1 METHOD AND APPARATUS TO SET A TUNING RANGE FOR AN
ANALOG DELAY TECHNICAL FIELD 5 This invention relates generally
to mixed delay lines, and particularly to analog delay circuits and methods
for setting a tuning range of the analog delay circuits. BACKGROUND In
modern high frequency integrated circuits, ltis often necessary to
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tree. In yet another example, it may be desirable to create a phase splitter to generate

20  phase-shifted clocks, for example at phase delays of 90, 180, 270, and 360 degrees relative
to the reference clock. These phase delayed clocks are often used for circuits that perform
different operations during different phases of the clock cycle.

DLLs are conventionally all digital, all analog, or some form of digital/analog

hybrid. Digital DLLs include a delay line of digital elements with discrete delays. A

25  phase detector compares the reference signal and a feedback signal to determine whether
more discrete delays should be added to the delay line, increasing the overall delay, or
discrete delay elements should be removed from the delay line, decreasing the overall
delay. Digital DLLs have the advantage of a wide locking range and ability to achieve
phase lock between the reference clock and feedback signal in a relatively short lock time.

30  However, they have the disadvantage of pronounced jitter in the output clock or an
undesired skew between the feedback clock and the reference clock due to the availability
of only discrete time adjustments in increments of the delay through a single delay

element.
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undesired skew between the feedback clock and the reference clock due

to the availability of only discrete time adjustments in increments of the

delay through a single delay element. 2 Analog DLLs conventionally

contain delay elements that may be adjusted by modifying a bias voltage

controlling the delay elements. Similar to the digital DLL, an analog DLL
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Conventionally, it has not been possible, using analog delay lines, to adjust across all
operational corners of variations in Process, Voltage, Temperature, and Frequency of the
output clock (PVTF). An analog delay line tends to integrate at slow corners (i.e., slow
process, low voltage, high temperature) and high clock frequencies. As a result, the bias
voltage must be adjusted to compensate. On the other hand, at the fastest corner (i.e., fast
process, high voltage, and low temperature) and low clock frequency, the bias voltage
must be adjusted in the opposite direction in order to provide adequate tuning range. If the
bias voltage for the fine tuning is not set initially at a value allowing substantial tuning
range in both directions, coarse digital corrections may be required introducing undesired
jitter.

There is a need for a hybrid DLL using an analog delay line for fine tuning,
wherein an initiating bias voltage may be established to allow a substantial fine tuning
range by adapting to differences in operational PVTF parameters. Additionally, there is a

need for a means for adjusting between establishing the initiating bias signal and
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bias voltage for the fine tuning is not set initially at a value allowing

substantial tuning range in both directions, coarse digital corrections may

be required introducing undesired jitter. There is a need for a hybrid DLL

using an analog delay line for fine tuning, 30 wherein an initiating bias

voltage may be established to allow a substantial fine tuning range by
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coarse delay magnitude, which may be related to at least one coa
phaperating bias signal.

Another embodiment of the present invention comprises a hybrid delay line and
method of generating a hybrid delay. The hybrid delay line comprises a coarse delay line,
the analog phase generator, the fine delay line, and the fine bias generator. The coarse
delay line has a coarse delay magnitude, which may be related to at least one coarse phase
adjustment signal. In this embodiment, the coarse delay line may be connected in series
with the fine delay line creating the hybrid delay line. In some embodiments, the at least
one coarse phase adjustment signal may be controlled by a coarse phase detector
configured for comparing the reference signal and the feedback signal. Operation of the
fine delay line and fine bias generator in the hybrid delay line embodiment is similar to the
previously described adjustable analog delay line embodiment.

Another embodiment of the present invention comprises a DLL and a method of
generating a delayed output phase locked to a reference signal. The DLL includes the
analog phase generator, a coarse loop, and a fine loop. The fine loop includes a fine phase
detector, the fine bias generator, and the fine delay line. A fine delay magnitude through

the fine delay line may be controlled by at least one fine bias signal, which may be
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adjustment signal. In this embodiment, the coarse delay line may be
connected in series with the fine delay line creating the hybrid delay line.
In some embodiments, the at least 25 one coarse phase adjustment
signal may be controlled by a coarse phase detector configured for
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closes the coarse loop and fi y connecting t ayed output to
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phase lock to an input signal, which has a phase reIaIt)lonshlp to
buffered version, may be used to generate an initiating bias signal for the fine delay line.
With the initiating bias signal setting an initial fine delay magnitude in the fine delay line,
a coarse phase lock may be acquired by adjusting the coarse delay magnitude in response
to a comparison of the reference signal and feedback signal in the coarse phase detector.
Once a coarse phase lock is acquired, the fine phase detector and fine delay line may be
enabled to maintain a fine phase lock. The fine phase detector compares the reference
signal and feedback signal to generate an operating bias signal, which the fine bias
generator may use to control the fine delay magnitude in the fine delay line.

Another embodiment of the present invention comprises a semiconductor device
including at least one adjustable analog delay line according to the invention described
herein.

Another embodiment of the present invention includes a plurality of

semiconductor memories incorporating an adjustable analog delay line according to the

present invention fabricated on a semiconductor wafer.
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turn may adjust the delay magnitude of the analog phase generator. The
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generate an initiating bias signal for the fine delay line. With the initiating
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FIG.2Isa . lagram of an exemplary fine phase detector; FIG. 3is a
block diadrim dfsanbiockrdisiarnfinbadetsgniiplaty analog phase generator;

FIG. 6 is a semiconductor wafer including a plurality of semiconductor devices
including a delay line according to the present invention; and
FIG. 7 is an electronic system diagram showing a plurality of semiconductor

memories including a delay line according to the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, circuits and functions may be shown in block
diagram form in order not to obscure the present invention in unnecessary detail.
Conversely, specific circuit implementations shown and described are exemplary only,
and should not be construed as the only way to implement the present invention unless
specified otherwise herein. Additionally, block definitions and partitioning of logic
between various blocks is exemplary of a specific implementation. It will be obvious to
one of ordinary skill in the art that the present invention may be practiced by numerous
other partitioning solutions. For the most part, details concerning timing considerations
and the like have been omitted inasmuch as such details are not necessary to obtain a
complete understanding of the present invention and are within the abilities of persons of

ordinary skill in the relevant art.
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FIG. 4 is a block diagram of an exemplary fine bias generator; FIG. 4A is a
block diagram of an exemplary bias adapter that may be used in the 15
fine bias generator; FIG. 5 is a block diagram of an exemplary analog
phase generator; FIG. 6 is a semiconductor wafer including a plurality of
semiconductor devices including a delay fhe according to the present
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FIG. 1 shows a block diagram of a complete hybrid DLL 100. Basic operation of
the full DLL 100 will be described before describing details of the individual elements. A
reference signal 105 connects to a coarse delay line 120, a coarse phase detector 110, and
a fine phase detector 130. A coarse delay output 125 from the coarse delay line 120
connects to an input of the fine delay line 200. The fine delay line 200 may generate a
delayed output 239 and an inverted delayed output 238. In some applications, the inverted
delayed output 238 may not be needed and, therefore, may be optional. The delayed
output 239 may connect to a feedback signal 195, or to an optional buffer replica 194.
The feedback signal 195 connects to the coarse phase detector 110 and the fine phase
detector 130. The buffer replica 194 may be implemented to emulate other circuitry on a
semiconductor device by creating a delay representative of the other circuitry. Examples
of this other circuitry to be emulated include a clock tree, an output buffer, and an output
buffer in combination with an input buffer. Yet even more circuits may be emulated
depending on the reason for, and application of, the DLL 100. Additionally, rather than
create a buffer replica 194, in some implementations the other circuitry itself may be

placed in the feedback loop in the position of the buffer replica 194. Also shown in FIG. 1
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When using an analog delay line, selecting a starting point for a bias
signal 10 controlling the amount of delay in the analog delay line may be
problematic. Arbitrary selection of a bias point may not take into account
operational variations of process, temperature, voltage, and frequency of
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comparln

feedback 51gna1 195 into closer alignment. The coarse phase detector 110 may generate at
least one coarse phase adjustment signal 115 indicating how the coarse delay magnitude
should be changed.

For example, perhaps the coarse delay line 120 includes 20 selectable delay taps
and the currently selected delay tap is 14. The coarse phase detector 110 may compare the
rising edges of the reference signal 105 and feedback signal 195 and determine that the
feedback signal 195 leads the reference signal 105. As a result, the coarse delay
magnitude may need more delay. Accordingly, the coarse phase detector 110 may use the
at least one coarse phase adjustment signal 115 to indicate a selection of delay tap 15.
Ultimately, the loop may reach an equilibrium point where the compared edges of the
reference signal 105 and feedback signal 195 are substantially aligned and the coarse loop
is considered phase locked.

Unfortunately, due to the discrete time delays available from the various delay

taps, the coarse loop may bounce back and forth between two adjacent taps because the
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reference signal 105 and the feedback signal 195 to generate at least one
coarse phase 5 adjustment signal 115, which controls the coarse delay
magnitude in the coarse delay line 120. A fine loop may be closed by the
fine phase detector 130 comparing the reference signal 105 and
feedback signal 195 to generate an opera g bias signal 149, which may
be used bgt e fine bias eneiatcir to control at le st one |ne
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Unfortnasitely, aueptoribe ididcralentinpalorizys tahimtiesfromeaitecyavieesay be
delgéﬁerated. The up pulse 134 and down pulse 136, may be used by a charge pump 140 to

control a fine phase adjustment signal 142. The fine phase adjustment signal 142 is a bias
signal with a voltage level that may be proportional to the desired fine delay magnitude
through the fine delay line 200. The charge pump 140 may use the up pulse 134 and
down pulse 136 to move this voltage level of the fine phase adjustment signal 142 up or
down. A loop filter 144 may be used to generate an operating bias signal 149 by
integrating the fine phase adjustment signal 142 to produce the operating bias signal 149
and ensure a first order closed loop response for the fine loop. The fine bias generator 240
may buffer the operating bias signal 149 to create at least one fine bias signal 249 for
controlling the fine delay magnitude of the fine delay line 200.

For example, if the feedback signal 195 lagged the reference signal 105, delay may
need to be removed from the fine delay line 200. The fine phase detector 130, detecting
this edge misalignment between the feedback signal 195 and reference signal 105, may
generate a down pulse 136. The charge pump 140 may use the down pulse 136 to lower

the voltage level of the fine phase adjustment signal 142 proportionally, which in turn may
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integrating the flne phase adjustment signal 142 to produce the operating

bias signdPasign andiismemsnidiren ofdes ¥ioBddieypeappberiiofoiapendens. FIG. 3
'Oo&omeoﬂé‘%&Bﬁl&%ﬂ%ﬁf&ﬁ&"ﬁ&’uéﬁ%ﬂﬂ@%@% ARFIAHPARIBS, S8 annel fine

149 to create at least one fine bias signal 249 for
20  bias signal 249P and an n-channel fine bias signal 249N are inputs to each differential

buffer 220. These fine bias signals (249N and 249P) adjust the delay through each
differential buffer 220 by adjusting the voltage level on the fine bias signals (249N and
249P). Other differential buffers 220 may be implemented that only require an n-channel
fine bias signal 249N or only require a p-channel fine bias signal 249P.

25 A pair of multiplexers 230, connected to the delayed output 239 and the inverted
delayed output 238, provide a bypass mechanism for eliminating the variable delay of the
VCDL if needed. The bypass mechanism may select the clock signal 212 and inverted
clock signal 214 if a loop enable signal 118 is negated or may select the delayed clock and
delayed inverted clock from the VCDL if the loop enable signal 118 is asserted.

30 The fine bias generator 240, shown in FIG. 4, may include a fine bias buffer 250 to
control the at least one fine bias signal 249 comprised of the n-channel fine bias signal
249N and the p-channel fine bias signal 249P. The fine bias buffer 250 may continually

adjust the n-channel fine bias signal 249N and p-channel fine bias signal 249P in response
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controlling the fine delay magnitude of the fine delay line 200. For

example, if the feedback signal 195 lagged the reference signal 105, delay

may 30 need to be removed from the fine delay line 200. The fine phase

detector 130, detecting this edge misalignment between the feedback

signal 195 and reference signal 105, maylaenerate a down pulse 136.
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These fine bias signals (249N and 249P) adjust the delay through each
diffeeantiaftd anéiz2iehyl ddiestmghdiebissgetiage Mdricthedinbeginthe form of the

Sigﬂﬁﬁe@%&)ﬁh—bias signal 189N, the phase generator P-bias signal 189P, or the

operating bias signal 149.

The initiating bias signal 254 may be generated by the analog phase generator 180.
An exemplary analog phase generator 180, as shown in FIG. 5, may be a complete DLL
with its own feedback mechanism. The conventional function of a phase generator is to
develop a set of multi-phase signals 192 with a desired phase relationship to an input
clock. The analog phase generator 180 includes a phase detector 182, and a bias
generator 186 similar to those described above for the fine delay line 200. The analog
phase generator 180 also includes analog delay elements 188 including differential buffer
elements similar to those described for the fine delay line 200. The phase detector 182
compares the input clock to a phase generator feedback signal 190 to generate a phase
generator adjustment signal 184. The bias generator 186 uses the phase generator
adjustment signal 184 to generate the phase generator bias signals (189P and 189N). In
this exemplary embodiment, the analog phase generator 180 includes four equal sized

analog delays such that the multi-phase signals 192 are generated at 90, 180, 270, and 360
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249P). Other differential buffers 220 may be implemented that only require

an n-channel fine bias signal 249N or only require a p-channel fine bias

signal 249P. 25 A pair of multiplexers 230, connected to the delayed

output 239 and the inverted delayed output 238, provide a bypass

mechanism for eliminating the variable deialy of the VCDL if needed. The

bypass meecrlh nism may select the, clock signgl 212 and inverted clock .
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fine bias signal 249P or may requite only the n-channel fine bias signal _
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%ﬁ%%g&&é@, ReRRAYEE RS RUNIRAR RRRAGTHE ARG DERYRENRSS, elements
such as the clock splitter 205, level shifters 225, and multiplexers 230 of the fine delay
line 200.

Returning to FIG. 4, as stated earlier, the bias input 242 to the fine bias buffer 250
may be selected from either the operating bias signal 149 or the initiating bias signal 254.
A multiplexer 258 may select the initiating bias signal 254 for the bias input 242 when a
fine lock enable signal 117 is negated or select the operating bias signal 149 for the bias
input 242 when the fine lock enable signal 117 is asserted.

The initiating bias signal 254 may be optionally coupled to the phase generator
P-bias signal 189P (shown as a dashed line in FIG. 4). Alternatively, the initiating bias
signal 254 may be coupled to an output 253 of a bias adapter 252, which may be tunable
to adjust the initiating bias signal 254. The bias adapter 252 accepts the phase generator
N-bias signal 189N to buffer it and create the initiating bias signal 254 at a p-channel bias

level, rather than the n-channel bias level of the phase generator N-bias signal 189N.

Buffering the phase generator N-bias signal 189N may provide isolation from potential
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signal 249 and the signal determining the bias setting, which may be in
the form of the phase generator N-bias signal 189N, the phase generator
P-bias signal 189P, or the 20 operating bias signal 149. The initiating bias
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the analog phase genérator 180 may be connecte e inverte
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103, M¥hend &’191'1‘?%e“ﬁéﬁ;éﬁyga%‘%ﬁf@ﬂi?{og}ﬁgséﬁmﬁg&%Rﬂé‘ﬁﬁ.'OCK the

phase generator N-bias signal 189N and phase generator P-bias signal
189P repmmg,\mhgg@@p@ge lock in the DLL 100 may proceed as follows. First,

phase locking in the fine loop and the coarse loop may be disabled, and the fine delay

line 200 bypassed, by negating the loop enable signal 118. In FIG. 1, the loop enable
signal 118 is shown emerging from the analog phase generator 180. However, it may just
as easily be generated by one of the other functional blocks or a state machine (not shown)
controlling the phase locking process. With the coarse loop and fine loop disabled, the
analog phase generator 180 may achieve a phase lock without the added complexity of
perturbations to its input clock.

When the analog phase generator 180 achieves phase lock, the phase generator
bias signals (189P and 189N) may be used by the fine bias generator 240 as an initiating
bias signal 254. This initiating bias signal 254 represents a preferable initiation point for
the fine delay magnitude of the fine delay line 200 that may provide a substantial fine
tuning range above and below the initiation point that is also compensated for the present
operation parameters of process, voltage, temperature, and frequency.

With the initiation point and fine tuning range set, the coarse loop may be enabled

to phase lock to the reference signal 105 by asserting the loop enable signal 118. The



where the analog delays are tuned for the current operating parameters of
voltage, temperature, and frequency variations. As such, they may

represent a desirable initiating 15 bias signal 254 for the fine delay line

200 of FIG. 3 because the analog delay elements 188 of the analog

phase generator 180 are similar to the diffetential buffers 220 of the fine
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accepts an n-channel bias level rath na p-channel bias level. In this
castepeind pisbeciapher o6difvagnbal @gﬁgﬁé@(}@lsed in series. For example, the fine

delay line 200 may be configured such that at a maximum delay it may be able to provide
a delay of about %2 of the reference signal’s 105 period (Tck). In that configuration, the
initiating bias signal 254 may set an initial delay for the fine delay line 200, depending on
the operating parameters, somewhere near the midpoint, or about ¥4 Tck. In this
configuration, the fine delay line 200 may support a tuning range between %2 Tck and the
minimum delay of the fine delay line 200.

As shown in FIG. 6, a semiconductor wafer 400, in accordance with the present
invention, includes a plurality of semiconductor devices 300 incorporating the adjustable
analog delay line described herein. Of course, it should be understood that the
semiconductor devices 300 may be fabricated on substrates other than a silicon wafer,
such as, for example, a Silicon On Insulator (SOI) substrate, such as, for example, a
Silicon On Glass (SOG) substrate, or a Silicon On Sapphire (SOS) substrate, a gallium
arsenide wafer, an indium phosphide wafer, or other bulk semiconductor substrate. As

used herein, the term “wafer” includes and encompasses all such substrates.



convert a p-channel bias level from the analog phase generator 180 to an
n-channel bias level appropriate for the alternate fine bias buffer.
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locestrebpthase generator bias signals (189P and 189N) may be used by

the fine bias generator 240 as an initiating bias signal 254. This initiating

bias signal 254 represents a preferable initiation point for the fine delay

magnitude of the fine delay line 200 that may provide a substantial fine 30

tuning range above and below the initiation point that is also compensated

for the present operation parameters of process, voltage, temperature,

and frequency. With the initiation point and fine tuning range set, the

coarse loop may be enabled to phase lock to the reference signal 105 by

asserting the loop enable signal 118. The 13 assertion of the loop enable

signal 118 may also remove the bypass from the fine delay line 200 so

that the fine delay magnitude set by the initiating bias signal 254 may
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participate in the overall delay of the coarse loop. Once the coarse loop is
phase locked, the fine loop may be enabled by asserting the fine lock
enable signal 117. With the fine 5 loop enabled, the fine bias generator
240 may use the operating bias signal 149 generated by the fine phase
detector 130 rather than the initiating bias signal 254 derived from the
analog phase generator 180. At this po&wgine loop may generate
continuously variable fine adjustmentsto the fine delay magnitude to
compensate for any variations in process, voltage, temperature,
fre%ﬁ%{cg{ cigitrrﬁg 1esf.erence clock. Generally, in DLLs 10 containing a
coarse—c}et%ry—ar%a'fine delay, once the coarse loop is phase locked
further modification to the coarse loop is disabled to avoid a potentially
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wafer 400, in ac nce with the present invention, includes a plurality
of semiconductor devices 300 incorporating the adjustable analog delay

line descriped hefﬁérhcﬁ?.\fs&%'fgﬁﬁali gﬁgﬂylfﬁ% Hﬁﬂﬁflﬁ‘i’?@zﬁ%ﬁﬁﬁﬁe plkl]ase generator

semiconductor devices 300 may b€ fabricated on substrates other than

silibtns svatel, hevicls asd-ebrenchbipidcecbivperabhrenuplaatoriis Oijisimsiatesignal.
such as, for example, a 30 Silicon On Glass (SOG) substrate, or a Silicon

On Sapphire (SOS) substrate, a gallium arsenide wafer, an indium

phosphidéwaferloe adiisiablilesdasiclsianeosalsmatewhesein the analog phase

generator is configured to modify the initiating bias signal to establish a substantial tuning
range for the fine delay line at the operating parameters of supply voltage, temperature,

and frequency.

4. The adjustable analog delay line of claim 1, wherein the bias adapter is
configured to modify the initiating bias signal to establish a substantial tuning range for

the fine delay line at operating parameters of supply voltage, temperature, and frequency.

5. The adjustable analog delay line of claim 1, wherein the phase generator
bias signal comprises an N-channel bias level and the initiating bias signal comprises a

P-channel bias level.



used herein, the term "wafer" includes and encompasses all such

substrates. 14 As shown in FIG. 7, an electronic system 500, in

accordance with the present invention, comprises an input device 510, an

output device 520, a processor 530, and a memory device 540. The

memory device 540 comprises at least ontPsemiconductor memory 300
incorporating the adjustable anal cgﬂa line described.herein in a DRAM.

5 device. It shoul DA ISR R I e S RS Apie e
maphastnietéseacwifleuvatiety @hpleviedecdtiack tgra) andm acfdittocetogaal to generate
DRAM, including, for ex le,. Static RA RAM) devices, and FI .
e e Ao T e e R N R G DU Be increasea
refereleceetseparticular embodiments, the invention is not limited to these
described embodiments. Rather, the 10 invention is limited only by the
appended claims, which include within their scope all equivalent devices

or methods that dperatesdderdinggaithy priaciptésmitthehimeentierdias phase
described. 15 CLAIMS What is glaimeds: 5 1. An adjustable analog, . .
e it QiR sct (S SR e A RS Ry ienat by
ondifiernpiagisigrimkendpreinetiieigine fias the fiacapbnis dewptmsive to

either an initiating bias signal related to a phase generator bias signal

from an analog phase generator or an operating bias signal; 10 a bias

10 adapter oBerablylbeugjesitbl¢hagdbadel yehes afor bind signatartte fine bias generator
confi rate the initiati [ ignal; fl elay line

inc][iIJ é#ig?1 u%ti%deq %@?a%‘%g%‘?ﬁéﬁ e%l ggé?gﬁagg%%%ﬂavr\l/ %%rseél%%t e fine delay

line is configured to delay the delayed output relative to the fine delay

input by afine dﬁlﬁg %@&%@?E&%@Qﬁ ﬁH? ((ﬁtéﬁﬂ%t f%g{éﬁltﬁﬁsﬁﬁg gglay line is

signal. 2. The adjust analog e of claim 1, wherein the
genendigired to be bypassed when a loop enable signal is negated.

15
10. The adjustable analog delay line of claim 1, wherein the fine bias generator
is responsive to the initiating bias signal when a fine lock enable signal is negated and

responsive to the operating bias signal when the fine lock enable signal is asserted.

20 11. An adjustable hybrid delay line, comprising:

a coarse delay line operably coupled to a reference signal and configured to delay a coarse
delay output relative to the reference signal by a coarse delay magnitude related to
at least one coarse phase adjustment signal;

a fine bias generator configured to control at least one fine bias signal, wherein the fine

25 bias generator is responsive to either an initiating bias signal related to a phase
generator bias signal from an analog phase generator or an operating bias signal;

a bias adapter operably coupled to the phase generator bias signal and configured to
generate the initiating bias signal; and

a fine delay line operably coupled to the coarse delay output and configured to delay a

30 delayed output relative to the coarse delay output by a fine delay magnitude

related to the at least one fine bias signal.



5

10

15

20

25

30

bias signal, having a P-channel bias level, operably couples to the
initiating bias signal. 20 3. The adjustable analog delay line of claim 2,
wherein the analog phase generator is configured to modify the initiating
bias signal to establish a substantial tuning_range for the fine delay line at
the operating parameters of supply voltag ?temperature, and frequency.

25 4. The adjustable analog delay.ling.of claim 1, whergin the bias adapter
s configulgal to MsD Hera o DRt T B A TR i et

tunbig kg fowitizen filehdedel Hinelata paratihty panainete thaihsigpiply bias signal.
voltage, temperature, and frequency. 5. The adjustable analog delay line

of claim 1, wherein the phase generator 30 bias signal comprises an
N-channelbias |8helaind tideihittatihdebin sisigriall aomlisds@irPieharnaied phase
biag level 48 8 105 ariusiabie, Analo deleniine;of Ao A NS tantial unin
comprising a fine phase detector con igured to corfipare a cedback S|gna} £
andaagefereinc & sigieklytt penenmtatitepopenatingdbiagpplg val thydicathpgrature, and
wh?rteherertlrcle fine delay magnitude should be increased or decreased. 5 7.

The a Justgble analog delay line of claim 6, wherein the fine phase

detector further comprises a loop filter configured to generate the

operating pjas sigpal % iteri [ e adjustment signal th .
fine phase%etec?dﬂr%[ ;aﬁiéeﬂgg%i?a%%h@ﬁ% g(?%le gﬁﬁ r\@ of f:ﬁﬁir%@fas gdapter ®
whevefigtiedfinenbidi§ygha et gshoorifigurko totidignalsiddtevitiehtaniogpange for

. ) T ) 2y | im 1.
o AT o DS S AR reencs
enable signal is negated. 15 10. The adjustable analog delay line of claim

1, wherein the fi i r.isd : initiafi ,
Siomatwnan s i SRR SAERPARSYC AP LIRS BB Brase cenerator
opéiatisigribesigristuendchenfinkbloekesplabié bigivi s s banettnabeomprises a P-

Anc%@lﬂi%tla&h% @(,lg{jd delay line, comprising:

16. The adjustable hybrid delay line of claim 11, further comprising a fine
phase detector configured to compare a feedback signal and the reference signal to
generate the operating bias signal indicating whether the fine delay magnitude should be

increased or decreased.

17. The adjustable hybrid delay line of claim 16, wherein the fine phase
detector further comprises a loop filter configured to generate the operating bias signal by

filtering a fine phase adjustment signal from the fine phase detector.

18. The adjustable hybrid delay line of claim 11, wherein the fine bias

generator is configured to be enabled when a loop enable signal is asserted.

19. The adjustable hybrid delay line of claim 11, wherein the fine delay line is

configured to be bypassed when a loop enable signal is negated.



a coarse delay line operably coupled to a reference signal and configured
to delay a coarse delay output relative to the reference signal by a coarse
delay magnitude related to at least one coarse phase adjustment signal;
a fine bias generator configured to control at least one fine bias signal,
wherein the fine 25 bias generator is respBgnsive to either an initiating bias
signal relajed to 2 phase, 4SNEIRION biss signal fiom, 4n analed Aase. o
generator or an operating bias ¥|gna “ahias a apeiler opera {y coup e(ﬂ)o
thegphas®gsnesphosibia® shgnaitandLonsigigred whegearfaratedh enatitiasingal is
bias-si9nat and.adine delay e operably. coupled(o e £0AISAN. ional i
out?mﬁ an confflé)urec}] fo'de aypa B%efaye outpu? relative to the coarse

delaspategput by a fine delay magnitude related to the at least one fine

bias signal. 17 12. The adjustable hybrid delay line of claim 11, wherein

the phase generator bias signal, having a P-channel bias level, operably

couples t@the inftiatindjustablsigytaid dgair hecad]ukiabld hyntfidrdelaprisiagof coarse

clap 12,0berein e anald phiase  peneraior s sanfioredkia medina o

th |n|t|at|ngcb|as sigfial to estabhsh a substanti tuning range or the-fine

delggntingedhopelaiingnp armme dras o hdupipie voitage ind giaratuethanthe coarse

frequansy, ditn e Adhisiahle DuRrid delax flng of claim 11, wherein the

bias aa]apt tis 10 con igured to modify the initiating bias signal to
10 establish a substantial tuning range for the fine delay line at operating

paramete igﬁﬂéé%’ﬁgﬁg% ﬂgﬁ?ﬂe{%ﬁgﬁnggfiéf &%%E%ér@mﬁﬂ@ coarse ghase

adjustable ine of claim erein the phase generator bia
sigdietecomipiisnt ameN tolimrmmeblidsviens kg tnebiksitictindibmsesiehal
comprises a P- 15 channel bias level. 16. The adjustable hybrid delay line
of claim 11, further comprising a fine phase detector configured to
compare d¥eedbhcklsiglvskechtbtipeqefarasiog: signal to generate the

s SRR SO DR O S e i
claim 16, Wiveidictire firgagdhagenerating a phase generator bias signal to control a delay
magnitude of the analog phase generator;
a coarse loop comprising:
a coarse phase detector configured to compare the reference signal and a feedback
20 signal to generate at least one coarse phase adjustment signal;

a coarse delay line operably coupled to the reference signal and configured to delay a
coarse delay output relative to the reference signal by a coarse delay magnitude
related to the at least one coarse phase adjustment signal; and

a fine delay line operably coupled to the coarse delay output and configured to delay a

25 delayed output relative to the coarse delay output by a fine delay magnitude
related to at least one fine bias signal;
a fine loop comprising:
a fine phase detector configured to compare the reference signal and the feedback

signal to generate an operating bias signal;
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detector further comprises a loop filter configured to generate the

operating bias signal by filtering a fine phase adjustment signal from the

fine phase detector. 25 18. The adjustable hybrid delay line of claim 11,

wherein the fine bias generator is configured to be enabled when a loop

enable signal is asserted. 19. The adjustab?e hybrid delay line of claim 11,
wherein the fine delay line is. 30 canfigured to be bypassed when a loop .
bl B s R A R AR AR T TS Gy Giherein e
11, wherein thedimastiascgeneciaterpimsesporsikier to tihéimitig gy bigisal related to the
signal when a,fine lack snabiesinal is, pageicd anduesPORSE (% operatin
operating bial &gr%ei When the fine lock enabpfé &g%g'ills 488eited 5 21 °P &
The adjustableasyigididetay line of claim 11, further comprising a coarse
phasetggtfcle%%re{:or]{i&ura%% to compare a feedback signal and the

reference signa ® g€nerate the at least one coarse phase adjustment
sign&tédbichipathwhettidy toeporr e ddiqydoagnitiucdésiadohblesignal.
increased or decreased. 10 22. The adjustable hybrid delay line of claim

21, wherein the coarse phase detector is configured to be enabled when

a loop enalle sigriel dslagderked 1@ & deliay1dckbdriontepmgprigingal® bias

an analp %;ﬁvﬁ&éﬁ PensrARLERRaYr %ﬁ%r%tﬁh%éﬁg'l%g'%ot% ThinRHA S'l%?'s}tgn%tl.

is pHase related to a reference signal by generating a phase generato

bias signal to control a delay magnitude of the analog phase generator; a

coarse loop compyising: [ 0 lgure Q r .
the referonte Sior A B I R PHE S R encraor i
coargdigiaddcaniodifmthatisignanzdroargeaticl aytibles b perdblyntolipleid ggange for

B L T T

26. The delay locked loop of claim 23, further comprising a bias adapter
operably coupled to the phase generator bias signal and configured to generate the

initiating bias signal.

27. The delay locked loop of claim 26, wherein the bias adapter is configured
to modify the initiating bias signal to establish a substantial tuning range for the fine delay

line at operating parameters of supply voltage, temperature, and frequency.

28. The delay locked loop of claim 26, wherein the phase generator bias signal
comprises an N-channel bias level and the initiating bias signal comprises a P-channel bias

level.

29. The delay locked loop of claim 23, wherein the fine phase detector further
comprises a loop filter configured to generate the operating bias signal by filtering a fine

phase adjustment signal from the fine phase detector.

30. The delay locked loop of claim 23, wherein the fine bias generator is

configured to be enabled when a loop enable signal is asserted.
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related to the at least one coarse phase adjustment signal; and a fine
delay line operably coupled to the coarse delay output and configured to
delay a 25 delayed output relative to the coarse delay output by a fine
delay magnitude related to at least one fine bias signal; a fine loop
comprising: a fine phase detector configur?éb to compare the reference
signal and the feedback signal to generate an operating bias signal; 19 a
fine bias generator configured to control the at least one fine bias signal,
wherein thg fine E]&sdgkalydoakedik)oesﬁ@ﬂmmezm ehbemahdriitiatiepplas is

signal eIat ctt the ener tor b| na from tqlg nalog phase
geﬁglr%f r or Doy r?’é)rastlng |ea%a}5|gon%f3 § I] e ead;hne and a
feedback path operably coupllng the delayed output to the feedback
generator las srgna vrnga annel |a§ Ieve opera ycou 0
thergnjteating mahesngnatmgblzes@m wbtanal ﬁokédc:loa]mblfecﬂ@ml 24negated and
wherein the analq enerator is, configure the i nltlatln
o o R IR e OHIE S e o
operating parameters of supply voltage, temperature and frequency 15

26. The delay logked lgop, of claim 23 furth
e delay Oﬁiﬁ i3 ag SLElan, §ratoﬁéblzgfs?;]1%“zn§;con ?o%}?a%%[e signal is

operably couple ase gen gure
generetedivdemitiatiogrisidsopigoaik 27 aphesdddaiz. locked loop of clalm 26,
wherein the bias adapter is configured 20 to modify the initiating bias

signal to establish a substantial tuning range for the fine delay line at
operating Paraméterdadd slaopiyd Vodagesitemgaratheesiat fregqoeplyseBtector is

Th%gﬁﬂ OG54 19oRiod QR&W%@g&é" 2[1?1' sﬁr?gi ﬁﬁaass‘ﬁe%ﬁerator bias

sign omprises an N-channe e Initiating bias signal
comprises a P-channel bias 25 level.

35. The delay locked loop of claim 23, wherein the feedback path alternatively
comprises a buffer replica configured to emulate a buffer delay, wherein an input of the
buffer replica operably couples to the delayed output and an output of the buffer replica
operably couples to the feedback signal.

36. A semiconductor device including at least one adjustable analog delay line,
the at least one adjustable analog delay line, comprising:

a fine bias generator configured to control at least one fine bias signal, wherein the fine
bias generator is responsive to either an initiating bias signal related to a phase
generator bias signal from an analog phase generator, or an operating bias signal;

a bias adapter operably coupled to the phase generator bias signal and configured to
generate the initiating bias signal; and

a fine delay line including a fine delay input and a delayed output, wherein the fine delay
line is configured to delay the delayed output relative to the fine delay input by a

fine delay magnitude related to the at least one fine bias signal.
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29. The delay locked loop of claim 23, wherein the fine phase detector

further comprises a loop filter configured to generate the operating bias

signal by filtering a fine phase adjustment signal from the fine phase

detector. 30 30. The delay locked loop of claim 23, wherein the fine bias
generator is configured to be enabled whéh a loop enable signal is

asserted. 20 31. The delay locked loop of claim 23, wherein the fine delay

line is configured to be bypassed when a loop enable signal is negated. 5

32. The délay lokeschicmpdicoiniwnl3, wheneiinwe fine bias generator is

res nS|ve to the initiati ias sign hen a a

e s SRR S R A LS R IR RR TR Somprising «
enable s@n&l lisaagseetethr EEanlﬁmﬂalaydmrkEnt loop afeclaierbBR sighalieimerein the
the fine lo nable signal is 10 asser en the.c Ioo ve

a phase Ifcrkelﬂ > %’%ne% ay l‘rg&org ootE) St craim tla?a(éreln faid co%(f(;f%teea toa phase

phase de@mﬂlater bmafsgmdcﬁtmbm enab@dhaﬁmmta@p, enailepsigimad bias signal;
asse[gt 535, Th of clalm 3., wherein.the feeqb
a as adapter era enera ]pr blas nal anfi % gured to
path alternative prls a &a con gure emulate
buffer delgynwdttertewummampgbm‘sthgnﬁuﬂiei replica operably couples to the

delayed QR AT ALAURY OUAlE, DTG 1EPICRISBSARIN ORISR B e delay

feed ack si semlcon evice in g at Ieast one
ad Justabldlaﬁalcgrdm?dl tredethe the k@ey@w&dmmlame nthiofradalayimeput by a

comprising; & (g R ARNEAALANTAVIELIA cROFALE east gne fine

bias signa bias generator Is responsive to ither an
initiating bias signal related to a phase generator bias signal from an

analog ph§>§e :ge § Q}%%[r agl%r%%ﬁg?% signal; 25 a bias adapter

operably coup generat S|gnal and configured to
gentlens tne mlfmnhgltﬂas S|gnal and a fine delay line including a fine

de égﬂt&l@% aa}‘ql?@{gg output, wherein the fine delay line is configured

ay the de output relative to the fine delay input by a
a processor; and

a memory device comprising at least one semiconductor memory including an adjustable
analog delay line, comprising:

a fine bias generator configured to control at least one fine bias signal, wherein the
fine bias generator is responsive to either an initiating bias signal related to a
phase generator bias signal from an analog phase generator or an operating
bias signal;

a bias adapter operably coupled to the phase generator bias signal and configured to
generate the initiating bias signal; and

a fine delay line including a fine delay input and a delayed output, wherein the fine
delay line is configured to delay the delayed output relative to the fine delay

input by a fine delay magnitude related to the at least one fine bias signal.



fine delay magnitude related to the at least one fine bias signal. 30 21 37.
A semiconductor wafer, comprising: at least one semiconductor device
including an adjustable analog delay line, comprising: a fine bias
generator configured to control at least one fine bias signal, wherein the 5
fine bias generator is responsive to either #n initiating bias signal related
to a phase generator bias signal from an analog phase generator, or an
operating bias signal; a bias adapter operably coupled to the phase
generator¥ias signattand cogdfigurenicten gerlegateldpecinitiatimgebias signal;

and a fine delay line including.a fine delay input and a delayed output
e A AT TR LR B R G peroroan
relative toitipetfinmaeibysinplitty ta afinéectataysmpadnitude related to the at
s 1eaphone fine,piss signal, 3% A0 Slections AYsieMy compriping: al least

one inp e\?lce; 55t fleast one ou put Hewce; processor; and a
meganeiateyigd enoprding atdeastabnersgrmico naleither tnemioiatiimchialingnal or an
an adjustablf:eragrrlwa{)q'gsoslell%,ligﬁa comprising: a fine bias generator
configureg}%o Corftrof at least one fine bias signal, wherein the 20 fine bias
gedelatogis debpedsivipuorelthier anamitiating bifiscsighnl ietabeddmsting a fine delay
phase generatqr bias signal from an anal e.generator or an
operating ﬂﬁalglil élfg%laﬁ ;Is%%gl% gég%?gr% g§e$§% 9“%3“&%%8&?@ the phase

10 generator bias signal and configured to generate the initiating bias signal;
and 25 a fipe delay lineincludi ine delay input ar I t .
wherein t#g fine lf(?{eelallﬁygﬂ!l:lzge%1 :AS?(%% |g%gré‘aq%%glggﬁ%ﬁ%9§§%§§§ %l%t %{éﬁ%r bias
relativaltesthidlifihes deldystinpultthyiegfinegddiayiméigaidetiy talarsdporttiegparameters

leasf %%1@:%9&%& ?é%f%lra%ﬁ'e, and frequency.

15 41. The method of claim 39, wherein joining the phase generator bias signal to

the initiating bias signal is performed by an operable coupling.

42. The method of claim 41, wherein the phase generator bias signal

comprises a P-channel bias level.

20
43. The method of claim 39, wherein joining the phase generator bias signal to
the initiating bias signal comprises generating the initiating bias signal by buffering the
phase generator bias signal.
25 44, The method of claim 43, wherein the phase generator bias signal

comprises an N-channel bias level and the initiating bias signal comprises a P-channel bias

level.

45. The method of claim 39, further comprising comparing a feedback signal
30 and the reference signal to generate the operating bias signal indicating whether the fine

delay magnitude should be increased or decreased.



39. A method of generating an analog delay, comprising: generating a

phase generator bias signal by phase locking an analog phase generator

to an input signal phase related to a reference signal; 5 joining the phase

generator bias signal to an initiating bias signal; generating at least one

fine bias signal in response to either the irf ating bias signal or an

operating bias signal; and delaying a delayed output relative to an input to

a fine delay line by adjusting a fine delay magnitude in relation to the at

least one difie biakhsigriiod 0f4daiihéSnfetthed whaobaism 3 6 tedder @ifine phase

gene rat the ene tor bias signal hes substanti

i e B R S SRR G N ence signa,

volthgrebyegopenang ¢haoptfaeggbncysigmid 1. The method of claim 39

wherein joining the phase generator bias signal to the initiating bias signal

is performed by an operable coupling. 42. The method of claim 41,

wherein tHg phaSthgerdradorbiagsitthalirdtenpngassaPeohblimmetbisigsnerating at

evelas% 11-1% elargselthc%g e%%'f&oe’g wgn]%reln ?Lmng the phase generator

bias S|gna e Initiating bias sng%a?co %%es gener ing the initiating

bias signal by buffering the phase generator bias signal. 25 44. The

method of laim wh re h erat b4a compr

an N- chan§el blails’h% eveﬁi (;}) t%k?e?ai{r?ﬁt?aétl B:gsgs%{ a Islgsf%%lsggl%rﬂ% Esﬁe delay line
10 P-chbgmeldsipsnidlekigsl Thee gatsthod of claim 39, further comprising

comparing a feedback signal 30 and the reference signal to generate the

operating bias signal indicating whether the fine delay magnitude should

be increadéd or dbereatud. (3126 Ihevheethodhofidedsh B, ffoethiss signal is

:ga{éﬂ%gi é!atﬁ%’ %gef{ ?h@hl?i?gt %f&?k? ?'&Hgllng %r%tagelﬂé{ble signal is negated

paring t S|gna and the reference signa
and generated responsive to the operating bias signal when the fine lock enable signal is

15  asserted.

50. A method of generating a hybrid delay, comprising:
delaying a coarse delay output relative to a reference input with a coarse delay magnitude
related to at least one coarse delay adjustment signal;
20  generating a phase generator bias signal by phase locking an analog phase generator to an
input signal phase related to a reference signal;
joining the phase generator bias signal to an initiating bias signal;
generating at least one fine bias signal in response to either the initiating bias signal or an
operating bias signal; and
25  delaying a delayed output relative to the coarse delay output by adjusting a fine delay

magnitude in relation to the at least one fine bias signal.

51. The method of claim 50, wherein generating the phase generator bias
signal establishes a substantial tuning range for the delayed output at operating parameters

30  of supply voltage, temperature, and frequency.



10

15

20

25

30

thereby generating the operating bias signal. 5 47. The method of claim

39, further comprising enabling the generating at least one fine bias

signal when a loop enable signal is asserted. 48. The method of claim 39,

further comprising bypassing the fine deln¥ line 10 when a loop enable

signal is negated. 49. The method of clai 89, wherein the at least one

fine bias signal is generated responsive to the initiating bias signal when

a fine lock enable signal is negated and generated responsive to the

operating Blas s@hahwﬁeml tifeclfare Iibk;lwhﬂahig'(ﬁigmgths phasagsesachrIas signal to

etﬂﬁﬁa Pg neratln |d d%% com ngo el ing a coarse

orme ‘a .
delay output rela VedG ar erence in {lvvﬁ a coar lay magnitude

related to at least one coarse delay adjustment srgnal 20 generating a

phase gerg?rator 1as srgﬂngl ?}é 1ass lo kln alo%é)ha e enerator
u ate %o

ere Fe nera 51 nal
to an inputsignal p Shase rela areference s@)na |n|ng hase

gerenaposdyadsigmaldiobaas Imitthting bias signal; generating at Ieast one

fine bias signal in response to either the initiating bias signal or an

operating bias signal; and 25 delaying a delayed output relative to the

coarse defdy outphe methdjListinigiam fiive wedegm magngﬂmwmselgtimtonhies signal to
al lt%asi%u?gﬁ 1?_k:s|§18 gngrln 5r;1I'seTh nergtl C(lh%flﬁl §S 1%1’&“%? lfuffermg the
generating th g generator bias sign I establ asu stanﬁ/a
tunmhgsm@erﬁ@mhelsjegy@d output at operating parameters 30 of supply

voltage, temperature, and frequency. 24 52. The method of claim 50,

wherein joining the phase generator bias signal to the initiating bias signal
is perform¥d by dheomethidotolaplirig. %eemnbeméah@geoﬁmmmm signal
h
w 8%%15@1&%%9@%?8#9%&% Q%%Q&ggaﬂ% u?%gﬂi%% %asléﬁﬁf‘é’é]ﬂé‘?h?éé‘% P-channel bias

leve e met erein joining ase generator

biakwignal to

56. The method of claim 50, further comprising comparing a feedback signal
and the reference signal to generate the operating bias signal indicating whether the fine

delay magnitude should be increased or decreased.

57. The method of claim 56, further comprising filtering a fine phase
adjustment signal generated by comparing the feedback signal and the reference signal,

thereby generating the operating bias signal.

38. The method of claim 50, further comprising enabling the generating at

least one fine bias signal when a loop enable signal is asserted.

59. The method of claim 50, further comprising bypassing the delaying a

delayed output when a loop enable signal is negated.

60. The method of claim 50, wherein the at least one fine bias signal is
generated responsive to the initiating bias signal when a fine lock enable signal is negated
and generated responsive to the operating bias signal when the fine lock enable signal is

asserted.



the initiating bias signal comprises generating the initiating bias signal by
buffering the 10 phase generator bias signal. 55. The method of claim 54,
wherein the phase generator bias signal comprises an N-channel bias
level and the initiating bias signal comprises a P-channel bias level. 15
56. The method of claim 50, further comp@éing comparing a feedback
signal and the reference signal to generate the operating bias signal
indicating whether the fine delay magnitude should be increased or
decrease®.120 5Th€h®msih1ﬁdleﬁnlﬁimﬁﬁﬂjdlmhmrtsdmgpﬂmpgrﬁiwifeg®ack signal
f|ne }? se etljélljlggglent Istgnal gene taleast com arl hedfe dba %ﬂ

e reference i nal ere% genera ng Bera?ngl%las sign nal
58 wiieehen¢lth odapfecliziny mgutﬂubmhomphsmgreawbImgid:hezg;ederatlng at
25 least one fine bias signal when a loop enable signal is asserted. 59.
The method of claim 50, further comprising bypassing the delaying a

delayed oGIput whemeeloapod caine @gﬁathsrrwgmedngerﬁtbliﬁgdlﬁmﬂmpdﬁng a

ndicating

of ?Ial(m SE relrame at least one f blas signal i ] enera
cedbac %dgnﬁ and. the ré %rence S1 n enal ci 1 11s asse ed.
responsive e |n|t|at|ng 1as Sl when a ocC e signal IS

negated and generated responsive to the operatlng blas S|gnal when the

fine lock ebr?ble %Qngthlsd gﬁggﬁ%%l % ?n%ﬁ Hagé ogf@d%) a refeirence
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comparing a feedback signal and the reference signal to generate at least one coarse phase
15 adjustment signal indicating whether a coarse delay magnitude should be
increased or decreased;
delaying a coarse delay output relative to the reference signal with the coarse delay
magnitude related to the at least one coarse phase adjustment signal;
comparing the feedback signal and the reference signal to generate an operating bias
20 signal indicating whether a fine delay magnitude should be increased or decreased;
generating at least one fine bias signal in response to either the initiating bias signal or the
operating bias signal;
delaying the delayed output relative to the coarse delay output by adjusting the fine delay
magnitude of a fine delay line in relation to the at least one fine bias signal; and
25  completing a feedback loop by operably coupling the delayed output to the feedback

signal.

64. The method of claim 63, wherein generating the phase generator bias
signal establishes a substantial tuning range for the fine delay line at the operating

30  parameters of supply voltage, temperature, and frequency.



generating a phase generator bias signal by phase locking an analog

phase generator to an input signal phase related to the reference signal;

joining the phase generator bias signal to an initiating bias signal;

comparing a feedback signal and the reference signal to generate at least

one coarse phase 15 adjustment signal ir:r)é’lcating whether a coarse delay
magnitude should be increased or decreased; delaying a coarse delay

output relative to the reference signal with the coarse delay magnitude
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output relative to the coarse Cdé ay outp ju Ing t

magnitpdeoh B-fihendel dyalihevah relation to the at least one fine bias

signal; and 25 completing a feedback loop by operably coupling the

delayed output to the feedback signal. 64. The method of claim 63,

wherein géheratifigetmethbdioé danetdtorliziasn gignag dstaiblishgsnarator bias signal to
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mephest géntaimragasskmain joining the phase generator bias signal to the
initiating bias signal is performed by an operable coupling. 5 66. The
method of claim 65, wherein the phase generator bias signal comprises a
P-channebBias |8Vel ngthachef mathdd .oftsdim 6@, phirergngoitiinbiakeignal
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generating the Initiating bias signa ering ase generator
biakwinal. 68. The method of claim 67, wherein the phase generator bias
signal comprises an N-channel bias level and the initiating bias signal

comprises a P-channel bias
69. The method of claim 63, further comprising enabling the generating at

least one fine bias signal when a loop enable signal is asserted.

70. The method of claim 63, further comprising bypassing the fine delay line

when a loop enable signal is negated.

71. The method of claim 63, wherein the at least one fine bias signal is
generated responsive to the initiating bias signal when a fine lock enable signal is negated
and generated responsive to the operating bias signal when the fine lock enable signal is

asserted.

72. The method of claim 63, further comprising enabling the comparing a
feedback signal and the reference signal to generate at least one coarse phase adjustment

signal when a loop enable signal is asserted.



level. 15 69. The method of claim 63, further comprising enabling the
generating at least one fine bias signal when a loop enable signal is
asserted. 70. The method of claim 63, further comprising bypassing the
fine delay line 20 when a loop enable signal is negated. 71. The method
of claim 63, wherein the at least one fine HiAs signal is generated
responsive to the initiating bias signal when a fine lock enable signal is
negated and generated responsive to the operating bias signal when the
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coarse delay line and the fine delay line using the operating bias signal.



