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(57) ABSTRACT 

A method and apparatus for improving time betWeen roW 
address latching and column address latching (tRCD) by 
alloWing the pull-up of the IO lines during a READ burst to 
end upon the ?ring of a column access signal rather than 
Waiting for the next clock signal of the READ operation. A 
latch is set during the active command in order to set a node 
voltage Which alloWs the IO pull-up signal to end upon the 
?ring of the column access signal. The invention alloWs 
improvement in tRCD parameter, and alloWs digit line pairs 
to separate Without unwanted line sharing With the IO lines 
prior to reading of the ?rst bit of a data burst. The result is 
a more accurate and error-free read of a ?rst bit of data 
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TRCD MARGIN 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to memory 
devices, such as DRAMs. More particularly, the present 
invention relates to improving the parameter measured from 
an active command to the READ/W RITE command (tRCD) 
in a DRAM. 

[0002] Dynamically refreshable random access memory 
(DRAM) is currently highly utiliZed for providing rapid data 
storage and retrieval in computeriZed equipment at a rea 
sonable cost. DRAM technology is evolving rapidly. One 
emergence in the DRAM ?eld is the use of synchronous 
operation of the DRAM control circuitry. Integrated circuit 
memory devices such as synchronous dynamic random 
access memory devices (SDRAMs) have thousands of 
memory cells. Each memory cell is capable of storing data 
in the form of an electric charge. In order to read the data in 
a particular memory cell, the memory cell is selectively 
coupled to a sense circuit via a communication line, com 
monly referred to as a digit line. Typically, the sense circuit 
is connected to a pair of digit lines and detects a voltage 
differential betWeen the digit lines caused by the stored 
charge. Prior to coupling a memory cell to a digit line, the 
pair of digit lines are equilibrated to a predetermined voltage 
level such as VCC/2. After the sense circuit ampli?es the 
voltage differential on the pair of digit lines, the digit lines 
are coupled to data input/output (IO) communication lines 
for data communication With external devices. In order to 
accelerate the read operation, and to minimiZe operational 
poWer consumption, the IO lines of the SDRAM are typi 
cally equilibrated and precharged to an initial predetermined 
voltage, VCC. This alloWs the IO lines to quickly develop a 
differential voltage When coupled to the ampli?ed digit lines. 

[0003] Standard synchronous DRAMs latch and decode a 
roW address When a roW address strobe is ?red via an active 
command and then Will latch and decode the column address 
When column address strobe is ?red via the READ/WRITE 
command A critical parameter is tRCD. Parameter tRCD is 
measured from the ACTIVE command to When the column 
address is available during the READ/W RITE operation. 
The need alWays exists for minimiZing the time required for 
a memory access, and if the time betWeen the roW address 
latching and the column address latching (tRCD) is reduced 
or optimiZed, Without effecting system operation, the 
memory access time of the system can be reduced. 

[0004] One problem that exists is that during the ?rst bit 
of a read burst, if the digit lines are not able to reach enough 
of a separation before being passed onto the I/O lines, the 
?rst bit can fail, since the requisite differential voltage is not 
present. FIG. 2 is a graph shoWing signal Wave forms for 
various signals Within a typical SDRAM during an access 
that demonstrate one of the problems associated With digit 
line separation during an initial READ/WYRITE operation. 
As shoWn in FIG. 2, digit line pair as represented by digit 
line 50 (DIG) and digit line 52 (DIG*) are pre-charged to a 
voltage level 54 Which represents approximately halfWay 
betWeen voltage level 56 (ground) and voltage level 58 
(source voltage Vcc). Both IO lines 60 and 62 are initially 
pulled high, but upon IOPU Ba15 signal 64 being forced off, 
IO line 60 is being driven high by digit line 50 and IO signal 
62 is being driven loW by digit line 52. HoWever, in the 
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region indicated by 66, IO signal 62 is still being pulled high 
via IOPU. Digit line 52 is draWn toWards voltage level 58 at 
a time When it should be driven toWards voltage level 56. 
Therefore, a spike occurs in region 66 for digit line 52, 
thereby decreasing charge separation of the digit pair and 
increasing the time before the digit lines are able to be 
accurately read and ultimately reach fall rail separation. 
While IOPU is on, GCOL ?res, Which passes the digit 
voltage onto the IO lines. Since the IO lines are still actively 
being pulled high and the pass gate (GCOL) is on, this pulls 
up digit line 52. At this time, When digit separation is a 
nunimum (tRCD), this increase in voltage of digit line 52 
greatly reduces the sense amp ability to sense and fully 
separate the digit lines. The smaller the differential, the 
sloWer the digits Will sense (i.e. sloW tRCD). As the digit 
lines reach greater separation, this becomes less of an issue. 
When the digits are dumped onto the IO lines, the digit lines 
have a greater separation and the effect is minimiZed. Thus, 
the IOPU and GCOL timing are extremely critical at the min 
tRCD case. Any overlap betWeen IOPU and GCOL causes 
tRCD to sloW doWn. Once the digits have separated fully, 
some overlap Will have substantially no effect since the 
sense amps are fully on and the digit lines are at full rail. 

[0005] Therefore, there exists a need to minimiZe tRCD 
While alloWing the requisite unimpeded digit line separation 
to achieve accurate reading of all bits in a READ/WRITE 
operation. 

SUMMARY OF THE INVENTION 

[0006] The present invention provides a method and appa 
ratus for improving parameter tRCD that overcomes the 
aforementioned digit line separation problems. 

[0007] In accordance With one aspect of the invention, a 
method of improving digit line pair separation during a read 
function in a memory device is disclosed. The method 
includes the steps of providing an input/output data com 
munication line equilibrating signal for equilibrating input/ 
output data communication lines, and pre-charging a digit 
line pair. The method includes, upon the ?ring of a column 
access signal during the read function, ?ring a signal to pull 
doWn the input/output equilibrating signal logically loW in 
order to alloW the digit line pair to separate Without sharing 
charge from the input/output data communication lines 
during the read function. 

[0008] In accordance With another aspect of the invention, 
a method of operating a memory device includes the steps of 
providing a clock signal, and performing equilibrate and 
pre-charge operations Don input/output data communication 
lines in preparation for a memory cell access operation. The 
method includes initiating an active command as Well as a 
latch-setting signal, and setting a node voltage in response to 
the latch-setting signal to alloW equilibrate and pre-charging 
operation ending signal to be initiated upon a column access 
signal. A read function is initiated With the column access 
signal, and the equilibrate and pre-charge operation ending 
signal is also initiated based upon the column access signal. 

[0009] In yet another aspect of the invention, a method of 
?ring signals in a read command of a memory array is 
disclosed, and includes ?ring an IO equilibrating ending 
signal based upon a column access signal for a ?rst bit of a 
data burst, and ?ring the IO equilibrating ending signal 
based upon a clock signal for subsequent bits in the data 
burst. 
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[0010] In accordance With another aspect of the invention, 
a memory device includes a control register, a latch for 
receiving a latching signal from the control register, and 
logical circuitry associated With the latch. The logical cir 
cuitry Will generate, upon the ?ring of a column access 
signal from the control register to the logical circuitry, a 
signal to stop equilibrating of an input/output (IO) line to 
alloW separation of a logical high digit line signal and a 
logical loW digit line signal. 

[0011] The method and apparatus associated With the 
present invention are usable for read functions in a memory 
device. 

[0012] Various other features, objects and advantages of 
the present invention Will be made apparent from the fol 
loWing detailed description and the draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The draWings illustrate one embodiment of the best 
mode presently contemplated for carrying out the invention. 

[0014] 
[0015] FIG. 1 is a block diagram of one embodiment of a 
memory device incorporating the present invention; 

[0016] FIG. 2 is a timing diagram illustrating the digit line 
separation problem solved by the present invention; 

In the draWings: 

[0017] FIG. 3 is a circuit diagram illustrating the opera 
tion of one embodiment of the present invention; 

[0018] FIG. 4 is a timing diagram illustrating the timing 
sequence and ?rings of signals generated in the circuit of 
FIG. 3; and 

[0019] FIG. 5 is a ?oWchart illustrating the methodology 
associated With one aspect of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] In the folloWing detailed description, references are 
made to the accompanying draWings Which illustrate spe 
ci?c embodiments in Which the invention may be practiced. 
Electrical, mechanical, logical and structural changes may 
be made to the embodiments Without departing from the 
spirit and scope of the present invention. The folloWing 
detailed description is, therefore, not to be taken in a limiting 
sense and the scope of the present invention is de?ned by the 
appended claims and their equivalents. 

[0021] FIG. 1 illustrates a memory device 10 of the 
present invention. The memory device 10 can be any type of 
memory, but is preferably an SDRAM. The SDRAM has an 
array of dynamic memory cells arranged in at least one 
addressable memory bank 20. The memory cells are 
accessed in response to address signals provided on address 
lines 28 using roW 22 and column 24 decode circuitry. 
Input/output buffers 30 are provided for bidirectional data 
communication via data communication lines 32. Control 
circuitry 23 regulates the SDRAM operations in response to 
control signals Which include, but are not limited to, a Clock 
(CLK), RoW Access Strobe (RAS*), RoW Latch (RLAT), 
Column Access Strobe (CAS* or COL), Write Enable (WE* 
or WRV), INPUT/OUTPUT PULL UP END signal (IOPU 
end) and Clock Enable An external processor 40 is 
provided for both bi-directional data communication and 
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control With the memory. The memory of FIG. 1 has been 
simpli?ed for illustrating the features of the present inven 
tion and is not intended to describe all of the elements and 
features of an SDRAM. For a more detailed description of 
the operation of an SDRAM, see US. Pat. No. 5,751,656, 
assigned to Micron Technologies, Inc. of Boise, Idaho. 

[0022] FIG. 3 is one embodiment of a control circuit for 
use in the memory device of the present invention. Control 
circuit 100 receives input signals including clock (CLK) 
102, latching signal A (RLAT) 104, column access signal 
(COL) 106, pre-charge (or IOPU signal) 108. Upon a CLK 
signal 102 of an active command, RLAT signal 104 is pulsed 
to set latch 110. The setting of the latch 110 sends node 
voltage A to a logical loW level. In starting a READ/W RITE 
function, WRITE signal 114 is ?red along With COL signal 
106. The WRITE signal 114 along With CLK signal 102 is 
input into nandgate (NAND) 116. The output 118 of NAND 
gate 116 is ultimately used as the input to nandgate 120 
along With node A 112. Ahigh column signal 106 along With 
a CLK signal 102 Will provide a high column signal 106 into 
NAND gate 120 forcing IOPU end high. Because of the 
delay circuitry 122, the ?ring of a column signal 106 
ultimately Will reach node A after a brief delay 112 and upon 
the next clock pulse, Will force node A 112 high. Upon the 
falling edge of the CLK signal to loW, With node A 112 high, 
IOPU-end 115 Will thereafter rise and fall based upon CLK 
pulse 102 until a neW data burst occurs during a neW 
READ/W RITE command after a neW active command has 
occurred. 

[0023] FIG. 4 illustrates a timing diagram in accordance 
With the present invention. The present invention utiliZes a 
conventional clock signal (CLK) 200. FIG. 4 shoWs ?ve 
clock cycles of memory device 10. The timing diagram is 
given in terms of a READ operation. An active command is 
initiated during CLK cycle 202. Upon completion of CLK 
cycle 202, RLAT signal 204 is pulsed in order to set latch 
110 (of FIG. 103). Simultaneously, node voltage A signal 
206 falls, corresponding to node voltage 112 of FIG. 3. CLK 
pulse 208 corresponds to a no operation or NOP and all 
voltage levels remain as they are. HoWever, upon the next 
CLK pulse 210, corresponding to a READ cycle, column 
signal 212 (COL) goes high, and because node voltage A 
signal 206 is correspondingly loW, IOPU-END signal 214 
Will go high and folloW the COL signal 212. This is 
signi?cant because IOPU-END signal 214 ends the pull-up 
of the IO lines, and therefore equilibration of the IO lines 
ceases approximately nanoseconds earlier because IOPU 
END signal 214 does not have to Wait for the falling edge of 
CLK pulse 210, but may folloW COL signal 212. Previously, 
IOPU-END signal 214 Would folloW a timing as indicated 
by signal 216. One skilled in the art Will recogniZe that such 
a savings and the ability to discontinue pull-up of the IO 
lines can result in signi?cant savings to operating parameters 
such as tRCD as Well as the ability of the digit lines to 
separate faster and for data to be more accurately read. 
Typically, the present invention contemplates saving 
approximately 1.5 nanoseconds from the old timing 216 to 
the neW timing 214 of IOPU-END. This corresponds to a 
savings in tRCD of approximately 0.5 nanoseconds from the 
typical tRCD of 14 to 15 nanoseconds. Also noted is that the 
falling edge 218 of IOPU-END as Well as the next IOPU 
END pulse 220 does not have to change for the second, third 
and subsequent bits being read during the data burst. Upon 
the falling edge of CLK pulse 210, the latch is reset and node 
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voltage A signal 206 again goes high to aWait the next RLAT 
signal 204. In a conventional manner, global column Zero 
signal 222 and global column one signal 224 are selected to 
determine Which set of digit lines are selected for the IO 
lines. 

[0024] The present embodiment, through the use of IOPU 
END pulse 220, forces IOEQ, or the input/output equilibrat 
ing and pre-charging signal, off for a far side IOEQ. HoW 
ever, the present invention contemplates that a similar 
process may be implemented to force both far side and near 
side drivers to force IOEQ off. Additionally, another 
embodiment although not speci?cally shoWn may include 
utiliZing a near side driver to equilibrate and pre-charge the 
input/output lines. 

[0025] FIG. 5 illustrates a block diagram of the method 
ology associated With the present invention. An active 
command is given at step 300. At step 302, latch RLAT 
signal is ?red in order to set RLAT, and node voltage A is 
pulled loW at step 304. It is important to note that RLAT is 
only ?red once after the active command has been given, 
until a neW active command is given. READ/WRITE opera 
tion begins 308, Which also occurs after node voltage Ais set 
loW at step 304. Upon the beginning of a READ/WRITE 
operation indicated by the ?ring of COL at step 308, it is 
determined Whether the data is from the ?rst read access 
after an active command, Which is indicated by the loW node 
Avoltage 310. If so 312, IOPU-END is ?red upon ?ring of 
the COL signal, and if it is not the ?rst read access after the 
active command, 316, IOPU-END Will be ?red upon the 
next CLK signal at step 318. This is folloWed by selecting 
the digit line for the IO line dump at step 320, after Which 
a determination is made 322 as to Whether it is the end of the 
data burst, if so 324, it is the end of the READ cycle and if 
not 326, another bit is read. If IOPU-END is ?red at the COL 
?ring 314, node voltage A is set high Which resets the latch 
at step 328, and again digit lines are selected for the IO line 
at step 330 and another bit is read. 

[0026] The present invention has been described in terms 
of the preferred embodiment, and it is recogniZed that 
equivalents, alternatives, and modi?cations, aside from 
those expressly stated, are possible. The principles of the 
present invention, Which have been disclosed by Way of the 
above examples and discussion, can be implemented using 
various circuit types and arrangements. The optimiZation 
circuitry and sWitches, for instance, can be implemented 
using a variety of logic components, delays or sWitches that 
enable the optimiZation of a memory access operation by 
compensating the optimiZed yet time-limited components 
With other time components having extra available time in 
the synchronous memory device. Furthermore, the present 
invention can be utiliZed With different signals, for a variety 
of memory access operations, and other latencies. The 
various signals used to enable and disable the operation of 
certain signals, of course, can be connected at different 
points along the signal paths. Those skilled in the art Will 
readily recogniZe that these and various other modi?cations 
and changes may be made to the present invention Without 
strictly folloWing the exemplary application illustrated and 
described herein and Without departing from the true spirit 
and scope of the present invention, Which is set forth in the 
folloWing claims. 
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What is claimed is: 
1. Amethod of improving digit line pair separation during 

a read function in a memory device comprising the steps of: 

providing an input/output data communication line equili 
brating signal for equilibrating input/output data com 
munication lines; 

pre-charging a digit line pair; 

upon the ?ring of a column access signal during the read 
function, ?ring a signal to pull doWn the input/output 
equilibrating signal logically loW in order to alloW the 
digit line pair to separate Without sharing charge from 
the input/output data communication lines during the 
read function. 

2. The method of claim 1 Wherein the ?ring of the 
pull-doWn signal step occurs for a ?rst bit of a read burst as 
part of the ?rst read function after an active command. 

3. Amethod of improving digit line pair separation during 
a Write function in a memory device comprising the steps of: 

providing an input/output data communication line equili 
brating signal for equilibrating input/output data com 
munication lines; 

pre-charging a digit line pair; 

upon the ?ring of a column access signal during the Write 
function, ?ring a signal to pull doWn the input/output 
equilibrating signal logically loW in order to alloW the 
digit line pair to separate Without sharing charge from 
the input/output data communication lines during the 
Write function. 

4. The method of claim 1 Wherein the ?ring of the 
pull-doWn signal step occurs for a ?rst bit of a Write burst as 
part of the Write function. 

5. The method of claim 2 Wherein the ?ring of the 
pull-doWn signal step includes increasing a pulse Width of 
the signal for the ?rst bit of the read burst. 

6. A memory device comprising: 

a memory array; 

logical circuitry including a latch, the logical circuitry 
capable of receiving a column access signal and an 
input/output equilibrating ending signal; 

Wherein the logical circuitry uses a ?rst timing sequence 
Where the input/output equilibrating ending signal is 
triggered by the column access signal, and a second 
timing sequence Where the input/output equilibrating 
ending signal is triggered by a clock signal; and 

Wherein the latch may be set such that for a ?rst bit of a 
read burst from the memory array, the memory device 
utiliZes the ?rst timing sequence and for a group of 
remaining bits of the read burst, the memory device 
utiliZes the second timing sequence. 

7. A memory device comprising: 

a memory array; 

logical circuitry including a latch, the logical circuitry 
capable of receiving a column access signal and an 
input/output equilibrating ending signal; 

Wherein the logical circuitry uses a ?rst timing sequence 
Where the input/output equilibrating ending signal is 
triggered by the column access signal, and a second 
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timing sequence Where the input/output equilibrating 
ending signal is triggered by a clock signal; and 

Wherein the latch may be set such that for a ?rst bit of a 
Write burst to the memory array, the memory device 
utiliZes the ?rst timing sequence and for a group of 
remaining bits of the Write burst, the memory device 
utiliZes the second timing sequence. 

8. Amethod of reducing tRCD margin in a memory device 
comprising the steps of: 

providing a clock signal; 

?ring an active command signal based upon the clock 
signal; 

?ring a latching signal based upon the active command 
signal; 

setting a latch folloWing the ?ring of the latching signal; 

?ring a read command With a column access signal; and 

triggering an IO equilibrating ending signal With the ?ring 
of the column access signal in order to reduce the tRCD 
margin of the memory device. 

9. A method of reading data in a memory device com 
prising the steps of: 

providing a clock signal; 

?ring a column access signal to begin a read operation in 
the memory device; 

triggering an input/output (IO) equilibrating ending signal 
by the ?ring of the column access signal rather than the 
clock signal. 

10. A memory device circuit comprising: 

a control register; 

a latch for receiving a latching signal from the control 
register; 

logical circuitry associated With the latch for generating, 
upon the ?ring of a column access signal from the 
control register to the logical circuitry, a signal to stop 
equilibrating of an input/output (IO) line to alloW 
separation of a logical high digit line signal and a 
logical loW digit line signal. 

11. A method of ?ring signals in a read command of a 
memory array comprising the step of: 

?ring an IO equilibrating ending signal based upon a 
column access signal for a ?rst bit of a data burst; and 

?ring the IO equilibrating ending signal based upon a 
clock signal for subsequent bits in the data burst. 

12. A method of increasing differential charge separation 
betWeen a logical high digit line and a logical loW digit line 
comprising the step of: 

stopping equilibrating of an input/output (IO) line pair 
substantially upon ?ring of a column access signal 
during an initial bit of a data burst in the memory array 
such that the logical high digit line and the logical loW 
digit line may begin to separate substantially upon the 
?ring of the column access signal. 

13. A method of operating a memory device comprising 
the steps of: 

performing an equilibrate and pre-charging operation on 
input/output data communication lines in response to 
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an equilibrate and pre-charging signal in preparation 
for a memory cell access operation; 

initiating a read operation With a column access signal; 

initiating a signal to terminate the equilibrate and pre 
charging operation in response to the column access 
signal; 

accessing memory cells provided in the memory device 
during the read operation; and 

coupling data stored in the memory cells to the input/ 
output data communication lines. 

14. The method of claim 13 Wherein the equilibrium 
pre-charge operation termination signal is initiated in 
response to the column access signal only for a ?rst bit of the 
data in the memory cell access operation. 

15. A method of operating a memory device comprising 
the steps of: 

performing an equilibrate and pre-charging operation on 
input/output data communication lines in response to 
an equilibrate pre-charging signal in preparation for a 
memory cell access operation; 

initiating a Write operation With a column access signal; 

initiating a signal to terminate the equilibrate and pre 
charging operation in response to the column access 
signal; 

accessing memory cells provided in the memory device 
during the Write operation; and 

coupling data stored in the input/output data communi 
cation lines to the memory cells. 

16. The method of claim 15 Wherein the equilibrate and 
pre-charge operation termination signal is initiated in 
response to the column access signal only for a ?rst bit of the 
data in the memory cell access operation. 

17. A method of operating a memory device comprising 
the steps of: 

providing a clock signal; 

performing equilibrate and pre-charge operations on 
input/output data communication lines in preparation 
for a memory cell access operation; 

initiating an active command; 

initiating a latch setting signal; 

setting a node voltage in response to the latch setting 
signal to alloW an equilibrate and pre-charging opera 
tion ending signal to be initiated upon a column access 
signal; 

initiating a read function With the column access signal; 
and 

initiating the equilibrate and pre-charge operation ending 
signal based upon the column access signal. 

18. The method of claim 17 further comprising the step of 
resetting the node voltage to alloW subsequent equilibrate 
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and pre-charge operation ending signals to ?re in response 
to the clock signal. 

19. A method of operating a memory device comprising: 

in a ?rst bit of a memory access operation having a clock 
signal, terminating an equilibration of the input/output 
data communication lines in response to a column 
access signal; and 
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in remaining bits of the memory access operation, termi 
nating the equilibration of the input/output data com 
munication lines in response to the clock signal. 

20. The method of claim 19 Wherein the memory device 
is an SDRAM. 


