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The present invention relates to the field of data synchronizer and
time base generator circuits, particularly for dual PLL data synchronization

system.
2. BACKGROUND ART

Mass storage for computer systems is typically provided by a magnetic
or optical media storagé system, such as rigid or flexible disk storage systems.
In a magnetic system, a rotating disk having a magnetic media layer on the
surface is accessed by a “read/write” head which is used to store and retrieve
information from the disk surface. To store information on a magnetic
media disk, flux reversals are induced in the magnetic particles comprising
the disk’s surface. When a maé-ne‘tic read/write head is ;iass.ed over the flux
reversals, a signal is fnduced in the ﬁead which can be decoded to convey
information stored on the disk. Typically, the magnetic flux reversals are
inferpreted as “ones” or- "zeros" according to the coding algorithm.

In a preformatted, write-once, or rewritable optical disk drive, data is
stored as a series of pits arranged in concentric or spiral tracks on a disk
surface. The read/write head is replaced by a lens assembly which is used to

project a light beam, (such as a laser beam), onto the disk surface. The light



reversals, a signal is induced in the head which can be decoded to convey
i'nformati on stored on the disk. Typically, the magnetic flux reversals are
interpreted as "ones" or "zeros" according to the coding algorithm In a
preformatted, wite-once, or rewitable optical disk drive, data is stored
as a series of pits arranged in concentric or spiral tracks on a disk
surface. The read/wite head is replaced By-a | ens assenbly which is used
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'n a magneloiout signal dependent on the modulation of the light beam. In a magneto-

optical disk drive, magnetic domains are oriented so that the polarization of a

read light beam is modulated and this modulated beam is detected. In an
optical disk drive, a movable lens assembly is mounted on a relatively large
base carriage. The base carriage is moved back and forth in a radial direction
relative to the opticai disk. The lens assembly moves radially relative to the
disk and relative to the base carriage.

When information recorded on a hard disk is recovered, it is often in
the form of bit stream. To accurately decode a serial bit stream, bit frames or
bit windows must be accurately defined. A one-to-one correspondence exists
between each bit and each frame or window. For a variety of reasons, errors
can be introduced in data bit streams that may affect the amplitude and phase
of the recovered signal. Amplitude errors can be minimized by use of an
automatic gain control (AGC) circuit. A phase error, also known as “jitter," is
a rotation of a.symbol that does not change the magnitude of the symbol.
This tends to force a data bit near or past a bit window boundary.

To maximize the efficiency of data recovery, the average bit position
can be estimated with a decode window having a nominal center coinciding
with the average center bit position of the data bit stream. However,

problems still exist when the jitter causes the bit position to extend over a

window edge.



optical disk drive, magnetic domains are oriented so that the polarization
of a read |ight beamis nodul ated and this nodul ated beamis detected. In
an optical disk drive, a novable |lens assenbly is nmounted on a relatively

| arge base carriage. The base carriage is noved back and forth in a radi al
direction relative to the optical disk. The | ens assenbly noves radially
relative to the disk and relative to the bagse carriage. Wen information
recorded on a hard disk is recovered, it~is often in the formof bit

stream To accurately decode a serial bit stream bit frames or bit w ndows
nust be accur at ellp drterming a desade window with acqepiahiediming aeauracytieck each
bit and each franme or wi ndow. For a varjety of reasons, errors can be
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rate of the signal read from the disk media. The PLL drcuit acquires the

nominal frequency of the read signal and tracks deviations in its nominal
frequency, thereby producing an output dock frequency that varies according
to deviations of the reference frequency (frequency of the read signal). Thus,

For 3.5" 640 MByte type magneto-optical disks, the standard format uses
the (1,7) RLL (Run Length Limited) coding in conjunction with PWM (Pit
width Modulation) recording scheme jn accordance with ISO (International
Organization for Standardization) standards. Figurg 1 shows the PWM
recording data and read signals. The read data is changed from ‘0" to ‘1’ (or "1’
to ‘0’) when the encoded data is ‘1’. Therefore, both rising and falling edges
indicate the data signal on the media.

Figure 2 shows a typical prior art read channel system, which consists -
of an axialog front end, which comprises AGC 201, programmable equalizer
filter 202, and data qualifier 204, a time base generator 210.and data,
synchronizer 206 and 207. Full wave rectifier 203 couples the output of
equalizer filter 202 to AGC 201 in a feedback loop. An output of data qualifier
204 is coupled to PLLI 205 and data synchronizer 206. Another output of data
qualifier 204 is coupled to PLL2 208 and data synchronizer 207. Thedata



This tends to force a data bit near or past a bit w ndow boundary. To

maxi m ze the efficiency of data recovery, the average bit position can be

estimated with a decode w ndow having a nom nal center coinciding with the
average center bit position of the data bit stream However, problens still
exi st when the jitter causes the bit position to extend over a w ndow edge.
-3- To determ ne a decode wi ndow with acgeptable tim ng accuracy, clock

recovery circuits can be provided utilizing phase | ocking via _a,%haseI
| ocked | oogaalifier)204otrgnsformsceasiy validignalog readidlatagises mtp acdigital pylse,
i npl emented_for synchronization to produce a fpl ock si,gnal egaal in
frequency whilerpreserving the relative time position of each vali pulse edge.

A reference signal FREF is coupled to time base generator 210, which is
coupled to PLL3 209. The output of time base generétor 210 is coupled to PLL1
205, PLL2 208, and CLOCK terminal. Both time base generator 210 and data
syn_chrox_\izers 206 and 207 are based on a PLL circuit. Time base generator 210
is programmed to provide a stable reference frequency for data synchronizers.
The output clock of time base generator 210 can be either PLL3 209 output or
time base generator's FRF input signal. |

In PWM recordings for.optical and magneto-optical disk, the read
signal is sliced by the floating slice level in the data qualifier. The signal
comprises both edges of the pit mark. The formed pit length depends on the
recording conditions (write power, media, slew rate of the laser driver, etc.)
and data pattern. Hence, both edges. (leading edge and trailing edge) need to
be treated independénﬂy. As both edges require separate PLLs, and are
synchronized independently, the decode window margins rhay also vary.

..There are usually 3 PLL circuits in a read channel circuit: 2 PLL circuits
for.the data synchronizer, and one PLL for the time base generator. The
| output clock of the time base génerator 210 is used as the reference clock for
the data synchronizer PLLs in the idle mode and write clock in write mode.



rate of the signal read fromthe disk nmedia. The PLL circuit acquires the
nom nal frequency of the read signal and tracks deviations in its nom nal
frequency, thereby produci ng an output clock frequency that varies
according to deviations of the reference frequency (frequency of the read
signal). Thus, For 3.5" 640 MByte type magneto optical disks, the standard
format uses the (1,7) RLL (Run Length leted) coding in conjunction with
PWM (Pit width Mdulation) recording schenme in accordance with | SO
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VCO and phase detector), the circuit area is large compared to other circuits in

the read channel IC.

Further, these prior art PLLs are locked asynchronously in read mode,
requiring an isolation of the power lines and signal lines to avoid the cross-
talk between signals. Thus, this prior art method requires a large chip size
and dissipates much power.

Thus, there is a need in the art to overcome the shortcomings of the
prior art data synchronizers and provide a data synchronizer that is compact
in size and efficient in power consumption and can deliver an improved and

reliable data synchronization capability.



synchroni zer 206 and 207. Full wave rectifier 203 coupl es the output of
equalizer filter 202 to AGC 201 in a feedback | oop. An output of data
qualifier 204 is coupled to PLLI 205 and data synchroni zer 206. Anot her

out put of data qualifier 204 is coupled to PLL2 208 ‘and data synchroni zer
207. The data -4- qualifier 204 transfgéns each valid anal og read data
pul ses into a digital pulse, while preserving the relative tine position of
each valid pul se edge. A reference S|gnal Flerr] is coupled to time base
generator 210, which is couplsd A NVENTDIONof tinme base
generator 210 is coupled to PLL1 205 PLL2 208, and CLOCK term nal. Both

ti me base generator 210 and data synchroni zers 206 and 207 are based on a

PLL circuit Ti mi,hbase enerator 210
e present invention discloses a fully integrated data

synchronization circuit for both optical and magneto-optical disk drive (ODD |
and MOD) read channel system. The data synchronization system comprises
dual data synchronizers that provide read reference clocks. Dual PLI; circuits
are coupled to the data synchronizers to provide a stable reference frequency
to data synchronizers. One of the two data synchronizers is used to obtain
leading edge data, while the other is for trailing edge data. Each PLL circuit
comprises a phase detector, a charge pump, and a VCO. A loop filter is used
in conjunction with a charge pump to control loop characteristics of the PLLs.

In an idle mode, one of the PLLs is used as a time base generator to
provide a stable reference frequency to data synchronizers. Once data
synchronizers achieve lock using the stable reference frequency and switch
over to read data, the time base generator PLL is switched over to function as
a data synchronizer PLL in a read modé. Thus, one of the PLLs is used as both
time base generator and data synchronizer PLL, thereby eliminating the need
for extra PLL circuitry and requiring only two PLL circuits to support time base
generation and data synchronization, reducing die size and power dissipation
and improving jitter performance. The invention also allows synchronous

locking of data synchronizers, minimizing decode window margin

variations.



I.s programed to provide a stable reference frequency for data

synchroni zers. The output clock of tinme base generator 210 can be either
PLL3 209 output or time base generator's FREF input signal. In PW
recordings for optical and nagneto-optical disk, the read signal is sliced
by the floating sSlice level in the data qualifier. The signal conprises
both edges of the pit mark. The formed pitylength depends on the recording
conditions (wite power, nedia sIeW/rate of the Iaser driver, etc.) and
data pattern. Hence, bot h2iakizih OEICIRIP pANe i€ edge) need to be
treated i ndependently. As both edges reqU|re separate PLLs, and are .
synchroni zed independently, the decode w ndow margins may also vary. There
are usually 3 PL# C|rc¥ hs in,a d chanpel circuit: 2 PLL circuits for
the data synchronf8ee * AW erlf‘&g%mnﬁlmﬂata paddead signadsr . The out put
clock of the tine base generator 210 is used as the reference clock for the
data synchronizer PLLs in the idle node and wite clock in wite node.

Figure 2 shows a typical prior art read channel system.

Figure 3 illustrates a format of data track encoding in a servo sector .
scheme. '

Figure 4 shows a preferred embodiment of the invention.

Figures 5A, 5B, and 5C show the block diagrams of idle and read
operations for PWM mode according to one embodiment of the invention.

Figure 5D is a block diagram of one embodiment of the invention.

Figures 6A 'and 6B show the block diagrams of idle and read operations

for PPM mode in accordance with one embodiment of the invention.

Figure 7 shows lock-on/ lock-ending sequence waveform diagrams in
PPM mode. |

Figure 8 shows lock-on/lock-ending sequence waveform diagrams in
PWM mode. |



-5- In this prior art nmethod, the 3 PLL circuits in the chip are-
asynchronous. Also, it is inefficient to include 3 PLL circuits in a sane
chip since it requires bigger die size and nay deteriorate the jitter
performance of the clock outputs. Since the PLL circuit is an anal og based
solution (including VCO and phase detector), the circuit area is |arge
conpared to other circuits in the read channel IC Further, these prior art
PLLs are | ocked asynchronously in read e reqU|r|ng an |solat|on of the
power |ines and si gDE @ HSER )

Thus, this prior art nethod requfres a Iarge-chlp si ze and d|$5|pates'nuch
power .

A data synchronization circuit is described. In the following
description, numerous specific details are set forth in order to provide a more
| thorough understanding of the present invention. It will be apparent,
howevér', to one skilled in the art, that the present invention may be practiced
without these specific details. In other instan_cés, well known features have

not been described in detail so as not to obscure the present invention.

In the magneto-optical disk drive (MOD) and optical disk drive (ODD),
information written on data storage disks are accessed by of:tical pick-up
devices. To accurately access the data tracks, servo information is written
onto storage disks and provide positioning information in a sector ID
(identifier). In a tracking servo scheme, pie-shaped wedges of servo

information are interweaved between sections of data information.

The servo information permits the definition of individual data tracks
on the data surfaces of the disk drive. The data tracks may be further divided
into a plurality of smaller fields, or "sectors”. A header field can be used to
independently verify the location of individual sectors and tracks. Figure 3
illustrates a format of data track encoding in a servo sector scheme. A header
field precedes each data sector on each data track and contains identifier (ID)
information which is unique to that sector over the entire drive. A typical
identifier includes the track number and the sector number. The header may



Thus, there is a need in the art to overcone the shortcom ngs of the prior
art data synchroni zers and provide a data synchroni zer that is conpact in
size and efficient in power consunption and can deliver an inproved and
reliable data synchronization capability. -6- SUWMARY OF THE | NVENTI ON
The pr.esent invention discloses a fully integrated data synchronization
circuit for both optical and nagneto-opt?cal di sk drive (ODD and MOD) read
channel system The data synchroni zation system conprises dual data

synchr oni zealso tdoataiprather éinforavhtion’ relatedetochnedis defectd aRdiredundancy ar e
coupled to the data synchronizers to provide a stable reference frequency
information for error detection.

During operations of reading or'writing data, the controller reads the
header of each data sector as it is encountered and applies various tests to the
information contained therein, including the comparison of the ID which
was read to the ID which was expected. If the various tests are passed and the
ID read matches the ID éxpected, then the subsequent data part of the sector is -
read or written appropriately. Because each sector is uniquely and
independently identified, the incorrect identification of any sector will not

affect the correct identification of any subsequent sectors.

In addition to a header, a sector comprises offset detection field (ODF)
and a recording field in which 512, 1024 or 2048 user data bytes can be
recorded. As can be seen in Figure 3, the header of each sector is embossed

(pre-formattedj. The emboss area is also known as pre-pit.

According to 3.5” ISO 640 MByte type standard format, the length of the
header field is defined as 63 bytes. When the emboss period is 19.3 ys, user
_ data periods are 211.2 psec/512 byte sector and 766 usec/2048 byte sector in
outer track; when the emboss period is 34.6 us, user data periods are 369
usec/512 byte sector and 1370 psec/2048 byte sector in inner track. The disk
rotation speed is 3000 rﬁm. at 50 Hz. The recording field can be empty, user-

written or embossed.



to data synchronizers. One of the two data synchronizers is used to obtain
| eadi ng edge data, while the other is for trailing edge data. Each PLL
citcuit conprises a phase detector, a charge punp, and a VCO. A loop filter
is used in conjunction with a charge punp to control |oop characteristics
of the PLLs. In an idle node, one of the PLLs is used as a tinme base
generator to provide a stable reference frequency to data synchroni zers.
Once data synchroni zers achieve | ock us+ny0the stable reference frequency

and switch over Figuf@%mb@antéiﬁbéﬂﬁe:ﬁaéﬁﬂﬁeﬁﬁreﬁﬁﬁnh. FAL chfi Bensdest gl over

to function as a data synchronizer PLL in a read node. Thus, one of the
PLLs is usdigase #pthis embodiatentgeses twiooPLB irctidtsfos timé base generdtion ahdr eby
elimnating the need for extra PLL circuitry and requiring only two PLL
circuits tclatasyochranizations Referringito Figured, dat cutpyt off idata gaalifier 40ddsci ng
di e size and power dissipation arrd 1nproving jitter performance. The

i nventi on ospled ito F.Ll 405 and slata synchropizer 496: Angthehoutputotdata ni mi zi ng
decode w ndow,ar gj

qualﬂﬁrgio'l is coupled to PLL2 408 and data synchronizer/time base generator

407. A reference signal FRgF is coupled to data synchronizer/time base
generator 407. PLL2 408 is coupled to PLL1 405 and data synchronizer/time
base generator 407. The PLL2 408 serves both as a time base generator in idle

mode and second data synchronizer PLL in read mode.

Referring to Figure 4, an output of data synchronizer 1 is coupled to
SDO1 and an output of data synchronizer 2 is coupled to SDO2, SDO1
represents leading edge data while SDO2 represents trailing edge data. An
output of PLL1 is coupled to RRC1 and an output of PLL2 is coupled to RRC2.
Another output of PLL2 408 is coupled to CLOCK.

In Figure 4, block 407 comprises a time base generator and a data
synchronizer. Data synchronizers 406 and 407 perform data synchronization

in the read mode.

The time base generator portion of 407 provides programmable
reference frequency. In idle mode, the time base generator portion of 407 is
programmed to provide a stable frequency to the data synchronizer portion of
407. In read mode, however, the pha_se detector reference is switched from
the base generator to the VCO clock signal and the output of the time base



variations. -7- BRI EF DESCRI PTI ON OF THE DRAW NGS Figure 1 shows the PW
recordi ng data and read signals. Figure 2 shows a typical prior art read
channel system Figure 3 illustrates a format of data track encoding in a
servo sector schene. Eigure 4 shows a preferred enbodi nent of the

i nvention. Figures 5A, 5B, and 5C show the bl ock diagrans of i-dle and read
operations for PWM node according to one enbodi nent of the invention.

Figure 5D is a bl ock diagram of one enbodiment of the invention.

generator 407 is only used as a clock count for the sector mark detection
window. Switching the source of the phase detector reference from the base
generator to thé VCO clock signal helps minimize jitter in the data
synchronizer PLL. |

Therefore, in read mode, it is possible to use the PLL2 408 as a data
synchronizer PLL instead of as a time base generator such that it acts as the
second synchronizer PLL for the trailing edge of the incoming signal in read
mode. During this time, the time base generator frequency can be maintained
via the loop filter voltage.

Figures 5A, 5B, and 5C show the block diagrams of idle and read operations
for PWM mode according to one embodiment of the invention. Referring to
Figure 5A, the first PLL loop comprises phase detector 501, charge pump 502,
VCO1 503, and loop filter 1. Loop filter 1 provides loop voltage to VCO1 503.
Charge pump 502 increases, decreases, or maintains the loop voltage
generated by loop filter 1 to control the VCO frequency. Charge pump is well
known in the art and is, therefore, not shown in greater detail. Loop filters 1,
2, and 3 are external passive filters comprising a capacitor and/or a resistor for
controlling PLL locking characteristics. |

Referring to Figure 5A, in an idle mode, the second PLL loop
comprising phase detector 506, charge pump 507, VCO2 508, loop filter 3 acts
as a time base generator PLL with the N+1 and M+1 dividers and provides

reference to the FRgr input. Thus, the phase detection rate in an idle mode is



Fi gures 6A and 6B show the bl ock diagranms of idle and read operations for
"PPM node in accordance with one enbodi ment of the invention. Figure 7 shows
| ock-on/ | ock-endi ng sequence waveform di agrans in PPM node. Figure 8 shows

| ock-on/ | ock-endi ng sequence waveform di agrans i n PWM node. - 8- DETAI LED
DESCRI PTI ON OF THE PRESENT | NVENTI ON A data synchroni zation circuit is

described. In the follow ng descripti n, numerous specific details are set
forth in order to provide a nore thorough understandi ng of the present

i nventi oganbhdéht bniReAPARES Bk Prer and N+1. In one embodiment of the
invention, counters are used to provide divide-by-N and divide-by-M
operations. The first PLL loop acts as a ;iata synchronizer PLL reference for
the time base generator output. The voltage of loop filter 2 is maintained to
be the same voltage as the loop filter 3 by the comparator 505 having feedback
loop through charge pump 504. During idle mode, data synchronizérs 406
and 407 achieve lock using the output of the time base generator before
switching over to-read mode.

Although the PLLs shown in Figure 5A comprises a phase detector,
charge pump, and a VCO, it would be appreciated by those skilled in the art

that any suitable PLL architecture can be used without departing the scope of
the invention.

Referring to Figure 5C, in the MO or user data read mode, the first PLL
loop comprisixig phase detector 501, charge pump 502, VCO 503, and loop
filter 1 acts as the first data synchroilizer PLL and provides reference to the
DRD1*, the leading edge of the data. The second PLL loop comprising phase
detector 506, charge pump 504, VCO 508 and loop filter 2 acts as a second data

synchronizer PLL and ;Srovides reference to the DRD2*, the trailing edge of
the data.

As can be seen in Figure 5C, loop filter 3 is isolated from the internal
circuit. There is no input to the charge pump 3 and loop filter 3 retains the
voltage of the idle mode. The voltage of loop filter 3 can be maintained by an

external capacitor, but would be susceptible to current leakage and may



however, to one skilled in the art, that the present invention may be
practiced without these specific details. In other instances, well known
features have not been described in detail so as not to obscure the present
i nvention. In the magneto-optical disk drive (MOD) and optical disk drive
(ODD),. information witten on data storage disks are accessed by opti cal

pi ck-up devices. To accurately access the data tracks, servo information is
witten onto storage di sks and provi de pos3t+oning information in a sector
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header
if the VCO control gain is designed to be 0.2 wi rad/VS, less than 1% variation
is expected in VCO frequency . In the MO read mode, the VCO2 output
frequency is dependent on the write drive clock frequency and the disk

revolution speed.

Referring to Figure 5B, in the emboss or header read mode, the first
and second PLL loops perform the same function as in the MO read mode
except that the charge pump 507 is controlled by the outputs of the
comparator 505 which has inputs coupled to the outputs of charge pump 507
and charge pump 504. Therefore, the voltage of loop filter 3 is maintained at
the same voltage as the loop filter 2 by the comparator 505 having feedback
loop through charge pump 3 during this mode. This configuration is for the

continuous sector read mode.

When several sectors are read continuously, the loop filter 3 voltage is
maintained at a constant level. However, it is difficult to keep the voltage
constant for a long time because of the current leakage. Thus, using the
emboss data (header), the loop filter 3 voltage is refreshed with feedback to the
charge pump 507 from the comparator 505 output of the voltage difference
between loop filter 2 and loop filter 3. Since the header exists in every sector,
there is enough time to refresh for at least 19 ps of the header period. This



field precedes each data sector on each data track and contains identifier
(ID) information which is unique to that sector over the entire drive. A
typical identifier includes the track nunmber and the sector nunber. The
header may -9- also contain other information related to nedia defects
and redundancy information for error detection. During operations of
reading or witing data, the controllefgreads the header of each data
sector as it is encountered and applies various tests to the information
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and dependent on the revolution speed of the read drive. In the emboss read

mode, the VCO2 output frequency is approximately the same as that of the
idle mode.

Loop filters 1, 2, and 3-may use components of different values (for
capacitors and/or resistors) to provide different loop filter characteristics
depending on the phase detection rates in read and idle modes. It can be seen
from Figures SA, 5B, and 5C that the second PLL loop uses loop filter 3 for

time base generation in idle mode and loop filter 2 for phase locking in MO
and emboss read modes.

Figure 5D is a block diagram of an embodiment of the invention. In
Figure 5D, DRDI* and the output of VCOZ are coupled to switch or
mulitiplexer 51, which selects an ihput to phase detector 1. DRD2* and FreF
divided by N+1 are coupled to switch or multiplexer S2, which selects an

input to phase detector 2. C1 and C2 are control signals for switches or
multiplexers §1 and S2, respectively.

Referring to Figure 5D, the output of phase detector 2 and comparator
505 are coupled to switch or multiplexer S3, which selects an input to charge
pump 2 based upon control signal C3. Switch or multiplexer. 54 is coupled
between phase detector 2 and charge pump 3 to pass the output of phase
detector 2 depending upon control signal C4. The outputs of charge pumps 2



read or witten appropriately. Because each sector is uniquely and

I ndependently identified, the incorrect identification of any sector wll
not affect the correct identification of any subsequent sectors. In
addition to a header, a sector conprises offset detection field (ODF) and a
recording field in which 512, 1024 or 2048 user data bytes can be recorded.
As can be seen in Figure 3, the header of .each sector is enbossed

(pre formatted). The enboss area is al so Rown as pre-pit. According to
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periods ar rol2 byte sector and 1370 [err]sec/ 2048 byte sector
I n inner tf%?%qoi}%eﬁ%%%frot ation speed is 3000 rpmat 50 Hz. The recording

field can be enpty, user- witten or enbossed.

Although the above discussion describes and illustrates various
embodiments of the invention for PWM mode operations, it would be
appreciated by one skilled in the art that the invention is not limited to PWM
mode operations and can be used in conjunction with any other suitable
recording scheme. For example, ISO standard magneto-optical drive should
support PPM mode for the backward compatibility. Figures 6A and 6B shovo.r
the block diagrams of idle and read operations for PPM (Pit Position

Modulation) mode in accordance with one embodiment of the invention.

Referring to Figures 6A and 6B, the VCO 1 and VCO 2 are operated the:
same way as in the conventional system. VCO 2 acts as the time base
generator while VCO 1 acts as a data synchronizer VCO. Loop filter 2 is not
used in this mode. Charge pump 2 and loop filter 2 are not used in PPM
mode since in PPM, unlike PWM that requireé leading edge and trailing edge.

synchronization, only one synchronization is required.

Referring to Figure 6A, phase detector 601 is coupled to charge pump
602, which is coupled to VCO 603. An output of VCO 603 is coupled to phase
detector 601. Phase detector 605 is coupled to charge pump 606, which is
coupled to VCO 607. An output of VCO 607 is coupled to phase detector 601
and phase detector 605 for feedback.



- 10 - Figure 4 shows an enbodi nent of the invention. As can be seen in
Figure 4, this enbodi nent uses two PLL circuits for tine base generation
and data synchroni zation. Referring to Figure 4, an output of data
qualifier 404 is coupled to PLL1 405 and data synchroni zer 406. Anot her

out put of data qualifier 404 is coupled to PLL2 408 and data

synchroni zer/tinme base generator 407. A reference signal FREF is coupled to
data synchroni zer/time base generator 407. PLL2 408 is coupled to PLL1 405
and data synchroni zer/tine base generatofg4Q7. The PLL2 408 serves both as
a tinme base generator in idl e node and second data synchronizer PLL in read

ode.  Ref er 1y deBroFhg 5 Fighured, 8 acklc:dP b 1 BIBA b hatel uiRBP' o
602, which is coupled to VCO 603 An output of VCO 603 is coupled to phase
detector 601. Input DRD1* is coupled to phase detector 601. Phase detector 605
is coupled to charge pump 606, which is coupled to VCO 607. An output of
VCO 607 is coupled to phase detector 605 in a feedback loop. Input Frer is
coupled to phase detector 605.

Figures 7 and 8 show the timing waveforms for the embodiments
shown in Figures 5A, 5B, 5C, 6A, and 6B. SDO is a synchronized read data
output and the leading edge data in PWM mode, while SDO2 is a
synchronized read data output and the trailing edge data. RRC is a read
reference clock output from VCO1 and RRC2 is a read reference clock output
from VCO2. DS1/DRDCK* and DS1/VCOREF2 are phase detector 1 inputs,
while DS2/DRDCK* and DS2/VCOREF2 are phase detector 2 inputs. FOUT is
a time base generator VCO output. FReF is the reference frequency for the
time base generator. RD1 is the row data input signal from the leading edge.
RD2 is the row data input signal from the trailing edge. INTRG2 is the

synchronized internal read gate signal and RG is the asynchronous read gate
signal.

Figure 7 shows lock-on/lock-ending sequence waveform diagrams in
PPM mode. Read gate (RG) signal initiates the PLL locking sequence and
selected the PLL refererice iriput. When the RG is asserted to the high level,
the DS1/VCOREF2(VCO1) is reset by the second falling edge of the FOUT.



SDOL and an output of data synchronizer 2 is coupled to SDO2, SDOL
represents | eading edge data while SDO2 represents trailing edge data. An
output of PLL1 is coupled to RRCL and an output of PLL2 is coupled to RRC2.
Anot her out put of PLL2 408 is coupled to CLOCK. In Figure 4, block 407
conprises a tine base generator and a data synchronizer. Data synchronizers
406 and 407 perform data synchroni zation_in the read node. The tine base
generator portion of 407 provides prog‘ra%a‘bl e refetence frequency. In idle

mode, t he THdRePdedto FeStarPi BétweeA DSY/DRDAR ©4hAVED1 4t m@cmiﬁg a
stabl e frequency to t'he data synchronizer portion of 407. In read node,

however, tedgepbfithe DS1¢DRDCKefesin e third RDL hwhén cve intermedscowgeteer at or
to the VCO cl ock signal and the output of the tine base

counts the nineteenth RD1, the RRC and SDO outputs are enabled. When

the RG is negated, the DS1/VCOREEF2 (VCO1) is reset by the second falling

edge of the FOUT, and zero-phase between VCO2 and VCO1 to restart at the

rising edge of second or third DS1/DRDCK* pulse.

Figure 8 shows lock-on/lock-ending sequence waveform diagrams in
PWM mode. When the RG is asserted to the high level, the
DS1/VCOREF2(VCO1) and DS2/VCOREF?2 are reset by the second falling edge
of the FOUT. The next zero-phase restart is between DS1/DRDCK* and VCO
at the rising edge of the DS1/DRDCK* from the second RD1. Another zero-
phase restart is between DS2/ DRDCK' and VCO2 at the rising edge of the
DS2/DRDCK* from the second RD2. While the VCOs are reset, the input of
phase detector 1 in Figure 5 is switched from VCO2 output to the DRD1*. The
input of phase detector 2 is switched from Frgr/(N+1) to DRD2* and charge
pump 3 to charge pump 2. DRD1* and DRD2* are delayed read data pluses.
As the loop filter 2 voltage and loop filter 3 voltage are maintained by
comparator feedback, the VCO2 oscillates at the same'frequency as in the idle

mode. The gain of the comparator is about 6 dB, and the input offset is less
than 10 mV.

When the internal counter counts the nineteenth RD1 (leading edge),
the RRC, RRC2, SDO and SDO2 outputs are enabled. When the RG is negated,
the DS1/VCOREF2 (VCO1) and DS2/VCOREF2 (VCO?2) are reset by the second



- 11 - generator 407 is only used as a clock count for the sector mark
detection window. Swtching the source of the phase detector reference from
t he base generator to the VCO clock signal helps mnimze jitter in the
data synchroni zer PLL. Therefore, in read node, it is possible to use the
PLL2 408 as a data synchronizer PLL instead of as a tine base generator
such that it acts as the second synchront@er PLL for the trailing edge of
the incomng signal in read node. During this tine' the tinme base generator

frequenc Qﬁgﬁﬁ%ﬂ | ' [ ' , BB,
aqugC s%gwt e bfoc &%g?rigngécl#g?%@%&Iaﬁg%%%ﬁ%??gﬁéwgéﬁgﬁmde
accor di Ng WEO2 M EFRES aithé ri@fn%gﬁéé BY Bd setdnd By pulde. tAnbihevizerdA the

first PLL | oop conprises phase tector 501, charge punp 502,
phase restart is between VCO1 and VCO2 at the rising edge of second restarted

VCO2 pulse.

The present invention thus provides accurate and reliable time base
generator and data synchronizer. As stated above, the advantages of the
invention are particularly valuable in dual PLL data synchronization system.
The advantages of the present invention include: The read channel IC
requires only two PLLs for PPM and PWM -applicaﬁons, thus saving valuable
silicon real estate and cost. Further, data synchronizers are synchronized by a
common reference signal, minimizing decode window margin variations.
Moreover, die size and power dissipation are reduced and jitter performance

is improved.

Thus, an integrated circuit technology compatible data synchronizer
and time base generator which incorporates dual PLL circuits has been
described.

It is understood that particular embodiments described herein should
not limit the presenf invention thereby. It would also be appreciafed by those
skilled in the art that changes in various details may be made without
departing from the invention defined in the appended claims.



VCOL 503, and loop filter 1. Loop filter 1 provides |oop voltage to VCOL
503. Charge punp 502 increases, decreases, or naintains the |oop voltage
generated by loop filter 1 to control the VCO frequency. Charge punp is
wel | known in the art and is, therefore, not shown in greater detail. Loop
filters 1, 2, and 3 are external passive_fhhters conprising a capacitor

and/or a resistor for controlling PLL | ocking charact eH—s{—l—c—s——Rei—er—r—r—ng—to

Figure 5A, in an idle node, the second PLL | oop conpri si ng hase det ect or
506, charge punmp 507, VC02 508, |oop CLARMS3 acts as a uisgpee cgd or
PLL with the N+1 and Mtl dividers and provi des reference put .
Thus, the phase detection rate in an idle node is - 12

We claim:

1. A data synchronization system comprising:

a first data synchronizer;

a second data synchronizer;

a first phase locked loop (PLL) coupled to said first data synchronizer;
and

a second PLL coupled to said second data synchronizer.

2. The system of claim 1 wherein said first PLL comprises:
a phase detector;

a charge pump;

a voltage controlled oscillator (VCO).

3. The system of claim 1 wherein said second PLL comprises:
a phase detector; |

a charge pump;

a voltage controlled oscillator (VCO).

4.  The system of claim 3 further comprising:

a third charge pump; and

a comparator switchably coupled to second charge pump and to said
third charge pump.

A AL



dependent on the values of FREF and N+1. In one enbodi nent of the
I nvention, counters are used to provide divide-by-N and diwvi -

operations. The first PLL lLoop acts as a data synchroni zer ,@L ref erence
for the tinme base generator output. The voltage of |oop fil

Been Replaced
mai ntai ned to be the sane voltage as the loop filter 3 by th ”
505 havi ng feedback | oop through charge punp 504. During idl
synchroni zers 406 and 407 achi eve | ock Y ing the output of the time base
generator before switching over to read node. Although the PLLs shown in
Fi gure 5A conprises a phase detector, charge punp, and a VCO it would be

appreci ated by $.noseTheisybieth of cldim 2Wwhéred saidy/fifsti LD FertRed comprisiggt ur e

can be used wi.thout. departing the scope of the invention. Referring to
Figure 5C, in tadodgofilter couplathtmsaidofirstaharge pramip.r st PLL | oop conpri sing
phase detector 501, charge punp 502, VCO 503, and | oop

6. The system of claim 3 wherein said second PLL further

comprising

a second loop filter coupled to said second charge pump;

7. The system of claim 4 further comprising a third loop filter
coupled to said third charge pump.

8. The system of claim 3 wherein said second PLL further
comprises a frequency divider coupled to said second VCO and said second

phase detector in a feedback loop.

9.  The data synchronization system of claim 3 further comprising a
corhparator and a second charge pump with the output of said first charge
pump and the output of said second charge pump coupled to the input
terminals of said comparator, said comparator providing an output to said
first charge pump in a feedback loop.

10.  The data synchronization system of claim 3 further comprising a
comparator and a second charge pump with the output of said first charge

pump and the output of said second charge pump coupled to the input

AR RO A



filter 1 acts as thefirst—data-synchroni zer PLL and provides reference to

the DRD1*, the | i d he data. The second PLL | oop conpri sing
phase det ector 58@' st tﬁS%% Ita"§§4, VCO 508 and loop filter 2 acts as a
second data synchrkuﬂ Elﬁ u provi des reference to the DRD2*, the
trailing edge of t n be seen in Figure 5C, loop filter 3 is

i solated fromthe internal circuit. There 3§ no input to the charge punp 3

and loop filter 3 retains the voltage of the idle node. The voltage of | oop

filter 3 GafmBRaSwE Eafd RethoRFadt gﬁ%&iﬁhfﬁ%ﬁ%&ﬁﬁin dh JEBLE tB%aid

susceptible to current | eakage ah experience"vol tage drop.

Hovever, tdagofi@chaige painp in af febdBaddloopad

11. A method of data synchronization in a data synchronization
system comprising a first and a second PLL, a first and a second data
synchronizer, said first PLL coupled to said first data synchronizer, said second
PLL switchably coupled to said second data synchronizer and to said first PLL,
the method comprising the steps of:

| providing a reference signal to said second PLL;
using said second PLL as a time base generator to provide a stable

reference frequency to said first and said second data synchronizers.

12. The data synchronization method of claim 11 wherein the first
PLL comprises a phase detector, a charge pump coupled to said phase detector,
a loop filter coupled to said charge pump, and a VCO coupled to said charge
pump, the method further comprising the steps of:

using said charge pump to control the output frequency of said VCO;

using said loop filter to control the loop characteristics of said first PLL.

13. The data synchrbnization method of claim 11 wherein the
second PLL comprises a second phase detector switchably coupled to a second
charge pump and a third charge pump, and a second VCO switchably coupled

to said second and third charge pumps, the method further comprising the
step of:

AR O D A



node does not exceed 1370 [err]s even at 3000 rpmrso that—whemr—a—1560 pF
capacitor is used in the loop filter 3 and 50 nA Ielglé

e pdprent isd
assuned, the loop filter 3 voltage drop is approxi Race
negligi bl e anount. Thus, if the VCO control gain is 'I 0.2 w
.rad/ VS, less than 1% variation is expected in VCO f he MO

read node, the VCO2 output frequency is deRgsfgndent on the wite drive clock
frequency and the disk revolution speed.” erring to Figure 5B, in the

enboss or headery, | e L sane
function as in t%se a{r&(;a r?oqclg‘%ﬁ%?ﬁ"fﬂl?%gis Pﬁ‘é@éﬁgkggg gﬁﬁ'ﬁaggf}e’.’ ?f shfd
control | ed ghyord&@ot puts of the conparator 505 which has inputs coupled to
t he out puts of charge punp 507 and charge punp 504. Therefore, the voltage
of loop filter 3 is maintained at the same voltage as the loop filter 2 by
t he conparator 505 having feedback | oop through charge punp 3 during this
nmode. This confildur atThe data synchionization method of claim 11 wherein the

second PLL further comprises a second loop filter coupled to said second
charge pump further comprising the step of:

using said second loop filter to control the loop characteristics of said
second PLL.

15. The data synchronization method of claim 11 further
comprising the step of:

using said third charge pump to control the output frequency of said
second VCO.

16.  The data synchronization method of claim 11 wherein the
second PLL further comprises a third loop filter coupled to said third charge
pump further comprising the step of:

| using said third loop filter to control the loop characteristics of said
second PLL.

17. A method of data.SYnchronization in a data synchro‘nization'
system comprising a first and a second PLL, a first and a second data
synchronizer, said first PLL coupled to said first data synchronizer, said second
PLL switchably coupled to said second data synchronizer and to said first PLL,
the method comprising the steps of: |

* [ L M S *



continuous sector read node. \Wen several sectors are read continuously,
t he | oop filter ﬂ,,s\sakaggegebﬂeliﬁceat ained at a constant |evel. However, it is

difficult to keep nstant for a long tine because of the
current | eakage. m“ enboss data (header), the loop filter 3
voltage is refres acktothe charge punp 507 fromthe

conmpar ator 505 output of the voltage diffesgnce bet veen | oop filter 2 and
loop filter 3. Since the header exists in every sector, there is enough

time to refresh providing azeferarcepsignal tohsaid secend PLL ipdan fliesmode; 14 -
refresh scheme prevents the voltage of loop filter 3 from drlftln due to

| eakage current USIg sa%mnabrbLﬁsmmmﬁgm@épéﬁm&mvw gsfablgite
drive .
reference frequency to said first and said second data synchronizers in said
idle mode;
providing a delayed read data signal to said second PLL in a read mode;
changing loop characteristics of said second PLL for said read mode.

18.  The data synchronization method of claim 17 wherein the
second PLL comprises a phase detector switchably coupled to a first charge
pump and a second charge pump, and a VCO switchably coupled to said first
and second charge pumps, the method further comprising the steps of:

using said first charge pump to control the output frequency of said
VCO in said read mode;

using said second charge pump to control the output frequency of said
VCO in said idle mode.

19. The data synchronization method of claim 18 wherein the
second PLL further comprises a comparator switchably coupled to said first
and said second charge pumps, the method further comprising the steps of:

cbnneéting the outputs of said first charge pump and said second
charge pump to said comparator;.

connecting an output of said comparator to said first charge pump in
said idle mode.

* [ L M s *



and dependent on the revolution speed of the read drive. I'm theenboss—+read—
node, the VC02 output frequency is approxinmately the sanme ?&b Hg}Hof t he
idle nmode. Loop filters 1, 2, and 3 may use conponents of di : ced
(for capacitors and/or resistors) to provide different | oop "
characteristics depending on the phase detection rates in re

2

nmodes. It can be seen from Figures 5A, SB4and 5C that the second PLL | oop
uses loop filter 3 for tinme base generation in idle node and |l oop filter

for phase | ock2mg i Theld#ads Qgﬂzgaaﬁ_ﬁgmgfi%ﬁ%ﬁeﬁebl ock di agram

of an enbodi nent of the invention. In Figu out put of
VCQ2 ar e eomprisihg thestepcof:or nul tipl exer S1, which selects an input to
phase detector 1. DRD2* and FREF divided by N+1 are coupled to switch or

mul tipl exer S2gomieatingsahesttputiof saiditorpardtos ¢o daidsscondchatge Premplira! €
control signals for switches or
said read mode.

21.  The data synchronization method of claim 18 further
comprising the step of:

connecting the output of said first charge pump to said VCO in said
read mode.

22.  The data synchronization method of claim 18 further
comprising the step of:

connecting the output of said second charge pump to said VCO in said
idle mode.

* [ L M s *



mul tiplexers S1 and S2, respectively. Referring to Figure 5D, the output of
phase detector 2 and conparator 505 are coupled to switch or nultipl exer
S3, which selects an input to charge punp 2 based upon control signal C3.
Switch or multiplexer S4 is coupled between phase detector 2 and charge
punp 3 to pass the output of phase detector 2 dependi ng upon control signal
C4. The outputs of charge punps 2 -~=1%3 -and 3 are coupled to switch or
mul ti pl exer S5, whi ch sBREABt GHANNERpIE€ FOR\RWALR PhkSOLPBIONONnt rol signa
C5. M+l divider has control signal C6 to enabl e division operation.

Al t hough the above di scussi GhBSERACTOF THE I s vari ous

The present invention discloses a fully integrated data synchronization circuit for a disk
drive read channel system. The data synchronization system comprises dual data synchronizérs to
provide read reference clocks. Dual PLL circuits (405,408) are coupled to the data synchronizers
to provide a stable reference frequency to data synchronizers. One of the two data synchronizers
(406,407) is used to obtain leading edge data, while the other is for trailing edge data. Each PLL
circuit comprises a phase detector (501,506), a charge pump (502,507), and a VCO (503,508). A
loop filter is used in conjunction with a charge pump to control loop characteristics of the
PLLs.In an idle mode, one of the PLLsis used as a time base generator to provide a stable
reference frequency to data synchronizers. Once data synchronizers achieve lock using the stable
reference frequency and switch over to read data, the time base generator PLL is switched over to
function as a data synchronizer PLL in a read mode. Thus, one of the PLLs is used as both time
base generator and data synchronizer PLL, thereby eliminating the need for extra PLL circuitry

and requiring only two PLL circuits to support time base generation and data synchronization.

FIGURE 4



enbodi ments of the invention for PW node operations, it would be

appreci ated by one skilled in the art that the invention is not limted to
PWM node operations and can be used in conjunction with any other suitable
recordi ng schene. For exanple, |1SO standard nmagneto-optical drive should
support PPM node for the backward conpatibility. Figures 6A and 6B show t he
bl ock diagrans of idle and read operations for PPM (Pit Position

Modul ati on) node in accordance with one enbodi nent of the invention.
Referring to Figures 6A and 6B, the VCO 1 and VCO 2 are operated the same
way as in the conventional system VCO 2 acts as the tine base generator
while VCO 1 acts as a data synchroni zer VC@/1Roop filter 2 is not used in
this node. Charge punp 2 and loop filter 2 are not used in PPM node since
in PPM unlike PW that requires | eading edge and trailing edge

synchroni zation, only one synchronization is required. Referring to Figure
6A, phase detector 601 is coupled to charge punp

e
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602, which is coupled to VCO 603." An out put of VCO 603 is coupled to phase
detector 601. Phase detector 605 is coupled to charge punp 606, which is
coupled to VCO 607. An output of VCO 607 is coupled to phase detector 601
and phase detector 605 for feedback. - 16 - Referring to Figure 6B,
phase detector 601 is coupled to charge punp 602, which is coupled to VCO
603. An output of VCO 603 is coupled to phase detector 601. I nput DRDl* is
coupl ed to phase detector 601. Phase detector 605 is coupled to charge punp
606, which is coupled to VCO 607. An output of VCO 607 is coupled to phase

detector 605 in a feedback | oop. Input FREF is coupled to phase detector
605. 2/12
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Figures 7 and 8 show the tim ng waveforns for the enbodi nents shown in

Fi gures 5A, 5B, 5C, 6A, and 6B. SDO is a synchroni zed read data output and
the | eadi ng edge data in PWM node, while SDO2 is a synchroni zed read data
output and the trailing edge data. RRCis a read reference cl ock out put
fromVCOL and RRC2 is a read reference clock output fromVCO2. DS1/ DRDCK*
and DS1/VCOREF2 are phase detector 1 inputs, while DS2/ DRDCK* and

DS2/ VCOREF2 are phase detector 2 inputs. F is a tine base generator VCO
output. FREF is the reference frequency for the tinme base generator. RDL is
the row data input signal fromthe | eading edge. RD2 is the row data i nput
signal fromthe trailing edge. INTR& is the synchroni zed internal read
gate signal and RGis the asynchronous read gate signal. Figure 7 shows

| ock-on/ | ock-endi ng sequence waveform di agrans in PPM node. Read gate (RG
signal initiates the PLL | ocking sequence and
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selected the PLL reference input. Wien the RGis asserted to the high

| evel , the DS1/VCOREF2(VCOL) is reset by the second falling edge of the
FQUT. - -17- The next zero-phase restart is between DS1/DRDCK* and VCOL at
the rising edge of the DS1/DRDCK* fromthe third RD1. When the interna
counter counts the nineteenth RDL, the RRC and SDO outputs are enabl ed.
Wien the RGis negated, the DS1/VCOREF2 (VCOL) is reset by the second
falling edge of the FOUT, and zero-phase between VCO2 and VCOL to restart

at the rising edge of second or third DSU&}{}}? pul se. Figure 8 shows

| ock-on/| ock-endi ng sequence waveform di agr’ans in PW node. When the RGis
asserted to the high level, the
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'DS1/ VCOREF2(VCOLl) and DS2/ VCOREF2 are reset by the second falling edge of -
‘the FOUT. The next zero-phase restart is between DS1/DRDCK* and VCO at the
ri sing edge of the DS1/DRDCK* fromthe second RDL. Another zero- phase
restart is between DS2/ DRDCK* and VCO2 at the rising edge of the DS2/ DRDCK*
fromthe second RD2. Wile the VCOs are reset, the input of phase detector
1in Figure 5is switched fromVCO2 output to the DRD1*. The input of phase
detector 2 is switched from FREF/ (N+1) ‘to DRD2* and charge punp 3 to charge
punp 2. DRD1* and DRD2* are del ayed read_data pluses. As the loop filter 2
voltage and loop filter 3 voltage are maP At4i ned by conparator feedback,
the VCO2 oscillates at the sanme frequency as in the idle node. The gain of
the conparator is about 6 dB, and the input offset is |ess than 10 nV. Wen
the internal counter counts the nineteenth RDL (| eadi ng edge), the RRC,
RRC2, SDO and SDO2 outputs are enabl ed. When the RG is negated,
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-t he DS1/VCOREF2 (VCOl) and DS2/ VCOREF2 (VC02) are reset by the second
18 - falling edge of the FOUT (sane as VCO2), and zero-phase restart
bet ween VCO2 and FREF at the rising edge of the second FREF pul se. Anot her
zero- phase restart is between VCOL and VC02 at the rising edge of second
restarted VCO2 pul se. The present invention thus provides accurate and
reliable tinme base generator and data synchroni zer. As stated above, the
advant ages of the invention are particularly valuable in dual PLL data
synchroni zati on system The advantages of the present invention include:

The read channel IC requires only two PLLs for PPM and PWM applications,
t hus savi ng val uabl e : 6/12
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silicon real estate and cost. Further, data synchroni zers are synchronized
by a common reference signal, mnimzing decode wi ndow margin vari ations.
Mor eover, die size and power dissipation are reduced and jitter performance
is inmproved. Thus, an integrated circuit technol ogy conpatible data
synchroni zer and tine base generator which incorporates dual PLL circuits
has been described. It is understood that particul ar enbodi nents descri bed
herein should not lim.t the present invention thereby. It would al so be
appreciated by those skilled in the art that changes in various details may
be made wi thout departing fromthe invention defined in the appended

cl ai ns. 7/12
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- 19 - CLAIMS W claim 1. A data synchroni zati on system
conprising: a first data synchronizer; a second data synchronizer; a first
phase | ocked | oop (PLL) coupled to said first data synchronizer; and a
second PLL coupled to said second data synchroni zer wherein said first PLL
conprises: a phase detector; a charge punp; a voltage controlled osciliator
(VCO . 2. .A data synchroni zati on system conpri si ng:

8/12

vCO2
Y

vCO1

LOOP
FILTER 2

LOOP
FILTER 3

el

LOOPF%JERI
|
CHARGE PUMP 1 : I

CHARGEPUMP2|T
504—
5
el
~
507~
CHARGE PUMP 3 [*

FIGURE 5D

m—["ﬁl:j
4

501/)
PHASE DETECTOR 1
ﬂMf)
PHASE DETECTOR 2 |

i
f

DRDT
DRD2
FREF



a'first data synchronizer; a second data synchronizer; a first phase | ocked
| oop (PLL) coupled to said first data synchroni zer; and a second PLL
coupl ed to said second data synchroni zer wherein said second PLL conpri ses:
a phase detector; a charge punp; a voltage controlled osciliator (VCO. 3.
The systemof claim2 further conprising: a third charge punp; and a
canparat or switchably coupled to second charge punp and to said third

char ge punp.

9/12
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- 20 - 4. The systemof claim 1l wherein said first PLL further
conprising a loop filter coupled to said first charge punp. 5 . The
system of claim2 wherein said second PLL further conprising a second | oop
filter coupled to said second charge punp; 6 . The system of claim3
further conprising a third loop filter coupled to said third charge punp.
7. The system of claim2 wherein said second PLL further conprises a
frequency divider coupled to said second VCO and sai d second phase detector
in a feedback | oop. 8 . The data synchroni zation systemof claim?2
further conprising a 10/12
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conparator and a second charge punp with the output of said first charge

" punp and the output of said second charge punp coupled to the input

term nals of said conparator, said conparator providing an output to said
first charge punp in a feedback loop. 9 . The data synchronization system
of claim2 further conprising a conparator and a second charge punp with
-the output of said first charge punp and the output of said second charge
punp coupled to the input - 21 - termnals of said conparator, said
conparator providing an output to said second charge punp in a feedback

| oop. 10. A nethod of data synchroni zht7/d% in a data synchronization
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system conprising a first and a second PLL, a first and a second data
synchroni zer, said first PLL coupled to said first data synchroni zer, said
'second PLL switchably coupled to said second data synchronizer and to said
first PLL, the nethod conprising the steps of: providing a reference signal
to said second PLL; using said second PLL as a tinme base generator to
provide a stable reference frequency to said first and said second data
synchroni zers. 11. The data synchroni zagpgpanmet hod of claim 10 wherein
the first PLL conprises a phase detector, a charge punp coupled to said
phase detector, a loop filter coupled to said charge punp, and a VCO
coupled to said charge punp, the nethod further conprising the steps of:
usi ng said charge punp to control the output frequency of said VCO using
said loop filter to control the |oop characteristics of said first PLL. 12.

The data synchroni zati on nethod of clai mg(}sv@egeangtgmgs g& ESE & 3
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second PLL conprises a second phase detector sw tchably cou 4?43)@79«3%83@’6
charge punp and a third charge punp, and a second VCREPVAI S - ‘
said second and third charge punps, the nmethod fur ek . Sh & ég -
of: . - 22 - using said second charge punp to cqnigf@¥a; i%ﬁ)q% 94_
of said second VCO 13. The data synchri®m zati on ¢ ) agea =t o
wherein the second PLL further conprigses _a_second. "

or:

sai d second.charge punp further conprwﬁhe st
| oop fitter towgefarir%l, the | oop characteristics df

1. A data synchronization system comprising:
a first data synchronizer;
a second data synchronizer;
a first phase locked loop (PLL) coupled to said first data synchronizer;
and
a second PLL coupled to said second data synchronizer
- wherein said first PLL comprises:
a phase detector;
a charge pump;

a voltage controlled osciliator (VCO).

2. A data synchronization system comprising:
a first data synchronizer;
a second data synchronizer;
a first phase locked loop (PLL) coupled to said first data synchronizer;
and |
a second PLL coupled to said second data synchronizer
wherein said second PLL comprises:
a phase detector;
a charge pump;
a voltage controlled osciliator (VCO).

3. The system of claim 2 further comprising:
a third charge pump; and
a camparator switchably coupled to second charge pump and to said third

charge pump.
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second PLL. 14. The data synchronization nmethod of claim 10 further
conprising the step of: using said third charge punp to control the out put
frequency of said second VCO 15. The data synchronization nmethod of claim
10 wherein the second PLL further conprises a third loop filter coupled to
said third charge punp further conprising the step of: using said third

| oop filter to control the | oop characteristics of said second PLL. 16. A
met hod of data synchronization in a data 29nehroni zation system conpri sing
a first ‘'and a second PLL, a first and a second data synchroni zer, said

first PLL coupled to sald f| r'st data synchroni zer [
swi t chabl y coupléd to 588 ﬁg W%ﬁ?‘geﬁrs&ﬂﬂ‘ﬁguggﬁﬂc?mmsmgL,
a loop filter coupl_ed to said first charge pump.

5. The system of claim2 wherein said second PLL further
comprising

a second loop filter coupled to said second charge pump;

6 .  The system of claim 3 further comprising a third loop filter
coupled to said third charge pump.

7. The system of claim 2 wherein said second PLL further
comprises a frequency divider coupled to said second VCO and said second

phase detector in a feedback loop.

8 . The data synchronization system of claim 2 further comprising a
comparator and a second charge pump with the output of said first charge
pump and the output of said second charge pump coupled to the input
terminals of said comparator, sald comparator providing an output to said

first charge pump in a feedback loop.

9. The data synchronization system of claim 2 further comprising a
comparator and a second charge pump with the output of said first charge
pump and the output of said second charge pump coupled to the input
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the nethod conprising the steps of: -23- providing a reference signal to
said second PLL in an idle node; using said second PLL as a tine base
generator to provide a stable reference frequency to said first and said
second dat'a synchronizers in said idle node; providing a delayed read data
signal to said second PLL in a read node; changing | oop characteristics of
said second PLL for said read node. 17. Theiata synchronization nmethod of
claim 16 wherein the second PLL conprises a phase detector sw tchably

| ed 1 s . .
o Pt 5Bl PR ERef Al R oA VD s
second charge pump in a feedback loop.

-

10 . A method of data synchronization in a data synchronizatidn
system comprising a first and a second PLL, a first and a second data
synchronizer, said first PLL coupled to said first data synchronizer, said second
PLL switchably coupled to said second data syn‘chfonizer and to said first PLL,
the method comprising the steps of:

providing a reference signal to said second PLL;
using said seconci PLL as a time base generator to provide a stable
reference frequency to said first and said second data synchronizers.

11 . The data synchronization method of claim 10 wherein the first
PLL comprises a phase detector, a charge pump coupled to said phase detector,
a loop filter coupled to said charge pump, and a VCO coupled to said charge
pump, the method further comprising the steps of:
using said charge pump to control the output frequency of said VCO;
using said loop filter to control the loop characteristics of said first PLL.

12. The data syncl&bnization method of claim 10 wherein the
second PLL comprises a second phase detector switchably coupled to a second
charge pump and a third charge pump, and a second VCO switchably coupled

to said second and third charge pumps, the method further comprising the
step of: |
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and second charge punps, the nethod further conprising the steps of: using
said first charge punp to control the output frequency of said VCOin said
read node; using said second charge punp to control the output frequency of
said YCO i'n said idle node. .18. The data synchroni zati on net hod of daim 17
wherein the second PLL further conprises a conparator swi tchably coupled to

said first and said second charge punps, {ret hod further conprising the
steps of: connecting the outputs of said f| rst charge punp and said second

charge punp to s r o
said first char ggh%ﬂ‘ﬁ?mﬁ sé%,g&éd %lﬁfﬁfgghﬁﬂt@&ﬂﬁ'bpﬂie St He§QERG/ BF Shid
second VCO.

13. The data synchronization method of claim 10 wherein the
second PLL further comprises a second loop filter coupled to said second
charge pump further comprising the step of:

using said second loop filter to control the loop characteristics of said
second PLL.

14. The data synchronization method of claim 10 further
comprising the step of:

using said third charge pump to control the output frequéncy of said
second VCO.

15. The data synchronization method of claim 10 wherein the
second PLL further comprises a third loop filter coupled to said third charge
pump further comprising the step of:

' using said third loop filter to control the loop characteristics of said
second PLL. |

16. A method of data.synchronization in a data synchronization
system comprising a first and a second PLL, a first and a second data
synchronizer, said first PLL coupled to said first daf.a synchronizer, said second
PLL switchably coupled to said second data synchronizer and to said first PLL,
the method comprising the steps of:
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- 24 - 19. The data synchroni'zatiorr net hod of claim 18 further conprising

the step of:

connecting an output of said conparator to said second charge

punp in said read node. 20. The data synchroni zati on nmethod of claim?7
further conprising the step of: connecting the output of said first charge
punp to said VCOin said read node. 21. The data synchroni zation method of
claim 17 further conprising the step of: Tddhecting the output of said

second charge PUBPoYRifgiatre¥ekancB sfitdl thtafd $8%nd PLL in an idle mode;

using said second PLL as a time base generator to provide a stable

reference frequency to said first and said second data synchronizers in said

idle mode;

providing a delayed read data signal to said second PLL in a read mode;
changing loop characteristics of said second PLL for said read mode.

17.  The data synchronization method of claim 16 wherein the

second PLL comprises a phase detector switchably coupled to a first chafge
pump and a second charge pump, and a VCO switchably coupled to said first

and second charge pumps, the method further comprising the steps of:

using said first charge pump to control the output frequency of said

VCO in said read mode;

using said second charge pump to control the output frequency of said

VCO in said idle mode.

18 .  The data synchronization method of daim 17 wherein the

second PLL further comprises a comparator switchably coupled to said first

and said second charge pumps, the method further comprising the steps of:

conneéting the outputs of said first charge pump and said second

charge pump to said comparator;.

connecting an output of said comparator to said first charge pump in

said idle mode.
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19. The data synchronization method of claim 18 further
comprising the step of:

connecting an output of said comparator to said second charge pump in

said read mode.

20 .  The data synchronization method of claim17- further
comprising the step of:

connecting the output of said first charge pump fo said VCO in said
read mode.

21. The data synchronization method of claim 17 further
comprising the step of:

connecting the output of said second charge pump to said VCO in said

idle mode.
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