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PLL/DLL DUAL LOOP DATA SYNCHRONIZATION 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application includes subject matter that is 
related to and claims priority from US. Provisional Patent 
Application Serial No. 60/257,044 ?led Dec. 20, 2000 and 
entitled, “Method and Apparatus for Providing PLL and 
DLL Based Data Synchronization in Plesiochronous Sys 
tems.” This application further includes subject matter 
related to US. patent application No. XX/XXX,XXX, ?led 
on even date hereWith, and entitled “PLL/DLL Dual Loop 
Data Synchronization Utilizing a Granular FIFO Fill Level 
Indicator.” 

FIELD OF INVENTION 

[0002] The present invention relates generally to a system 
and method for data synchronization and, in particular, to an 
improved phase locked loop/delayed lock loop (PLL/DLL) 
“dual loop” approach to data synchronization. 

BACKGROUND OF THE INVENTION 

[0003] Synchronization in data communication is often 
composed of several levels, With the highest level(s) involv 
ing methods like correlation and the loWest levels involving 
clock and data recovery (CDR). The loWest levels of syn 
chronization occur ?rst and often dictate the quality of 
synchronization available at the highest levels; thus it is 
desirable to ensure high quality and ef?cient data synchro 
nization at the loWest levels. 

[0004] Clock generation and distribution is a signi?cant 
challenge in the design of large and complex digital systems. 
Ordinarily, clock generation and distribution can be Well 
controlled in small systems and subsystems. For instance, 
synchronous signaling, Where the data signal timing is 
related to a single timing reference (i.e., global reference), 
can be used for practically all critical high-speed signals. 
FIG. 1 illustrates a basic conventional topology for a 
synchronous system. 

[0005] Synchronous clocking systems, such as the Syn 
chronous Optical NetWork (SONET), use a single timing 
model. Originally developed for transmission of telecom 
munications signals such as voice, SONET is noW the 
prevalent transport infrastructure for the Wide area netWork 
(WAN) backbone. The primary bene?t of the synchronous 
transmission and multiplexing hierarchy de?ned by SONET, 
is that multiple data streams at the de?ned rates can be 
combined (multiplexed), Without bit stuffing into a higher 
rate stream, and can be extracted Without demultiplexing the 
entire higher rate stream. Although the SONET method 
Works Well and has been in use for large backbone telecom 
netWorks, it is an expensive and complex system. 

[0006] FIG. 2 illustrates a conventional topology for a 
plesiochronous system, Where, unlike the synchronous sys 
tem, each subsystem is designed to have its oWn local clock 
generation and distribution. A plesiochronous system is 
de?ned as one Where the local clocks operate at approxi 
mately the same frequency such that the difference in 
frequency betWeen any tWo subsystems is bounded to a 
small difference. For example, In?nibandTM netWorks are 
designed such that the local references are Within +/—100 
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ppm of the ideal timing reference. To accommodate the 
differences in data periods due to the frequency differences, 
the conventional plesiochronous system employs bit stuf?ng 
techniques, Where special bits are either added or deleted to 
adjust the rate of an incoming data stream to the frequency 
of the system receiving the data stream. With continued 
reference to FIG. 2, digital subsystem 1 transmits at a 
frequency of Fc1. Subsystem 2 has a clock rate of Fc2 Which 
is close to the frequency of Fc1, but not exact. In order for 
subsystem 2 to use the data at its clock rate of Fc2, frequency 
compensation must be performed on the Fc1 data stream. 
Thus, the intra-system interfaces require data transmitted 
synchronously from one subsystem, to be retimed or syn 
chronized to the local reference in the receiving subsystem. 

[0007] FIG. 3 illustrates a conventional data synchroni 
zation architecture for each subsystem in the plesiochronous 
system of FIG. 2. As shoWn, a basic function of the 
subsystem is to retime the received data and provide a clock 
(local reference) aligned to that data for further digital 
processing. 

[0008] Phase locked loops (PLLs) and delayed locked 
loops (DLLs) are common systems used in the I/ O interfaces 
of data communication systems. In these applications, the 
PLL and DLL closely track the input clock and help to 
improve overall system timing. HoWever, the rising demand 
for high-speed I/O has created an increasingly noisy envi 
ronment in Which the PLL and DLL must function. Noise 
tends to cause the output clocks of the PLL and DLL to jitter 
from their ideal timing. With a shrinking tolerance for jitter 
in the decreasing period of the output clock, the design of 
loW jitter PLLs and DLLs has become challenging. To 
reduce PLL jitter, the loop bandWidth should be set as high 
as possible. Unfortunately, design tradeoffs often constrain 
the PLL bandWidth to be Well beloW the loWest operating 
frequency for stability reasons. These constraints can cause 
the PLL to have a narroW operating frequency range and 
poor jitter performance. Although a typical DLL is based on 
a delay line and, thus is simpler from a control perspective, 
it can have a limited delay range Which leads to a set of 
problems similar to that of the PLL. 

[0009] One attempt at improving clock and data recovery 
in a plesiochronous system is illustrated in FIG. 4. A 
clock-data recovery (CDR) 400 includes a dual loop con 
?guration having a PLL 402 and a DLL 406. PLL 402 is 
con?gured in a conventional manner having a phase fre 
quency detector (PFD) 403, a loop ?lter 412, and a voltage 
controlled oscillator (VCO) 414. A local reference is 
detected at PFD 403 and ?ltered through loop ?lter 412. 
Typically, loop ?lter 412 is con?gured as a Wideband loop 
for suppressing the VCO phase noise beloW the loop band 
Width. VCO 414 is con?gured to generate an oscillating 
signal at a frequency proportional to the local reference by 
using a frequency divider (not shoWn) at the input of PFD 
403. 

[0010] DLL 406 includes a phase detector 407, Which 
receives the incoming data, a digital loop ?lter 408, and a 
phase shifter 409. Digital loop ?lter 408 may be con?gured 
as a Wideband loop to track input jitter. Phase shifter 409 
may be, for example, an in?nite range phase shifter, typi 
cally implemented as a multi-phase selector, and provides an 
input to decision circuit 410. Phase shifter 409 provides a 
variable phase shift of the phase shifter input such that a 
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clock may be generated having phase and frequency com 
ponents that can be varied relative to the VCO output. 
Decision circuit 410 receives the output of phase shifter 409 
and provides an output consisting of retimed data. Generally, 
decision circuit 410 includes a high speed comparator or 
D-?ip-?op that alloWs detection of small amplitude signals 
and regenerates the signals to normal amplitude by reclock 
ing the input. 

[0011] While this dual loop con?guration may offer some 
advantages over the single loop systems, for example, 
individual loop optimiZation, the DLL bandWidth must be 
very Wide to accommodate the input jitter. In CDR systems, 
it is often desirable to have a Wide bandWidth; hoWever, in 
other applications, this is not alWays the case. For example, 
a Wide bandWidth CDR is not desirable if the output clock 
jitter must be kept loW. The output clock jitter’s relationship 
to the input clock jitter is the jitter transfer function. A loW 
bandWidth jitter transfer function typically alloWs a loWer 
clock jitter to be generated. This is because the high fre 
quency jitter is reduced by the loWpass ?ltering properties of 
the jitter transfer function. 

[0012] If several retiming operations occur in the CDR 
system, it is possible for a substantial amount of jitter to be 
introduced if the jitter transfer function of the retimer is such 
that the output jitter exceeds the input jitter. This typically 
occurs in a PLL based CDR due to peaking in the jitter 
transfer function caused by the second order nature of the 
system, i.e., tWo integrators; one in the PLL loop ?lter and 
one in the VCO. DLL based CDRs, such as CDR 400, 
generally exhibit little or no jitter peaking because they are 
?rst order systems. HoWever, CDR 400 sustains a perfor 
mance tradeoff in selection of the loop bandWidth, i.e., 
optimiZing the jitter tolerance versus optimiZing the jitter 
transfer. 

[0013] Accordingly, an improved system and method for 
data synchroniZation in a plesiochronous system is needed. 
Speci?cally, a system and method for improved data seri 
aliZation and retiming having minimum jitter generation 
(e. g., Wide loop bandWidth) and maximum jitter suppression 
(e.g., narroW loop bandWidth) is desired. In addition, a 
plesiochronous system and method for data recovery and 
retiming is needed Which does not require bit stuffing. 

SUMMARY OF THE INVENTION 

[0014] An improved system and method for data synchro 
niZation is herein provided and, in particular, a dual loop 
system and method for data synchroniZation. In exemplary 
embodiments, a system and method includes a dual loop 
data serialiZer having a phase lock loop (PLL) and a delayed 
lock loop (DLL). Each loop has a loop ?lter con?gured to 
optimiZe performance of the serialiZer. The PLL including a 
phase shifter con?gured in the PLL feedback path. 

[0015] In other exemplary embodiments, a system and 
method includes a dual loop data retimer having a dual loop 
serialiZer and a digital delay lock loop (DDLL). The seri 
aliZer having a PLL and a DLL With a con?gurable loop ?lter 
in each loop. The DDLL receiving input data and con?gured 
to recover a clock from the data. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] These and other features, aspects and advantages of 
the present invention Will become better understood With 
reference to the folloWing description, appending claims, 
and accompanying draWings Where: 
[0017] FIG. 1 illustrates, in block format, a conventional 
synchronous system architecture; 
[0018] FIG. 2 illustrates, in block format, a conventional 
plesiochronous system architecture; 
[0019] FIG. 3 illustrates, in block format, a conventional 
plesiochronous subsystem; 
[0020] FIG. 4 illustrates, in block format, a dual loop 
CDR of the prior art; 

[0021] FIG. 5 illustrates, in block format, a dual loop 
serialiZer in accordance With one embodiment of the inven 
tion; and 
[0022] FIGS. 6 and 7 illustrate, in block format, dual loop 
retimers in accordance With various embodiments of the 
invention. 

DETAILED DESCRIPTION 

[0023] The present invention may be described herein in 
terms of various functional components and various pro 
cessing steps. It should be appreciated that such functional 
components may be realiZed by any number of hardWare or 
structural components con?gured to perform the speci?ed 
functions. For example, the present invention may employ 
various other components and modules, such as buffers, 
?lters, converters, and logic devices under the control of one 
or more microprocessors or other microcontrollers. In addi 
tion, the present invention may be practiced in any data 
communication context. HoWever for purposes of illustra 
tion only, exemplary embodiments of the present invention 
Will be described herein in connection With a data synchro 
niZation system. Further, it should be noted that While 
various components may be suitably coupled or connected 
to other components Within exemplary circuits, such con 
nections and couplings can be realiZed by direct connection 
betWeen components, or by connection through other com 
ponents and devices located thereinbetWeen. 

[0024] A PLL/DLL dual loop data synchroniZation system 
and method is provided. Used herein, “dual loop” refers to 
a combined phase locked loop (PLL) and delay lock loop 
(DLL) synchroniZation system. As Will be discussed in the 
folloWing paragraphs, this improved technique for data 
synchroniZation in a plesiochronous environment alloWs 
functions such as clock recovery, serialiZation, and retiming 
to be carried out With improved performance over traditional 
methods. 

[0025] FIG. 5 illustrates an exemplary dual loop data 
serialiZer system 500 in accordance With one embodiment of 
the invention. SerialiZer system 500 is particularly suited for 
implementation in a plesiochronous system Where each 
subsystem includes a local reference. In general, serialiZer 
system 500 receives a parallel data byte input, converts the 
data byte into a stream of serial data bits and transmits the 
serialiZed data (frequently to a deserialiZer). The serial data 
typically includes clock information, Which if extracted, can 
be used to recover the serial data stream and reassemble the 
parallel byte. 
[0026] SerialiZer system 500 includes a PLL 502 and a 
DLL 504 in a dual loop con?guration. In one particular 
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embodiment, DLL 504 is embedded Within PLL 502; hoW 
ever, in other embodiments, the DLL and PLL may be 
separated. PLL 502 includes a phase frequency detector 
(PFD) 510, a loop ?lter 512, a VCO 514, and a phase shifter 
516. DLL 504 also includes a phase detector 518 and a 
digital loop ?lter 520. In addition, serialiZer system 500 
includes a FIFO buffer 522 (?rst-in ?rst-out) and a PISO 
(parallel-in serial-out) serialiZer 524. 

[0027] While phase frequency detector 510, loop ?lter 512 
and VCO 514 can function similar to a traditional clock 
multiplier typically used in serialiZers, in the exemplary 
embodiment, PLL 502 includes phase shifter 516 con?gured 
in the feedback path of PLL 502. Thus, unlike a conventional 
data recovery system, Which locks to the local reference, 
PLL 502 can suitably lock to the input clock of FIFO 522 
that feeds phase detector 518 of DLL 504. In other Words, 
While a conventional PLL is designed to lock to the local 
reference, PLL 502 is able to lock to the input of DLL phase 
detector 518 by placing phase shifter 516 in the feedback 
path of PLL 502. In addition, phase shifter 516 alloWs PLL 
502 to accommodate small frequency offsets in the reference 
clock relative to the parallel data rate. 

[0028] The frequency from PLL 502 can be adjusted to 
match the desired data rate. In this manner, the data into 
FIFO 522 contains a jittery clock, i.e., the clock is not stable 
due to the noise. A clean clock With jitter ?ltered out is thus 
desirable. Using the dual loop approach of the exemplary 
embodiment, a clean clock can be generated Without jeop 
ardiZing the performance of the system by incorporating 
dual bandWidths. For instance, loop ?lter 512 of PLL 502 
may include a relatively Wide bandWidth to suppress VCO 
phase noise and generate the loW jitter clock. On the other 
hand, loop ?lter 520 of DLL 504 may include a narroW 
bandWidth to ?lter the noise from the data clock that is being 
read into FIFO 522. The net effect is to generate a synthe 
siZed clock that is very clean because it has been ?ltered 
from the data clock at a loW bandWidth by ?lter 520, yet still 
suppresses the VCO noise due to the Wide bandWidth of 
?lter 512. 

[0029] Phase detector 518 in DLL 504 monitors FIFO 522 
?ll level (Write minus read) and adjusts the output phase so 
that the transmit clock maintains a constant FIFO ?ll rate. In 
one particular embodiment, phase detector 518 may include 
a granular FIFO ?ll level indicator. Suitable examples of a 
granular FIFO ?ll level indicator are disclosed in Us. patent 
application No. XX/XXX entitled “PLL/DLL Dual Loop 
Synchronization UtiliZing a Granular FIFO Fill Level Indi 
cator.” The aforementioned application being ?led on even 
date as the present disclosure and having a common assignee 
and inventorship; the contents of Which are incorporated 
herein by reference. 

[0030] The parallel data is registered With its oWn refer 
ence clock (data clock) and FIFO 522 is used to provide a 
larger timing WindoW for data serialiZer 524. SerialiZer 524 
may be, for example, a parallel-in serial-out (PISO) data 
multiplexer operating at the synthesiZed transmit clock. 

[0031] In operation, serialiZer system 500 receives a local 
reference (such as a local clock in a plesiochronous system) 
at PFD 510. Loop ?lter 512, being coupled to PFD 510 and 
VCO 514, may comprise any suitable components to pref 
erably provide a Wide bandWidth ?lter. In this manner, loop 
?lter 512 is con?gured to suppress phase noise from VCO 
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514. Phase shifter 516 receives the local reference from 
VCO 514 and also receives a signal from digital loop ?lter 
520 of DLL 504. Con?gured in a feedback loop of PLL 502, 
phase shifter 516 provides a variable phase shift relative to 
the VCO output to PFD 510. The outputs of PFD are 
integrated by loop ?lter 512 Which provide a control voltage 
that modi?es the output frequency of VCO 514. In this 
manner, the control loop adjusts the phase and frequency of 
VCO 514 such that the tWo inputs to PFD 510 maintain a 
?xed relative phase. Parallel data and a data clock are 
received at FIFO 522. A signal representative of the ?ll rate 
of FIFO 522 is received at phase detector 518 of DLL 504. 
Phase detector 518 translates the FIFO ?ll level into a value 
that is integrated by loop ?lter 520 to produce a phase shift 
in PLL 502. Thus an offset in the FIFO ?ll level corresponds 
to a frequency offset in the PLL relative to the local 
reference clock. In this manner, DLL 504 can modify the 
phase and frequency of VCO 514 so that the FIFO ?ll level 
is nearly constant. Further, VCO 514 output is phase-locked 
to FIFO 522 data clock With a narroWband loop set by DLL 
504 bandWidth; thus, providing a loW bandWidth jitter 
transfer function With little or no peaking. Outside of the 
bandWidth of DLL 504, VCO 514 output may be phase 
locked to the PLL frequency reference; thus, providing 
Wideband suppression of VCO 514 phase noise. Accord 
ingly, a synthesiZed loW jitter clock is output. 

[0032] This dual loop, dual bandWidth approach of the 
invention alloWs individual optimiZation of the PLL and 
DLL loop characteristics to improve overall system perfor 
mance. For instance, jitter in the data rate is rejected since 
the DLL loop bandWidth can be set arbitrarily loW Without 
impacting the PLL jitter generation. Moreover, serialiZer 
500 offers signi?cant advantages over a traditional serialiZer. 
For instance, a conventional serialiZer requires the data rate 
and the reference clock to be phase locked, Which limits its 
usefulness in a plesiochronous system. If a clean reference 
is not available, then the “dirty” data clock must be used, 
resulting in a noisier output clock. Using the techniques 
disclosed herein, a clean reference is available since the 
reference matches the input data rate to Within a small 
frequency offset. 

[0033] In addition to performance advantages, the dual 
loop approach of serialiZer system 500 offers substantial 
architectural ?exibility. The DLL lends itself Well to a fully 
digital element. This facilitates the implementation by 
reducing the number of analog components. As is Widely 
recogniZed in the industry, analog loops can be highly 
sensitive causing the jitter transfer function to deviate if the 
component values change. In present serialiZer system 500, 
the DLL may be built around a purely digital element so the 
digital loop ?lter sets the jitter transfer bandWidth and the 
transfer function Will be the same from system to system. 
Additionally, the transmit rate is set by the data rate. 
Therefore, frequency compensation, such as bit stuf?ng, is 
not required in this plesiochronous system. Moreover, the 
present system can accommodate asynchronous data trans 
fer, Where the parallel data is Written in bursts as long as the 
FIFO depth and ?ll rates are consistent With the maximum 
phase update rate. 

[0034] FIG. 6 illustrates, in block format, a dual loop 
retimer system 600 in accordance With another embodiment 
of the invention. In general, a retimer system recovers the 
clock from the received input data and retransmits the data 
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With a clean output clock. Although not illustrated in the 
present ?gure, retimers basically include a clock recovery 
deserialiZer followed by a serialiZer. 

[0035] In this particular embodiment, retimer 600 is 
implemented as a combination of a dual loop serialiZer 620 
(e.g., serialiZer 500) and digital clock and data recovery 
(DCDR) 630 (e.g., CDR 400). Individually, serialiZer 620 
and DCDR 630 may each include a PLL; hoWever, When 
combined, a retimer in accordance With an exemplary 
embodiment of the invention may use a single analog PLL 
to generate the transmit clock. HoWever, in other embodi 
ments, multiple PLLs may be used. The DLL of serialiZer 
620 provides frequency compensation and phase alignment 
to the data as in serialiZer 500 of FIG. 5. The clock recovery 
of retimer 600 is slaved off the PLL, and provided by a 
second DLL, as in the plesiochronous CDR 400 of FIG. 4. 

[0036] Referring noW to FIG. 7, a exemplary block dia 
gram of the retimer of FIG. 6 is illustrated. Retimer 700 
includes a dual loop serialiZer, comprising PLL 702 and 
DLL 704, and a DCDR, comprising DLL 703 and PLL 702. 
As previously discussed, in accordance With an exemplary 
embodiment of the invention, a single analog PLL 702 is 
used Which includes a phase shifter. Analog PLL 702 pro 
vides a reference frequency multiplication or, creates a serial 
clock that is close to a multiple of the target frequency. 
Similar to PLL 502 of serialiZer 500, PLL 702 includes a 
PFD 706, a loop ?lter 711, a VCO 705, and a phase shifter 
716. 

[0037] Digital DLL 703 provides clock recovery in much 
the same manner as CDR 400 and similarly includes a phase 
detector 707, a digital loop ?lter 708, and a phase shifter 
710. DLL 703 tracks the frequency offset in the plesiochro 
nous system. Additionally, loop ?lter 708 of DLL 703 may 
be set as a Wideband ?lter to track the input jitter and provide 
high jitter tolerance. 

[0038] DLL 704 forms the DLL portion of serialiZer 500. 
As such, DLL 704 includes a phase detector 718 and a 
digital loop ?lter 720. Digital loop ?lter 720 may use digital 
integration to drive phase shifter 716 of PLL 702. In 
addition, loop ?lter 720 of DLL 704 may be a narroWband 
?lter to provide jitter ?ltering. 

[0039] Retimer 700 further includes a decision circuit 709, 
a deserialiZer 712, a FIFO 722, and a serialiZer 724. Dese 
rialiZer 712 is a serial-in parallel-out (SIPO) element. In 
other Words, deserialiZer 712 receives a serial data stream, 
then converts and reassembles the serial data back into a 
parallel data byte, Which is referenced to the clock. Decision 
circuit 709 alloWs detection of small amplitude signals and 
regenerates the signals to normal amplitude by reclocking 
the input With a high speed comparator. FIFO 722 and 
serialiZer 724 may be con?gured similar to previously 
described FIFO 522 and serialiZer 524. 

[0040] In one particular embodiment, a dual loop retimer 
may include the elements as previously described for retimer 
700, except deserialiZer 712 and serialiZer 724 may be 
omitted. In this embodiment, data may be Written to the 
FIFO serially and the retimed data is read directly out of the 
FIFO. 

[0041] Dual loop dual DLL retimer 700 offers signi?cant 
advantages over traditional single loop and dual loop retim 
ers. Unlike single loop retimers, the jitter transfer of the 
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received data of retimer 700 is independently set from the 
jitter tolerance of the received data. This is because the jitter 
tolerance is set by the clock and data recovery DLL (DCDR) 
bandWidth (i.e., Wide bandWidth) and the jitter transfer is set 
by the serialiZer DLL bandWidth (i.e., narroW bandWidth). 
Unlike conventional dual loop retimers, Which may use 
multiple PLLs, retimer 700 may be implemented With a 
single analog PLL; thereby, simplifying the system and 
eliminating additional analog components. Furthermore, the 
combined DCDR and DLL function as cascaded DLLs 
rather than cascaded PLLs. Their ?lter responses generate a 
jitter transfer function that is a loW pass transfer function 
With little or no jitter peaking. Thus, the retimer resets the 
jitter budget in such a Way that an in?nite number of repeater 
stages may be cascaded While still meeting the transmission 
requirement. 
[0042] It should be appreciated that the particular imple 
mentations shoWn and described herein are illustrative of 
various embodiments of the invention including its best 
mode, and are not intended to limit the scope of the present 
invention in any Way. Indeed, for the sake of brevity, 
conventional techniques for signal processing, data trans 
mission, signaling, and netWork control, and other func 
tional aspects of the systems (and components of the indi 
vidual operating components of the systems) may not be 
described in detail herein. In addition, various of the opera 
tional and processing steps may be con?gured in different 
orders, and/or modi?ed or deleted in accordance With vari 
ous embodiments of the present invention. Furthermore, the 
connecting lines shoWn in the various ?gures contained 
herein are intended to represent exemplary functional rela 
tionships and/or physical couplings betWeen the various 
elements. It should be noted that many alternative or addi 
tional functional relationships or physical connections may 
be present in a practical data synchroniZation system. 

[0043] The invention has been described above With ref 
erence to exemplary embodiments. HoWever, those skilled 
in the art having read this disclosure Will recogniZe that 
changes and modi?cations may be made to the embodiments 
Without departing from the scope of the present invention. 
These and other changes or modi?cations are intended to be 
included Within the scope of the present invention, as 
expressed in the folloWing claims. 

1. A PLL/DLL dual loop data serialiZer comprising: 

a phase lock loop (PLL) including, 

a phase frequency detector (PFD) receiving a local 
clock, 

a voltage controlled oscillator (VCO), 

a loop ?lter coupled to said PFD and to said VCO, said 
loop ?lter con?gured to suppress VCO phase noise, 
and 

a phase shifter coupled to said VCO and con?gured in 
a feedback loop With said PFD; 

a delayed lock loop (DLL) having a digital loop ?lter 
coupled to a phase detector and to said phase shifter of 
said PLL; 

a FIFO register receiving a parallel data input and out 
putting a signal to said phase detector; and 
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a PISO serializer receiving an input from said FIFO and 
outputting serialized data. 

2. The data serializer of claim 1, Wherein said DLL is 
embedded in said PLL. 

3. The data serializer of claim 1, Wherein said PLL locks 
to said signal from said FIFO to said phase detector. 

4. The data serializer of claim 1, Wherein said loop ?lter 
of said PLL comprises a Wideband ?lter. 

5. The data serializer of claim 1, Wherein said loop ?lter 
of said DLL comprises a narroWband ?lter. 

6. The data serializer of claim 1, Wherein said signal to 
said phase detector comprises a FIFO ?ll level indicator. 

7. The data serializer of claim 6, Wherein said phase 
detector is con?gured to translate said FIFO ?ll level into a 
digital value. 

8. The data serializer of claim 1 for use in a plesiochro 
nous system. 

9. A dual loop retirner comprising the data serializer of 
claim 1. 

10. A method for PLL/DLL data serialization cornprising: 

detecting a local reference at a phase/frequency detector 
(PFD) of a phase lock loop (PLL); 

phase locking a VCO of said PLL to a local reference to 
suppress a phase noise of said VCO; 

receiving a parallel data input and a data clock at a FIFO 
register; 

?ltering, at a delayed lock loop (DLL), a signal represen 
tative of said ?ll level of said FIFO; 

phase shifting an output of said VCO of said PLL in 
response to said ?ltering step; 

locking said PLL to a frequency corresponding to said 
pre-?ltered signal input to said DLL; 

receiving, at a PISO serializer, said parallel data and said 
VCO output; and 

outputting a serialized data from said PISO serializer With 
said VCO output a transrnit clock. 

11. The method of claim 10, further comprising the step 
of outputting a synthesized clock. 

12. The method of claim 10, Wherein said PLL ?ltering 
step comprises Wide bandWidth ?ltering. 

13. The method of claim 10, Wherein said DLL ?ltering 
step comprises narroW bandWidth ?ltering. 

14. The method of claim 10, further comprising the step 
of translating said signal in said DLL to a digital value. 

15. The method of claim 14, Wherein said translating step 
comprises a phase detector in said DLL. 

16. The method of claim 10 comprising a plesiochronous 
system. 

17. A plesiochronous data retirner comprising: 

a digital delay lock loop (DDLL) receiving an input data 
to be retirned and con?gured to recover a clock of said 
input data; 

a dual loop serializer having a phase lock loop (PLL) and 
a delay lock loop (DLL), said serializer comprising; 

a phase/frequency detector (PFD) receiving a local 
reference at said PLL, 

a phase shifter con?gured in a feedback loop With said 
PFD Within said PLL; 
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a loop ?lter Within said DLL and coupled to said phase 
shifter; 

a SIPO (serial-in and parallel-out) deserializer coupled to 
said input data; 

a FIFO register coupled to said deserializer and said 
serializer DLL; and 

a PISO (parallel-in and serial-out) serializer receiving said 
deserialized input data and transmitting a serialized 
data. 

18. The retirner of claim 17, Wherein said DDLL corn 
prises a phase detector and a digital loop ?lter. 

19. The retirner of claim 18, Wherein said DDLL corn 
prises a Wide bandWidth. 

20. The retirner of claim 18, Wherein said serializer further 
comprises a loop ?lter Within said PLL. 

21. The retirner of claim 20, Wherein said serializer 
comprises a dual bandWidth. 

22. The retirner of claim 20, Wherein said DLL loop ?lter 
comprises a narroW bandWidth and said PLL loop ?lter 
comprises a Wide bandWidth. 

23. Aplesiochrononous data retirning method comprising: 

recovering a clock from a received serial input data at a 
digital delay locked loop (DDLL); 

deserializing said serial data to a parallel data using said 
recovered clock; 

Writing said parallel data to a FIFO (?rst-in ?rst-out); 

synthesizing a transrnit clock; 

reading said parallel data from said FIFO; 

serializing said parallel data using said synthesized trans 
rnit clock; 

detecting a FIFO ?ll level at a delay locked loop (DLL); 
and 

phase shifting, in a phase lock loop (PLL), an output of a 
VCO, Wherein said phase shifting is in response to said 
detecting step. 

24. The retirning method of claim 23, Wherein said 
synthesizing step comprises phase locking said VCO to a 
local reference. 

25. The retirning method of claim 23, further comprising 
translating said FIFO ?ll level to an integrating value. 

26. The retirning method of claim 23, Wherein said Writing 
step and said reading step comprise a Write clock of said 
FIFO and a read clock of said FIFO, respectively. 

27. The retirning method of claim 26, further comprising 
phase locking said Write and read clocks of said FIFO in said 
DLL. 

28. The retirning method of claim 26, further comprising 
locking said VCO output to said FIFO Write clock. 

29. A method for PLL/DLL data retirning cornprising: 

recovering a clock from a received serial input data at a 
digital delay locked loop (DDLL); 

Writing said serial data to a FIFO (?rst-in ?rst-out); 

synthesizing a transrnit clock; 

reading a retirned data from said FIFO; 

detecting a FIFO ?ll level at a delay locked loop (DLL); 
and 
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phase shifting, in a phase lock loop (PLL), an output of a 
VCO, wherein said phase shifting is in response to said 
detecting step. 

30. The method of claim 29, further comprising the step 
of outputting a synthesiZed clock. 

31. The method of claim 29, further comprising the step 
of phase locking said VCO of said PLL to a local reference 
to suppress a phase noise of said VCO. 
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32. The method of claim 31, Wherein said PLL ?ltering 
step comprises Wide bandWidth ?ltering. 

33. The method of claim 29, further comprising the step 
of translating said FIFO ?ll level to an integrating value. 

34. The method of claim 33, Wherein said translating step 
comprises a phase detector in said DLL. 

35. The method of claim 29 comprising a plesiochronous 
system. 


