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This invention relates to el ectronic conputer menory and particularly to (#0¢ £
cache nmenory. The i'nvention includesawite driver and precharge circuit, as
well as a method for precharging a bit line pair and witing to an

el ectroni c conputer nmenory. BACKGROUND OF THE | NVENTI ON The menory
avail abl e t© a m croprocessorconmonl yi ncl udes speci al hi gh speed nenory
referred to as cache nenory or sinply cache. Cache nenory conprises an

array of individual menory cells, each nmenory cell adapted to store one

bit of data. A number of nenory cells ard arranged in a colum connected by
two conductors referred to as a bit line pair. The nmenory includes a nunber

of such columms of nenory cells. Data is witten to or transferred fromthe
menory cells via the bit line pair associated with each colum of nenory

cells. A voltage signal in a "high" range on one bit line of the bit line

pair represents one logical state while a voltage signal in a "high" range

on the opposite bit line :

WRITE DRIVER AND BIT LINE PRECHARGE APPARATUS AND METHOD

TECHNICAL FIELD

This invention relates to electronic computer memory and particularly to
cache memory. The inventionincludes a write driverand precharge circuit, as well
i as a method for pi’ét-‘:hargirfg a bit line pair and writing to an electronic computer

memory.

BACKGROUND OF THE INVENTION

The memory available to a microprocessor cdmmonlyinc_ludes sp'écia[ high
speed memory referred to as cache memory or simply cache. Cache memory

comprises an array of individual memory cells, each memory cell adapted to store



représents the opposite logical state. The nenory cells are connected in

rows by word lines which are used to activate a particular nenory cell in a
colum and allow data, that is, one logical state or the other, to be
witten to or transferred fromthe particular cell. A wite driver is used

to control the charge state of the bit line pairs during a witing
operation to a nenory cell within a colum. The wite driver conprises a
circuit connected to the bit line pair #hich causes the bit lines in the
pair to have the desired voltage state representing the data to be stored
in a menory cell. A columm decoder and sense anplifier are al so connected
to the bit line pair for reading data which has been stored in the nenory
cells. Abit line precharge circuit conmonly acconpanies the wite driver
circuit. The bit line precharge circuit operates to charge both Iines of
the bit line pair prior to a read or wite 3 operation. The operation of
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Bhere Y GPiiS condlictors referved %o as  bit e palr. The memory inciides 3 rumber
of such columns of memory cells. Data is written to or transferred from the
memory cells via the bit line pair associated with each column of memory cells.
A voltage signal in a "high” range on one bit line of the bit line pair represents one
logical state while a voi'ta‘ge signal in a "high" range on the opposite bit line
represents the opposite logical state. The memory cells are conn'e-cted inrows by
word lines which are used to activate a particular memory cell li_n a colurq_n and
allow data, that is, one logical state or the other, to be written to or transferred
from the .particu!ar_ cell.
A write driver is used to control the charge state of the bit line pairs during
a writing operation to a memory cell within a column. The write driver comprises
a circuit connected to the bit line pair which causes the bit lines in the pair to have
the desired voltage state representing the data to be stored in a memory cell. A
.. column decoder and sense amplifier are also connected to the bit line pair for
reading data which has been stored in the memory cells. A bit line precharge

circuit commonly accompanies the write driver circuit. The bit line precharge

circuit operates to charge both lines of the bit line pair prior to a read or write



precharge circuit nust al so operate properly to ensure that the intended
data is read during a read operation fromcache. Wthout the proper
precharge, an incorrect charge state may occur on the bit line pair during
a read operation, resulting in incorrect data or instructions being read
from menory. Another problemarises during a read operation fromthe nmenory
cells along the bit line pair. In a read operation, the |ogical high charge
must be maintained on one of the bit |lings of the pair. In the prior art,
the charge is maintained only by a small transistor in the selected nenory
cell. However, the capacitance associated with the bit Iine and junctian
capaci tance associated with the transfer gate device of the nenory cells
can cause the charge on the bit line to decay to an unacceptable | evel
during a long read operation. SUVMVARY OF THE INVENTION It is an object of
the invention to provide a wite driver apparatus which 4 overcones the
above-descri bed %ﬁplens and others associated with prior wite driver
circuits. NbreoEéi PBularly, it is an object of the.invention to provide an
appar atus and net hod which helps facilitate correct read and wite
operations in The operation of the write driver and precharge circuit are crucial to the

operation of the cache and thus the microprocessor. . If the write driver does not -
work properly, wrong data or insﬁ'ucﬁons will be sfored or wntten into' cache. The-
precharge circuit must also. operate properly fo enstire that 'ﬁi;int'éhded data is
read during a read operation from cache. Without the proper precharge, an
incorrect charge state may occur on the bit line pair ddfi:ig a read operation,
resuiting in incorrect data or instructions beir}g read from memory.

Another problem arises during a read operation from the memory cells
along the bit line:p‘air. In a read operation, the Ioéical high charge must be
maintained on one of the bit lines of the pair. In the prior art, the charge is
maintained only by a small transistor in the selected memory cell. However, the
capacitance associated with the bit line and junction capacitance associated with

the transfer gate device of the memory cells can cause the charge on the bit line

. to decay to an unacceptable level during a long read operation:.

SUMMARY OF THE INVENTION

It is an object of the invention to provide a write driver apparatus which



an el ectroni c conputer nenory, including cache nenory. To acconplish these
aobjects, the wite driver and precharge circuit according to the invention
synchroni zes the wite and precharge operations with common system cl ock
signals. The synchroni zati on between the precharge and witing operations
ensures that the bit lines are properly precharged after data is witten
and :al so prevents interference with the desired data. A keeper circuit is
associated with the bit line pair to enssire that the desired bit |ine

mai ntains its high charge state throughout a |long read operation. The wite
driver includes a wite driver logic circuit having two data output |ines,
one corresponding to a first or true bit line and the other correspondi ng
to a second or conplenent bit line of the bit line pair. The wite driver
logic circuit is adapted to receive a data input signal frommai n nenory
through a data input, and to receive a wite enable signal or refill signa
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The data propagation clock signal is derjived from t he system cl ocks and

ti mes when dadBvekcifeuits.cMore pagiculary,dt isran-ebject of the,inventiontaprovide ang

sel ected nenory cell. The wite driver also includes a tri-state buffer
apparatus and method which helps facilitate correct read and write operations in
an electronic computer memory, including cache mem'ory.

‘To accomplish these objects, the | wrrl:e driver and precharge circuit |
according to the invention synchronizes the write and precharge operaﬁons with
common system clock signals. The synchronizaﬁoh between the precharge and
writing o_pérations ensdis—zé that the bit lines are properly precharged after data is
written and also prevents interference with the desired data. A keeper circuit is
assoclated with thé bit line pair to ensure that the desired bit line maintains its high
charge state throughout a long read operation.

The write driver includes a write driver_logic circuit having two data output
lines, one corresponding to a first or true bit line and the other cérrespondihg toa
second or complement bit line of the bit line pair. The write driver logic bircuit is

..adapted to receive a data input signal from main memory through a data input,
and to receive a write enable signal or refill signal from the processor through a

refill input. According to the invention, the write driver logic circuit also receives a

data propagation clock signal. The data propagation clock signal is derived from

-



t hrough which the desired charge is applied to the bit line pair in
‘response to the state of the data output |ines associated with the wite
driver logic circuit. Controlling the wite driver by a clock signal
derived fromthe systemclock signals provides flexibility in debugging in
the wite node. Since the witing operation is controlled by the system

cl ocks, slowing the systemcl ock delays the witing operation to make sure
the desired word line is on and the corrmect data is witten to the nmenory
cell. However, a hard failure is indicated when a wite error occurs both
at a regular clock speed and at a slower speed. The precharge circuit

I ncl udes two precharge transistors each connected to a different” bit |ine
for applying-a supply voltage to the respective bit line. A so, the
precharge circuit preferably includes an equalizing transistor connected
bet ween each bit line to equalize the charge between the bit |ines.
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signals and related to the data propagation clock signals which contro

when data is lingpaitand selected memarysell. The write driver alsorincludes a ti-staterbuffer

cell. In each systemcl ock cycle, the precharge clock signal precedes

the data propggaigtPWhichathe!desirédschiardé i appiiedto Bk BiElingepair in response to the
state of the data output lines associated with the write driver Iogié circuit.

Controlling the write driver by a clock signal derived from the éystem clock
sig’néls provides flexibility in debugging in the write mode. Since the writing
operation is c_pntrollec_:l by the system clocks, é!owing the éystem clpck delays the
writing operation to make sure the, desired word line is on and the correct data is
writtén to the memory cell. However, a hard failure is indicated when a write error
occurs both at a régular clock speed and at a'slower- speed.

The precharge circuit includes two precharge transistors each connected
to a different bit line for applying a supply voltage to the respective bit line. Also,
the precharge circuit preferably includes an equalizing transistor connected
between each bit line to equalize the chérge between the bit lines. According to

-the invention, each transistor in the precharge circuit is controlled by a precharge
clock signal derived from the system clock sighals and related to the data

propagation clock signals which control when data is forced from the write driver

or read from a selected memory cell. In each system clock cycle, the precharge



the priecharge circuit and wite driver elimnates the problem arising when
one or both of the bit lines are not fully charged to the desired voltage
at the start of a read operation. Al so, the synchronization between the
wite driver and the precharge circuit ensures that the precharge does not
interfere or fight with a desired charge state forced fromthe wite
~driver. The keeper circuit conprisestwo keepertransistors. One

. keepertransistor is connected to control scurrent fromthe supply voltage
source to one bit Iine and the other keeper transistor is connected to
control current fromthe supply voltage source to the other bit Iine of the
bit line pair. Current through each keeper transistor is controlled by the
charge state of the opposite bit line. A low charge state on one bit |ine
causes the keeper transistor associated with the opposite bit line to
conduct and maintain the charge | evel of the opposite bit line. This keeper
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~associated with the bit |ine and the nmenory cells. These and .ot her objects,

advant ages, arihiefpracharge circuit mpdiwrite diriven eliminatesthesablem afisingwhen otte or

. following description of the preferred enmbodi nents, considered

' both of the bit lines are not fully charged to the dgsired voltage at the start of a
read operatié_n. Also, the synchronization- between the write driver and the

, precﬁérge circuit ensures that the precharge does not interfere or fight with a-
desired charge state forced from the write driver.

The keeper circuit comprisestwo kéeper transistors. One keeper transistor
is connected to control current from the supply voltage source to one bit line and
the other keeper transistor is connected tc-) control current from the supply voltage
source to the ofhér bit line of the bit line pair. Current through eagh keeper
transistor is controlled by the charge state of the opposite bit line. A low charge
state on one bit line causes the keeper transistor associated with the opposite bit
line to conduct and maintain the charge level of the opposite bit line. This keeber
arrangement thus ensures that the desired bit line is maintained at the desired high

.- charge level throughout a long read operation despite the capacitance associated
with the bit line aﬁd the memory cells.

These and other objects, advantages, and features of the invention will be

apparent from the following description of the preferred embodiments, considered



along wi th the acconpanyi ng draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS
FLGURE 1 is an electrical schematic diagramshowng a wite driver- and
precharge circuit enbodying the principles of the invention. FIGURE 2 is a
timng chart show ng the system clock signals enployed by the circuit shown
. 1n FIGURE 1. DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Referring to Figure
1, a circuit 8 enbodying the principles of the invention includes a wite
~driver circuit 10, a precharge circuit 12, and a keeper circuit 14. Each of
the circuits receives clock signals derived fromsystem clock signals CI,
C2 Early, and C2. Also, each of the circuits included in the invention is
associated with a bit line pair corprising a first bit line 16 and a

conpl ement or second bit line 18. The bit line pair is connected to a
plurality of individual nmenmory cells 20. Al though not formng part of the
invention, the bit line pair is also associated wth a colum decoder 22

-and a sense ar%hhél\hﬁ{h@é %‘o%‘pé)rpy?r{gagreav&ir?gsr.ead data from



9 the' nenory cells 20. The wite driver circuit 10 includes a wite driver
l.ogic circuit 26 and a tri-state buffer arrangenent '28. The wite driver

| ogi.c circuit 26 includes two output lines, a first output 30 corresponding
to the first bit line 16 and a second output 32 corresponding to the second
bit line 18. The wite driver logic circuit 26 receives data froma data
input DIN, a wite enable or refill input REFILL, and a data propagation

cl ock signal at node 100, and operates t® provide the desired |ogic state
at the two outputs 30 and 32. The tri-state buffer arrangement 28 is
controlled by the two_output lines 30 and 32 to apply the desired charge
state to the bit lines 16 and 18. The data input DIN receives data froma
cache reload buffer (not shown). The refill input REFILL dictates a wite
node in one logic state and a read node in the opposite logic state. The
wite driver logic circuit 26 includes two NAND gates 40 and 42 and two NOR
gates 44 and 46. The data input signal on DINis applied as one input to
NAND gate 40 and is also inverted at inverter 48 and the resulting inverted
signal applie n_i t h ther NAND gate 42. The refill signal at
REFILL is app&ﬁwmwﬁﬂwgbﬁm gates 40 and 42. The NAND

gates 40

FIGURE 1 is an electrical schematic diagram showing a write driver and
precharge circuit embodying the principles of thé in'vénu‘an.

| FIGURE 2 is a timing chart showing the systém;..c'l:tfliék'signals employed by

the circuit shown in FIGURE 1.

Referring t(.). Figure 1, a circuit 8 embodying the principles of the invention

includes ‘a write driver circuit 10, a precharge circuit 12, arid a keeper circuit 14.
Each of the circuits receives clock signals derived from system clock signals C1,
C2 Early, and C2. Also, each of the circuits included in the invention is associated
with a bit line pair comprising a first bit ling 16 and a complement or second bit line
___'_'1 8. The bit line pair is connected to a plurality of individual mémory cells 20.
Although not forming part of the invention, the bit line pair is also associated with

a column decoder 22 and a sense amplifier 24 which operate to read data from



10 and 42 and inverter 48 conprise an internedi ate | ogic arrangenment which
provides a certain logic state at the internedi ate outputs, nodes 102 and
103, dependi ng upon the data at DIN and refill signal. The output of NAND
gate 40 forms an input for NOR gate 44, whereas the output of the other
NAND gate 42 fornms an input for the other NOR gate 46. The data propagation
cl ock signal at node 100 provides the other input of both NOR gates 44 and
46. The preferred tri-state buffer arrangenent 28 conprises two charging
transi stors and two drawdown transistors, all NMOS devices in the
illustrated formof the invention. A first charging transistor 50 has its
drai n-source current path connecting.the supply voltage Vdd and the first
bit line 16. A first drawmdown transistor 52 has its drain-source current
path connecting the first bit line 16 and ground. A second charging

transi stor 54 has its drain-source current path connecting the supply
vol t age Vvdd aqﬁ t he seconﬁ Bbt line 18. Finally, a second drawdown

transi stor 56 NEdNPMOYPEI%H¢¥0urce current pat h connecting the second bit
line 18 and ground._The gates of the first charging transistor 50 and
second The write driver circuit 10 includes a write driver logic circuit 26 and a

tri-state buffer arrangement 28. The write driver logic circuit 26 includes two
output Iihes, a first oUtput 30 corresponding to the first bit line 16 and a second
output 32 corresponding to the second bit line 18. The write driver logic circuit 26
receives data from a data input DiN, a write énable 6r refill input REFILL, and a
data propagation clock signal at node 199_, and opgrates to provide the desired
logic state at the two 6utputs 30 and 32. The tri-state buffer arrangement 28 is
controlled by the two output lines 30 and 32 to apply the desired charge state to
thebﬁﬁnes16and18. |
The data input DIN receives data from a cache reload buffer (not shown).
The refill ipput REFILL dictates a write mode in one logic state and a read mode
in the oppdsite logic state. |
The write driver logic circuit 26 includes two NAND gates 40 and 42 and
B two NOR gates 44 and 46. The data input éignal on DIN is _applied as one input
to NAND gate 40 and is also inverted at inverter 48 and the resulting inverted
signal applied as an input to the other NAND gate 42. The refill signal at REFILL

is applied to the other input of both NAND gates 40 and 42. The NAND gates 40



drawdown transistor 56 are both connected to the first output 30 of the
write logic circuit 26, while the gates of the second chargi ng transistor
54 and first drawdown transi stor-52 are connected to the second out put
32 fromthe wite driver logic circuit; The data propagation cl ock signal
I's derived fromsystemclock signals Cl1, or the first clock signal, and a
second clock signal C2 Early. The C2 _Early clock signal is inverted at
inverter 60 and the resulting inverted siignal applied as one input of NAND
gate 62. Clock input Cl is applied as the other input of NAND gate 62. The
out put of the NAND gate 62 at node 10Q remains at a |logical high state
except when the first clock signal Cl is high and the second cl ock signal
C2 Early is low. The ClL high and C2_Early | ow condition produces a | ow
signal at node 100 and this |ow signal conprises the data propagation cl ock
signal which tinmes when data is forced onto the bit line pair 16 and 18 by
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depending upon the data at DIN and refill signal.

The output of NAND gate 40 forms an input for NOR gate 44, whéreas the
output of the other NAND gate 42 forms an input for the other NOR gate 46. The
data propagation clock signal at node 100 provides ﬁe other input of both NOR
gates 44 and 46.

The preferred ftri-state buffer arrangement 28 comprises two charging
transistors and two drawdown transistors, all NMOS devices in the illustrated form
of the invention. A first charging fransistor 50 has its drain-source current path
connecting the supply voltage V44 and the ﬁrs;t bit line 16. A first drawdown
transistor 52 has its draj_n-source current path connecting the ﬁrét bit line 16 and
ground. A second chérging transistor 54 has its drain-source current path
connecting the supply voltage V,, and the second bit line 18. Finally, a second

.. drawdown transistor 56 has its drain-source current path connecting the second
bit line 18 and ground. The gates of the first charging transistor 50 and second
drawdown transistor 56 are both connected to the first output 30 of the write logic

circuit 26, while the gates of the second charging transistor 54 and first drawdown



"l ow' 'state may vary from application to application and do not forma part
of the invention. In operation the cache reload buffer (not shown) drives

t he data input, 12 applying the desired | ogical state at DI N Dependi ng
upon the data, either node 107 or DIN will be high and the other low A
high refill signal at REFILL facilitates a wite node of operation and

forces one intermediate output, either node 102 or 103, |ow and the ot her
of these two nodes high. A data propagatiion clock signal, that is, a | ow
signal at node 100 in the presence of a high refill signal at REFILL,
produces a desired logical state at the data outputs 30 and 32. The desired
| ogi cal state at outputs 30 and 82 drives the tri-state buffer 28 to force
the desired charge state on the bit lines 16 and 18. A high signal at
output 30 turns "on" the first charging transistor 50 and the second
drawdown transi st or 56 Atthe sane tinme the second output 32 renmains | ow
and the thus, the.s charﬂ ékgran5|stor 54 and flrst dr aywdown

transistor 52 FansiF . fre cpfneled todhe geconsdoutpyi 32 from) thequritedriver logic

applied to the first bit line 16 and the second bit line 18 is pulled down
to ground. |n ¢itesiitopposite |ogical condition in which the second output 32
I's high and the first
The data propagation clock signal is derived from system clock signals C1,
or the first clock signal, and a second clock signal C2 Early. The C2_Early clock
signal is inverted at inverter 60 ahd the rgsulﬁng inverted signal apblied as one
input of NAND gate 62. Clock i_n.put C1 is applied as the other input of NAND gate
62. The output of the NAND gate 62 at node 100 remains ata logical high state
except when the first clock signal C1 is high and the second clock signal C2 Early
is low. The C1 high and CZ_EarIy Idw condition produces a low signal at node 100
and this low signal ‘comprises the data propagation clock signal which times when
data is forced onto the bit line pair 16 and 18 by write driver 10.or is read from a
selected memory cell.
As usedin this disclosure the WOrd "high" will be used to describe a logical
high voltage state. The word "low" will be used to describe a logical low voltage
state. The particular voltage ranges which may comprise a "high" state and a
“low" state may vary from application to application and do not form a part of the

invention.

In operation the cache reload buffer (not shown) drives the data input,



output 30 is low, the supply voltage Vdd is applied-through the second
charging -transistor 54 to the second bit linée 18 whereas the first bit
line 16 is pulled down to ground through the first drawdown transistor 52.
In each case, the sane |ogical output signal (either a high signal at

. output 30 or 32) operates both to apply the supply voltage Vdd to a desired
. bit line, and pull the opposite bit [ine down to 13 ground. The net hod

- of witing data to the bit lines 16 and b8 according to the invention

- includes producing a first data output signal either high or low at the

. first output 30 and producing a conpl ement second data output signal either
\ high or low at the second output 32. The nethod al so includes forcing a

' desired charge state on the first bit line 16 and a conpl enent charge state
- on the second bit line 18 in response to the data output signals at the

. first and second outputs 30 and 32. A high signal at output 30 and | ow

whiTe the oppBEPYiBRHEBAICABALSARSAERIN Okt uboh 1 Bkt o e

opposite charge state on the bit lines. According to the |nvent|on t he
dat a out put sil§Fair Dibkwill behigh and theathep loy. eA;!wgsbrsﬁlésigaalqt REFILLSpelitates o
the data input

a write mode of operation-and forces one mtermedlate output, either node 102 or
103, low and the other of these two nodes high. A data propagation clock signal,
thatiis, a low signai at node 100 in the hresenoe ofa high refill signal at REFILL,
produces a desired logical state atthe data outputs 30 and 32. The desired logical
state at outputs 3_0 and 82 drives the fri-state buffer 28 to force the desired charge
state on the bit lines 16 and 18. A high sign‘%l at output 30 turns "on" the first
charging transistor 50 and the second drawdown transistor 56. At the same time
the second output 32 remains low and the thus, the seconq charging transistor 54
and first drawdown transistor 52 remain "off". In this state, the supply voltage V
fs applied to the first bit line 16 and the second bitline 18 is pulled down to ground.
In the opposite logical condition in which the second output 32 is high and th§ first
output 30 is low, the supply voltége V4, is applied through fhe second charging
; transistor 54 to the second bit line 18 whereas the first bit line 16.is pulled down to
ground through the first drawdown fransistor 52. In each case, the same Idgical
output signal (either a high signal at output 30 or 32) operates both to apply the

supply voltage V4 to a desired bit line, and pull the opposite bit line down to



DIN, "the refill input REFILL, and the data propagation clock signal which
conprises a low state at node 100. Thus, data may be witten to the bit
lines 16 and 18 only in the presence of the data propagation clock signal
derived fromsystemclocks Cl and C2_Early. The precharge circuit 12

I ncludes a first precharge transistor 70, a second precharge transistor 72,
and a charge equalizing transistor 74, each a PMOS device in the
illustrated formof the invention. The i8rst precharge transistor 70 has
14 its source-drain current path connecting the supply voltage Vvdd and the
first bit line 16 whereas the second precharge transistor 72 has its
source-drain current path connecting the supply voltage V[err] to the
second bit line 18. The equalization transistor 74 has'its source-drain
current path connecting the first and second bit lines 16 and 18,
respectively. The gate of each transistor 70, 72, and 74 is connected to a
precharge input at, node 101 to receive a precharge clock signal. The

pr echar ge cld@Pugggnal applied at node 101 is derived fromthe data
propagation clock signal at node 100 and a third cl ock signal C2 through a

precharge clock si fhaimethoghofewritingidata deiithe;bitdines 16rarb 16 racoardipggie: theys.
| invention includes producing a'.ﬁrst data output signal-either high or Ioﬁ at the first

output 30 and producing a cdmplement second data oufput signal either high or

low at the second output 32. .The method also includes forcing a desired charge

state on the first bit line 16 and a complement charge state on the second bit line

18 inresponse to the data gutplu-t signals at the firstand second outputs 30 and 32.

A high signal at output"30 Eand low signal at output 32 results in one charge state

on bitlines 16 and 18 while the ophosite conditions at the outputs 30 and 32 result

in the opposite chérge_ state on the bit lines. According to the invention, the data

output signals at outputs 30 and 32 are produced only in response to the data input

DIN, the refill input REFILL, and the data propagation clock signal which

cpmprises a low state at node 100. Thus, data may be written to the bit lines 16

and 18 only in the presence of the data propagation clock signal dérived from

'systerh clocks C1 and C2_Early.
The precharge circuit 12 includes a first prechérge transistor 70, a second
precharge transistor 72, and a charge equalizing transistor 74, each a PMOS

device in the illustrated form of the invention. The first precharge transistor 70 has



Clock signal C2 is inverted at inverter 76 and the inverted signal applied
as an input to NAND gate 78. The data propagation clock signal is applied
as the second input to NAND gate 78. In operation, a | ow output at node 101
represents a precharge clock signal which turns "on" the three PMOS devices
70, 72, and 74. \Wen the three PMOS devices 70, 72, and 74 are "on", both
bit lines 16 and 18 are equalized to the sane precharge |evel, supply
voltage V[err]. Wwen node 101 is high, mo precharge signal is supplied to
the three precharge devices 70, 72, and 74 and all three devices are "off"
and have no effect on the charge state of the bit 15 lines 16 and 18.
The synchroni zati on between the wite driver circuit 10 and precharge
circuit 12 and the nethod of precharging the bit lines 16 and 18 nmay now be
described with reference to Figure 1 and to the timng chart shown in
Figure 2. The first clock input Cl is opposite in phase to the third cl ock
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connecting the supply voltage V4 to the second bit line 18. The equalization
transistor 74 has its source-drain current path connecting the first and second bit
lines 16 and 18, respectively. The gate of each transistor 70, 72, and 74 is

connected to a precharge input at node 101 to receive a precharge clock signal.

. The precharge clock signal applied at node 101 is derived from the data
propagation clock signal at node 100 and a. third clock signal C2 through a
precharge clock éignal arrangement including inverter 76 and NAND gate 78.
Clock signal G2 is inverted at inverter 76 and the inverted signal applied as an
input to NAND gate ?8. The data propagation clock signal is‘applied as the
second input to NAND-gate 78. In 6peraﬁon, alow output at node 101 represents
a precharge clock signal which tum;s "on" the three PMOS devices 70, 72, and 74.

When the three PMOS devices 70, 72, and 74 are "on", both bit lines 16 and 18
are equalized to the same preqharge level, supply voltage V.. When node 101
is high, no precharge signal is supplied to the three prechargé devices 70, 72, and

74 and all three devices are "off" and have no effect on the charge state of the bit



Early is |low and this condition produces a data propagation clock signal at
nede 100.- The circuit 8 goes into a data propagation node in response to

the data propagation clock signal. In the data propagation node, data is
-witten to or read froma selected nenory cell 20 dependi ng upon the state
~of the refill input REFILL. Wien the REFILL input signal is high, the

circuit 8 isin a wite node, whereas when the REFILL input signal is |ow

. the circuit 8 is in a read node. Wien thescircuit 8 is in the wite node,

- the high going Cl signal causes either output 30 or output 32 to go high

. mai ntaining one of the bit lines 16 or 18 at Vdd and pulling the other bit
. line to ground. However, when the second clock signal C2 Early goes high at
. the end of the Cl clock signal, the circuit 8 goes into a 16 precharge

: node. In the precharge node the transistors 50,52,54, and 56 of the
~tri-state buffer 28 are all turned "off", and node 101, the precharge
~input, is forced l.ow r esenting a precharge clock signal. In response to
“this prechargj'nﬁﬁd%l@%‘fgéal, that is, low state at node 101, the precharge
. PMOS devices 70,72, and 74 are all turned "on" and both bit lines 16 and 18
~are precharged to tThe synchronizationdsetwieenrthe write driver circuit 10 and precharge

circuit 12 and the method of precharging the bit lines 16 and 18 may now be
described with reference to Figure 1 and to the timing chart shown in Figure 2.
The first clock input C1 is opposite in phése to the third clock input C2, whereas
the second clock input C2 Early is wéll out of phase with signal C1, going high
slightly earlier than clock signél C2. For example, C2 Early may go high on the
order of 500 picosecorias before C2. When clock signal C1 goes high, signal C2
Early is low and this condition produces a data propagation clock signal at node
100. The circuit 8. goes into a data propagation mode in response to the data
propagation clock signal. In the data propagation mode, data is written to or read
from a selected memory cell 20 -depending upon the state of the refill input
REFILL. When the REFILL input signal is high, the circuit 8 is in a write mode, -
whereas when the REFILL i.nput signal is low the circuit 8 is in a read mode.
.-When the circuit 8 is in the write mode, the high going C1 signal causes either
output 30 or output 32 to go high maintaining one of the bit lines 16 or 18 at Vg
and pulling the other bit line to ground. However, when the second clock signél Cc2

Early goes high at the end of the C1 clock signal, the circuit 8 goes into a



When the third clock signal C2 goes high, the precharge clock signal is
renoved and node 101 is forced high to turn "off" each of the precharge
devices 70, 72, and 74. The wite driver transistors 50, 52, 54, and 56 are
al so necessarily "off' since Cl i's nowlow At this point, the circuit 8 is
in an eval uation node in which a word line 80 nay be selected to select a
~particular nmenory cell 20 in the colum. The hi gh going edge of clock '
signal Cl produces a data propagation claek signal placing the circuit 8
once again in the data propagati on node, either a read node or a wite nobde
dependi ng upon the state of the refill signal REFILL. The keeper circuit
shown at 14 in Figure 1 cones into ptay when data is read fromthe nenory
cells 20. The keeper circuit 14 includes a first keeper transistor 86 and a
second keeper transistor 88, both PMOS devices in the 17 illustrated
formof the invention. The first keeper transistor 86 has its source-drain

e cas P ocBRATH AR BAPHOXBRIPHOM L ntnn o0 2 S o f
Eggggft It Pgnts ng@gt%g%ﬁégrl ééagt% Qf tgxrrgeod 'or#?‘ nd | noude Rﬁt the precﬂ‘\grgemgulg A f%rced
low representing a precharge clock signal. In response to this precharge clock
signal, that is, low state at node 101, the prechafge PMOS devices 70, 72, and 74
are all tumed "on" and both bit lines 16 and 18 are precharged to the supply

vﬁﬂage\ﬂw.
When the third clock sighal C2 goes high, the_ precharge clock signal is
removed and node 101 isi forced high totum "off" each of the precharge devices
70,72, and 74. The write driver transistors 50, 52, 54, and 56 are also necessarily
"off" since C:I is n6w low. At'this poiﬁt, the circuit 8 is in an evaluation mode in
which a word line 80 may be selected to select a particular memory,ceI-I 20 inthe
column. The high going edge of clock signal C1 produces a data propagation
clock signal placing the circuit 8 once again in the data propagation mode, either
a read mode or a write mode depending upon the state of the refill signal

. REFILL.

The keeper circuit shown at 14 in Figure 1 comes into play when data is

read from the memory cells 20. The keeper circuit 14 includes a first keeper

transistor 86 and a second keeper transistor 88, both PMOS devices in the



connected to the second bit line 18, and the gate of keeper transistor 88
I.s connected to the first bit line 16. In the read operation, one of the
bit lines nmust be maintained in a hi'lgh state through a small transistor
(not shown) in one of the menory cells 20. It is difficult for the smal
menory cell transistor to sustain the high bit line level in a long read
operation considering the junction capacitance of the transfer gates in the
menory cells and the capacitance of theirt line itself. However, with the
keeper circuit 14, the low side bit line turns on the keeper transistor
associated with the opposite bit |line and maintains that opposite bit line
at the supply voltage level in the long cycle to conpensate for the bit

i ne | eakage. For exanple, a logic state read fromone of the nenory cells
20 may require that first bit line 16 be -held high while the second bit
line 18 is allowed to go low. In this case, as bit line 18 drifts low, the

he. & ansi ot olussated forlof te inyebifys THE tiss keGHG TERlpST e g @btiro crai’ e
drai n-source current path. Wen transistor 86 goes "on", the supply voltage
vdd is appl i edutrent pathféonmecting the sepplg voltagenVuste the ficstbitdingi 46 whateas the
second keeper transistor 88 has its source-drain current path connecting the
supply voltage V,4 to the second bit line 18. The gate of keeper transistor 86 is
connected to the second bit line 18, and the gate of keeper transistor 88 is
connected to the first bit line 16.
In the read operation, one of the bit lines mustbe maintained in a high state
through é small transistor (not shown) in one of the memory cells 20. Itis difficult
for the small memo-ry cell transistor to sustain the high bit line level in a long read
operation consideﬁng the junction capacitance of the transfer gates inthe memory
cells and the capaci’mn_ce' of the bit line itself. However, with the keeper circuit 14,
the low side bit line turns on the keeper transistor associated with the opposite bit
line and maintains that opposite bit line at the éupply voltage level in the long cycle
to compensate for the bit line leakage.
For example, a logic state read from one of the memory cells 20 may
require that first bit line 16 be held high while the second bit line 18 is allowed to

go low. In this case, as bit line 18 drifts low, the voltage signal at the gate of first

keeper transistor 86 goes low and turns the transistor "on", that is, becomes



remains at the desired high | ogical charge state throughout the read
operation. The keeper circuit 14 also assists in producing the desired
charge state on the bit lines 16 and 18 in the event that data is late at
the data input DIN. When data is late at DIN and the cl ock signal Cl goes
hi gh, an incorrect charge state may be produced on the bit lines 16 and 18.
This incorrect charge state nust be corrected when the desired data arrives
at DIN. Wien the desired data does arriwg at DIN during the data
propagation clock signal, the desired outputs at 30 and 32 cause the
tri-state buffer to change the charge state on the bit lines 16 and 18 to
the charge state representing the desired data. The | ow going signal on one
bit line to reach the desired charge state turns on the keeper transistor
associated with the opposite bit line, which pulls the opposite bit line
all the way to V[err]. The above described preferred enbodi nents are

the Scope of EARHGRTE G Ne draRgtuce Ayt Ralls Bk Bonmtdh 8 Hocktons Be
these preferred enbodi ments nay be made by those skilled in the art w.thout
departing frosupply waitage V¥, israppligd toshefirst bitiine t%ﬁomﬁm thatgheitiime t he
illustrated tri-state buffer arrangenent is preferred,
remains at the desired high logical charge state throughout the rea(_i opemﬂop.
The keeper circuit 14 also assists in producing the desired eharge state on
the bit lines 16 and 18. in the event that data is late at the data input DIN. When
data is late at DIN and the clock signal C1 goes high, an incorrect charge state
may be produced on the bit lines 16 and 18. This incorrect charge state must be
corrected when the desired date arrives at DIN. When the desired data does
arrive at DIN during the data propagation clock signal, the desired outputs at 30
and 32 cause the tri-state buffer to change the charge state on the bft lines 16 and
18 to the charge state representing the desired data. The low going signal on one
bit line to reach the desired charge state turns on the keeper transistor associated
with the opposite bit line, which pulls the opposite bit line all the Way to V.
The above described preferred embodiments are intended to illustrate the
__.' principles of the invention, but not to limit the scope of the invention. Various other
embodiments and modifications to these preferred embodiments may be made

by those skilled in the art without departing from the scope of the following claims.

For example, although the illustrated t_ri-State buffer arrangement is preferred,



ot her+ buffer arrangenents may be enployed within the scope of the
invention. Al so, other |logic arrangenents may be enployed in the wite
driver logic circuit and to produce the desired clock signals fromthe
system cl ocks. 20 CLAIMS 1. A wite driver apparatus for an electronic
conputer menory having a bit line pair for transferring data to and froma
plurality of nmenory cells associated with the nenory, the wite driver
apparatus conprising: (a) a data input fl8 receiving data signals; (b) a

refill input for receiving refill signals; (c) a data propagation clock
i nput for receiving data propagation clock signals; (d) a wite driver
l ogic circuit connected to the data input, the refill input, and the data

propagation clock input and having a first data output and a second data
output, the.write driver logic circuit for producing a first data output
signal at the first data output and a second data output signal at the

second data Og%h%l#tbulf%r ra?rsa%%g%eegtg n?aw? %teaen%bg%ld’wﬁhiﬁ %I];é Isl:ope of the invention.
Also, other logic arrangements may be employed in the write driver logic circuit

and to produce the desired clock signals from the system clocks.



signal, and a data propagation clock input; and (e) a tri-state buffer
-connected to the first data output, the second data output, and to the bit
line pair, the tri-state buffer for producing a desired charge state on the
bit line pair in response to the first output 21 signal andthe—secoen
output signal. 2. The apparatus of Claim1 wherein the [

clock input is derived froma first clock signal and a,mﬂnr"ﬂﬂgiﬂa@jﬂimkal ,
t he second cl ock si-gnal being out of phase with the first elo [ ey a
data propagation period. 3. The apparatus of Claim1l wherein the tri-state
buffer conprises: (a) a first charging 2Qans[stor having its drain-source
current path connecting a supply voltage source and a first bit line of the
bit line pair, and having its gate connected to the first data output of
the wite driver logic circuit; (b) a first drawdown transistor having its
drai n-source current path connectinggﬂgg%ﬁ§rst bit line and ground and
having its gate connected to the secon ata output of the wite driver
logic circuit;

1. A write driver apparatus for an electronic computer memory having a bit line
pair for transferring data to and from a plurality of memory cells associated
with the memory, the write driver apparatus complising:_ .

(a) a data input for receiving data signals;

(b) a refill input for receiving refill signals;

(c) a data propagation clock input for receiving data propagaﬁon clock
signals;

(d) a write drivef logic circuit coﬁnected to the data input, the refill input,
and the da_ta propagation clo-ck input and having a first data output and

a second data output, the write driver logic cirbuit for .producing a first

data output signal at the ﬁrst data oufput ahd a second Aata output

signal at the second data output in response to a data signal;_a refill

_s_ignal, and a data propagation clock input; and

(e) a tri-state buffer connectéd to the first data output, the second data
output, and to the bit line pair, the tri-state buffer for producing a

desired charge state on the bit line pair in response to the first output



(c) "a second charging transistor having its drain-source current path
.connecting the supply voltage source and a second bit line of the bit 22
line pair, and having its gate connected to the first data output of the
wite driver logic circuit; and (d) a second dramdomn ran

drai n-source current path connectlng the second bit and
having its gate connected to the first data output of t Mﬂ ﬁn’lm
logic circuit. 4. The wite driver appardius of Claiml er

driver logic circuit conprises: (a) an internmediate logic circuit connected
to the data input and refill input, and having_ a first internediiate output
node and a second internedi ate out put node, the internediate logic circuit
for producing a first intermedi ate data output signal at the first

i nt ermedi ate out put node and a second internedi ate data output signal at

the second internedi ate output node in response to the data signal and the -

refill si gnghnaiil the second output signal.

2. The apparatus of Claim 1 wherein the data propagation clock input is derived
from a first clock signal and a second clock signal, the second clock signal

being out of phase with the first clock signal by a data propagation period.

3. The apparatus of Claim 1 wherein the fri-state buffer comprises:

(a) a first charging transistor naving its drain-sonrce current path
connecting a supply voltage source and a first bit line'of the bit fine
pair, and having its gate connected to the first data output of the write |
driver logic circuit;

(b) a first drawdown transistor havfng its drain-source current path
connecting _the first bit line and ground and having its gate connected
tc -the second data output of the write driver logic circuit;

(c) a second charging transistor having its drain-source current path

connecting the supply voltage source and a second bit line of the bit



(b) ‘an output logic circuit connected to the first and second internediate
,out put nodes and to the data propagation clock input, the output |ogic

circuit for producing the first data output signal amdt—the-second data

- 23 output signal in response to the first and second um nedi at e dat a

- signals and the data propagation clock signal. 5. The mqum,wlg"r m 1
] ' :

+ further conprising: (a) precharge clock signal neans _
. precharge clock signal, the precharge cl @k signal being related to the

* data propagation clock signal; and (b) a precharge circuit for applying a

. precharge to the first bit line in response to each precharge cl ock signal.
+ 6. The apparatus of Caimb5 wherein: (a) the data propagation cl ock signal

tis derived froma first clock signal and a second cl ock signal, the second
. clock signal being out of phase with the first clock signal by a data

. propagation period; and (b) the precharge clock signal is derived fromthe
~ data propaggaé paR, §hd@P4ving its gate connected to the first data output of the

write driver logic circuit; and

(d) a second drawdown transistor having its drain-source current path

connecting the second bit line and ground and having its gate connected

to the first data output of the write driver logic circuit.

4. The write driver apparatus of Claim 1 wﬁgrein thé write driver logic .circuit
.comprises - | |
(a) an intermediate logic circuit connected fo the data input.and refill
input, and having a first intermediate output node and a second
intermediate output node, the intermediate logic circuit for producing

a first intermediate data output signal af the first intermediate output

node and a second intermed.iéte- data output signal at the second
intermediate output node in response to the data signal and the refill
signal; and

(b)'én output logic circuit connected to the first and second intermediate
output nodes and to the data propagation clock input, the output logic

circuit for producing the first data output signal and the second data



si gnal and
signal .

keeper transistor

a third clock signal which has opposite phase to

the first clock

24 7. The apparatus of Caim5 further conprising: (a) a first

having its source-drain current path connecting the

supply voltage source and a first bit line of the bit line pair, and having
its gate connected to the second bit line of the bit line pair;. and (b) a

second keeper transistor having its source-drain curren u
t he supply voltage source and the second 43t |ine, and Hmmmll NWMI m
connected to the first bit line. 8. The apparatus of Cai*fm 4 flurther

conpri si ng:

(a) a first keeper transistor having its source-

pat h .connecting the supply voltage source and a first bit |

line pair,
i ne pair;

and havi ng

and having its gate connected to the second bit

drain current
ine of the bit
line of the bit

and (b) a second keeper transistor having its source-drain
current path connecting the supply voltage source and the second bit line,

t bit

' u’cpufJ alﬁr?alclr? ?ggﬁ:gn%% tto%te r%Ers’c anaS second mtermedlate data

signals and the data propagation clock signal.

5. The apparatus of Claim 1 further comprising:

(a) precharge clock signal means 'for producing a precharge clock

signal,

the precharge clock signal being related to the data propagation clock

signal; and

(b) a precharge circuit for ,apblying a 'brecharge to the first bit line in

response to each precharge clock signal.

6. The apparatus of Claim 5 wherein:

(a) the data propagation clock signal is derived from a first clock signal

and a second clock signal, the second clock signal being out of phase

with the first clock signal by a data propagation period; and

(b).the precharge clock signal is derived from the data propagation clock

signal and a third clock signa'l which has opposite phase to the first

_ clock signal.



9. Anmethod for witing data to an electronic conputer nenory having a bit
line pair for transferring data to and froma plurality of nmenory cells,

t he net hod 25 conprising the steps of: (a) producing a first data output
signal at a first data output and a second data output signal at a second
data output in response to a data input signal, a ref| at a
propagation clock signal, the first and second data ou Emmﬂﬂm‘mﬂﬂ“ ‘her
representing a | ogical data state to be applied to the I'i ne wars; *and
(b) producing a desired charge state on the bit line pair in response to
the first and second data output signals. 10. The nmethod of 9 further
conprising: (a) deriving the data propagation clock signal froma first

cl ock signal and a second clock signal, the second cl ock signal being out
of phase with the first clock signal by a data propagation period. 11. The
met hod of Caim9 wherein the step of producing the first and second data

output si gy §hEYUBYArSRS of Claim 5 further comprising:

(a) a first keeper transistor having its sourcé-drain current path connecting
the supply voltage source and a first bit line of the bit line pair, and

having its gate connected to the second bit line of the bit line pair; and

(b) a second keeper fransistor having its source-drain current path
connecting the supply voltage souice and the second bit line, and

having its gate connected to the first bit line.

8. The apparatus of Claim 1 further comprising:

(a) a first keeper transistor haﬂﬁg its source-drain current path connecting
the éupply vpltage source and a first bit line of the bit line pair, and

having its gate connected t_o the second bit line of the bit line pair; and

(b) a second keeper transistor having its source-drain current path
connecting the supply voltage source and the seconld bit fine, and

having its gate connected to the first bit line.

9. A method for writing data to an electronic computer memory having a bit line

pair for transferring data to and from a plurality of memory cells, the method



(a) ‘producing a first internediate data signal at a first internedi ate node
.and a second internediate data signal at a second internediate node in
response to the data signal and the refill signal; and (b) producing the

first and second data outputs in response to the first a-'rﬁ\seeand\rhe\
internedi ate data signals and the data propagation clock signal . .
nmethod of A aim9 further conprising the steps of: (a) pr?

. 12
precharge cl ock signal, the precharge cl @k signal being M’m”l”w,”/
the data propagation clock signal by an interval in each system'l| dcks " s

cycle; and (b) applying a precharge to the first bit Iine and the second
bit tine in response to the precharge clock Signal in each system clock
cycle. 13. The nmethod of Claim 12 further conprising: (a) deriving the data
propagation clock signal froma first clock signal and, a second cl ock
signal, the second clock signal being out of phase with the first clock

si gnal by %oﬁﬂ;&gg{%a&ggégg period; and (b) deriving the precharge clock
e a pro \

signal from agation clock signal and a third clock signal

whi ch has opposite, phase to the first
(g)pproducin% a first data output signal at a first data output and a second

data output signal at a second data output in response to a data input
signal, a refill signal, and a data propagation clock signal, the first and
second data output signals togethef representing a logical data statg to
be applied to the bit line pair; and |

(b) producing ~a“des'ired charge state on the bit line pai_f in response to the

first and second data output signals.”

~ 10. The method of 9 further comprising:
(a) deriving the data propagation clock signal from a first clock signal and
a second clock signal, the second clock signal being out of phase with

the first clock signal by a data propagat_ibn period.

11. The method of Claim 9 wherein the step of producing the first and second
da;ta output signals comprises:
(a) producing a first intermediate data signal at a first intermediate node

and a second intermediate data signal at a second intermediate node in



cl o¢ck signal. 27 14. The method of Caim 12 further conprising the steps
_of: (a) applying the supply voltage to the first bit line in response to a
reduced voltage signal on a second bit line; and (b) applying the supply
voltage to the second bit line in response to a reduced '

the first bit line. 15. The nethod of Caim9 further co LS
of: (a) applying the supply voltage to the first bit Iing[)mmgat“ m%m
reduced vol tage signal on a second bit |ine26and (b) appl ¢ *

voltage to the second bit line in response to a reduced vol tage signal on
the first bit line. 16. An apparatus for precharging a bit |ine associated
with an el ectronconputer nenory,  the apparatus conprising: (a) a wite B
driver circuit for producing a desired charge state on a first bit line in
response to a data input signal, a refill signal, and a data propagation
clock signal, the charge state on the first bit line

response to the data signal and the refill signal; and
(b) producing the first and second data outputs in response to the first and

second intermediate data signals and the data propagation clock signal.

12. The method of Claim 9 furthér comprising the steps of:
(a) producing a precharge clock signal, the precharge clock signal being
fimed to précede the qéta propagation clock signal 'by an interval in
~ each system clock cyf:le; and
(b) applying a precharge to the first bit line and the second bit line in

response fo the precharge-clock signal in each system clock cycle.

13. The method of Claim 12 further comprising:

(a) deriving the data propagation cl.ock signal from a first clock signal and
a second clock signal, the second clock signal being out of phase w1th
the first clock signal by a data propagation period; and

(5) dériving the precharge clock signal from the data propagation clock
signal and a third clock signal which has opposite phase to the first

clock signal.



representing desired dat a; 28 (b) precharge clock signal neans for
producing a precharge clock signal, the precharge clo

W
related to the data propagation cl ock signal; and (c) a pre
for applying a precharge to the first bit Iine in resp c‘mm m“m\
precharge clock signal. 17. The apparatus of C aim 16 psechar ge
circuit includes: (a) a first precharge transi stor having |ts source-drain
current path connectiing the first bit lir to a supply voltage source and
having its gate connected to receive the precharge clock signal. 18. The
apparatus of Claim 16 wherein: (a) the wite driver circuit is also for
produci ng a conpl enent charge state on a second bit line concurrently with
produci ng the desired charge state on the first bit line; and (b) the
precharge circuit is also for applying the precharge to the second bit |ine
I n response to each precharge cl ock signal

14. The method of Claim 12 further comprising the steps of:

(a) applying the supply voltage to the first bit line in response to a
reduced voltage signal on a second bit line; and |

(b) applying the supply voltage to the second bit line in response to é

reduced voltage signal on the first bit line.

15. The method of Claim 9 further comprising the steps of: .

(a) applying the supply voltage to the first bit line in response to a
reduced voltage signal on a second bit line; and

(b) applying the supply voltage t§ the second bit line in response to a

reduced voltage signal on the first bit line.

16. An apparatus for precharging a bit line associatéd with an electroniomputer
memory, the apparatus comprising:

(a) a write driver circuit for producing a desired charge state on a first bit

Iiné in response to a data input signal, a refill signal, and a data

propagation clock signal, the charge state on the first bit line

representing desired data;



29.19. The apparatus of Cl aim 18 wherein the precharge circuit includes:
(a) a first precharge transistor having its source-drain current path

" connecting the first bit line to a supply vol tage Q?ELEQ_QQQJEQAJMLLLS
gate connected to receive the precharge clock signal; and (b) a second
precharge transistor having its source-drain current ﬂ“lmﬂ -he
second bit line to the supply vol tage source, and hax”‘“lll“ﬂﬁmﬁ nect ed
to receive the precharge clock signal. 20._.The apparattus cof *Cl &i il 19
further conprising: (a) an equalizing tranSirstor having its source-drain .
current path connecting the first bit line and the second bit |ine, and
having 4ts gate connected to receive the precharge clock signal. 21. The
apparatus of Claim 16 further wherein: (a) the data propagation cl ock
signal is derived froma first clock signal and a second cl ock signal, the

second cl ock signal being out of phase with the first clock signal by a

dat a propagation period; and_ (b) the precharge clock signal is, derived from
the data progbypiechargs sloek signal means for producing a precharge clock signal,

the precharge clock signal being related to the data propagation clock
signal; and
(¢) a precharge circuit for applying a precharge to the first bit line in

response to each precharge clock signal.

17. The apparatus of Claim 16 wherein the precharge circuit includes:
" (a) a first precharge transistor having'its source-drain current path
connecting the first bit line to a supply voltage source and having its

gate connected to receive the precharge clock signal.

18. The apparatus of Claim 16 wherein:

(a) the write driver cifcuit is also for producing a complement charge state
onh a second bit line concurrently with producing the desired charge

state on the first bit line; and

(b) the precharge circuit is also for applying the precharge to the second

bit line in response to each precharge clock signal.



30 signal and a third clock signal which has opposite phase to the first
_clock signal. 22. A nethod for precharging a bit line aSSOCIated with an
el ectroni c conputer nenory, the nmethod conprising the steps—ef-—(a)

produci ng a data propagation clock signal and a prec ock si gnal
every cycle of a systemclock cycle, the precharge ¢ Mﬁmg l’lﬁum t| med
to precede the data propagation clock signal in each sy | e

(b) applying a precharge to a first bit Joine in response to t re*charge
clock signal in each systemclock cycle; and (c) producing a desired charge
state on the first bit line in response to the data propagation signal, a
data input sigmal, and a refill signal. 23. The nethod of C aim 22 wherein
the step of applying the precharge to the first bit line conprises: (a)
appl ying the precharge clock signal to switch on a transistor having its
source-drain current path connecting the first bit Iine to a supply

19. The apparatus of Claim 18 wherein the precharge circuit includes:
(a) a first precharge transistor having its source-drain current path
connecting the first bit line to a supply voltage -source and having its
gate connected to receive the precharge clock signal; and

(b) a second precharge transistor having its soufce-drain current path
connecting the second bit line to the supply voltage source, and having

its gate connected to receive the precharge clock signal.

- 20. The apparatus of Claim 19 further comprising:
(a) an equalizing transistor having its source-drain current path connecting
the first bit line and the second bit line, and having its gate connected

to receive the precharge clock signal.

21. The apparatus of Claim 16 further wherein:

(a) ,the. data.propagation clock signal is derived from a first clock signal
an.c'i a second clock signal, the second clock signal being out of phase
with the ﬁré.t clock. signal by a data propagation period; and

(b) the precharge clock signal is derived from the data propagation clock



31 vol tage source. 24. The nethod of claim 23 further conprising: (a)
applying the precharge to a second bit line in response to the precharge
‘clock signal in each systemclock cycle; and (b) producing a conpl enent
charge state on the second bit line in response to the data propagation
signal, the data input signal, and the refill signal. 25, f
Claim24 wherein the step of applying the precharge to 3“”"3"”1"”“"““"]9
conprises: (a) applying the precharge clqck signal to swi*tclk oRh an s '«
transi stor having its source-drain current path connecting the second bit
line to the supply voltage source. 26. The method of C aim 22 further

conprising the steps of: (a) deriving the data propagation clock signal
froma first clock signal and

signal and a third clock signal which has opposite phase to the first

clock signal.

- 22. A method for precharging a bit line associated with an electronic computer .
memdry, the method comprising the steps of:
(a) producing a dafa propagation clock signal and a precharge clock signal
every cycle of a system clock cycle, the precharge clock signal being
timed to precede the data propagation clock signal in each system clo<_:k
cycle; |
(b) applying a precharge to a firsf bit line in response to the precharge
clock signal in each sjstem clock cyclef and

(c) producing a desired charge state oﬁ the first bit line in response to the

data propagation signal, a data input signal, and a refill signal.

23. The method of Claim 22 wherein the step of applying the precha_'rge to the
first bit line comprises:
(a) applying the precharge clock signal to switch on a transistor having its

source-drain current path connecting the first bit line to a supply



a second clock signal, the second clock si.gnal being out of phase wth the
first clock signal by a data propagation period; and (b) deriving the

" precharge clock signal fromthe data propagation clock signal and a third
cl ock signal which has opposite phase to the first clock signal. 27. An
apparatus for maintaining a desired charge on a bit line [err] with an

el ectronic conputer nenory during a read operation fromthe conputer
menory, the apparatus conprising: (a) a 31rst keeper transistor havi its
source-drain current path connecting a supply voltage™source and a first

bi't line of the bit line pair, and having its gate con lmmlﬁugnd
bit line of the bit line pair; and (b) a second keeper-r‘m “ﬁm 0L L)f
its source-drain current path connecting the supply voltaget sdur ®e &nd"the
second bit line, and having its gate connected to the first bit line. 28. A

met hod for maintaining a desired charge on a bit line pair associated with

an el ectronic conputer nenory during a read operation fromthe conputer
voltage source.

24. The method of claim 23 further comprising:

(a) applying the precharge to a second bit line in reéponse to the
precharge clock signal in each system clock cycle; and

(b) producing a complement charge state on the second bit line in
response fo the data propagation signal, the data input signal, and the

refill signal.

25. The method of Claim 24 whérein the step of applying the precharge to the
second bit line comprises: |

(a) applying the precharge clock signal to switch on a transistor having its
source-drain current path connecting the second bit line to the supply

voltage source.

26. The method of Claim 22 further comprising the steps of:

(a) deriving the data propagation clock signal from a first clock signal and



33 nenory, the nethod conprising the steps of: (a) applying a supply
voltage to a first bit line of the bit line pair in response to a reduced
vol tage signal on a second bit line of the bit Iine pair. 29. The nethod of

claim 28 wherein: (a) the step of applying the suppl WSt
bit line conprises applying the voltage fromthe sec 't line to the

duppl y vol tage source and the first bit lsme. ﬁmﬂmm\\lwm
* € _

a second clock signal, the second clock signal being out of phase with
the first clock signal by a data propagation period; and

(b) deriving the precharge clock signal from the data propagation clock
signal and a third clock signal which has oppbsite phase to the first

clock signal.

27. An apparatus for maintaining a desired charge on a bit Iineqm_incié_ted
withran electronic computer n%e.;nory-‘during a read operation from the!_
computer memory, the apparafus comprising:
(a) a first keeper transistor haWﬁg its source-drain current path connecting
a supply voltage source and a first bit line of the bit line pair, and

: having its gate connected to the sedond bit line of the bit line pair; and
(b) a second keeper transistor having its source-drain current path

connecting the supply voltage source and the second bit line, and

having its gate connected to the first bit line.

28. A method for maintaining a desired charge on a bit line pair associated

with an electronic computer memory during a read operation from the computer



s

memory, the method comprising the steps of:
(a) applying a supply voltage to a first bit line of the bit line pair in
response to a reduced voltage signal on a second bit line of the bit line

~ pair.

29. The method of claim 28 wherein:

(a) the step of applying the supbly voltage to the first bit Iiné comprises
applying the voltage from the second bit line t:o the gate of a tralnsistor
having its source-drain current path connecting a supply voltage source

and the first bit line.



