
US 20030223278A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0223278 A1 
(19) United States 

Gomm et al. (43) Pub. Date: Dec. 4, 2003 

(54) DYNAMICALLY CENTERED SETUP-TIME 
AND HOLD-TIME WINDOW 

(76) Inventors: Tyler J. Gomm, Meridian, ID (US); 
Aaron M. Schoenfeld, Boise, ID (US) 

Correspondence Address: 
WILLIAMS, MORGAN & AMERSON, P.C. 
10333 RICHMOND, SUITE 1100 
HOUSTON, TX 77042 (US) 

(21) Appl. No.: 10/158,607 

(22) Filed: May 30, 2002 

Publication Classi?cation 

(51) Int. Cl.7 ..................................................... .. G11C 7/00 

200 

\ 210 

Control Unit 

( 

\120 
First 

Device 

K- 250 

Dynamic access control 

Controller 

\ 205 

Address 

250 

Data x 

*T unit . 
240 um 

(52) US. Cl. ............. .. 365/194; 365/189.05; 365/189.07 

(57) ABSTRACT 

An apparatus and method for dynamically centering a setup 
time and hold-time WindoW. An access WindoW de?ned by 
a setup-time and a hold-time is determined. Adetermination 
is made Whether the access WindoW is centered about a 
centerline. The centerline is a point betWeen a predetermined 
setup-time limit and a predetermined hold-time limit. A 
dynamic access WindoW centering process is performed in 
response to the determination that the access WindoW is not 
centered about the centerline. The dynamic access WindoW 
centering process includes: determining that the access 
WindoW has shifted from the centerline; and providing at 
least one of a dynamic delay and a dynamic speed-up of the 
access WindoW based upon the determination that the access 
WindoW has shifted from the centerline. 
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DYNAMICALLY CENTERED SETUP-TIME AND 
HOLD-TIME WINDOW 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] This invention generally relates to semiconductor 
memory devices, and, in particular, to dynamically adjusting 
a setup-time and hold-time WindoW. 

[0003] 2. Description of the Related Art 

[0004] Modern integrated circuit devices are comprised of 
millions of semiconductor devices, e.g., transistors, formed 
above a semiconductor substrate, such as silicon. These 
devices are very densely packed, i.e., there is little space 
betWeen them. Similarly, densely packed electrically con 
ducting lines may also be formed in the semiconductor 
substrate. By forming selected electrical connections 
betWeen selected semiconductor devices and selected con 
ducting lines, circuits capable of performing complex func 
tions may be created. For example, bits of data may be 
stored by providing electrical current to a plurality of bit 
lines and an orthogonal plurality of Wordlines that may be 
electrically coupled to one or more capacitors in a semicon 
ductor memory. 

[0005] The semiconductor memory may be a dynamic 
random access memory, a ?ash memory, and the like. The 
semiconductor memory typically comprises an array of 
memory cells, address decoding circuitry for selecting one, 
or a group, of the memory cells for reading or Writing data, 
sensing circuitry for detecting the digital state of the selected 
memory cell or memory cells, and input/output lines to 
receive the sensed data and convey that information for 
eventual output from the semiconductor memory. In many 
cases, the array of memory cells Will be sub-divided into 
several sub-arrays, or subsets, of the complete collection of 
memory cells. For example, a semiconductor memory hav 
ing 16 megabits (224 bits) of storage capacity, may be 
divided into 64 sub-arrays, each having 256K (218) memory 
cells. 

[0006] Flash memory (sometimes called “?ash RAM”) is 
a type of non-volatile memory that can be erased and 
reprogrammed in units of memory called blocks. Flash 
memory is a variation of electrically erasable programmable 
read-only memory (EEPROM) that, unlike ?ash memory, is 
erased and reWritten at the byte level, Which is sloWer than 
?ash memory updating. Flash memory is commonly used to 
hold control code such as the basic input/output system 
(BIOS) in a personal computer. When BIOS needs to be 
changed (reWritten), the ?ash memory can be Written in 
block (rather than byte) siZes, making it faster to update. 
Applications employing ?ash memory include digital cel 
lular phones, digital cameras, LAN sWitches, computers, 
digital set-up boxes, embedded controllers, and other 
devices. These applications generally call for extensive 
memory access. 

[0007] Accessing memory requires a circuit to capture the 
address and data at precise timing in relation to clock signals 
that drive a circuit. Errors occurring during the capturing of 
addresses and data may cause errors in accessing the data 
stored in memory. Many times external factors, such as 
temperature drifts, voltage-level drifts, and the like, can 
affect a WindoW of a time period When data and/or addresses 
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may be captured by a circuit. This WindoW is generally 
de?ned by a setup-time and a hold-time, during Which the 
entire process of capturing of data and/or addresses must 
take place for proper access of data. 

[0008] In order to acquire, access, or capture data and/or 
addresses during transfer of memory data from one device to 
another, clocking of the data and addresses and their timing 
is desirable. Asetup-time and a hold-time are generally used 
to time the clocking/capturing of data and/or addresses. A 
setup-time and hold-time is required for the proper timing of 
data/address capture. To ensure proper access of data/ad 
dress, a memory accessing system generally Works to com 
plete the data/ address capture With the WindoW, in Which the 
targeted data/addresses is clock-latched or captured. A Win 
doW that represents a period of opportunity to latch/clock/ 
capture data or addresses is usually predetermined for the 
operation of a particular device. For example, a period of 
time that is enclosed by the boundary de?ned by a setup 
time and a hold-time provides the limits for determining a 
WindoW of opportunity for capture of data and/or addresses. 

[0009] FIG. 1 illustrates a diagram of a WindoW of oppor 
tunity for capturing data/addresses. The WindoW of oppor 
tunity of FIG. 1 is de?ned by the outer borders comprising 
a setup-time and a hold-time. The borders de?ning a time 
period in Which a WindoW of opportunity to capture data/ 
addresses is de?ned by a speci?ed setup-time boundary/limit 
110 and a speci?ed hold-time boundary/limit 120. The limits 
110 and 120 de?ne the time frame in Which a WindoW can 
be de?ned to capture data/addresses. 

[0010] Operation of typical circuits that drive the captur 
ing of data/addresses usually call for operating on a prede 
termined normal WindoW of time period in Which data can 
be captured. HoWever, this particular WindoW may slide 
Within the outer limits set forth by the speci?ed setup-time 
limit 110 and speci?ed hold-time limit 120. The movement 
of the WindoW of a time period to capture data may be 
caused by a number of factors, such as changes in tempera 
ture, operation, voltage-source levels, and the like. A cen 
terline 130 provides a median position Within the time frame 
encapsulated by the speci?ed setup-time limit 110 and the 
speci?ed hold-time limit 120 in Which a WindoW can be 
de?ned for capturing data/addresses. Ideally, it is desirable 
to center a WindoW for capturing data/addresses about the 
centerline 130. The centerline 130 is generally exactly in the 
center betWeen the speci?ed setup-time limit 110 and the 
speci?ed hold-time limit 120. HoWever, movement of the 
WindoW may cause errors in the timing, Which may cause 
loss of data/addresses, or may cause the capturing of incor 
rect data and addresses. 

[0011] A normal WindoW at loW temperature 140 is shoWn 
positioned asymmetrically about the centerline 130 Within 
the encapsulated time frame. HoWever, at high temperature 
the WindoW in Which data/addresses may be captured moves 
to the other side in an asymmetric fashion about the cen 
terline 130, as indicated by a normal WindoW at high 
temperature 150. Therefore, in order to ensure proper data/ 
addresses access across a tolerable set of temperature range 
and/or voltage levels, an overall WindoW 160 is de?ned. 

[0012] The overall WindoW 160 is generally calculated to 
encompass both a normal WindoW at loW temperature 140 
and a normal WindoW at high temperature 150. Therefore, 
the outer limits of the WindoWs 140, 150 de?ne a larger 
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overall WindoW 160 in order to ensure proper access/capture 
of data/addresses. This causes the overall WindoW 160 to 
become large, thereby affecting the ef?ciency of the opera 
tion of electronic devices due to the large WindoW needed for 
proper operation across temperature and/or voltage ranges. 
The use of the overall WindoW 160 may lead to many 
inef?ciencies and/or errors during the operation of memory 
access for data access devices. 

[0013] The present invention is directed to overcoming, or 
at least reducing the effects of, one or more of the problems 
set forth above. 

SUMMARY OF THE INVENTION 

[0014] In one aspect of the instant invention, a method is 
provided for dynamically centering a setup-time and hold 
time WindoW. An access WindoW de?ned by a setup-time and 
a hold-time is determined. Adetermination is made Whether 
the access WindoW is centered about a centerline. The 
centerline is a point betWeen a predetermined setup-time 
limit and a predetermined hold-time limit. Adynamic access 
WindoW centering process is performed in response to the 
determination that the access WindoW is not centered about 
the centerline. The dynamic access WindoW centering pro 
cess includes: determining that the access WindoW has 
shifted from the centerline; and providing at least one of a 
dynamic delay and a dynamic speed-up of the access Win 
doW based upon the determination that the access WindoW 
has shifted from the centerline. 

[0015] In another aspect of the instant invention, an appa 
ratus is provided for dynamically centering a setup-time and 
hold-time WindoW. The apparatus of the present invention 
comprises a data storage device to provide stored data and 
a controller coupled to the data storage device. The control 
ler is adapted to detect a movement of an access WindoW 
de?ned by a predetermined setup-time limit and a predeter 
mined hold-time limit and dynamically centers the access 
WindoW betWeen the setup-time and the hold-time limit in 
response to the movement of the access WindoW. 

[0016] In another aspect of the instant invention, a circuit 
is provided for dynamically centering a setup-time and 
hold-time WindoW. The circuit of the present invention 
comprises a controller coupled to the memory. The control 
ler is adapted to detect a movement of an access WindoW 
de?ned by a predetermined setup-time limit and a predeter 
mined hold-time limit and dynamically centers the access 
WindoW betWeen the setup-time and the hold-time limit in 
response to the movement of the access WindoW. 

[0017] In another aspect of the instant invention, a system 
board is provided for dynamically centering a setup-time 
and hold-time WindoW. The system board of the present 
invention comprises a ?rst device comprising a memory 
location for storing data and a dynamic access WindoW unit. 
The dynamic access WindoW unit is adapted to detect a 
movement of an access WindoW de?ned by a predetermined 
setup-time limit and a predetermined hold-time limit and 
dynamically centers the access WindoW betWeen the setup 
time and the hold-time limits in response to the movement 
of the access WindoW. The system board also includes a 
second device operatively coupled to the ?rst device. The 
second device is adapted to access data from the ?rst device 
based upon the access WindoW. 
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[0018] In yet another aspect of the instant invention, a 
memory device is provided for dynamically centering a 
setup-time and hold-time WindoW. The memory device of 
the present invention comprises a controller adapted to 
detect a movement of an access WindoW de?ned by a 
predetermined setup-time limit. The controller is also 
adapted to detect a predetermined hold-time limit and 
dynamically centers the access WindoW betWeen the setup 
time and the hold-time limit in response to the movement of 
the access WindoW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The invention may be understood by reference to 
the folloWing description taken in conjunction With the 
accompanying draWings, in Which like reference numerals 
identify like elements, and in Which: 

[0020] FIG. 1 is a diagram of a prior art time-period 
WindoW encapsulated by a setup-time limit and a hold-time 
limit. 

[0021] FIG. 2 is a block diagram representation of a 
system for performing a dynamic centering of a setup-time 
and a hold-time WindoW, in accordance With one illustrative 
embodiment of the present invention; 

[0022] FIG. 3 illustrates a dynamically centered WindoW 
encapsulated by a setup-time limit and a hold-time limit, in 
accordance With one illustrative embodiment of the present 
invention; 
[0023] FIG. 4 illustrates a more detailed block diagram 
depiction of a dynamic access control unit of FIG. 2, in 
accordance With one illustrative embodiment of the present 
invention; 
[0024] FIG. 5 illustrates a more detailed block diagram 
depiction of a dynamic access WindoW unit of FIG. 4, in 
accordance With one illustrative embodiment of the present 
invention; 
[0025] FIG. 6a illustrates a more detailed implementation 
of the dynamic access WindoW unit of FIGS. 4 and 5, in 
accordance With one illustrative embodiment of the present 
invention; 
[0026] FIG. 6b illustrates a more detailed implementation 
of the dynamic access WindoW unit of FIGS. 4 and 5, in 
accordance With an alternative illustrative embodiment of 
the present invention; 

[0027] FIG. 6c illustrates a more test/initialiZation mode 
implementation of the dynamic access WindoW unit of 
FIGS. 4 and 5, in accordance With an illustrative embodi 
ment of the present invention; 

[0028] FIG. 7a illustrates a timing diagram relating to 
data/ address latching in the conteXt of a centered WindoW, in 
accordance With one illustrative embodiment of the present 
invention; 
[0029] FIG. 7b illustrates a timing diagram relating to 
data/address latching in the context of a setup-time viola 
tion, in accordance With one illustrative embodiment of the 
present invention; 

[0030] FIG. 7c illustrates a timing diagram relating to 
data/address latching in the conteXt of a hold-time violation, 
in accordance With one illustrative embodiment of the 
present invention; 
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[0031] FIG. 8 illustrates a ?owchart representation of a 
method of performing dynamic centering of a setup-time/ 
hold-time WindoW, in accordance With one illustrative 
embodiment of the present invention; and 

[0032] FIG. 9 illustrates a more detailed ?oWchart repre 
sentation of steps for performing an access WindoW center 
ing process, as indicated in FIG. 8, in accordance With one 
illustrative embodiment of the present invention. 

[0033] While the invention is susceptible to various modi 
?cations and alternative forms, speci?c embodiments 
thereof have been shoWn by Way of example in the draWings 
and are herein described in detail. It should be understood, 
hoWever, that the description herein of speci?c embodiments 
is not intended to limit the invention to the particular forms 
disclosed, but on the contrary, the intention is to cover all 
modi?cations, equivalents, and alternatives falling Within 
the spirit and scope of the invention as de?ned by the 
appended claims. 

DETAILED DESCRIPTION OF SPECIFIC 
EMBODIMENTS 

[0034] Illustrative embodiments of the invention are 
described beloW. In the interest of clarity, not all features of 
an actual implementation are described in this speci?cation. 
It Will of course be appreciated that in the development of 
any such actual embodiment, numerous implementation 
speci?c decisions must be made to achieve the developers’ 
speci?c goals, such as compliance With system-related and 
business-related constraints, Which Will vary from one 
implementation to another. Moreover, it Will be appreciated 
that such a development effort might be complex and 
time-consuming, but Would nevertheless be a routine under 
taking for those of ordinary skill in the art having the bene?t 
of this disclosure. 

[0035] The timing of circuit operations is important for the 
proper operation of digital systems. Access of data/ad 
dresses, such as latching address and/or data, Within precise 
de?ned time periods is important in ensuring the integrity of 
the data and/or addresses that are captured by a device. 
Embodiments of the present invention provide for stabiliZ 
ing a WindoW that de?nes a time period for proper access of 
data/addresses. The WindoW is generally encapsulated by a 
speci?ed setup-time limit 110 and a speci?ed hold-time limit 
120. The setup and hold-time limits 110, 120 generally 
de?ne the borders Within Which a WindoW for accessing 
data/addresses is provided. Embodiments of the present 
invention provide for substantially placing the access Win 
doW about a centerline 130 associated With the speci?ed 
setup-time limit 110 and the speci?ed hold-time limit 120. 
Embodiments of the present invention provide for dynami 
cally adjusting the position of an access WindoW to center or 
stabiliZe the WindoW despite external factors, such as tem 
perature, voltage-source levels, and the like. Embodiments 
of the present invention provide for reducing the drift of an 
access WindoW based on one or more external in?uences 

upon the operation of the device. Embodiments of the 
present invention provide for a smaller access WindoW based 
upon dynamically adjusting the access WindoW to overcome 
external factors, such as temperature, voltage-supply levels, 
and the like. 

[0036] Referring to FIG. 2, a block diagram of a system 
200 is illustrated, in accordance With one embodiment of the 
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present invention. The system 200 comprises a ?rst device 
210, Which, in one embodiment, may be a memory unit 
capable of storing data. In one embodiment, the memory 
unit may be a dynamic random access memory (DRAM), a 
static random access memory (SRAM), a double-data rate 
DRAM (DDR DRAM), a Rambus® DRAM (RDRAM), a 
FLASH memory unit, or the like. In one embodiment, the 
?rst device 210 may be encompassed by a controller 205. In 
one embodiment, the controller 205 may be a memory 
controller, a computer system, such as a PC-computer, and 
the like. In one embodiment, the controller 205 may be a 
system board, such as a motherboard for a computer system. 
The ?rst device 210 may be accessed by a second device 
225, Which, in one embodiment, may be an accessing/ access 
device. The second device 225 may send addresses on a line 
230 to the ?rst device 210. The ?rst device 210 may then 
provide data to the second device 225 on a line 240. The ?rst 
and second devices 210, 225 may comprise a control unit 
220 capable of accessing data (including code) stored in the 
memory of the ?rst device 210. The second device 225 may 
be any device that uses the ?rst device 210 to store data, read 
data, or both. Examples of the second device 225 may 
include, but are not limited to, a computer, a camera, a 
telephone, a television, a radio, a calculator, a personal 
digital assistant, a netWork sWitch, and the like. 

[0037] The control unit 220, in one embodiment, may 
manage the overall operations of the second device 225, 
including Writing and reading data to and from the ?rst 
device 210. The control unit 220 may comprise a micropro 
cessor, a microcontroller, a digital signal processor, a pro 
cessor card (including one or more microprocessors or 

controllers), a memory controller, or other control or com 
puting devices. 

[0038] In one embodiment, the memory in the ?rst device 
210 may be a memory device, such as a DRAM device, an 
SRAM device, a FLASH memory device, and the like. In 
one embodiment, the ?rst device 210 may be a memory chip 
device that may be implemented into a digital system, such 
as a computer system. In an alternative embodiment, the ?rst 
device 210 may be an external memory, such as a memory 
stick, and may be accessed When inserted into a slot (not 
shoWn) of the second device 225. When inserted into the 
slot, the second device 225 may provide the appropriate 
poWer and control signals to access memory locations in the 
?rst device 210. The ?rst device 210 may be external to, or 
internal (e.g., integrated) to, the second device 225. The 
second device 225, such as a computer system, may employ 
a ?rst device 210 (in the form of a memory unit) that is 
integrated Within the computer system to store data (e.g., 
BIOS [basic input/output system]) related to the computer 
system. 

[0039] In one embodiment, the ?rst and second devices 
210, 225 may comprise a dynamic access control unit 250. 
The dynamic access control unit 250 is capable of providing 
an access WindoW in Which a time period is de?ned When 
data/ addresses may be captured. The time period is generally 
de?ned by the setup-time limit 110 and the hold-time limit 
120 available for a particular device. The dynamic access 
control unit 250 provides a delay and/or adjustment process 
for adjusting the position of a time period to de?ne an access 
WindoW for capturing data. The dynamic access control unit 
250 provides for dynamically centering the access WindoW, 
as shoWn in FIG. 3, about the centerline 130, producing a 
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dynamically centered access WindoW 310. As shown in FIG. 
3, the dynamically centered access WindoW 310 is substan 
tially smaller than the prior art overall WindoW (time period) 
160 that is used to ensure proper operation over a range of 
temperatures and/or voltages. The dynamic access control 
unit 250 provides for dynamically centering the access 
WindoW to compensate for drifting due to external factors. 
Therefore, the dynamically centered access WindoW 310 can 
be a normal siZe WindoW that is substantially immune from 
drifting Within the time frame encapsulated by the speci?ed 
setup-time limit 110 and the speci?ed hold-time limit 120. 

[0040] Turning noW to FIG. 4, a block diagram represen 
tation of one embodiment of the dynamic access control unit 
250 is illustrated. In one embodiment, the dynamic access 
control unit 250 comprises a plurality of buffers 440 for 
receiving a number of signals. Furthermore, the dynamic 
access control unit 250 comprises a dynamic access WindoW 
unit 450 that provides a dynamically centered access Win 
doW 310, Which is centered about the centerline 130 to 
provide a captured input, Which may comprise data and/or 
addresses on a line 455. The dynamic access WindoW unit 
450 is capable of performing a dynamic delay and/or a 
dynamic speed-up of the access WindoW in response to a 
drift of the access WindoW from the center of the time period 
bound by or de?ned by the speci?ed setup-time boundary 
110 and the speci?ed hold-time boundary 120. Upon the 
capturing of the addresses/data, the ?rst device 210 and/or 
the second device 225 has access to that data/address on the 
line 455. 

[0041] The buffers 440 receive access clocks 410 on a line 
415, a data input 420 on a line 425, and/or an address input 
430 on a line 435. The access clocks 410 provide clock 
signals to latch/capture the data input 420 available on the 
line 425 and/or the address inputs 430 available on the line 
435. The time period relating to the setup-time limit 110 and 
the hold-time limit 120 that de?ne the dynamically centered 
access WindoW 310, is centered by the dynamic access 
control unit 250. The dynamic centering is generally per 
formed in response to external factors, such as temperature 
variations and/or voltage supply variations. Therefore, a 
smaller, normal siZed access WindoW may be employed, 
resulting in ef?cient operation of the ?rst and second devices 
210, 225. The dynamic access WindoW unit 450 provides the 
centering of the access WindoW such that the buffers 440 
receiving the data input 420 and the address input 430 is 
captured Within the speci?ed timing of operation. 

[0042] Turning noW to FIG. 5, a more detailed block 
diagram illustration of the dynamic access WindoW unit 450, 
in accordance With one embodiment of the present inven 
tion, is provided. FIG. 5 illustrates a feedback con?guration, 
Which comprises a delay control unit 550 and a variable 
delay unit 510 to substantially center the dynamically cen 
tered access WindoW 310 about the centerline 130 for proper 
capture of address/data. A ?Xed delay unit 520 and the 
variable delay unit 510 are controlled by the delay control 
unit 550. The delay control unit 550 receives data from a 
control decode unit 540 to provide a feedback control of the 
movement of the dynamically centered access WindoW 310 
so that it can be dynamically centered Within the limits 
de?ned by the speci?ed setup-time limit 110 and the speci 
?ed hold-time limit 120. 

[0043] An access clock 410 on a line 415 is sent to a pulse 
generator 505. In one embodiment, the pulse generator 505 
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alloWs any setup and hold sensitive timing paths to be 
independent of the cycle time of an operating clock. The 
pulse-Width generated by the pulse generator 505 may be 
used to de?ne a “capture” range, or a time period for 
possible capture of addresses and/or data, the time period 
being encapsulated by the setup-time limit 110 and the 
hold-time limit 120. The clock signal is then sent to a ?Xed 
delay unit 520. The ?Xed delay unit 520 may provide a ?Xed 
delay to adjust the data/address capture range. 

[0044] The ?Xed delay unit 520 may delay the pulse-Width 
by dividing it by a factor (e.g., dividing by tWo) to create a 
setup-time sensitive path on a line 523. The ?Xed delay unit 
520 may also delay the pulse-Width signal to create a 
hold-time sensitive path on a line 525. The tWo paths, the 
setup sensitive path on the line 523 and the hold sensitive 
path on the line 525, are sent to an access WindoW centering 
latch unit 530. The access WindoW centering latch unit 530 
latches the signals from the ?Xed delay unit 520 based upon 
an internal reference clock used to strobe incoming data. 

[0045] The access WindoW centering latch unit 530 essen 
tially determines hoW Well the access WindoW 310 is cen 
tered betWeen the capture ranges (i.e., hoW Well the normal 
WindoW is centered betWeen the setup-time and hold-time 
limits 110, 120). The results from the access WindoW cen 
tering latch unit 530 are sent to the control decode unit 540 
on a line 533 and a line 535. The signals from the access 
WindoW centering latch unit 530 are decoded by the control 
decode unit 540, Which is capable of moving the variable 
delay such that it is used to dynamically shift the dynami 
cally centered access WindoW 310, Which affects the opera 
tion of the input latch 560 that is used to capture the address 
or the data and provide it on the line 455. 

[0046] The decoded data from the control decode unit 540 
is received by the delay control unit 550. The delay control 
unit 550, in one embodiment, may be comprised of a counter 
and/or a register. The delay control unit 550 is capable of 
providing a variable delay using the variable delay unit 510 
to provide a delaying function for the clock signal on the line 
415, the address signal on the line 435, and/or for the data 
signal on the line 425. The delayed line that may carry the 
address of the data is then captured by the input latch 560, 
Which is then provided as captured data or addresses on the 
line 455. The operation of the feedback delay control system 
illustrated in FIG. 5 dynamically centers the access WindoW 
310 about the centerline 130, Which is the center point of the 
capture WindoW encapsulated by the speci?ed setup-time 
limit 110 and the speci?ed hold-time limit 120. 

[0047] Turning noW to FIGS. 6a, 6b, and 6c, more 
detailed illustrations of implementations of the dynamic 
access WindoW unit 450 are illustrated. Before functionally 
describing FIGS. 6a, 6b, and 6b, a description of the 
inter-connectivity of various components shoWn in FIGS. 
6a and 6b is provided. 

[0048] As shoWn in FIG. 6a, an input terminal of a 
matched input (unit) buffer 602 receives a clock or a data 
strobe signal on a line 415 (XCLK or DQS). The output 
terminal of the input buffer 602 is coupled With an input 
terminal of a pulse generator 505. An output terminal of the 
pulse generator 505 is coupled With an input terminal of a 
?Xed-tuning delay buffer 606. An output terminal of the 
?Xed-tuning delay buffer 606 is coupled With an input 
terminal of a variable delay buffer 610. An output terminal 
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of the variable delay buffer 610 is provided to an input 
terminal of a ?xed delay buffer 612 and to an input terminal 
of a hold-time test latch 630 via the line 523. An output 
terminal of the ?xed delay buffer 612 is coupled With an 
input terminal of a setup-time test latch 620. 

[0049] An input terminal of the hold-time test latch 630 
also receives a delayed version of an internal reference clock 
on a line 635, Which is provided to an input terminal of a 
?xed delay buffer 614, Whose output terminal is coupled 
With a second input terminal of the hold-time test latch 630. 
The setup-time test latch 620 receives an internal reference 
clock on a line 635 onto a second input terminal. The output 
terminals from the setup-time test latch 620 and the hold 
time test latch 630 are both sent to tWo input terminals of the 
control decode unit 540. An output terminal of the control 
decode unit 540, Which may carry a plurality of digital 
signals, is then fed back to an input terminal of a delay 
control unit 550. 

[0050] As described above, in one embodiment, the pulse 
generator 505 alloWs any setup and hold sensitive timing 
paths to be independent of the cycle time of an operating 
clock. By ?xing the delay provided by the ?xed delay buffer 
612 to approximately one-half of the pulse Width of a signal 
generated by the pulse generator 505, the setup-time sensi 
tive path becomes independent of the operating clock. 
Similarly, by ?xing the delay provided by the ?xed delay 
buffer 614 to approximately one-half of the pulse Width of 
a signal generated by the pulse generator 505, the hold-time 
timing path becomes independent of the operating clock. 

[0051] Additionally, an input terminal of a matched input 
(unit) buffer 604 receives data on a line 425, or in an 
alternative embodiment, the matched input buffer 604 
receives an address on a line 435 on its input terminal. As 
illustrated in FIG. 6b, in an alternative embodiment, the 
dynamic access WindoW unit 450 may comprise a plurality 
of signal paths (e.g., one path for data and another path for 
address) that include a plurality of input buffers 604, 604a, 
?xed-tuning delay buffers 608, 608a, variable delay buffers 
613, 613a, input latches 560, 560a, and captured input 
signals 455, 455a. Embodiments of the present invention are 
generally described as having a single signal path (e.g., data 
or address), hoWever, it Will be appreciated by those skilled 
in the art having the present disclosure, that a plurality of 
signal paths may be implemented using teachings of the 
present invention and remain Within the spirit of the present 
invention. 

[0052] An output terminal from the input buffer 604 is 
then coupled With an input terminal of the ?xed-tuning delay 
buffer 608. An output terminal of the ?xed-tuning delay 
buffer 608 is then coupled With an input terminal of the 
variable delay buffer 613. A feedback signal from the delay 
control unit 550 is coupled to an input terminal of the 
variable delay buffer 610 and the variable delay buffer 613. 
The feedback signal may comprise a plurality of digital 
signals. An output from the variable delay buffer 613 from 
an output terminal is coupled With an input terminal of the 
input latch 560. Another input terminal of the input latch 560 
also receives an internal reference clock from the line 635. 
The output terminal from the input latch 560 then provides 
a captured input signal (data or address) on a line 455. 

[0053] On the line 415 an address capture clock (XCLK) 
or a data capture strobe (DQS) is provided into the input 
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buffer 602. The data on the line 425 and the address on the 
line 435 are also sent to the respective input buffer 604 (i.e., 
a plurality of instances of input buffers 604). In one embodi 
ment, the input buffers 602 and 604 are matched input 
buffers. The clock signal on the line 415, after being 
buffered, is sent to the pulse generator 505 to alloW for 
establishing the setup and hold sensitive paths in the circuit 
of FIG. 6a to be independent of cycle time. In one embodi 
ment, the ?xed-tuning delay buffers 606, 608 are imple 
mented upon the clock signal, the data signal, or upon the 
address signal for ?xed tuning adjustments in their respec 
tive timing. The adjusted signals are then sent to the variable 
delay unit 510. 

[0054] The variable delay unit 510 comprises the variable 
delay buffers 610, 613. The variable delays provided by the 
variable delay unit 510 are dynamically tuned to the center 
of the setup-time and hold-time WindoWs. In one embodi 
ment, the variable delay unit 510 may also comprise addi 
tional variable buffers, such as the variable delay buffer 
613a, used for the address path shoWn in FIG. 6b. Turning 
back to FIG. 6b, in one embodiment, the total delay varia 
tion may be approximately 800 picoseconds. The output 
from the variable delay buffer 610 provides a setup-time 
sensitive path and a hold-time sensitive path. The setup-time 
sensitive path via the line 525 is delayed by a ?xed delay 
buffer 612 in the ?xed delay unit 520. The hold-time 
sensitive path on the line 535 is sent Without delay to the 
access WindoW centering latch unit 530. 

[0055] The access WindoW centering latch unit 530 com 
prises the setup-time test latch 620 and the hold-time test 
latch 630. An internal reference clock on a line 635 is used 
to strobe incoming data address and strobe the latches 620, 
630. The reference clock on the line 635 latches the setup 
time sensitive path on the line 525 into the setup-time test 
latch 620. A delayed version of the reference clock on the 
line 635, Which is delayed by the ?xed delay buffer 614, is 
used to latch the hold-time sensitive path into the hold-time 
test latch 630. The output from the latches 620 and 630 are 
then sent to the control decode unit 540. In one embodiment, 
the setup/hold measurement circuitry provided by the access 
WindoW centering latch unit 530 may be instantiated for 
every input, or combinations of reference paths and slave 
paths may be made. In one embodiment, the reference path 
comprises the setup-time sensitive path and the hold-time 
sensitive path. The slave/tuned path comprises the variable 
time delay buffers 613, 613a and respective input latches 
560, 560a, Which provides the respective captured inputs 
455, 455a (as shoWn in FIG. 6b). For example, the line 455 
may contain a tuned data path, and the line 455a may contain 
a tuned address path. 

[0056] Turning back to FIG. 6a, if an external factor such 
as temperature and/or voltage ?uctuations is experienced by 
the ?rst or second devices 210, 225, the resulting delays to 
the access WindoW may be adjusted to compensate for the 
variations. If the setup-time test latch 620 detects that the 
rising edge of a capture signal is missed due to a setup-time 
violation, then the setup-time test latch 620 Will register a 
logic “one” into the control decode unit 540. Therefore, the 
control decode unit 540 Will receive a logical one and a 
logical Zero, respectively, from the latches 620, 630. The 
control decode unit 540 Will then decode the inputs to 
interpret that the delays are more sensitive to the setup-time, 
so the data needs to be sent to the input latch 560 sooner for 
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proper capture of the data or address onto the line 455. 
Therefore, the control decode unit 540 Will send a signal to 
the delay control unit 550 that changes the delay on the 
variable delay unit 510, speci?cally, into the variable delay 
buffers 610, 613. Therefore, a feedback loop is created to 
substantially center the access WindoW dynamically about 
the centerline 130 to overcome drifts caused by external 
factors. A test/initialiZation implementation of the circuit 
described in FIGS. 6a and 6b is provided in FIG. 6c. Amore 
detailed description of the test/initialiZation implementation 
is provided beloW after a description of timing diagrams 
related to the circuits of FIGS. 6a, 6b, and 6c. 

[0057] Examples of timing diagrams relating to the opera 
tion of the latches 620, 630 are illustrated in FIG. 7. The 
timing of the latch 620, Which is the setup-time test latch, 
and latch 630, Which is the hold-time sensitive latch, are 
shoWn in the example illustrated in FIG. 7a. In this scenario, 
a strobe of a strobe clock 710 occurs betWeen the rising edge 
of the setup-time test latch 620 and the falling edge of the 
hold-time test latch 630, thereby indicating that the access 
WindoW is centered about the centerline 130. Therefore, no 
change to the variable delay unit 510 is required in this 
situation (i.e., the access WindoW is approximately centered 
about the centerline 130). 

[0058] FIG. 7b illustrates the timing of the setup-time test 
latch 620 and the hold-time test latch 630 in Which a 
setup-time violation occurs. The strobe of the strobe clock 
710 occurs before the rising edge of the setup-time test latch 
620 and before the falling edge of the hold-time test latch 
630, thereby resulting in a setup-time violation. In other 
Words, the strobe clock 710 does not occur in the dynami 
cally centered access WindoW 310. Therefore, a setup-time 
violation is detected and the delay control unit 550 may 
make a setup-time correction by removing a delay. 

[0059] In FIG. 7c, a timing diagram is shoWn Where the 
strobe clock 710 occurs after the falling edge of the hold 
time sensitive signal, i.e., outside the access WindoW 310 at 
the edge of the speci?ed hold-time limit 120. Therefore, a 
hold violation is detected and a delay is added using the 
delay control unit 550 in order to recon?gure the access 
WindoW such that it is substantially centered about the 
centerline 130. 

[0060] In order to make a half-cycle WindoW sensitive to 
setup-time and then the same half-cycle WindoW sensitive to 
hold-time, an offset of the Waveforms has to occur. The 
example shoWn in FIG. 7a illustrates that the setup-time test 
latch 620 input signal, Where it is setup-time sensitive, With 
the rising edge very near the strobe clock 710. Therefore, as 
temperature starts to change, the strobe clock 710 may occur 
a little late, thereby causing a setup-time violation. There 
fore, a logical one may have been strobed during normal 
operation, but When a setup-time violation occurs, the setup 
time latch 620 Will provide a logical Zero to the control 
decode unit 540. Therefore, an indication is provided to the 
control decode unit 540 that a setup-time error has occurred, 
indicating that the access WindoW may not be centered about 
the centerline 130. 

[0061] LikeWise, on the hold-time sensitive path on the 
line 535, the hold-time test latch 630 may have barely 
enough time to properly latch a logical one. Therefore, When 
the external factor, such as temperature and/or voltage 
speeds the timing even more, a hold-time violation may 
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occur, prompting the hold-time test latch 630 to register a 
logical Zero instead of a logical one. This indicates to the 
control decode unit 540 that a hold-time error may have 
occurred, implying that the access WindoW is not centered 
about the centerline 130. 

[0062] The reference path that clocks the test latches 620, 
630 is also used to clock the input latch 560. Therefore, all 
latches have the same reference path, therefore, tuning of the 
timing indicated by the dynamic access WindoW unit 450 
Will terminate once proper tuning is achieved. In addition to 
the description provided above, an initialiZation sequence 
for setting up the setup-time and hold-time paths 525 and 
535 may be implemented. For example, a test mode or an 
initialiZation mode may be implemented With a control bit 
that Would be sent to the control decode unit 540 to indicate 
that the dynamic access WindoW unit 450 is in a test/ 
initialiZation mode. During this period of time, a clock may 
be toggling high and loW on every cycle going into an 
address. This sequence Would, in one embodiment, require 
10 to 50 cycles. At that point, the dynamic access WindoW 
unit 450 Will then turn off the input to the control decode unit 
540 indicating shutdoWn. With the control decode unit 540 
inactive, the settings in the delay control unit 550 Would be 
static instead of being variable. The address or the data Will 
then be clocked in a normal fashion Without the feedback 
adjustments to provide data or addresses on the captured 
input line 455. 

[0063] Additionally, in a test/initialiZation implementa 
tion, the input buffer 602 may be eliminated (see FIG. 6c). 
In one embodiment, during the initialiZation mode, the 
function of the input buffer 602 of FIGS. 6a and 6b is 
generally performed by the input buffer 604. In other Words, 
the dynamic centering function described above is only used 
during an initialiZation or a test mode. This provides the 
advantage of not having the clock input buffer 602 substan 
tially perfectly match address/data buffer 604. Therefore, 
tWo input buffers 602, 604 do not have to be matched 
substantially perfectly, since their respective functions are 
performed by one input buffer, as shoWn in FIG. 6c. 
Furthermore, additional circuit layout space may be con 
served by using only one input buffer 604. In the embodi 
ment of FIG. 6c, only the forWard path for the address or 
data (i.e., the input buffer 604, the variable delay buffer 613, 
and the input latch 560) toggles after initialiZation. In one 
embodiment, variable tuning provided in the forWard path of 
FIG. 6c is dynamic only in initialiZation. 

[0064] Turning noW to FIG. 8, a How chart depiction of 
one embodiment of a method of performing dynamic cen 
tering of a setup-time/hold-time WindoW, in accordance With 
the present invention is illustrated. The system 200 receives 
a clock and/or a strobe signal to capture data or addresses 
(block 810). The system 200 also receives the addresses or 
data to be captured for transmission (block 820). Subse 
quently, the system 200 performs an access WindoW center 
ing process to insure that the access WindoW is approxi 
mately centered about the centerline 130 (block 830). The 
centerline 130 is the center of a time period encapsulated by 
the speci?ed hold-time limit 120 and the speci?ed setup 
time limit 110. Amore detailed description of performing the 
access WindoW centering process is described in FIG. 9 and 
accompanying description beloW. Subsequently, the system 
200 captures (block 840) the input, i.e., capturing the data or 
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addresses and places it on a capture input line 455 for use by 
a device calling for the addresses and/or data. 

[0065] Turning noW to FIG. 9, a How chart depiction of a 
more detailed description of the access WindoW centering 
process is illustrated. The system 200 de?nes a capture range 
by generating a pulse in Which the capture of the addresses 
and/or data may take place (block 910). The system 200 then 
provides a variable delay tuned to the center of the setup 
time and hold-time WindoW Within the capture range (block 
920). The system 200 creates a setup-time sensitive path on 
a line 525 and a hold-time sensitive path on a line 535. By 
creating the paths 525, 535, the system 200 provides a 
control code indicating setup-time or hold-time failure, 
Which is then used for correction of setup/hold-time limit 
110, 120 violations (block 930). 

[0066] The system 200 then decodes the control code to 
interpret Which type of failure, i.e., setup-time failure or 
hold-time time failure (block 940). The system 200 then 
provides a delay control to adjust a variable delay unit 510 
to compensate for the setup/hold-time errors, and to dynami 
cally center the access WindoW about the centerline 130 
(block 950). The system 200 then latches the address or data 
using an input latch 560 (block 960). The system 200 then 
provides (block 970) the capture input (data or addresses) on 
a captured input line 455 for use by the system 200. The 
embodiments described above may be utiliZed for latching, 
clocking, accessing, data or addresses for a variety of 
devices, such as memory devices, processors, registers and 
the like. 

[0067] The particular embodiments disclosed above are 
illustrative only, as the invention may be modi?ed and 
practiced in different but equivalent manners apparent to 
those skilled in the art having the bene?t of the teachings 
herein. Furthermore, no limitations are intended to the 
details of construction or design herein shoWn, other than as 
described in the claims beloW. It is therefore evident that the 
particular embodiments disclosed above may be altered or 
modi?ed and all such variations are considered Within the 
scope and spirit of the invention. Accordingly, the protection 
sought herein is as set forth in the claims beloW. 

What is claimed: 
1. A method, comprising: 

determining an access WindoW de?ned by a setup-time 
and a hold-time; 

determining that said access WindoW is not centered about 
a centerline, said centerline being a point betWeen a 
predetermined setup-time limit and a predetermined 
hold-time limit; 

performing a dynamic access WindoW centering process 
in response to said determination that said access 
WindoW is not centered about said centerline, said 
dynamic access WindoW centering process comprising: 

determining that said access WindoW has shifted from 
said centerline, and 

providing at least one of a dynamic delay and a 
dynamic speed-up of said access WindoW based upon 
said determination that said access WindoW has 
shifted from said centerline. 
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2. The method described in claim 1, further comprising 
performing a data access based upon said dynamic access 
WindoW centering processing. 

3. The method described in claim 1, Wherein determining 
that said access WindoW is not centered about a centerline 
further comprises determining that there is a setup-time 
violation. 

4. The method described in claim 1, Wherein determining 
that said access WindoW is not centered about a centerline 
further comprises determining that there is a hold-time 
violation. 

5. The method described in claim 1, Wherein performing 
a dynamic access WindoW centering process further com 
prises centering said access WindoW about said centerline in 
response to a movement of said access WindoW, said move 
ment resulting from a temperature change. 

6. The method described in claim 1, Wherein performing 
a dynamic access WindoW centering process further com 
prises centering said access WindoW about said centerline in 
response to a movement of said access WindoW, said move 
ment resulting from a voltage-level change. 

7. The method described in claim 1, Wherein performing 
a dynamic access WindoW centering process further com 
prises: 

de?ning a data capture range for said access WindoW; 

providing a variable delay tuned to the center of said 
access WindoW; 

creating a setup-time sensitive path to provide a ?rst code 
to indicate a setup-time failure; 

creating a hold-time sensitive path to provide a second 
code to indicate a hold-time failure; 

performing a delay control to provide said variable delay 
to adjust a ?rst variable delay of said setup-time 
sensitive path in response to decoding said ?rst code to 
reduce a setup-time failure; and 

performing a delay control to provide said variable delay 
to adjust a second variable delay of said hold-time 
sensitive path in response to decoding said second code 
to reduce a hold-time failure; and 

centering said access WindoW based upon said ?rst vari 
able delay of said setup-time sensitive path and said 
second variable delay of said hold-time sensitive path. 

8. The method described in claim 7, further comprising 
providing a setup-time sensitive path that is independent of 
an operating clock. 

9. The method described in claim 8, Wherein providing 
said setup-time sensitive path that is independent of an 
operating clock further comprises providing a delay buffer 
that provides a delay of approximately one-half of a signal 
generated by a pulse generator. 

10. The method described in claim 7, further comprising 
providing a hold-time sensitive path that is independent of 
an operating clock. 

11. The method described in claim 10, Wherein providing 
said hold-time sensitive path that is independent of an 
operating clock further comprises providing a delay buffer 
that provides a delay of approximately one-half of a signal 
generated by a pulse generator. 

12. The method described in claim 7, further comprising 
latching data based upon said centering said access WindoW. 
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13. The method described in claim 7, Wherein de?ning a 
data capture range for said access WindoW further comprises 
providing a pulse upon a clock signal using a pulse genera 
tor. 

14. A method, comprising: 

determining a data capture range for de?ning an access 
WindoW bound by a predetermined setup-time limit and 
a predetermined hold-time limit. 

determining Whether at least one of a setup-time error and 
a hold-time error occurred based upon said access 

WindoW; 
determining that said access WindoW is not centered about 

a centerline that is a center point betWeen said prede 
termined setup-time limit and a predetermined hold 
time limit based upon at least one of said setup-time 
error and said hold-time error; and 

performing a dynamic access WindoW centering process 
in response to said determination that said access 
WindoW is not centered about said centerline, said 
dynamic access WindoW centering process comprising 
providing at least one of a dynamic delay and a 
dynamic speed-up of said access WindoW based upon 
said determination that said access WindoW has shifted 
from said centerline. 

15. The method described in claim 14, further comprising 
performing a data access based upon said dynamic access 
WindoW centering process. 

16. The method described in claim 14, Wherein perform 
ing a dynamic access WindoW centering process further 
comprises: 

providing a variable delay tuned to the center of said 
access WindoW; 

creating a setup-time sensitive path to provide a ?rst code 
to indicate a setup-time failure; 

creating a hold-time sensitive path to provide a second 
code to indicate a hold-time failure; 

performing a delay control to provide said variable delay 
to adjust a ?rst variable delay of said setup-time 
sensitive path in response to decoding said ?rst code to 
reduce a setup-time failure; and 

performing a delay control to provide said variable delay 
to adjust a second variable delay of said hold-time 
sensitive path in response to decoding said second code 
to reduce a hold-time failure; and 

centering said access WindoW based upon said ?rst vari 
able delay of said setup-time sensitive path and said 
second variable delay of said hold-time sensitive path. 

17. An apparatus, comprising: 

a data storage device to provide stored data; and 

a controller coupled to said data storage device, said 
controller being adapted to detect a movement of an 
access WindoW de?ned by a predetermined setup-time 
limit and a predetermined hold-time limit and dynami 
cally centers said access WindoW betWeen said setup 
time and said hold-time limit in response to said 
movement of said access WindoW. 

18. The apparatus described in claim 17, Wherein said data 
storage device is at least one of a static random access 
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memory (SRAM), a dynamic random access memory 
(DRAM), a double-data rate DRAM (DDR DRAM), a 
Rambus DRAM (RDRAM), and a FLASH memory. 

19. The apparatus described in claim 17, Wherein said 
access WindoW de?nes a time period for latching said data 
in said data storage device. 

20. The apparatus described in claim 17, Wherein said 
controller comprises a dynamic access WindoW unit for 
dynamically centering said access WindoW, said dynamic 
access WindoW unit comprising: 

a ?rst matched input unit to receive at least one of a data 
input signal and an address input signal; 

a pulse generator coupled to a clock input signal, said 
pulse generator adapted to provide a pulse for alloWing 
the formation of a setup-time sensitive path and a 
hold-time sensitive path independent of a cycle time 
de?ned by said clock input signal; 

a variable delay unit operatively coupled to an output of 
said pulse generator and to a data input signal, said 
variable delay unit to provide a variable delayed clock 
output to generate said setup-time sensitive path and 
said hold-time sensitive path and to provide a delayed 
data output for latching said data output; 

a ?xed delay unit operatively coupled to said variable 
delay unit, to generate at least one of said setup-time 
sensitive path and said hold-time sensitive path; 

an access WindoW centering latch unit operatively coupled 
to said ?xed delay unit, said access WindoW centering 
latch unit adapted to provide a ?rst code responsive to 
a setup-time violation and a second code responsive to 
a hold-time violation; 

a control decode unit operatively coupled to said access 
WindoW centering latch unit, said control decode unit 
adapted to decode said ?rst code and said second code 
to provide a delay control data; 

a delay control unit operatively coupled to said control 
decode unit, said delay control unit adapted to receive 
said delay control data and provide a variable delay 
signal to said variable delay unit to control said variable 
delay imposed upon said clock input signal and to at 
least one of said data input signal and said address input 
signal; and 

an input latch operatively coupled to said variable delay 
unit, said input latch to provide latching of at least one 
of said delayed data input signal and said address input 
signal to provide a captured input signal. 

21. The apparatus described in claim 20, Wherein said 
?xed delay unit to provide a delay that is approximately 
one-half of a pulse Width of said pulse generated by said 
pulse generator, to alloW said setup-time sensitive path to be 
independent of said cycle time. 

22. The apparatus described in claim 20, further compris 
ing a second ?xed delay unit to provide a delay that is 
approximately one-half of a pulse Width of said pulse 
generated by said pulse generator, to alloW said hold-time 
sensitive path to be independent of said cycle time. 

23. The apparatus described in claim 20, Wherein said 
dynamic access WindoW unit further comprising a second 
matched input unit operatively coupled to said variable 
delay unit, said second matched input unit being substan 








