (Fig. 4B) of the apparatus of Fig. 3 are
shown. In each diagram the clock signals CLK, the x-address signals Ax,
the y- address signals Ay and the data signal (data in Din or data out

Dout) are illustratefe prdhf LRGN PRIV ded MHatORGLAL 500rdge element
of a memory array 31 has two sense amplifiers coupled thereto. The
sense amplifiers are organized into arrays 32A and 32B. The data
signals from the storage cells are transferred to the bitline
conductors and amplified by the associated sense amplifier in the
first sense amplifier array. The sense amplifiers of the first
sense amplifier array amplifying the data signals on the associated
bitline -conductor pair are isolated from the bitline conductor pair
by the (transistor gates). The first sense amplifier can then
transfer (amplified) data signals to the I/O terminals. 1In the
meantime, the second sense amplifier array can be coupled to the
bitline conductors through the (transistor) gates. At this point,
the data signals from the previous READ, WRITE, or mixed READ and
WRITE operation can be restored in the appropriate storage cells.
Then the second sense amplifier array can be isoclated for the
bitline and the Equalization signal (Peq) can be applied to the
bitline conductor pairs of the memory array, thereby providing the
precharge operations. Thus while one array of sense amplifiers is
interacting with the I/0 terminals of the memory unit, the second
sense amplifier array can be writing back data from the previous
operation into the storage elements and the precharge operation
performed. The use of the two sense amplifier arrays in this
manner permits the operation of the memory unit as a synchronous
memory unit, performing the precharge operation without impacting

the flow of data signals between the memory unit and an associated
data processing operation. '



synchronous. Referring to Fig. 5, a first enbodi nent of the block diagram
shown in Fig. 3 is illustrated. The sense anplifier arrays 32A and 32B each
include a plurality of sense anplifiers (S/A) 51. The sense anplifier array
32A has control signals S11 and S12 coupled to the conponent sense
anplifiers 51. The bitline conductor pairs fromthe sense anplifiers
51 have transistor gates 52 positioned between the sense anplifiers and the
storage cells 55 of the nmenory array 31.i14he transistor gates 52 have

control grids coupl ﬁﬂhié’ the E’ﬁv?dtﬂ.%%' ‘has QR bsbeivegnwitie pattididar

conductor pair of each sense fier, equallzatlo transi stors 53 hzye

the gate tksffineacs é@uﬁhédp%’ﬁf?lﬁ@q:’é?‘b(’%ﬂ%‘i“}'zaﬁ o ]s@%alfn erriRbogs: &Y

term nal s foddeskiana S:trprtﬁé)m%eehstOﬁrat:h@J§tenag@escemé;s be afadeerandy 31

are coupl egq&l?favigglglsl g1.elbgt(:)lnt:duutcetdorfo\ézL etlhermen 3 W;:l the r}areferred embodiment
without departing from the invention. In addition, many
modifications may be made i:o adapt a particular situation and
material to a teaching of the present invention without departing

from the essential teachings of the present invention.

As is evident from the foregoing discussion, certain
aspects of the invention are not limited to the particular details
of the examples illustrated, and it is therefore contemplated that
other modifications and applications will occur to those skilled in
the art. It is accordingly intended that the claims shall cover
all modifications and applications as do not depart from the spirit
and scope of the invention.



me ler unit 34 generates the Sm signals, the Pq signals and the
. Pegﬁry“ﬁenLLgé?E??Tﬁg‘To Fig. 6, selected signals illustrate the operation
of ng[ “mm . 3. The signals presented include the clock signal
(CL s WA, W, and Wb; precharge signals Pl1, P2, and P3;
control signaf's 811+ S12, S21, and S22; and the bitline conduct or signal s
Bit and Bit _. The equallzatlon S|gnal il$ t he signal concluding the
precharge operation. Referring to Fig. 7, a second enbodi nent the present

i nventi on wga®hi@VetlaimédGly:sense anplifier 51 has two bitline conductor
pairs associ ated therew th. In this manner, the nunber storage cells
whi ch can be accessed can be doubled. In addition, the nunber of precharge

control signal s1)jugih bAtegrddeadcite®it rﬂeh@r?luraﬂd daﬂlpcﬁ)ﬂiriq):l si gnal s now

e e 21 4 AEoAEr S FbvSho % RCh R T Ha0 i Bfhel,

This inplenmentatiora pfirst ssende iamplifier, acean sm;ﬁfedarmnl iddaly &fl said

access tmoségggbe cells for exchanging data signals therewith in response to
a first control signal;

a second sense amplifier array coupled to each of said
storage cells for exchanging signals therewith in response to said
first control signal; and

a control unit coupled to said first and to said second
sense amplifier array, said control unit applying said first
control signal to a one of said sense amplifier arrays, said first
control signal resulting in an exchange of data signals between
said memory array and said one sense amplifier array, said control
unit providing a second control signal to an other sense amplifier
array after said first control signal has been removed, said second
control signal causing said other sense amplifier array to perform
a precharge operation.

2. The memory unit of .claim 1 wherein sa1d memory unit is a
synchronous dynamic random access memory unit.

3. The memory unit of claim 1 wherein said nwmory array
includes bitline conductor pairs having said storage cells coupled
thereto, each sense amplifier array including a plurality of sense
amplifiers, each sense amplifier of said first sense amplifier
array having a bitline conductor pair extending through said memory
unit to an associated sense amplifier of said second sense
amplifier array; wherein a transistor gate is coupled betwéen each
sense amplifier and said storage cells on each bitline.



of Stoﬁag&#uﬂijijﬁ;mﬁfﬂﬁe again, four control signals P1, P2, P3, and P4
are r lred to s€ ich of two anplifiers 51 has access to the bitline
condu &wﬂir hi s enbodi ment however, the nunber of equali zation
transi ’H g’ﬂn reduced by a factor of two. Referring to Fig. 8B,
an enbodi nefdt &f st ge cell 55 is illustrated. The capacitor 81 is a N+

doped substrate region. The wordlines 83 are fornmed froma netal 1 |ayer,
while the 10 mordlines 85 are fornedléfroma netal 3 |ayer. The

coupling transigtor 4 Iﬂ&?&tsp W2 g8 83t s thﬁef@ﬂguggga AR $hse
er, 85

formed froma ponS| I con acting as the gate of transistor
Conduct or &wpliffdereantr said ﬁéﬁmlaa:qdaw@nnsecémp tElemears ¢plRer B9 et 83

and 85 to Bf‘lﬁﬁ@"@lﬂﬁ&@ét&z paitf8e Hlid ijaee(PRinsSReWRs dstdAGaliag edoveidmhe

el ements shown in Fig.
bitline pair sald each sense amplifier and said associated sense

amplifier have access.

5. The memory unit of claim 1 wherein each sense amplifier
array of said first sense amplifier array has a neighboring sense
amplifier from said second array, said each sense amplifier and
said neighboring sense amplifier ha\.ring a bitline conductor pair
which is coupled to said memory unit storage cells, said each sense
amplifier and said. neighboring sense amplifier having first
transistor gates coupled between said sense amplifiers and said
bitline conductor pairs, wherein said bitline conductor pair of
said each sense aimplifier and said bitline conducting pair of said
neighboring sense amplifier are coupled together, a one of said two
bitline conducting pairs being selected by' second transistor gates
in response to control signals.

6. The memory unit of claim 5 wherein each bitline conductor
pair has a signal equalization transistor coupled therebetween.

7. The memory unit of claim 6 wherein each storage cell
includes:

a capacitor plate and a portion of a transistor formed
from a n+-doped layer:;

a control conducting path formed from a polysilicon
layer acting a the gate terminal of said transistor;

a first set of conducting paths formed from a first
metal layer:



2. Operatton—of—+thePreferred Enbodi nent(s) Referring once again to Fig. 3,
t he of the present invention has two sense anplifier arrays
(i.¢€¢ ,gmﬂmﬁﬂu Each sense anplifier array can access any location in
t he Y Ll gy | amhe two sense anplifier arrays are used in an
interleaving manner. In this manner, while_one sense anplifier is
transferring data to the 1/O term nals, t h& second sense anplifier can be
executing a prechar ge opepkimgorconfiuctbper netlonformedefFesanfereRentebMl i s

i |l ustrated,iBmopg detail in Fig. 9A through Fig. 17B in which the active

conponents of the mempry unit are associated with specific cycles in a READ
operation. The READ &peend i 8et haf SORENEFing pRiPSHf fYmedy t2| ERYER of

8h Referri p@th? f&;@er,%heflé%fi)scaidﬁeoaplmj( lconuét thg d@jatﬂuéblﬁ@lés: rasbﬂey@f e,
the nenory unit is actiyvate t he MREQ_( MEMORY .REQUEST) signal,. T
bitline eqfdftPz5tFsh &y Fatdps C%R%Lﬁﬁ?sgg FB%W@. pa%% Pe gsc?&de§§n§5°]rs
appl i ed to gendddtbsg patd. st er 35A The contents of the x-address register
35A are applied to x-address decoder 'unit 33. After a tine delay, the x-

8. The memory unit of claim 1 further comprising a first and
a second x-address register responsive to signals from said control
unit, one x-address register having the x-address for the current
memory access operation and the other x-address register storing
the x-address of a next previous memory access operation.

9. The memory unit of claim 1 wherein said memory unit has a
latency of at least 3 and a burst length of at least 8

10. A method for providing a precharge operation for in an
integrated circuit memory unit which does not interfere with access
to storage cells of said memory array by a central processing unit,
said method comprising the steps of: _

providing said memory unit with a first and a second
sense amplifier array, each storage cell being coupled to both said
first and said second sense amplifier arrays; _

accessing said storage cell array through a one of said
sense amplifier arrays;

electrically isolating said one sense amplifier array
from said storage cells; and .

with an other sense amplifier array , implementing said
precharge operation.

11. The method of claim 10 further comprising the steps of:



capac

addr ctivates one of the word lines WA in the nenory arfay.
“EachTm’! ﬁgﬁ mﬂ Hm |ls connected to the wordline Wa i s acti vat ed. The
|%

ge cell is coupled to the bitline conductor pair.

a result of charge transfer, a snmall voltage difference is devel oped
between the bitline and the bitline_ cghductors. Thi s voltage
difference is then anplified within the sense anplifier and the selectively

(based on the y- adst@singshgoatmsntapphidress inha fih &eFifheS! Referring

anplifier

to Fig. 10A and Fig. JOR(agd fdsd- Fdeerdt! FP@V?&E@”Qd&i]@é@, ihhea serReend

activation sigrmal S11 is driven to a high value. The small

vol't age didelgdstace ang ween the bitline and the bitline_ conductors are

As

amplified.  In thesigplgyrantaitonk-Reess des Ccshb@dsedondnyegiisteral said
two-step sensing schene is assuned. Ther ef oreé the S11 drjves the sgnse
with a° mameXt | Fadaresst ReMEng: &t | WP~ RS gReY s CHRBPENE i &99FEPSt i V&Y

slowy (cfeurrent address becoming an up-dated most recent previous address.

12. The method of claim 11 wherein said most recent previous
address is used to write-back data signals from the storage signals
read during a current memory unit access operation.

13. The method of claim 10 wherein said memory unit operates

as a synchronous dynamic random access memery unit.

14. An integrated circuit memory unit comprising:

an array of storage cells, each storage cell being
coupled to a wordline; _

a first sense amplifier array including a plurality of
sense amplifiers, each sense amplifier having a bitline conductor
pair éxtending therefrom, each storage cell being coupled to a
bitline conductor;

a second sense amplifier array including a plurality of
sense amplifiers, each sense amplifier of §aid second sense
amplifier array coupled to a bitline conductor pair, whereby each
bitline conductor pair is. coupled to first sense amplifier of said
first sense amplifier array and is coupled to a second sense
amplifier from said second amplifier array;

a control unit for providing control signals;

a multiplicity of gate elements, a first set of said
gate elements coupled between said first sense amplifiers and said
bitline conductors for electrically coupling said first sense
amplifiers to said bitline conductor pairs in response to a first



fter atinme delay, the bitline isolation signal Pl drops.
'The HEMIH# |er activation signal S12 has a hi gh val ue. The data
Si gna| anpllfler are anplified to the full VDD or VG\D
| evels. As a result of the exchange of charge between the storage cel

capacitor and the b|t||ne conductor t he qbarge on the storage cel

t I dat a ef ' ta th ig.  11A
116 “and EPBLTBL TiPle PnPFEOEYGRE, Ofnga)d cdh et opants SRS e
menory unisaid0. sechna ysemddreaplﬁﬁnnﬂerauﬁltséuaiw&xline y candiatzssap fbr ed
t her et d ' l s . A S
herel o SATHEEROEY DBuIEl 6% TRBR AL SRt P 8 SR i
sane t||ﬂeconduttqﬂ ndmgsbunlreﬁpoaad bot§|sq§ondoq@nnmqi'Spghab,aaethiqdabeted
by the Peq, Qt;é belex&&l%se tc?@'ﬁglécp' Eef_"iié&%d ng?ﬁﬁ]d éahhhbe&c%rfduéit i tRFhE

equallzatlon e ara hi's actirvity, the previous
x- addr ess conduckox paie éoﬁe@tlﬁngrmlw ceurldng \said doHdaei o PESS

register §g§r|§ns§gﬁxkgetgg X-taddr esstARCdghad3 after the wordline Wa has
been decoded.

15. The memory unit of claim 14 further comprising a first
and a second Xx-address register, said first and said second
registers storing an x-address of a current memory access operation
and a most recent previous memory access operation x-address.

16. The memory unit of claim 15 wherein a write-back
operation of a most recent previous READ operation is performed,
during a current memory unit access cycle, into storage cell
locations determined by said stored most recent previous x-address.

17. The memory unit of claim 16 wherein said third control
signal activates a precharge operation. '

18. The memory unit of claim 14 when said memory unit is a
synchronous dynamic random access memory unit.

19. The memory unit of claim 14 wherein each storage cell
includes:

a capacitor plate and a portion of a transistor formed
from a n+-doped layer:;

a control conducting path formed from a polysilicon
layer acting a the gate terminal of said transistor;

a first set of conducting paths formed from a first
metal layer;



12 ReWIZ‘AT Fig. 12B, and Fig. 6, in the fourth cycle, the

y- addr I "”",ﬂ’m”ﬁ to the nmenory unit. The y-decoder unit 36 has Yb
appl i ed% odes the address. The sense anplifier array 32A
applies the atdr'ess$ed*data Dab to the out put term nals. The Peq signal has

a |l ow value and P2 has a high val ue. The sense anplifier array 35B is
coupled to the menmory array by the si_gna?oPZ. By that procedure, th gata
signals in sense anpl icbupting r egndxiage Pathndreredd Irqhi At eﬁ’?—cﬁﬁgk)megs t he

germry celll[a?e\glgiggdare connected to the wordline W, thereby restoring the
ata signals conprom sed by a READ operation, a | TE operation, _or.,m xed
READ and WRI TE oper &t iS§FePARSEEr Afn -angUetynd 1§i\¥§§:i Eor'?%% tf’é?f& Bi gt..hT%?é in
E Ee fi It htxﬁ%@dleglaylgrﬁﬁﬁiéﬁe(iﬂ £2id huplphy Cedriduetohg tpetiDavughes sigreals to
e ou
.pu saiedr nf?iggt’ and esgfdn%re%og&rggt 3olf t2:% Id\qcszt{x?ge ;Part%%h%gggaid control

conducting path.

20. The memory unit of claim 19 wherein said first and said

second set of conducting paths are memory unit wordlines.

21. The memory unit of claim 14 wherein said memory unit has
a latency of at least 3 and a burst length of at least 8.

22, A memory unit comprising:
a memory array including; _

a first multiplicity of storage cells;

a second multiplicity of bitline conductor pairs;

a third multiplicity of wor&lines, wherein each
storage cell is coupled to a wordline and to a bitline conductor of
a selected bitline conductor pair;

a first sense amplifier array having each sense
amplifier coupled to a bitline pair:

a first coupling means for electrically coupling said
biathlons to said sense amplifier array in response to a first

nE control signal; _
| a second sense amplifier array having each sense
amplifier coupled to a bitline pair;
" a second coupling means for electrically coupling said

biathlons to said sense amplifier array;

third coupling means for electrically coupling

conductors of each bitline conductor pair; and



»

operium igf deactivated and sense anplifier array 32B is
deaJmummimr"lm“anl ue of signals S21 and S22. In the sixth to the

ei ght*h ¢yclte, "t he addressed data fromthe nmenory array is being applied to
the output termnals of sense anplifier array 32A During this sane

period, the nmenory array 31 continues with2ihe precharge operation.

Referring to Fig. 14A _Ei 14 Fi i | nth s £e,..+th
x-address Xb is bei ng gg%ﬁgf%dc%lo&{aﬁe u?gﬁorggruﬁf{b{?fdﬁyed]a% (raggésl )?t%'i %epgﬁ%hed
i n x-addr esdr §hiisd ecords®lasd gnslepmaisd mepornecontagdr unit derenislingniseids.
After a ti :dgl e X3 r de r kb 3 Ctd At eSe ARy Of

wor dl i nes l?ﬁ t C(Dam:rrx:e(-ir}or%lgrraye"g%.n g%g(t?.a fsil’rllg%%al %l?n éta\i%g s?%r_age c?gh?g
coupl ed to HAELRE WSrays &3Sl i ket t eleaerigallynecourdedi t 19 neaidohidddine

pair. And tdhdBEAR: oR&ati on continues. 13

23. The memory unit of claim 23 further comprising a first
and a second register, wherein contents of said second register are -
used to select storage cells into which data signals in said second
sense amplifier array are to be written when said first sense

amplifier array is no longer electrically coupled to bitline
conductor pair.

24. The memory unit of claim 24 wherein said memory unit is a
synchronous dynamic random access memory unit. '



The data in the sense anplifier array 32A will be witten into the nmenory
array 31. Therefore, if data WRITE operation(s) has (have) . been
request ed between the third and the tenth cycle, the WRI TE operation will
occur in the twelfth cycle. The present invention provides that each
storage elenment of a nenory array 31 has two sense anplifiers coupled
thereto. The sense anplifiers are organi é&d into arrays 32A and 32B. The
data signals fromthe storage cells are ansferred to the bitline

conductors and anplified KppARdTUSSARTS METRODSFOR A mYpAMECer in the first
sense anplifier array. The sense anplifier f%ﬁgfirst sense amplifier
array anplifying the data si Wcﬁﬁ%’?@ &59@%?%‘% bitline conductor pair
are isolated fromthe bitline conductor pair by the (transistor gates).
The first sense anplifier can then transfer (anplified) data signals to the
/O termnals: In the neantine, the second sense anplifier array can be
coupled to the bitline conduchbstrddt ofgbhé Inventaosi stor) gates. At this
point, the data signals fromthe previous READ, WRI TE, or m xed READ and
VRI TE operation can be restored in the appropriate storage cells.

A memory unit 30 is provided with a first and second

sense amplifier array 32A and 32B. The storage cells 31 of the
memory unit are coupled to both sense amplifier arrays. A control
unit 34 is provided which controls the operation of the two sense
amplifier arrays. The control unit determines through which sense
amplifier array data signals are transferred to and from the
storage cells. The sense amplifier array not exchanging signals
with the I/0 terminals can peffonm the precharge operations and
write-back operations. Synchronous operation of the memory unit
and a data processing unit can be maintained by alternating the
sense amplifier array performing the current memory access
operation. | '

Figure 3



Then the second sense anplifier array can be isolated for the bitline and
.the Equalization signal (Peq) can be applied to the bitline conductor
pairs of the menory array, thereby providing the precharge operations.
Thus while one array of sense anplifiers is interacting with the I/0O
termnals of the nenory unit, the second sense anplifier array can be
writing back data fromthe previous operation into the storage el enents and
t he precharge operation perforned. The use of the two sense anplifier
arrays in this manner permts the operation of the nmenory unit as a
synchronous nenory unit, perform ng thesprecharge operation w thout

I npacting the flow of data signals between the nenory unit and an
associ at ed data processi ng operation. 14 While the invention has been

described with particular reference to the preferred enbodi ment, it will be
under stood by
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those skilled in the art that various changes may be nmade and equi val ents
Substituted for elenents of the preferred enbodi nrent without departing
from the invention. In addition, nany nodifications may be nade
to adapt a particular situation and material to a teaching of the present
“invention without departing fromthe essential teachings of the present

I nvention. As is evident fromthe foregoing discussion, certain aspects of
the invention are not limted to the particular details of the exanples
illustrated, and it is therefore contenplated that other nodifications and
applications will occur to those skil2&£h in the art. It is accordingly

I ntended that the clains shall cover all nodifications and applications as

do not depart fromthe spirit and scope of the invention. 15 What is
Clainmed is:
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1. Anintegrated circuit nmenory unit conprising: a nenory array having a
*plurality of data storage cells; a first sense anplifier array coupled to
each of said storage cells for exchanging data signals therewith in
response to a first control signal; a second sense anplifier array coupl ed
to each of said storage cells for exchanging signals therewith in response
to said first control signal; and a control unit coupled to said first and
to said second sense anplifier array, said control unit applying said first
control signal to a one of said sense anplifier arrays, said first contro
signal resulting in an exchange of dat¥® X gnals between said menory array
and said one sense anplifier array, said control unit providing a second
control signal to an other sense anplifier array after said first control
signal has been renpoved, said second control signal causing said other
sense anplifier array to performa precharge operatlon 2. The nmenory unit
of claim1 wherein said nenory unit |s a
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synchronous dynam ¢ random access nenory unit. 3. The nmenory unit of
‘claim1l wherein said nenory array includes bitline conductor pairs having
said storage cells coupled thereto, each sense anplifier array including a
plurality of sense anplifiers, each sense anplifier of said first sense
anplifier array having a bitline conductor pair extending through said
menory unit to an associ ated sense anplifier of said second sense anplifier
array; wherein a transistor gate is coupl ed between each sense anplifier
and said storage cells on each bitline. 16 4. The menory unit of claim
3 wherein said each sense anplifier and said associ ated sense anplifier
are coupled to two bitline conductor pgiss, said gate transistors

determning to which bitline pair said each sense anplifier and said
associ ated sense anplifier have access.
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5. The nenory unit of claim1l wherein each sense anplifier array of said
first sense anplifier array has a neighboring sense anplifier fromsaid
second array, said each sense anplifier and said nei ghboring sense

. anplifier having a bitline conductor pair which is coupled to said nenory
unit storage cells, said each sense anplifier and said neighboring

sense anplifier having first transistor gates coupled between said sense
anplifiers and said bitline conductor pairs, wherein said bitline conductor
pair of said each sense anplifier and said bitline conducting pair of said
nei ghboring sense anplifier are coupl gdisogether, a one of said two bitline
conducting pairs being selected by second transistor gates in response to
control signals. 6. The nmenory unit of claim5 wherein each bitline
conductor pair has a signal equalization transistor coupled therebetween.

7. The menmory unit of claim6 wherein each storage cell includes: a
capacitor plate and a portion of a transistor formed froma n+-doped | ayer;
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a control conducting path fornmed from a polysilicon |ayer acting a the
rgate termnal of said transistor; a first set of conducting paths forned
froma first nmetal |ayer; 17 a coupling conducting path forned froma
second netal |ayer; and a second set of conducting paths forned froma
third netal |ayer, wherein said coupling conducting path couples a one of
said first and said second set of conducting paths to said control
conducting path. 8. The nenory unit of claiml further conprising a first
and a second x-address register responsive to signals fromsaid control
unit, one x-address register having thé/t5address for the current nmenory
access operation and the other x-address register storing
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the x-address of a next previous nenory access operation. 9. The nenory
,unit of claiml1l wherein said nenory unit has a latency of at least 3 and a

burst length of at least 8 10. A nethod for providing a precharge operation
for in an integrated circuit nenory unit which does not interfere with
access to storage cells of said nenory array by a central processing unit,
said nethod conprising the steps of: providing said nmenory unit with a
first and a second sense anplifier array, each storage cell being coupled
to both said first and said second sense anplifier arrays; accessing said
storage cell array through a one of safU5sense anplifier arrays;
electrically isolating said one sense anplifier array from said storage
cells; and with an other sense anplifier array , inplenenting said

precharge operation. 11. The nethod of claim 10 further conprising the
steps of:
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18 storing a current x-address in a first register; storing a nost recent
previ ous address in a second register; and storing a next x-address in said
second regi ster, said next x-address becom ng an up-dated new current
address, said current address beconm ng an up-dated nost recent previous
address. 12. The nethod of claim 11 wherein said nbst recent previous
address. is used to wite-back data signals fromthe storage signals read
during a current nmenory unit access operation. 13. The nmethod of claim 10
wherein said nenory unit operates as ehfﬁﬂchronous dynam ¢ random access
menory unit. 14. An integrated circuit ry unit conprising: an array of
storage cells, each storage cell being coupled to a wordline; a first
sense anplifier array including a plurality of
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sense anplifiers, each sense anplifier having a bitline conductor pair
‘extending therefrom each storage cell being coupled to a bitline
conductor; a second sense anplifier array including a plurality of sense
anplifiers, each sense anplifier of said second sense anplifier array
coupled to a bitline conductor pair, whereby each bitline conductor pair is
coupled to first sense anplifier of said first sense anplifier array and is
coupled to a second sense anplifier fromsaid second anplifier array; a
control unit for providing control sigzg%s; a multiplicity of gate

el ements, a first set of said gate el ts coupl ed between said first
sense anplifiers and said bitline conductors for electrically coupling said

first sense anplifiers to said bitline conductor pairs in response to a
first 19
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control signal, a second set of said gate el enents coupl ed between said
'second sense anplifiers and said bitline conductors for electrically
coupling said second sense anplifiers to said bitline conductor pairs in
response to a second control signal, a third set of gate el enents coupl ed
bet ween each conductor of a bitline conductor pair for electrically
coupling said bitline conductor pair in response to a third control signal
15. The nmenory unit of claim14 further conmprising a first and a second
x-address register, said first and said second registers storing an
x-address of a current menory access dﬁ@ﬂétion and a nost recent previous

menory access operation x-address. 16. The nmenory unit of «claim 15
wherein a wite-back operation of a nbst recent previous READ operation is
performed, during a current nmenory unit access cycle, into storage cel

1 ocations determ ned by said stored nost recent previous x-address. 17.
The menmory unit of claim 16 wherein said third control signal activates a
precharge operation. 18. The nenory unit of claim 14 when said nmenory unit
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synchronous dynam ¢ random access nenory unit. 19. The nenory unit of

¢l ai m 14 wherein each storage cell includes: a capacitor plate and a
portion of a transistor forned froma n+-doped | ayer; a control conducting
path formed froma polysilicon |ayer acting a the gate term nal of said
transistor; a first set of conducting paths formed froma first netal

| ayer; 20 a coupling conducting path formed froma second netal |ayer;
and a second set of conducting paths formed froma third netal |ayer,

wherein said coupling conducting pathicpupl es a one of said first and said
second set of conducting paths to said control
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conducting path. 20. The nenory unit of claim19 wherein said first and
sai d second set of conducting paths are nenory unit wordlines. 21. The
menory unit of claim 14 wherein said nenory unit ‘has a | atency of at |east
3 and a burst length of at least 8. 22. A nmenory unit conprising: a nenory
array including; a first nultiplicity of storage cells; a second
multiplicity of bitline conductor pairs; a third multiplicity of wordlines,
wherein each storage cell is coupled to a wordline and to a bitline
conductor of a selected bitline conductor pair; a first sense anplifier
array having each sense anplifier ﬁﬁéﬁged to a bitline pair; a first
coupling neans for electrically coupl said biathlons to said sense

anplifier array in response to a first control signal; a second sense
anplifier array having each sense
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anplifier coupled to a bitline pair; a second coupling nmeans for
electrically coupling said biathlons to said sense anplifier array; third

- coupling neans for electrically coupling conductors of each bitline
conductor pair; and 21 a nenory control unit for providing said first,
second and third control signals, said nenory control unit providing said
third control signal when said first and said second sense anplifier arrays
are not electrically coupled to said bitline conductor pairs. 23. The
menory unit of claim23 further conprising a first and a second register,
wherein contents of said second reglstéﬁlgﬁe used to select storage cells

into which data signals in said second sense anpllfler array are to be
witten when said first sense
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-

gohplifier array is no longer electrically coupled to bitline conductor
rpair. 24. The nmenory unit of claim24 wherein said nenory unit is a
synchronous dynam ¢ random access nenory unit.
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