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SYSTEMS AND METHODS FOR REDUCED AREA DELAY LOCKED LOOP

The invention is related to event synchronization, and more particularly to systems
and methods for synchronizing one signal to another signal in a semiconductor device.
BACKGROUND

Synchronizing one electrical signal to another often involves applying the signal to a
data input of a flip-flop, and clocking the flip-flop using a clock to which the signal is to be
synchronized. The signal to be synchronized generally must be applied to the data input of
the flip-flop for a defined period before the clock transitions (i.e., setup time), and must
remain for a defined period after the clock transitions (i.e., hold time). By assuring that the
setup and hold times are met, predictable circuit operation is achieved.

In some cases, a delay lock loop circuit has been used to delay a signal in relation to a
synchronizing clock to assure that setup and hold times are met. Such delay lock loops may
be iteratively updated until a desired delay is achieved. Implementation of such a delay lock
loop typically requires substantial circuitry and a corresponding amount of chip area. This
leads to increased chip costs and in some cases reduced yield.

Thus, for at least the aforementioned reasons, there exists a need in the art for
advanced systems and devices for implementing a signal delay.

SUMMARY

The invention is related to event synchronization, and more particularly to systems
and methods for synchronizing one signal to another signal in a semiconductor device.

Various embodiments of the invention provide methods for reduced area delay signal
timing. Such methods include providing a delay lock loop circuit with a plurality of
selectable delay elements. The methods further include operating the delay lock loop circuit
in a first mode where a program number is established in relation to a reference frequency.
The program number corresponds to a number of the plurality of selectable delay elements
used to establish a first delay time at the reference frequency. The program number is
multiplied by a multiplicand, and the product of the multiplication is used while operating the
delay lock loop circuit in a second mode to select the number of delay elements utilized in
delaying an input signal. In the second mode, an input signal is delayed by a second delay
time that is approximately the first delay time multiplied by the multiplicand. In some
instances of the aforementioned embodiments, the multiplicand is a power of two, and the
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multiplication process is accomplished by shifting the program number to the right or to the
left. In one particular instance of the aforementioned embodiments, the multiplicand is the
integer 2, and multiplying the program number by the multiplicand includes shifting the
program number to the left by one bit. In another particular instance of the aforementioned
embodiments, shifting the program number is accomplished by aligning the program number
with delay elements such that an effective shift is incurred. In yet another particular instance
of the aforementioned embodiments, multiplication includes applying the multiplicand and
the program number to a multiplier circuit. As yet a further instance of the aforementioned
embodiments, multiplication includes replicating delay element enable signals.

In various instances of the aforementioned embodiments, the first mode is a master
mode and the second mode is a slave mode. In some instances of the aforementioned
embodiments, the delay lock loop circuit may be implemented in relation to a DDR memory.
In such instances, the reference frequency may be obtained by using a 2x clock implemented
as part of the DDR memory interface. In some instances of the aforementioned embodiments,
the delay lock loop circuit is operable to provide a particular delay using a reduced area when
compared with a non-multiplying delay lock loop circuit.

In one or more instance of the aforementioned embodiments, the plurality of
selectable delay elements is a first plurality of selectable delay elements incorporated in a
first delay stage. In such instances, the delay lock loop circuit may further include a second
plurality of selectable delay elements incorporated in a second delay stage. In master mode, a
reference clock operating at the reference frequency is applied to the first delay stage and an
output of the first delay stage is applied to the second delay stage. In some such cases, the
output signal is a first output signal, and operating the delay lock loop circuit in the second
mode may include applying the first input signal to the first delay stage programmed with the
program number multiplied by the multiplicand such that the first delay stage provides a first
delay output. The methods may further include applying a second input signal to the second
delay stage programmed with the program number multiplied by the multiplicand, wherein
the second delay stage provides a second delay output.

Other embodiments of the invention provide delay lock loop circuits that include at
least a first delay stage and a second delay stage. In addition, the delay lock loop circuits
include a register, a feedback loop, and a multiplication circuit. The first delay stage includes
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a first plurality of selectable delay elements, and is operable to receive an input clock and to
provide a stage clock that is a delayed derivative of the input clock. The second delay stage
includes a second plurality of selectable delay elements, and is operable to receive an input
signal. The register maintains a program number that determines a number of the plurality of
selectable delay elements used in the delay stage. The feedback loop that is operable to
establish the program number corresponding to a desired delay time, and the multiplication
circuit multiplies the program number by a multiplicand. A selected number of the second
plurality of selectable delay elements are used to delay the input signal to derive an output
signal, and wherein the output signal is delayed the desired delay time multiplied by the
multiplicand.

Yet other embodiments of the invention provide methods for signal synchronization.
Such methods include providing at least a first delay stage and a second delay stage. The first
delay stage includes a first selectable plurality of delay elements, and the second delay stage
includes a second plurality of delay elements. The methods further include applying a
reference clock to the first delay stage such that an output of the first delay stage is a first
derivative of the reference clock, and applying the first derivative of the reference clock to
the second delay stage such that an output of the second delay stage is a second derivative of
the reference clock. The second derivative of the reference clock is a phase shift delayed
from the reference clock. The methods further include, repeatedly selecting a number of the
first plurality of delay stages and the second plurality of delay stages until the phase shift is at
a desirable amount; multiplying the number of the first plurality of delay elements and the
second plurality of delay elements by a multiplicand; and applying the product of the
multiplication to a slave stage such that the product of the multiplication determines a
number of utilized delay elements in the slave stage. In some instances of the aforementioned
embodiments, the delay lock loop circuit operates in a master mode and a slave mode. In
such cases, a portion of circuitry may be reused in both the first delay stage and the slave
stage depending upon whether the delay lock loop circuit is operating in the master mode or
the slave mode. In one or more instances of the aforementioned embodiments, the delay lock
loop circuit is implemented in relation to a DDR memory interface that includes a 2x clock
and a 1x clock. In such cases, the DDR memory interface includes a 1x clock and a 2x clock.

The reference clock is the 2x clock, and the 1x clock is applied to the slave stage.
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This summary provides only a general outline of some embodiments according to the
invention. Many other objects, features, advantages and other embodiments will become
apparent from the following description and accompanying drawings, wherein:

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1a shows a memory system that utilizes a combination memory controller and
delay lock loop circuit in accordance with one or more embodiments of the invention;

FIG. 1b depicts a strobe signal delayed in relation to a data signal;

FIGS. 2a-2e show a delay lock loop circuit locking to a 2x reference signal in
accordance with some embodiments of the invention;

FIG. 3 depicts a slave delay stage along with an interface circuit that may be
implemented in relation to various embodiments of the invention; and

FIG. 4 is a flow diagram showing a method in accordance with embodiments of the
invention for signal synchronization.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS

Turning to FIG. 1a, a memory system 100 is shown that utilizes a combination
memory controller 110 and a delay lock loop circuit 120 in accordance with one or more
embodiments of the invention. It should be noted that delay lock loop circuit 120 may be
implemented on the same semiconductor die as memory controller 110, or may be
implemented on a different die. Further, it should be noted that delay lock loop circuit 120
may be integrated with memory controller 110 or may be implemented as separate modules
of the same circuit design. As shown, memory controller 110 includes a number of signals
that are generated to allow access to one or more memory modules. Generation of such
signals may be accomplished in various ways as are known in the art. For example, the same
strobe signal may be used for both read and write signals, or a strobe signal for the read and a
strobe signal for the write may be created internal to memory controller 110 and only at the
interface of memory controller 110 are the two signals combined to drive the strobe 1/O of
the external memory. Delay lock loop circuit 120 includes a master portion consisting of one
or more delay stages 142, 144, 146, 148, 150; and a feedback loop consisting of a phase
comparator circuit 152 and a delay control circuit. Delay lock loop circuit 120 also includes a

slave portion consisting of one or more slave delay stages 162, 164.
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As shown, memory system 100 includes a bank 130 of double data rate memory
blocks 134, 138. It should be noted that other memory types may be used in accordance with
different embodiments of the invention. Each of memory blocks 134, 138 includes an
interface consisting of an address bus, a data bus, a strobe and a read/write control line. In
operation, when data is to be written to memory block 134, the appropriate address is applied
to the address bus, the read/write control line is asserted to indicate a write operation, data is
placed on the data bus, and the strobe signal for memory block 134 (i.e., strobe 0) is asserted.
The same process is done to write data to memory block 138, except that the strobe signal for
memory block 138 (i.e., strobe 1) is asserted. In contrast, when data is to be read from
memory block 134, the appropriate address is applied to the address bus, the read/write
control line is asserted to indicate a read operation. Memory block 134 then asserts the strobe
associated memory block 134 (i.e., strobe 0) coincident with applying data to the data bus.
The same process is used for reading data from memory block 138, except that the strobe
associated with memory block 138 is asserted. Both a 1x reference clock 123 (i.e., a clock
that is capable of operating at approximately the frequency as either strobe O or strobe 1) and
a 2x reference clock 122 (i.e., a clock that is capable of operating at least two times as fast as
either strobe 0O or strobe 1) is associated with memory blocks 134, 138. Based on the
disclosure provided herein, one of ordinary skill in the art will recognize a variety of
interfaces or signal sets that may be used in accordance with different embodiments of the
invention.

In some cases, the strobe and the data are not properly aligned during the read and
write cycles. In such cases, delay lock loop circuit 120 may be used to delay one or more
strobe signals to create the appropriate alignment. As shown, a slave delay stage 162 is used
to delay the strobe associated with memory block 134, and a slave delay stage 164 is used to
delay the strobe associated with memory block 138. It should be noted that depending upon
the configuration, slave delay stage 162 may be designed to delay a strobe received from
memory block 134 by a particular amount, or slave delay stage 162 may be designed to delay
a strobe provided to memory block 134 from memory controller 110. Similarly, depending
upon the configuration, slave delay stage 164 may be designed to delay a strobe received
from memory block 138 by a particular amount, or slave delay stage 164 may be designed to
delay a strobe provided to memory block 138 from memory controller 110. The amount of
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delay applied by slave delay stage 162 and slave delay stage 164 is controlled by delay lock
loop circuit 120. It should be noted that delay lock loop circuit 120 may be implemented in
relation to a circuit other than a memory controller. Based on the disclosure provided herein,
one of ordinary skill in the art will recognize a variety of applications that may benefit from
use of such a delay lock loop circuit.

The aforementioned process of delaying strobes using slave delay stages 162, 164 is
graphically displayed in FIG. 1b. Turning to FIG. 1b, a timing diagram 190 shows data 192
applied to the aforementioned data bus and a corresponding strobe in 194. As shown, strobe
in 194 transitions coincident with the change in data 192. In some cases such an immediate
transition results in a setup or hold problem in either memory blocks 134, 138 or a device
receiving data from memory blocks 134, 138. By introducing a controlled time delay 198 to
strobe in 194, any setup or hold problems may be averted. As more fully discussed below,
time delay 198 is programmable by selecting a different number of delay elements
implemented as part of slave delay stages 162, 164.

The number of delay elements utilized in slave delay stages 162, 164 is determined
through delay locking to 2x reference clock 122 using delay lock loop circuit 120. Delay lock
loop circuit 120 includes delay stage 142, delay stage 144, delay stage 146, delay stage 148
and delay stage 150. In some instances, all of delay stages 142, 144, 146, 148, 150 are
substantially identical including the same number of delay elements. As shown, 2x reference
clock 122 and 1x reference clock 123 are applied as inputs to a multiplexer 127. Depending
upon the assertion level of a select signal 121, one of 2x reference clock 122 or 1x reference
clock 123 is applied as an input to delay stage 142. The output of delay stage 142 is the input
of delay stage 144, the output of delay stage 144 is the input of delay stage 146, the output of
delay stage 146 is the input of delay stage 148, and the output of delay stage 148 is the input
of delay stage 150.

By providing an ability to select between 2x reference clock 122 and 1x reference
clock 123 using multiplexer 127, a wide operational range with a desired resolution may be
achieved. In particular, when high frequency operation is desired, 1x reference clock 123 is
selected. When low frequency operation is desired, 2x reference clock 122 is selected. When
high frequency operation is selected using select signal 121, a multiplier circuit 102 is

bypassed. In contrast, when low frequency operation is selected using select signal 121,
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multiplier circuit 102 is used to modify the number of delay elements utilized by slave delay
stages 162, 164. The use of multiplier circuit 102 decreases the resolution offered, but this is
not as important during low frequency operation. Allowing for both high frequency and low
frequency operation reduces the number of delay elements required to meet a three-hundred,
sixty degree locking capability.

The output of delay stage 150 (or in some cases, an output of one of the other delay
stages 142, 144, 146, 148) is compared with the output of multiplexer 127 by a phase
comparator 152. The output of phase comparator 152 indicates whether the number of delay
elements currently utilized in each of delay stages 142, 144, 146, 148, 150 is to be
incremented, decremented or left constant in order to achieve the desired delay lock. In
particular, phase comparator 152 provides an increment/decrement signal 153 to a delay
control circuit 154. Based on increment/decrement signal 153, delay control circuit 154
controls the number of delay elements used by each of delay stages 142, 144, 146, 148, 150.
The number of delay elements used by each of delay stages 142, 144, 146, 148, 150 is
multiplied by a multiplier circuit 102. The product of multiplier circuit 102 is used to select
the number of delay elements utilized in each of delay stages 162, 164.

As an example, the delay elements utilized in each of delay stages 142, 144, 146, 148,
150 each provide approximately the same incremental delay (i.e., resolution) as the delay
elements used in slave delay stages 162, 164. Thus, where delay lock loop 120 is
synchronized to a clock (i.e., 2x Reference Clock 122) that operates at approximately twice
the frequency of the signals (i.e., strobe 0 and strobe 1) delayed by slave delay stages 162,
164, then the number of delay elements used by each of delay stages 142, 144, 146, 148, 150
may be approximately half the number of delay elements used by slave delay stages 162, 164
to produce a corresponding delay. In this case, multiplier circuit 102 may be set to apply a
two times (i.e., the multiplicand is two) multiplication. In such a case, multiplier circuit 102
may be implemented as any multiplier circuit known in the art that is capable of multiplying
an input by two and providing a product of the multiplication to select the number of delay
elements used in slave delay stages 162, 164. In one particular case, multiplier circuit 102
may be a shift register that is operable to shift the number of delay elements used by delay
stages 142, 144, 146, 148, 150 left by one bit position. As another particular case, multiplier
circuit 102 may be a register that is aligned with the number of delay elements used by delay
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stages 142, 144, 146, 148, 150 such that the number is shifted to the left by one bit position.
Based on the disclosure provided herein, one of ordinary skill in the art will recognize a
number of multiplier circuits 102 that may be used in relation to one or more embodiments of
the invention. As one advantage, by locking delay lock loop circuit 120 to a 2x frequency
signal, delay stages 142, 144, 146, 148, 150 may be implemented with half of the delay
elements as would otherwise be needed to produce a delay number to be used by slave delay
stages 162, 164.

As another example where the delay elements utilized in each of delay stages 142,
144, 146, 148, 150 each provide approximately the same incremental delay as the delay
elements used in slave delay stages 162, 164, delay lock loop 120 may be synchronized to a
clock that operates at approximately four times the frequency of the signals delayed by slave
delay stages 162, 164. In such a case, the number of delay elements used by each of delay
stages 142, 144, 146, 148, 150 may be approximately one quarter the number of delay
elements used by slave delay stages 162, 164 to produce a corresponding delay. In this case,
multiplier circuit 102 may be set to apply a four times (i.e., a multiplicand of four)
multiplication. In such a case, multiplier circuit 102 may be implemented as any multiplier
circuit known in the art that is capable of multiplying an input by four and providing a
product of the multiplication to select the number of delay elements used in slave delay
stages 162, 164. In one particular case, multiplier circuit 102 may be a shift register that is
operable to shift the number of delay elements used by delay stages 142, 144, 146, 148, 150
left by two bit positions. As another particular case, multiplier circuit may be a register that is
aligned with the number of delay elements used by delay stages 142, 144, 146, 148, 150 such
that the number is shifted to the left by two bit positions. Again, based on the disclosure
provided herein, one of ordinary skill in the art will recognize a number of multiplier circuits
102 that may be used in relation to one or more embodiments of the invention. As one
advantage, by locking delay lock loop circuit 120 to a 4x frequency signal delay stages 142,
144, 146, 148, 150 may be implemented with one quarter of the delay elements as would
otherwise be needed to produce a delay number to be used by slave delay stages 162, 164.

While examples of multiplying the number of delay elements utilized by delay stages
142, 144, 146, 148, 150 by two and by four, it should be noted that based on the disclosure
provided herein, one of ordinary skill in the art will recognize a number of different

8



10

15

20

25

30

WO 2009/018554 PCT/US2008/072032

TI-63572WO

multiplicands that may be used in accordance with different embodiments of the invention.
Such multiplicands may be, but are not required to be, powers of two (2"). Such powers of
two may include, but are not limited to, Y4, 1/2, 2, 4 and 8. Any of such powers of two may
be achieved by shifting an input value to the right or left. Again, it should be noted that the
multiplicand may be any value where multiplier circuit 102 is designed as a traditional
multiplier circuit rather than a simple shift register.

Turning to FIGS. 2a-2e, a delay lock loop circuit 200 locking to a 2x reference signal
201 in accordance with some embodiments of the invention is shown. Delay lock loop circuit
200 may be used in place of the master portion of delay lock loop circuit 120 where the 2x
reference clock has been selected using multiplexer 127. It should be noted that delay lock
loop circuit 200 includes circuitry for reducing glitches that may or may not be included in
relation to different embodiments of the invention. Delay lock loop circuit 200 includes a set
of delay stages 242, 244, 246, 248, 250. Further, delay lock loop circuit 200 includes a
feedback loop that includes a phase comparator 210, an enable generator 220, and a unified
selector register 230. Delay lock loop circuit 200 also includes a reference signal gate 202,
and a phase selector multiplexer 252. In one particular embodiment of the invention, each of
the aforementioned delay stages is designed to implement a phase delay of about seventy-two
degrees. In such cases, phase selector multiplexer 252 provides an ability to select between a
one stage seventy-two degree phase shift or a one stage ninety degree phase shift depending
upon whether a selector input 253 is set such that phase selector multiplexer 252 causes stage
output 249 or stage output 251 to drive a multiplexer output 254. Based on the disclosure
provided herein, one of ordinary skill in the art will recognize a variety of embodiments that
do not employ a multiplexer 252, or that employ additional multiplexers to allow for
selection of different stage outputs.

Reference signal gate 202 receives 2x reference signal 201 and provides a gated
reference signal 203. One particular embodiment of the invention includes an AND gate that
ANDs an inverted version of gate control output 222 with 2x reference signal 201. In some
cases, circuitry is included that controls the timing of gate control output such that producing
gated reference signal 203 from 2x reference signal 201 does not result in glitches on gated
reference signal 203. Delay stage 242 receives gated reference signal 203, and provides a
stage output 243. Stage output 243 is gated reference signal 203 delayed by a determined
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amount. Delay stage 244 receives stage output 243, and provides a stage output 245. Stage
output 245 is stage output 243 delayed by a determined amount. Delay stage 246 receives
stage output 245, and provides a stage output 247. Stage output 247 is stage output 245
delayed by a determined amount. Delay stage 248 receives stage output 247, and provides a
stage output 249. Stage output 249 is stage output 247 delayed by a determined amount.
Delay stage 250 receives stage output 249, and provides a stage output 251. Stage output 251
is stage output 249 delayed by a determined amount. Each of delay stages 242, 244, 246,
248, 250 includes a number of delay elements that may be selectably incorporated in a delay
chain.

Gated reference signal 203, stage output 245, and one of stage output 249 or stage
output 251 are provided to an up/down generator 216 of phase comparator 210. Up/down
generator 216 provides an output to an increment generator 214 that indicates whether a
number of delay elements used in each of delay stages 242, 244, 246, 248, 250 should be
incremented, decremented or maintained constant to achieve the desired phase shift.
Increment generator 214 provides an output to a lock generator 212 that provides a lock
output 213.

In addition, increment generator 214 provides an increment/decrement signal 215 to
an enable generator 220. Enable generator 220 controls the modification of a unified selector
register 230 via a set of control signals 221. In one particular embodiment of the invention,
control signals 221 include an enable signal and an increment/decrement signal. In such a
case when the increment/decrement signal indicates an increment and the enable signal is
asserted, the value maintained in unified selector register 230 is incremented. Alternatively,
when the increment/decrement signal indicates a decrement and the enable signal is asserted,
the value maintained in unified selector register 230 is decremented. In such an embodiment,
a lock condition may be indicated (i.e., lock output 213 is asserted) when the value in
selector register is to be maintained constant. In such cases, the enable signal is not asserted
when the lock condition is indicated.

In some embodiments of the invention, enable generator 220 includes a counter
circuit that is synchronized to 2x reference signal 201. The counter circuit periodically asserts
an enable signal (part of control signals 221). In one particular embodiment of the invention,
the counter circuit asserts the enable signal once for every four cycles of 2x reference signal

10



10

15

20

25

30

WO 2009/018554 PCT/US2008/072032

TI-63572WO

201 when the lock condition has not been established. In such a case, a gate control output
222 derived from the counter may be provided to reference signal gate 202 such that gated
reference signal 203 does not assert when the enable of control signals 221 is asserted. In this
way, glitches are avoided when the value in unified selector register 230 is updated.

An X-bit selector value 232 maintained in unified selector register 230 is provided to
each of delay stages 242, 244, 246, 248, 250. In operation, X-bit selector value 232 selects
the number of the delay elements in each of delay stages 242, 244, 246, 248, 250 that are
used in a delay chain implemented by the respective delay stage. In one particular
embodiment of the invention, X-bit selector register is sixty-three bits wide, and the number
of selectable delay elements in each of delay stages 242, 244, 246, 248, 250 is also sixty-
three. It should be noted that the aforementioned delay width and register width is related to a
particular implementation. It should also be noted that in contrast to the preceding example,
the width of unified selector register 230 need not necessarily match the number of delay
elements implemented in each of delay stages 242, 244, 246, 248, 250. Further, it should be
noted that each of delay stages 242, 244, 246, 248, 250 do not necessarily need to include the
same number of delay elements. Based on the disclosure provided herein, one of ordinary
skill in the art will recognize a number of different delay widths and register widths that may
be used in accordance with different embodiments of the invention.

X-bit value 232 multiplied by a multiplicand using a multiplier circuit 285 may be
used to select a number of delay elements of one or more slave delay stages (not shown). In
such cases, X-bit value 232 may be stored in a register 290. An output 293 of register 290 is
combined with a fixed least significant bit 283 from an L.SB circuit 280. Combining output
293 with fixed least significant bit 283 in this way causes results in a program number output
292 that is the X-bit value 232 multiplied by two. Again, it should be noted that multiplier
circuit 285 may be any multiplier circuit known in the art, and may be designed to multiply
X-bit value 232 by any number depending upon the particular design in which it is
implemented.

Operation of delay lock loop circuit 200 is described in relation to a timing diagram
295 of FIG. 2b. Turning to FIG. 2b, 2x reference signal 201 is shown as a repeating clock
with approximately a fifty percent duty cycle. As shown, enable generator 220 asserts gate
control output 222 once every four cycles of 2x reference signal 201. Reference signal gate
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202 gates 2x reference signal 201 with gate control output 222 to produce gated reference
signal 203. In this example, gate control output 222 and the enable that is part of signals 221
have the same characteristics. In particular, gated reference signal 203 is 2x reference signal
201 that is not asserted whenever gate control output 222 is asserted.

Whenever the value in unified selector register 230 is to be incremented, increment
generator 214 asserts increment/decrement signal 215 to indicate an increment operation
(e.g., alogic ‘1’ in this example). Alternatively, whenever the value in unified selector
register 230 is to be decremented, increment generator 214 asserts increment/decrement
signal 215 to indicate a decrement operation (e.g., a logic ‘0’ in this example).
Increment/decrement signal 215 is re-clocked by enable generator 220 as increment signal
(part of signals 221). Signals 221 are passed by enable generator 220 to unified selector
register 230 where they cause either an increment or decrement of X-bit value 232 upon the
next positive edge of 2x reference signal 201. As previously stated, X-bit value 232 causes a
change in the number of delay elements utilized in delay stages 242, 244, 246, 248, 250 (i.e.,
a change in the delay incurred through each of the respective delay stages).

Turning to FIG. 2¢, a detailed schematic of one implementation of a delay stage 260
and a selector register 231 is shown. Delay stage 260 may be used in place of any or all of
delay stages 242, 244, 246, 248, 250 discussed above in relation to FIG. 2a or delay stages
142, 144, 146, 148, 150 discussed above in relation to FIG. 1a. Similarly, selector register
231 may be used in place of selector register 232 discussed above in relation to FIG. 2a. As
shown, delay stage 260 includes a number of delay elements 261 that can be configured as a
chain of delay elements including one delay element up to the total number of delay elements
depending upon the value maintained in selector register 231. Delay stage 260 receives an
input signal 264 and provides an output signal 265. As an example, where delay stage 260 is
used in place of delay stage 242, input signal 264 corresponds to gated reference signal 203
and output signal 265 corresponds to stage output 243. Similarly, inputs from selector
register 231 correspond to X-bit value 232.

Each delay element 261 includes a delay buffer 263 that may be, but is not limited to
an inverting buffer, a logic gate, or a non-inverting buffer. Based on the disclosure provided
herein, one of ordinary skill in the art will recognize a variety of circuits that may be used to
cause a signal delay. In addition, each delay element 261 includes a multiplexer 262 that is
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controlled by an input from selector register 231 and is used to control whether the particular
delay element is included in an overall delay chain implemented by delay stage 260. In
particular, when the value provided from selector register 231 is a logic “1°, the particular
delay element is not selected. In contrast, when the value provided from selector register 231
is a logic ‘0’, the particular delay element is selected. As each delay element 261 drives a
subsequent delay element 261 (i.e., the output of delay element 261d, drives the output of
delay element 261c), the value provided from selector register 231 includes a series of logic
‘1’s followed by a series of logic ‘0’s, with the transition between logic ‘0’s and logic “1’s
being positioned such that it corresponds to the overall delay line length implemented in
delay stage 260.

Selector register 231 is implemented as a shift register that causes a series of logic
‘1’s followed by a series of logic ‘0’s to shift right whenever the delay implemented by delay
stage 261 is to be increased, and to shift left whenever the delay implemented by delay stage
261 is to be decreased. In particular, selector register 231 includes a number of flip-flops 233
configured in series. Each of flip-flops 233 includes a shift enable input 236, a scan input
237, a data input 238 and an output 239. In operation, when a shift right is to occur, an
increment signal input (e.g., part of signals 221) is asserted high, and upon the next assertion
of a clock input (e.g., 2x reference signal 201) the block of logic ¢1’s followed by the block
of logic ‘0’s shifts right. In contrast, when a shift left is to occur, the increment signal input
(e.g., part of signals 221) is asserted low, and upon the next assertion of a clock input (e.g.,
2x reference signal 201) the block of logic ‘1’s followed by the block of logic ‘0’s shifts left.
In some cases, an additional enable signal may be added to each of flip-flops 233 that enables
both right and left shifting. Based on the disclosure provided herein, one of ordinary skill in
the art will recognize other designs for implementing selector register 231. The outputs of
flip-flops 233 are collectively referred to as delay element enable signals.

It should be noted that where X-bit value 232 is derived from selector register 231,
multiplier circuit 285 may be designed such that it doubles (i.e., replicates each bit one time)
each of the logic ‘1’s and logic ‘0’s of X-bit value 232 to achieve the desired multiplication
by two. Alternative, X-bit value 232 may be encoded to provide a binary representation of
the number of logic ‘1’s that are included, and the binary value may be left shifted or
otherwise multiplied as discussed above. Again, based on the disclosure provided herein, one
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of ordinary skill in the art will recognize a variety of multiplier circuits that may be used in
relation to different embodiments of the invention.

Turning to FIG. 2d, an exemplary up/down and increment generator circuit 270 that
may be used in relation to one or more embodiments of the invention is depicted. Up/down
and increment generator circuit 270 may be used in place of up/down generator 216 and
increment generator 214 discussed above in relation to FIG. 2a. Up/down and increment
generator circuit 270 includes a number of flip-flops 271 that are each clocked using different
outputs and inputs from delay stages 242, 244, 246, 248, 250. In particular, a flip-flop 271a is
clocked by stage output 245, a flip-flop 271b is clocked by multiplexer output 254 that is
either stage output 249 or stage output 251, and a flip-flop 271c is clocked by gated reference
signal 203. A flip-flop 271d is clocked by the output of flip-flop 271c. The data input of both
flip-flop 271b and flip-flop 271c are connected to the output of flip-flop 271a. The output of
flip-flop 271b (i.e., a down signal 273) and the output of flip-flop 271c (i.e., an up signal
274) are applied as inputs to a NAND gate 272, and the output of NAND gate 272 is applied
to the input of flip-flop 271a. The output of flip-flop 271 b is also applied to the input of flip-
flop 271d. The output of flip-flop 271d is increment/decrement signal 215.

Operation of up/down and increment generator circuit 270 is described in relation to a
timing diagram 297 of FIG. 2b. As shown, gated reference signal 203 is a gated version of a
cock signal with two out of every four clock cycles gated out by reference signal gate 202.
Gated reference signal 203 is passed through delay stage 242 and delay stage 244 to create
stage output 245. Multiplexer output 254 is gated reference signal 203 after it has been
passed through delay stage 242, delay stage 244, delay stage 246, delay stage 248 and in
some cases delay stage 250 depending upon the assertion of selector input as discussed above
in relation to FIG. 2a. As shown, up signal 274 and down signal 273 are originally asserted
at a logic ‘0’. Upon the next positive transition of stage output 245, the output of flip-flop
271a transitions to a logic 1°. Then, upon the next positive transition of gated reference
clock 203, up signal 274 transitions to a logic ‘1°, and upon the next positive transition of
multiplexer output 254, down signal 273 transitions to a logic ‘1°.  Where up signal 274
transitions before down signal 273, increment/decrement signal 215 is asserted as a logic ‘0’.
In contrast, where up signal 274 transitions after down signal 273, increment/decrement
signal 215 is asserted as a logic ‘1’. In this way, a signal indicating whether the value in
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unified selector register 230 may be incremented or decremented based on a comparison of a
phase shifted version of a reference clock with the reference clock. It should be noted that
up/down and increment generator circuit 270 is merely exemplary, and that one of ordinary
skill in the art will recognize other up/down circuits that may be used in relation to various
embodiments of the invention.

Turning to FIG. 3, a slave delay stage 360 along with an interface register 330 is
shown in accordance with various embodiments of the invention. Slave delay stage 360 may
be used in place of any or all of slave delay stages 162, 164 discussed above in relation to
FIG. 1a. Interface register 330 is used to register program number output 292 discussed
above in relation to FIG. 2a. Interface register 330 is a group of D type flip-flops 332 that
registers program number output 292 whenever a clock 327 is asserted. In particular, the least
significant bit of program number output 292 corresponds to program_number[0] 321, the
next bit of program number output 292 corresponds to program_number[1] 323, and the most
significant bit of program number output 292 corresponds to program_number[X] 325. The
outputs of flip-flops 332 are collectively referred to as delay element enable signals. As
shown, slave delay stage 360 includes a number of delay elements 361 that can be configured
as a chain of delay elements including one delay element up to the total number of delay
elements depending upon the value maintained in interface register 330. Slave delay stage
360 receives an input signal 364 and provides an output signal 365. As an example, where
delay stage 360 is used in place of slave delay stage 162, input signal 364 corresponds to
strobe Ox and output signal 365 corresponds to strobe 0.

Each delay element 361 includes a delay buffer 363 that may be, but is not limited to,
an inverting buffer, a logic gate, or a non-inverting buffer. Based on the disclosure provided
herein, one of ordinary skill in the art will recognize a variety of circuits that may be used to
cause a signal delay. In addition, each delay element 361 includes a multiplexer 362 that is
controlled by an input from interface register 330 and is used to control whether the
particular delay element is included in an overall delay chain implemented by delay stage
360. In particular, when the value provided from interface register 330 is a logic ‘1°, the
particular delay element is not selected. In contrast, when the value provided from selector
register 330 is a logic ‘0’, the particular delay element is selected. As each delay element 361
drives a subsequent delay element 361 (e.g., the output of delay element 361d, drives the
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output of delay element 361c), the value provided from selector register 330 includes a series
of logic “1’s followed by a series of logic ‘0’s, with the transition between logic ‘0’s and
logic “1’s being positioned such that it corresponds to the overall delay line length
implemented in delay stage 360.

Again, it should be noted that X-bit output 232 may be encoded. In such cases, an
decoder may be implemented to decode program number output 292 before it is registered by
interface register 330. In any event, interface circuitry capable of translating program number
output 292 into the number of delay elements 361 to be utilized in slave delay stage 361 may
be implemented in accordance with different embodiments of the invention. Further, it
should be noted that a different delay element configuration and associated interface register
may be utilized as will be appreciated by one of ordinary skill in the art based on the
disclosure provided herein.

Turning to FIG. 4, a flow diagram 400 depicts a method for signal synchronization in
accordance with one or more embodiments of the invention. Flow diagram 400 includes a
master flow 405 and a slave flow 425. In some cases, master flow 405 and slave flow 425
operate simultaneously with little or no interaction. In other cases, as suggested by a dashed
line 460, portions of slave flow 425 are only operated when certain conditions of master flow
405 are identified. In yet other cases where circuitry used for the master portion is reused in
the slave portion, master flow 405 and slave flow 425 do not operate at the same time.

Following master flow 405, a master portion of a delay lock loop circuit is operated
(block 410). Operation of the delay lock loop circuit includes comparing a reference signal
with a delayed derivative of the reference signal. The delayed derivative of the reference
signal is created by applying the reference signal to one or more delay stages that each
includes a programmable number of delay elements. Where the delayed derivative of the
reference signal is in phase with the reference signal, the two signals are considered locked
(block 415). Where the two signals are not locked (block 415), the programmable number of
delay elements utilized in the one or more delay stages is modified either up or down in an
effort to achieve the lock condition (block 420). Thus, the master portion of the delay lock
loop circuit operates to establish a program number that represents the number of delay
elements that are used in the one or more delay stages to phase align the delayed derivative
of the reference signal with the reference signal.
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The program number established in master flow 405 is received by slave flow
42(block 430). The program number is multiplied by a determined multiplicand (block 435),
and the product of the multiplication is provided to one or more slave delay stages to select
the number of delay elements included in the slave delay stages that are utilized (block 440).
The slave delay stages are then operated to delay input signals by an amount corresponding
to the product of the multiplication (block 445). It is then determined whether the program
number has been updated (block 450). Where the program number has not been changed
(block 450), operation of the slave delay stages continues without change (block 445).
Alternatively, where the program number has been modified (block 450), the processes of
blocks 430-445 are repeated. Again, it should be noted that the multiplication process
increases resolution error, but this is less important for operation at lower frequencies. Where
higher frequency operation is called for, the multiplication process is not performed.

Those skilled in the art will appreciate that many other embodiments and variations
are also possible within the scope of the claimed invention. Embodiments having different
combinations of one or more of the features or steps described in the context of example
embodiments having all or just some of such features or steps are also intended to be covered

hereby.
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CLAIMS
What is claimed is:
1. A method for reduced area delay signal timing, the method comprising:
providing a delay lock loop circuit, wherein the delay lock loop circuit
includes a plurality of selectable delay elements;
operating the delay lock loop circuit in a first mode, wherein a program
number is established in relation to a reference frequency, and wherein the program number
corresponds to a number of the plurality of selectable delay elements used to establish a first
delay time at the reference frequency;
multiplying the program number by a multiplicand; and
operating the delay lock loop circuit in a second mode, wherein an input
signal is applied to the delay lock loop circuit, wherein a derivative of the input signal is
provided as an output that is delayed by a second delay time corresponding to the multiplied
program number, and wherein the second delay time is approximately the first delay time
multiplied by the multiplicand.

2. The method of Claim 1, wherein the multiplicand is 2", and wherein n is a
non-zero integer.

3. The method of Claim 2, wherein multiplying the program number by the
multiplicand is accomplished by a process selected from a group consisting of: applying the
multiplicand and the program number to a multiplier circuit, left shifting the program
number, right shifting the program number, left aligning the program number, right aligning
the program number, and replicating delay element enable signals.

4. The method of Claim 3, wherein the multiplicand is the integer two, and
wherein multiplying the program number by the multiplicand includes at least one of a)
aligning the program number to the left by one bit; b) replicating each delay element enable
signal.

5. The method of any of Claims 1-4, wherein the first mode is a master mode,
wherein the second mode is a slave mode, and wherein the master mode and the slave mode

operate at the same time.
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6. The method of any of Claims 1-4, wherein the delay lock loop circuit is
implemented in relation to a DDR memory, and wherein the reference frequency is obtained
by using a 2x clock implemented as part of the DDR memory interface.

7. The method of any of Claims 1-4, wherein the plurality of selectable delay
elements is a first plurality of selectable delay elements incorporated in a first delay stage;
wherein the delay lock loop circuit includes a second plurality of selectable delay elements
incorporated in a second delay stage; wherein in the master mode a reference clock operating
at the reference frequency is applied to the first delay stage and an output of the first delay
stage is applied to the second delay stage; wherein the input signal is a first input signal; and
wherein operating the delay lock loop circuit in the second mode includes:

applying the first input signal to the first delay stage programmed with the
program number multiplied by the multiplicand, wherein the first delay stage provides a first
delay output; and

applying a second input signal to the second delay stage programmed with the
program number multiplied by the multiplicand, wherein the second delay stage provides a
second delay output.

8. A delay lock loop circuit, the delay lock loop circuit comprising:

a first delay stage, wherein the first delay stage includes a first plurality of
selectable delay elements, wherein the first delay stage is operable to receive an input clock
and to provide a stage clock, and wherein the stage clock is a delayed derivative of the input
clock;

a register, wherein the register maintains a program number, and wherein the
program number determines a number of the plurality of first plurality of selectable delay
elements used in the first delay stage;

a feedback loop, wherein the feedback loop is operable to establish the
program number corresponding to a desired delay time;

a multiplication circuit, wherein the multiplication circuit multiplies the
program number by a multiplicand;

a second delay stage, wherein the second delay stage includes a second
plurality of selectable delay elements, wherein the second delay stage receives an input
signal, wherein a selected number of the second plurality of selectable delay elements are
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used to delay the input signal to derive an output signal, and wherein the output signal is
delayed the desired delay time multiplied by the multiplicand.

9. The system of Claim 8, wherein the system further comprises a DDR memory
with a DDR memory interface, wherein the DDR memory interface includes a 2x clock, and
wherein the 2x clock is applied as the input clock.

10. The system of Claim 8 or 9, wherein the input signal is a first input signal,
wherein the output signal is a first output signal, and wherein the system further comprises:

a third delay stage, wherein the third delay stage includes a third plurality of
selectable delay elements, wherein the third delay stage receives a second input signal,
wherein a selected number of the third plurality of selectable delay elements are used to
delay the second input signal to derive a second output signal, and wherein the second output
signal is delayed the desired delay time multiplied by the multiplicand.

11. The system of Claim 8 or 9, wherein the delay lock loop circuit includes a
master portion and a slave portion, wherein a portion of the master portion is used to
implement the first delay stage, and wherein the portion of the master mode is reused to
implement the slave portion.

12. The system of Claim 8 or 9, wherein the delay lock loop circuit is
implemented in relation to a DDR memory interface, wherein the DDR memory interface
includes a 1x clock and a 2x clock, wherein the reference clock is the 2x clock, and wherein
the 1x clock is applied to the slave stage.

13. A method for signal synchronization, the method comprising:

providing at least a first delay stage and a second delay stage, wherein the first
delay stage includes a first selectable plurality of delay elements, and wherein the second
delay stage includes a second plurality of delay elements;

applying a reference clock to the first delay stage, wherein an output of the
first delay stage is a first derivative of the reference clock;

applying the first derivative of the reference clock to the second delay stage,
wherein an output of the second delay stage is a second derivative of the reference clock, and
wherein the second derivative of the reference clock is a phase shift delayed from the

reference clock;
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repeatedly selecting a number of the first plurality of delay elements and the
second plurality of delay elements until the phase shift is at a desirable amount;

multiplying the number of the first plurality of delay elements and the second
plurality of delay elements by a multiplicand; and

applying the product of the multiplication to a slave stage, wherein the
product of the multiplication determines a number of utilized delay elements in the slave

stage.
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