
1 WRITE DRIVER AND BIT LINE PRECHARGE APPARATUS AND METHOD TECHNICAL FIELD
This invention relates to electronic computer memory and particularly to
cache memory. The invention includesawrite driver and precharge circuit, as
well as a method for precharging a bit line pair and writing to an
electronic computer memory. BACKGROUND OF THE INVENTION The memory
available to a microprocessorcommonlyincludes special 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    one
bit of data. A number of memory cells are arranged in a column connected by
two conductors referred to as a bit line pair. The memory includes a number
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 voltage signal in a "high" range
on the opposite bit line 



represents the opposite logical state. The memory cells are connected in
rows by word lines which are used to activate a particular memory cell in a
column and allow data, that is, one logical state or the other, to be
written to or transferred from the particular 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    3 operation. 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 instructions will be stored or written into cache.
The 



precharge circuit must also operate properly to ensure that the intended
data is read during a read operation from cache. Without 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 memory. Another problem arises during a read operation from the memory
cells along the bit line pair. In a read operation, the logical 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    4 overcomes the
above-described problems and others associated with prior write driver
circuits. More particularly, it is an object of the invention to provide an
apparatus and method which helps facilitate correct read and write
operations in 



an electronic computer memory, including cache memory. To accomplish these
objects, the write driver and precharge circuit according to the invention
synchronizes the write and precharge operations with common system clock
signals. The synchronization between the precharge and writing operations
ensures that the bit lines are properly precharged after data is written
and also prevents interference with the desired data. A keeper circuit is
associated with the 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 corresponding
to a second or complement bit line of the bit line pair. The write driver
logic circuit 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    the system clocks and
times when data is written to, or transferred from, the bit line pair and
selected memory cell. The write driver also includes a tri-state buffer 



through which the desired charge is applied to the bit line pair in
response to the state of the data output lines associated with the write
driver logic circuit. Controlling the write driver by a clock signal
derived from the system clock signals provides flexibility in debugging in
the write mode. Since the writing operation is controlled by the system
clocks, slowing the system clock delays the writing operation to make sure
the desired word line is on and the correct data is written to the memory
cell. However, a hard failure is indicated when a write error occurs both
at a regular 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 charge 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
signals 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    clock signal precedes
the data propagation signal. This synchronization between 



the precharge circuit and write driver eliminates 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. Also, the synchronization between the
write driver and the precharge circuit ensures that the precharge does not
interfere or fight with a desired charge state forced from the write
driver. The keeper circuit comprisestwo keepertransistors. One
keepertransistor is connected to control current from the supply voltage
source to one bit line and the other keeper transistor is connected to
control current from the supply voltage source to the other bit line 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 line
causes the keeper transistor associated with the opposite bit line to
conduct and maintain the charge level of the opposite bit line. This keeper
arrangementthusensuresthatthe desired bit line is maintained atthe desired
high charge level throughout a long read operation despite the capacitance
associated with the bit line and 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 with the accompanying drawings.    BRIEF DESCRIPTION OF THE DRAWINGS
FIGURE 1 is an electrical schematic diagram showing a write driver and
precharge circuit embodying the principles of the invention. FIGURE 2 is a
timing chart showing the system clock signals employed by the circuit shown
in FIGURE 1. DESCRIPTION OF THE PREFERRED EMBODIMENTS Referring to Figure
1, a circuit 8 embodying the principles of the invention includes a write
driver circuit 10, a precharge circuit 12, and 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 line 16 and a
complement or second bit line 18. The bit line pair is connected to a
plurality of individual memory 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   



9 the memory cells 20. 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 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 write driver logic circuit 26 receives data from a data
input DIN, a write enable or refill input REFILL, and a data propagation
clock signal at node 100, and operates to provide the desired logic 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 from a
cache reload buffer (not shown). The refill input REFILL dictates a write
mode in one logic state and a read mode in the opposite logic state. The
write driver logic circuit 26 includes two NAND gates 40 and 42 and two NOR
gates 44 and 46. The data input signal 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 



10 and 42 and inverter 48 comprise an intermediate logic arrangement which
provides a certain logic state at the intermediate outputs, nodes 102 and
103, depending 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 forms an input for the other NOR gate 46. The data propagation
clock signal at node 100 provides the other input of both NOR gates 44 and
46. The preferred tri-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 transistor 50 has its
drain-source current path connecting the supply voltage Vdd and the first
bit line 16. A first drawdown transistor 52 has its drain-source current
path connecting the first bit line 16 and ground. A second charging
transistor 54 has its drain-source current path connecting the supply
voltage Vdd 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    transistor 52 are connected to the second output
32 from the write driver logic circuit; 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 and the resulting inverted signal applied as one input of NAND
gate 62. Clock input C1 is applied as the other input of NAND gate 62. The
output of the NAND gate 62 at node 100 remains at a 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 C2_Early low 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 used in 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,    12 applying the desired logical state at DIN. Depending
upon the data, either node 107 or DIN will be high and the other low. A
high refill signal at REFILL facilitates a write mode of operation and
forces one intermediate output, either node 102 or 103, low and the other
of these two nodes high. A data propagation clock signal, that is, a low
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
logical 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 transistor 56. Atthe same time the second output 32 remains low
and the thus, the second charging transistor 54 and first drawdown
transistor 52 remain "off". In this state, the supply voltage Vdd is
applied to the first bit line 16 and the second bit line 18 is pulled down
to ground. In the opposite logical condition in which the second output 32
is high and the first 



output 30 is low, the supply voltage Vdd is applied through the 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 transistor 52.
In each case, the same logical 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 line down to    13 ground. The method
of writing data to the bit lines 16 and 18 according to the invention
includes producing a first data output signal either high or low at the
first output 30 and producing a complement second data output 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 in response to the data output signals at the
first and second outputs 30 and 32. A high signal at output 30 and low
signal at output 32 results in one charge state on bit lines 16 and 18
while the opposite conditions at the outputs 30 and 32 result in the
opposite charge 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
comprises 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
derived from system clocks C1 and C2_Early. The precharge circuit 12
includes a first precharge 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
14 its source-drain current path connecting the supply voltage Vdd 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
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 signal arrangement including inverter 76 and NAND gate 78. 



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 low output at node 101
represents a precharge clock signal which turns "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 precharge level, supply
voltage V[err]. When node 101 is high, no 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 synchronization between the 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 phase to the third clock
input C2, whereas the second clock input C2 Early is well out of phase with
signal C1, going high slightly earlier than clock signal C2. For example,
C2 Early may go high on the order of 500 picoseconds 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 input 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 Vdd and pulling the other bit
line to ground. However, when the second clock signal C2 Early goes high at
the end of the C1 clock signal, the circuit 8 goes into a    16 precharge
mode. In the precharge mode 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 low representing a precharge clock signal. In response to
this precharge clock signal, 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 the supply voltage V[err]. 



When the third clock signal C2 goes high, the precharge clock signal is
removed and node 101 is forced high to turn "off" each of the precharge
devices 70, 72, and 74. The write driver transistors 50, 52, 54, and 56 are
also necessarily "off' since C1 is now low. At this point, the circuit 8 is
in an evaluation mode in which a word line 80 may be selected to select a
particular memory cell 20 in the 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    17 illustrated
form of the invention. The first keeper transistor 86 has its source-drain
current path connecting the supply voltage Vdd to the first bit line 16
whereas the second keeper transistor 88 has its source-drain current path
connecting the supply voltage Vdd 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 must be maintained in a high state through a small transistor
(not shown) in one of the memory cells 20. It is difficult for the small
memory cell transistor to sustain the high bit line level in a long read
operation considering the junction capacitance of the transfer gates in the
memory cells and the capacitance 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 supply 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    18 conductive along the
drain-source current path. When transistor 86 goes "on", the supply voltage
Vdd is applied to the first bit line 16 to ensure that the bit line 



remains at the desired high logical 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 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 data 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 bit 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[err]. 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 tri-state buffer arrangement is preferred,    19 



other buffer arrangements may be employed within the scope 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.    20 CLAIMS 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 comprising: (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 propagation clock signals; (d) a write driver
logic 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 output in response to a data signal,.a refill 



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 and 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 tri-state
buffer comprises: (a) a first charging transistor 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 write driver logic circuit; (b) a first drawdown transistor having its
drain-source current path connecting the first bit line and ground and
having its gate connected to 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    22
line pair, and having 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 wherein the write
driver logic circuit comprises: (a) an intermediate logic circuit connected
to 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 at the first
intermediate output node and a second intermediate data output signal at
the second intermediate output node in response to the data signal and the
refill signal; and 



(b) an 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
23 output signal in response to the first and second intermediate 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 applying a
precharge 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 signal which has opposite phase to the first clock
signal.    24 7. The apparatus of Claim 5 further comprising: (a) a first
keeper transistor 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 current path connecting
the supply voltage source 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 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
current path connecting the supply voltage source and the second bit line,
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    25 comprising 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 refill signal, and a data
propagation clock signal, the first and second data output signals together
representing a logical data state to be applied to the bit line pair; and
(b) producing a desired charge state on the bit line pair 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 propagation period. 11. The
method of Claim 9 wherein the step of producing the first and second data
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
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 further comprising the steps of: (a) producing a
precharge clock signal, the precharge clock signal being timed to precede
the data propagation clock signal by an interval in each system clock
cycle; and (b) applying a precharge to the first bit line and the second
bit line in response to the precharge clock signal in each system clock
cycle. 13. The method of Claim 12 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 propagation period; and (b) deriving the precharge clock
signal from the data propagation clock signal and a third clock signal
which has opposite phase to the first 



clock signal.    27 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 a 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 to the second bit line in response to a reduced voltage signal on
the first bit line. 16. An apparatus for precharging a bit line associated
with an electroncomputer memory, the apparatus comprising: (a) a write
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 



representing desired data;    28 (b) precharge clock signal means for
producing a precharge clock signal, the precharge clock signal being
related to the data propagation clock signal; and (c) 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 circuit is also for
producing a complement charge state on 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. 



29 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 source-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 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 



30 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 memory, the method comprising the steps of: (a)
producing a data 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 clock cycle;
(b) applying a precharge to a first bit line in response to the precharge
clock signal in each system clock cycle; and (c) producing a desired charge
state on 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 precharge 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 



31 voltage source. 24. The method of claim 23 further comprising: (a)
applying the precharge to a second bit line in response to the precharge
clock signal in each system clock cycle; and (b) producing a complement
charge state on the second bit line in response to the data propagation
signal, the data input signal, and the refill signal. 25. The method of
Claim 24 wherein 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   



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 opposite phase to the first clock signal. 27. An
apparatus for maintaining a desired charge on a bit line [err] with an
electronic computer memory during a read operation from the computer
memory, the apparatus comprising: (a) a first keeper transistor having 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 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
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    



33 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 supply voltage to the first
bit line comprises applying the voltage from the second bit line to the
gate of a transistor having its source-drain current path connecting a
supply voltage source and the first bit line.    




