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Talk Qutline

e Problem statement: clocking rewritable DVD

e Structure & choices for clock structure

e Write clock generation loop

e Linkless editing results for 9T wobbles

e Adjustment due to format negotiated 31T wobbles

— adjustments to PLL for laser power
— harmonic correcting PLLs

— harmonic correcting PLL results

e Conclusions
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Problem statement: clocking rewritable DVD

e We want a rewritable 4.7 GB DVD whose
output is DVD-ROM compatible.

e Technical problems can be summarized as:

— writing smaller spots
— harder tracking requirements
— reflectivity issues

— much harder clocking requirements

Requirements for a Clocking Scheme

e DVD-ROM disks have no edit gaps or physical sector marks. sync | servo Jddresy  Data Data Eqlf
Field Field | Field Field Field Gap
e Writable formats have edit gaps and physical sector marks. Sector it Sync, Servo, Address and Data Feld, plus Bt Gap.
H H Sync Address| Data Data Edit
¢ We must e"mlnate these' Field Field Field ) / Field Gap
. . . - Sector with Sync, Address and Data Fields, plus Edit Gap.
e A high frequency clock with addressing embedded in the
groove walls can solve these problems. Data ) 8 Do
Field ie

Arbitrary length sector with Data Field only.
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A High Frequency Clock Reference Structure

e Wobble groove walls at high frequency as a clock source.

e Co-locates clock reference with data.
— high fidelity, high freq. clock reference

e Lock narrow band PLL to oscillation frequency.

e Encode address info. in the wobble.

e This results in a write clock that is:
— very accurate — jitter < 300 pS < 1 % of a data clock bit (T ~ 38 nS)
(for 9T wobbles)
— orthogonal to the data —> data and wobble detected in different ways
— very robust to: :

« offtrack and defocus
x radial and tangential tilt
x defects and missing wobbles

x temperature and spindle variations

e Continuous data sector, as in DVD-ROM.

e SEM photo of 30 nm Peak to Peak Wobbles —-

-

;-
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Implementation Choices Guided by Industry Direction

e Same optics as DVD-ROM
—> Clock must be buried in the data frequencies
—> Use wobble grooves

e Seen in servo signal, suppressed in data signal

e PLL generates write clock

Wobbles (In Phase Oscillation)

A Reference clock

must be separable
gt / from data signals.
to Reference

e Splice accuracy < 0.2T (data clock bit) (9T Wobbles T\
( ) ( ) /
A
D

— Closest known claim is 7T 7
—> Data Frequencies (Mhz]

e Media partner can manufacture the disks.

e HPL has prototyped the electronics.

e Several available methods for addressing.

Left On Track Right
Wobble Detected in the Un-normalized
Radial Push Pull Tracking Signal

('5,” HEWLETT 2000 ACC Storage Technologies Department
PACKARD 5 Hewlett-Packard Labs



HPL Optical Recording Turning the Tracking Problem Sideways: Servo Tricks for DVD+RW Clock Generation June 29, 2000

Rewritable optical disk drive system with a Harmonic Locking
PLL to generate the write clock

Optical Medium

L A |
Objective P
Lens

= 0 High O
Bandpass Phase f
> Fiter > | > Detector > F(f;‘g"ei;cy
eom [\ MW
Splitter annr T

Reference P
Clock '
Signal Uy
fr
fl
. Voltage Loop

- N Controlled (— Filter

Oscillator
A B T

Columnator

Laser

Nf;
Detector

Write Clock
Phase-Locked
D C to Reference

Laser Contfroller
Clocking requirement is stringent however:
e Data and wobble share common frequency range.

e Changing laser levels (read/write/erase) mean dramatically different power levels at
photodetector

e Rotating disk has eccentricity which shows up in clocking loop.

(’5/” HEWLETT 2000 ACC Storage Technologies Department
PACKARD 6 Hewlett-Packard Labs



HPL Optical Recording

Turning the Tracking Problem Sideways: Servo Tricks for DVD+RW Clock Generation

June 29, 2000

Crosstalk Between Data and Wobbles is Small

Measurement da_tst2_rd_3A: Data Spectrum

Data Spectrum (dBm)

: Resolution Bandwidth: 30.40 kHz

Amphtude of —65.19 dBm at wobble frequency Dlsk # B7201 3A

Band #8- :
Splndle at 715 RPM

o-Unnormalized Signals: - 4
o 7/31/98,4:39PM §

32768 pomts in record

- Spectrum: Analyzer:Simulajon

5
Freq (MHz)

Measurement da_tst2_nd_3A: Data Spectrum

-50

Data Spectrum (dBm)

Amphtude of -62.72 dBm at wobble frequency Dlsk # B7201 3A

. 7/31/98, 437 PM §

: Resolution Bandwidth: 30.40 kHz

Band #8- :
Splndle at 715 RPM
~‘Unnormalized Signals -+ 4

32768 pomts in record
- Spectrum: Analyzer:Simuled

on

5
Freq (MHz)

Data Channel Spectrum

e no significant effect of one on the other

Random

Data
on

Track

Data
on

Track

Wobble Spectrum (dBm)

Wobble Spectrum (dBm)

Measurement da_tst2_rd_3A: Wobble Amplitude Spectrum

Peak of ~42.07 dBm:

“Disk # B7201 3A
- iBand #:8

:Spindle at 715 RPM
-:Unnormalized Signals- -+ 4
7/31/98, 439 PM :

2.94:MHz

532768 pomts in record
- :Spectrum Analyzer 5|mu|etion-
-Resolution Bandwidth: 30.00 kHz

5
Freq (MHz)

Measurement da_tst2_nd_3A: Wobble Amplitude Spectrum

Peak of ~38.08 dBm:

2.94:MHz Disk # E B7201 3/-\

- ‘fUnnormallzed Slgnals
§7/31/98, 4:37 PM

532768 pomts in record
- :Spectrum Analyzer: Slmulation-
:Resolution Bandwidth: 30.00 kiHz

Wobble

4 5 6 7 8 9 10
Freq (MHz)

Channel Spectrum

e Robust to offtrack, defocus, beam walk, & tilt

D

HEWLETT
PACKARD

2000 ACC
7

Storage Technologies Department
Hewlett-Packard Labs



HPL Optical Recording Turning the Tracking Problem Sideways:

Servo Tricks for DVD+RW Clock Generation June 29, 2000

Measurement cr_6tinss_a: Time Response
0.015

Data :passed @hrougth\/D-RCM Equ:ahzer.

000} {-- - ||l o e

Data Amplitude (V)
o

000s it b e

9 A R O 1
Vo : Edlit in: Poirit

_0_01% i i i i ) H i i i
-50 -40 -30 -20 -10 0 10 20 30 40 50
Time (clock cycles)

7/15/98,10:39 AM

Measurement cr_btinss_a: Normalized Bit Shift
05

Tl
N | il Aol “MWH*J

Normalized Bit Shift

05 500 1000 1500 2000 2500
Bit Number

e A 6T pattern spliced into a 4T-8T pattern.
e Upper left: time response at the edit-in point

e Lower left: phase error for a data clock

Measurement cr_6tinss_a: Histogram of Normalized Bit Positions

600 T
Hlslogram of Normallzed B|t Shiftg

0 2. 4Bllle 09 seconds

so0f - Gauss

Histogram
w I
o o
o o

n

o

o
T

-05 -04 -03 —.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Normalized Bit Position

Measurement cr_6tinss_a: Histogram of Bit Intervals

Hislégram ofEBit Imer\f/als
g00f

Histogram
= = N N w
o a o a o
o (=] o (=] (=]
T T T T

a
=}

(=]

o

1 2 3 4 5 6 7
Bit Interval

e Zoomed in on edit in point

e Upper right: histogram of normalized bit posi-
tions

e Lower right: histograms of the bit intervals.
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Measurement cr_6tinss_oa: Time Response Measurement cr_6tinss_oa: Histogram of Normalized Bit Positions
0.015 T T T T T T T T 500 T T T T T T T T T
Data :passed @hroughéD\/D-RCM Equ:ahzer. Hisliogram éf Norm?lized BiitShi' §<y=31(;)067e—(?9 secoﬁ\ds
Gaussian Fit to Histogram : =8.98732
Ot LGN ik 3sof
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: : b : k : : H : 150F
001 otz B AN ¥ AR TN ER A : : : : : :
. Ediit out Foint Sof
7/15/98, 3:59:PM : : : : : : : ' : :
_0_01% i i i i i i i i i o L A 44 r L L
-50 -40 -30 -20 -10 0 10 20 30 40 50 -05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time (clock cycles) Normalized Bit Position

Measurement cr_6tinss_oa: Normalized Bit Shift

Measurement cr_6tinss_oa: Histogram of Bit Intervals

400 7 7 7
Hislqgram of;Bit Inleryals : : : : : :
\ . 300k
dit.out Point, |:....|. | ; :

AL L

Histogram
N
o
o

R

Normalized Bit Shift

500 1000 1500 2000 2500 GO 1 2 3 4 5 6 7
Bit Number Bit Interval

e A 6T pattern spliced into a 4T-8T pattern. e Zoomed in on edit out point

e Upper left: time response at the edit-in point e Upper right: histogram of normalized bit posn.

e Lower left: phase error for a data clock e Lower right: histograms of the bit intervals.
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Measurement cr_zoom: Time Response Measurement cr_zoom: Histogram of Normalized Bit Positions
0.02 T T T T T T T T 500 T T T T T T T T T
Data :passed @hroughéD\/D-RCM Equ:ahzer. Hisliogram éf Norm?lized B?t Shiftsé 0 =2 957796—@9 secoﬁ\ds
0.015 Gaussian Fit to Histogram =9.86655 :
350
S 0005k b BN L L e s 200 : : : :
> L
o §
FoRRN ] ¥ CEEREE: EEREEY, ] EE SEERER SRRESE £ (K BN KRRk (ERN o (EF B BE| EEREEE: SN8 BN 8250
£ 2
< I
o RUUUTE I SUUDUY S0 JUUUS! DURDY JOU 200F
o]
[a]

,00]5 uRRTEEERLER : : : :
7117198, 2:58°PM EEdIT EOUT ;POInT : : : : :
_002 i i i i i i i i i -
-50 -40 -30 -20 -10 0 10 20 30 40 50 -05 -04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5
Time (clock cycles) Normalized Bit Position
Measurement cr_zoom: Normalized Bit Shift Measurement cr_zoom: Histogram of Bit Intervals
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D trate this b .
e A 2 bit 6T pattern spliced into a 4T-8T pattern. ¢ Lemonstrate this because we can

U ight: hist f lized bit i-
e Upper left: time response at the edit-in point ° ti(i)):ser ne IStogram o normalized bit post

e Lower left: phase error for a data clock ) ) ..
P e Lower right: histograms of the bit intervals.
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Laser Power Issues

e Laser power (and therefore signal power) has
large changes between read, erase, & write
levels (top drawing).

e Limiter/phase-detector based PLL is largely
immune to amplitude shifts, but more suc- Write Level
ceptible to noise. Erase Level_,_l_‘—|_|_|_|_‘
Read Level _,]
e Results from previous pages all done with
limiter /phase-detector loops and 9T wobbles.

Write Pulses

Read Normalized
Reference Gain Reference
Clock Clock
_[Eras€ ocC
AN N »> ——————

e If mixing PLL is used for noise immunity, Gain
power in the readback signal directly affects Write Pulses e Switch
the gain of the PLL. ERliE Control

e Normalization circuits (used in servo loops)
are too slow to respond. Write Pulses

" LY

e We know when the laser power will change
. . Reference Clock
— Gain schedule PLL to keep loop gain con- Reé?;ﬁace Sampled Between
stant (middle drawing) or AN - Write Pulses

— sample reference clock between write &
erase pulses (lower drawing).
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Harmonic Cancellation of Harmonic Phase Errors in a PLL

high frequency wobble

l i | high frequency clock
locked to the wobble

1 revolution

— L wobble phase with harmonic
! S~——}——" \/l phase disturoance

i .
< >

1 revolution

e Track eccentricity (mostly due to remounting of disk media on spindle) leads to harmonic errors
in radial tracking loops and in timing loops.

e Harmonic correctors for tracking loops do not remove harmonic phase tracking errors in PLL.

e A desire to minimize the PLL bandwidth to reduce jitter leaves it unable to drive out all these

errors. This problem became more severe when wobbles went from 9T to 31T (where T is a
data clock period).

e Harmonic correction in the PLL can fix this. (Pay attention to where you are in the loop.)
e Note: This problem is very stiff. Clock in MHz with spindle at 30 Hz.

¢ Note: Harmonic cancellation or repetitive control can be used.

('5,” HEWLETT 2000 ACC Storage Technologies Department
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Harmonic Locking & Sampled Harmonic Locking PLLs

O

Harmonic ‘
Corrector

|— High
Bandpass , Phase ,
_> Filter _> Detector Frfg l'.:llﬁg?\/
Reference f
Clock '
Signal Uy
fr P
r
Voltage
= N Controlled (— I;:ciife’?
Oscillator
e
Write Clock
Phase-Locked
to Reference
N fy
T 0
/ ) Bandpass ) _> Phase —) FreHEehnc
Filter Detector LgFiITer Y
Reference £ A
Clock r
Signal -
fr i
r
Voltage Loo]
=N Controlled <— Filteﬁ)
Oscillator
mmm
Write Clock

Phase-Locked
o Reference
N fy

Limiter/Phase-Detector handles amplitude variations

These configurations are implementable in hardware.

Many configurations are possible for analysis/simulation.

Harmonic
Corrector

<€

Top loop has harmonic corrector tapping off of filtered phase error output, V.

Lower loop has multirate harmonic corrector tapping off of filtered phase error output, V.
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Simulation Results for Multirate Harmonic Correcting PLL

Time Response

Wobble Phase Reference and Correction

Time (sec)

Left plot shows phase; right plot shows clock.

Wobble and In Phase Clock

Time Response

15

wa 1/\/
wo || ) .

Time (sec)
v / L

I

0.1055 0.106 0.1065 0.107
Time (sec)
| \ LAY N\ N

\‘\x’ Y

1) \ / \/
\/ \ \/

VARV

0.2105

0.2115 0.212 0.2125 0.213 0.2135
Time (sec)

0.211

Multi-rate once around correction with disturbance amplitude = 5 radians.

e Harmonic corrector is subsampled at % times the sample rate of the PLL simulation.

Specific parameters: N = 150 = wobble samples/revolution, m = 8 =

subsample factor for

harmonic corrector, o = 0.6 = initial phase accuracy of corrector (1 = correct), f = 1 =
initial amplitude accuracy of corrector (1 = correct), 1 = 0.5 = adaptation rate for adaptive
feedforward compensation.
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Simulation Results for Single Rate Harmonic Correcting PLL

Time Response Time Response
— ‘ . r r 1 r r r \
E S : W /A N s s ‘
| C g [ ja=09) : : \‘\,;\e\ ; | iy [[:
o an (] =1; : : oF 11 SR AER VAN ¥ R - EK R EL R X R B R | R AR TR R R R B
c 1R AN SRR R R e [ SR B """"""""" [rrrereres FEERERERERRE | | |
A AR R | bt | A1
o : It R E : v Vi
5 | N %71
O R PR U U AU S FUROR: R SRR SO OO SURURPRRR kel
o | ()
5 | 2
o ©
o | <
= ‘ o
ook bk b b c
uq—" I | | -
2 e E
SN S e e 2 . ) VY
£ =10 b XSRS (20N CRRER: EO SENSE P TSRS IRy ERREROER NIRRT o 01055 0106 01065 0107 01075 0108 01085
@ I O O A - : = 1 T|me (sec)
3 0 cer nd Phase Lo [ I : N R AN A & N
g Namina] Phi w E [ N : | [ : :
=20F s Sotind B IS CIPRP Hrbaction o [ i T ’0(1:0 :
/ / i (I R : o ;\ / VAR AR
. \ Al / AT ; ; 9] VARV VA A VA A VA \/ \/
0 0.05 0.1 0.15 0.2 0.25 0.3 0.35 0.2105 0.211 0.2115 0.212 0.2125 0.213 0.2135

Time (sec) Time (sec)

e Single-rate once around correction with disturbance amplitude = 30 radians.
e Left plot shows phase; right plot shows clock.
e Harmonic corrector is sampled at the sample rate of the PLL simulation.

e Specific parameters: N = 1200 = wobble samples/revolution, m = 1 = subsample factor for
harmonic corrector, o« = 0.9 = initial phase accuracy of corrector (1 = correct), § = 1 =
initial amplitude accuracy of corrector (1 = correct), 1 = 0.5 = adaptation rate for adaptive
feedforward compensation.
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Simulation Results for Multirate Harmonic Correcting PLL

Time Response

Wobble Phase Reference and Correction

Time (sec)

0.1 0.15 0.2 0.25 0.3 0.35

Left plot shows phase; right plot shows clock.

Wobble and In Phase Clock

Time Response

Y.

1.5 2
Time (sec)

1%

AA

Bl ‘/ \ \
VoV

0.1055

0.106

0.1065 0.107 0.1075 0.108 0.1085

\\ /J

“\/“.

\/

\/

Time (sec)

0.2105

\/
0.211

0.2115 0.212 0.2125 0.213 0.2135

Time (sec)

Multi-rate once around correction with disturbance amplitude = 1 radian.

e Harmonic corrector is subsampled at % times the sample rate of the PLL simulation.

e Specific parameters: N = 150 = wobble samples/revolution, m = 8 = subsample factor for
harmonic corrector, & = 0.0 = initial phase accuracy of corrector (1 = correct), f = 1 =
initial amplitude accuracy of corrector (1 = correct), 1 = 0.5 = adaptation rate for adaptive
feedforward compensation.
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Harmonic Correcting Costas Loop

Quadrature
High
Frequency
LP Filter
Harmonic ‘
Corrector
Bandpass Votiage <_ Loop
_> ' _) Controlled -
Fitter Oscillator Filter Wife Clock
rite Cloc
WV WV EII_E Phase-Locked
Reference to Reference
Clock
Clock W
with BPSK X > Frequency
LP Filter
In-Phase

A Mixing Costas Loop

Loop has harmonic corrector tapping off of filtered phase error output, V.

This configurations are implementable in hardware.

Provides improved performance for BPSK wobbles.
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Conclusions

e Bit accurate editing a reality.
This is closer to the DVD-ROM format than any other published results.

Only demonstration to get random rewritability in ROM compatible format.

e Write clock is very robust to:

Offtrack: + 30 nm
Defocus: + 0.8 um
Beam Walk: + 6% of beam
Radial Tilt: + 0.3°

Tangential Tilt: + 0.6°

e Extra servo tricks can correct some drive related issues:

— Limiter/phase-detector or gain scheduling for amplitude variations.

— Harmonic cancellation for harmonic disturbances.

e Linkless editing forms a key property of the 4.7GB DVD+RW format.
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Backup Slides

e The following slides are not meant as part of the main pre-
sentation, but may be useful for answering questions.
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Write Clock Generation Loop

e Generate write clock from reference signal

e Write clock is much higher frequency than
reference structure

e Use harmonic locking loop

— phase locks to reference signal

— generates clock signal at N x reference
clock frequency
O High O

— boosts jitter by N —>| e > J_ o o M P recuoncy L
. . . VWV nnm
—> want to minimize N for a given write Reference o

Clock

Signal

frequency i i

—> want to maximize reference clock =N conoies |l 2@

Oscillator Fifier

frequency i

Write Clock
Phase-Locked

e Various designs have been simulated. fofelbrence

e Limiter/Phase Detector hardware loop is used in
linkless editing.
— limiter insensitive to amplitude changes

— other PLL architectures
available as backup

('5,” HEWLETT 2000 ACC Storage Technologies Department
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Wobble Characterization: Frequency Domain

Measurement da_tst3z_nd_3A: Wobble Amplitude PSD

e To evaluate signal/noise levels ~100k 55788 poinisin rescrd
1024 poirnt FETs
. . Resolutlon Bandv\nd
e Necessary to calibrate spectrum analyzer with Rl S N
scope based FFT methods ,
’§—120-~~-~-~?~
. . £
e Spectrum analyzer simulation has some g Disk # B7201-3A
ages - 0 -130F-
greater capabilities than spectrum analyzer %
-140F
-150F
Fouﬁth péak c}f =1 é!Bm at ]_133 :
Measurement da_tst3z_nd_3A: Wobble Amplitude from Spec. Analyzer Measurement da_tst3z_nd_3A: Wobble Amplitude Spectrum
0 L] L] l l L] L] L] L] L] 0 L] L] L] l L] L] L] L] L]
Peak of -37.60:dBm at2.93 MHz : : : Peak of -38.75 dBm at2.94 MHz Disk # B7201-3A
-10f -+ 2001 frequency bing: oo : Band#8 e
Disk # B7201-3A : ‘Spindle:at 715 RPM : ;Splndle;at 715 RPM
—20f o Band#8 ERREERER ERRTEEE Unnormalized Signals: =+ “““““““ Unnormalized Signals: - 4
N ; ; ; j 7/31/98, 4:59 PM j ' 7/31/98, 4:59 PM
£ -30F [EREEERERE RN EXRRERNE I Resolution Bandwidth: 30.00 kHz ----- B 7O RERERERRRE HERKRRERRE HERKERRRRS: e
= : : : : e} 32768 points in:record :
m O N N N Ll .
S E ‘Spectrum Analyzer Simulation
§ 2 Resolunon BandW|dth 30 00 kHz
= 5]
8 @ B0z [
4 &
» o ek
2 g
5 =SS N N N Y SR R
S : : :
2100 : : : : : : : : :
. 3 . . 25 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 35
Freq (MHz) Freq (MHz)
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Wobble Characterization:

Time Domain

e To yield jitter analysis of wobble itself.

PY Perform jitter calculation on filtered WObee 1000 Measurement da_tst3_nd_3A: Histogram of Wobble Edge to Wobble Edge Times
signal. : : : : | :

g 800 T
® Edge to edge is most relevant for PLL. £ 600 Meaﬁ:-l?O;l?l-?éO?-nS ..... ........... ....................... ...........
. . . ‘E STD: 1.065310 nS : : :

L Leadlng edge to |eadlng edge and tralllng @ 400 200blns """"""""""""""""
edge to trailing edge have significantly higher 200+ e
jitter. 0 : ; ; ; | .

120 130 140 150 160 170 180 190
Time (nS)
Histogram of Leading Wobble Edge to Leading Wobble Edge Times
Measurement da_tst3_nd_3A: Time Response 300 : : : : : : :
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£ 0.015 Time (nS)
8 ’ Histogram of Trailing Wobble Edge to Trailing Wobble Edge Times
© 60 T T T T T T
S 001
o PR N T T T P PP S S
o
€ 0.005 _ J
e Spj ezt "‘ | §
N UUERRARMUEAN I LAAKERLAR 40 i : 2 S R
A Qe "sob ool ]
~0.005r7 79k 1148 Wls0'p -~ VSanjpled 2 10080 MiH
~0.01 ; ; ; ; ; ; ; M N T T T S S """"""" """""""
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 0 L 1 L L
Time (sec) x107° 339 340 341 342 343 344 345 346
Time (nS)
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Use PLL Simulation on Measured Wobble to Evaluate Quality of Clock

High
—> Bongposs Frequency —> Lc?op
Fitter LP Filter Fifter Histogram of Wobble Edge to Wobble Edge Times
VVV VVV 800 T T T T T T T
Reference Mea;surement Eda_tst3_rg1|_3A : : _ :
g"ﬁ 600} -+ -Mean: 170.175852 NS+ -+ STITRIN SEUTII
© Voltage = : : : : : :
Controlled | 3 STD: 1.347283 nS
Oscillator O 400 - e T o
£ 200 bins
@ z
200f SR R SRR SRR ST [RRR R
Write Clock
Phase-Locked 0 : : : : : :
fo Reference i10 120 130 140 150 160 170 180 190
Time (nS)
o Hardware |00p used for writing. 400 Histogram of Clock Edge to Clock Edge Times
e Simulation helps characterize achievable 00k e
performance. % Mean: 170.190944 nS -
2200 """ STD: 0.323604 'nS "1
e Hardware loop uses XOR-type phase detector 5 200 bins -
—> more timing sensitivity when simulated 100p S
— improved numerics using mixer 0 : : : : . .
i10 120 130 140 150 160 170 180 190
. oy . Time (nS)
L] Key measure for bit accurate edit is wobble Histogram of Wobble Edge to Clock Edge Times
.o 40 T T T T
edge to recovered clock edge jitter.
K f L I. L I k d 30- .............. J lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll
[ J = :
ey measure for write quality Is clock edge : Mean: 0578896 nS
to clock edge jitter. $)
£
m
e Wobble to Clock Jitter < 1.0% of clock bit

05 0 05 1 15 2
Time (nS)
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What Happens to Wobble When We Write and Erase?

Comparative Wobble Amplitudes from Spec. Analyzer Comparative Wobble Amplitudes from Spec. Analyzer
0 0
-10F Virgin Track k -10F Virgin Track 1
Written Track Written Track
-20F Erased Track 1 -20F Erased Track 1

Wobble Spectrum (dBm/Hz)
Wobble Spectrum (dBm/Hz)

-90f ]
-100 . . . . . : . : ' -100 . . . . . . . . .
1 2 3 4 5 6 7 8 9 10 2.6 2.7 2.8 2.9 3 3.1 3.2 3.3 3.4 3.5
Freq (MHz) Freq (MHz)
Full frequency span. Zoomed in on wobble frequency.

Not much. = No wobble erasure.

Random data has significantly lower signal level at wobble frequency than wobble.

Things improve as wobble amplitude goes up.

Things improve as offsets are purged.
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Adjustments to Write Strategy in Edit In and Edit Out

P°‘”t} Write

o |

z |

2 |

§ ____________________________ Erase

g

Read
Time s - ~

[ \l Mark at Edit In
\\ , s Too Short

c 6T
5
O =M N nNAor
o
< 3
o}
o T
= O
[=l J
_.:_I
5 U L
L
C
: o
o]
oh 1 O~
= 0
T =
O O
Eﬂ_
"—6 ...........
J »
G ¢
S HijEININ |
Ll

Problems at edit in:

e First mark too short, space too long

Problems at edit out:

e Mark and space too long

Adjust start & stop pulses to compensate

Laser Power

Laser Power

6T

(]

(D
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e Wobble into Data effect small vs. other “noises”

Crosstalk Between Data and Wobbles is Small

Measurement da_tst3_rd_3A: Wobble Amplitude Spectrum

Peak of -41.87 dBm:at 2.94:MHz - ‘Disk # B7201-3A
=10 i BN #G e
:Spindle at 715 RPM
-20F- - :Unnormalized Signals: -+
17/31/98, 5:04 PM :
-30F ISR IR R R R TR R R I

Wobble Spectrum (dBm)
&
(=}

: : : : 532768 §oints II’I record
- Second peak of —8 dBm at 5:41:‘MHz - :Spectrum Analyzer Simulation+
: : : : -Resolution Bandwidth: 30.00 K

- Third peak of 811§ dBM at 9.57 MHz -+ i o

Hz

1 2 3 4 5
Freq (MHz)

Measurement da_tst3_rd_3A: Data Spectrum

Data Spectrum (dBm)

Amplgitude 0f§—65.16 idBm at jA/obee ;frequeni:y Disk # B7291—3A

- CBand #8 i
: : : : :  Spindle at 715 RPM
o st Unnormalized Signals: o
: : : : i 7/31/98,5:04 PM :

: : : : : 32i68 poinis in recbrd
o cenen - Spectrume Analyzer: Simulad
: 3 : : : Resolution Bandwidth: 30.

1 2 3 4

5
Freq (MHz)

¢ no significant effect on bit error rate

6 7 8 9 10

on

6 7 8 9 10

Measurement da_tst3_rd_3A: Time Response

0.04 T T T T
0.035}) - Wol El Am 'tgdiu ﬁ asignal e
0.03F k- {fift vy
>
o 0.025
°
2
=
g 0.02
<
£ o.015} |
a
°
S 001
2
Qo
S 0.005
; a
-H"V'. Y¥PU9Y ‘,“.’!,’H- i g
0.0051" 7i31j98, 5:04BM 1 Sampled at 10000 Mbiz 1T E T
-0.01 : : : : : : : :
0 0.2 0.4 0.6 ) 0.8 1 1.2 1.4 1.6
Time (sec) x107°
Measurement da_tst3z_rd_3A: Histogram of Normalized Bit Positions
800 T T T T T T T T T
Histiogram éf Norm?lized Bjt Shiftsé 0 = 2.82448&—@9 secorjds
700F
600}
500F

Histogram
w N
o o
(=) o
T T

n

o

o
T

200 oo

-04 -03 -02 -0.1 0 0.1 0.2 0.3 0.4 0.5
Normalized Bit Position

e Data into Wobble related to offtrack

e mostly an issue with simple tones

D
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Woaobble Crosstalk into Data Channel

Measurement sa_8ta: Wobble Amplitude from Spec. Analyzer

'Averagt'e of 20 épectrur'ns 'Resolut'ion Ban'dwidth:'3.00 kH'z ° SPGCtrum analyzer measurements Of WObble
1001 frequency bins . .
el | modulation into data channel.
T e No data on tracks.
g -80
@
£
g e Plots are averages of 20 spectrums on the same
g -85 . .
g track at different down-the-track locations.
[}
(% -
g 0 e Differences between crosstalk peaks are
a .
relatively small.
-95
Peak of -=75.97 dBm at 3.29 MHz
_1039.24 3..25 3..26 3..27 3..28 3..29 3?3 3..31 3..32 3..33 3.34
Measurement sa_12ta: Wobble Amplitude from Spec. Analyzer Measurement sa_31ta: Wobble Amplitude from Spec. Analyzer
=70 T T T T T T T T T -70 T T T T T T T T T
Average of 20 Spectrums Resolution Bandwidth: 3.00 kHz Average of 20 Spectrums Resolution Bandwidth: 3.00 kHz
1001 frequency bins 1001 frequency bins
=75 -75F
8 -80 8 -8of
£ =
8 S
g -85 g -85F
7y @
o —-90 g —90F
2 2
& g
-95 -95F
Peak of -73.58 dBm at 2.19 MHz Peak of -74.81 dBm at 0.85 MHz
"T214 215 216 217 218 219 22 221 222 223 224 _10%.8 081 082 083 084 08 086 087 088 0.89 09
Freq (MHz) Freq (MHz)
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20

Jitter Versus Wobble Crosstalk: A Simulation

Jitter vs. Wobble Modulation (Measurements: nd_rd_1e)

Jitter (% of Tc)
&

=
o
T

32T Wobbles

186T Wobbles

Fast Data Channel

DVD-ROM Data Channg]l

e Data multiplied by 1 + asin(wyet),

a=0,0.01(1%),...,0.1(10%)

DVD-ROM PLL

e “Fast Channel” provides slightly lower jitter than

e However, wobble does not enter into sum chan-
nel (A+B+C+D) in a uniform fashion

— simulations based on diffraction orders

— scale effective crosstalk of wobble into sum

— normalized around 186 T (DVD-RW) wob-

5 .
0 4 6 10 bles having a scale of 1
Wobble Amplitude Modulation (%)
Relative effect of wobble on sum signal Jitter vs. Wobble Modulation (Measurements: nd_rd_1e)
1.4 20 T
32T Wobbles
312 o
I
Q@
2 186T Wobbles
1F -~
E
L_) /-\15 -
Sos} =
c o
g pug
.§ 0.6 g
2 lar]
° 10 3
N04f
Tg DVD-ROM Channel
2 0.2 - === Scaled Modulation
Unscaled Modulation
0 2 2 2 2 2 5 2 2 2 X
0 50 100 150 200 250 300 0 2 4 6 8 10
Wobble Period (units of T) Wobble Amplitude Modulation (%)
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Wobble Clock Jitter (%)
o o o o o o o o o
BN w s o N o o e

o

Wobble Jitter vs. Defocus

TIA Meas. of Wobble Clock Jitter vs. Beam Defocus (um)

Dlsk # C9841 SA

Band # 8 9/15/98, 3:00 PM

Jitter % = 100(0/Tc)

; F ®
gjﬂi —Jﬁi"*. §; ‘ I%
AR

Time Delay Around Track

No Data Random Data
o 1ms o 1ms
* 5ms ¢ 5ms
+ 10ms 4 10ms
e 15ms > 15ms

DISk Wobble Amplnude 40 nm

[

-08 -06 -04 -0.2 0 0.2 0.4 0.6 0.8
Defocus (um)

Wobble Jitter vs. Radial Tilt

Wobble S|gna| Jitter vs. Radial Tilt Angle

o o o o
o ~ ) ©
T T T T

Wobble Clock Jitter (%)
o
U1

Dlsk # C9841 5A
Band # 8

Disk Wobble Amplltude 40 nm
9/4/98, 1:00 PM

Jitter % = lOO(cITC)

0.4F
0.3f Time Delay Around Track
0.2f o 1ms 9ms
3 ms 11ms
0.1 © 5ms > 13 ms
e 7ms <4 15ms
-0.6 -0.4 -0.2 0 0.2 0.4 0.6

Tilt Angle (deg)

No Data

Random
Data

Random
Data
on Track
& Adjacent

Tracks

Wobble Jitter vs. Beam Walk

TIA Meas. of Wobble Clock Jitter vs. Beam Walk (% of beam)

Wobble Clock Jitter (%)
o
15l

Disk # C9841- 5A
Band # 8

Jitter % = 100(0/Tc)

g__w 4
S T B T

Time Delay Around Track

Disk Wobble Amplnude 40 nm
9/15/98, 3:00 PM 1

No Data Random Data
0.2 o 1ms o 1ms
* 5ms ¢ 5ms
0.1 + 10ms <4 10ms
e 15ms > 15ms
EJ8 -6 -4 -2 4 6 8

0 2
Decenter (% of Beam)

Wobble Jitter vs. Tangential Tilt

Wobble S|gna| Jitter vs. Tangentlal Tilt Angle

o o o o
o ~ 0 ©

Wobble Clock Jitter (%)
o o
S n

o
w

Dlsk # C9841 5A
Band # 8

Jitter % = 100(0ITC)

Disk Wobble Amplltude 40 nm
9/4/98, 1:00 PM 1

Time Delay Around Track

0.2 o 1ms 9ms
3ms 11 ms
0.1 o 5ms > 13 ms
® 7ms < 15ms
0 . . . . . .
-0.6 -0.4 -0.2 0.2 0.4 0.6

0
Tilt Angle (deg)

e Wobble clock jitter from TIA: measure jitter on 2000 leading edges per revolution for 50 revolutions.
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Jitter vs. Defocus

x 102 TIA Meas. of Wobble Clock Jitter vs. Beam Defocus (um)
5

Disk # C9841-5A

T — T
Disk Wobble Amplitude 40, nm
7F Band#8 ]

9/15/98, 3:00 PM

o]
+

6.5F  + No Data

Random Data

o]
of > * *

*

-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8
Defocus (um)

x 107 TIA Meas. of Wobble Clock Jitter vs. Beam Defocus (um)

7.5
Disk # C9841- 5A Disk Wobble Amplltude 40 nm
7F Band#8 9/16/98, 3:00 PM 1
6.5F No Data
o Random Data
5.5F
)
=
8 51
9]
E 4.5
b
aF
3.5F
El A A N I A A
g ™ 8 I 0
25F % % % * ¥ * ¥4
Pt N S AR
-0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8

Defocus (um)

Servo Lab

No Data

Random
Data

Media Lab

Jitter vs. Beam Walk

x 10°°TIA Meas. of Wobble Clock Jitter vs. Beam Walk (% of beam)

Disk # C9841- 5A Disk Wobble Amplltude 40 nm
7T Band#8 9/15/98, 3:00 PM )
*
6.5 o
6F *
AS'S [ 8 e) M § ?Z ®
] + x o X +
£ s %
& P o
5 N
E 45 * 8 g L) Q [
- x kS
S N i
3.5F
3}
2.5F
No Data Random Data
-8 -6 -4 -2 0 2 4 6 8

Decenter (% of Beam)

x10°° TIA Meas. of Wobble Clock Jitter vs. Beam Walk (% beam)

Disk # C9841- 5A Disk Wobble Amplltude 40 nm
T Band#8 9/16/98, 3:00 PM 1
6.5 No Data
sk Random Data
5.5F
:u
Ol |
845
E
4 L
3.5
sr 8 6 8 6 8
P Py
2.5} ¥ % E4 ¥ ¥
EI + o+
-8 -6 -4 -2 0 2 4 6 8

Decenter (% of beam)

e Wobble clock jitter from TIA: measure jitter on 2000 leading edges per revolution for 50 revolutions.

e Bad spindle has more effect than decenter (beam walk), defocus, offtrack, and position around track.
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Use Software Data Channel to Model DVD-ROM Data Channel
e Scope samples data at 100 MHz

IDU%QUQUQ&%QUQVQU‘ data signal e Filtering done to match DVD-ROM at
100 MHz

high sample rate

on scope e Average bit length ~ 4.57,
L effective sample e Use this as the effective sample rate for
s rate of PLL “zero-crossing” PLL

Simplified PLL Analysis
Window (Freq.) Adjustment

error [l win
> Int0 _>® <J *

Difference Equations from Code

z Int0
7 edge(k) = edge(k — 1)+ int0 x win(k — 1) + do(k — 1)
7] do(k) = axerror(k)
k
edae win(k) = win(k —1) 4+ [ * M
| U {7 ' —> S int0
Al
Edge (Phase) Adjustment
HEWLETT 2000 ACC Storage Technologies Department
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e Effective Sample Period ~ T.x average bit length = 3.8160e-8 * 4.5 S

1

Effecti lerate ~ ——————
o Effective sample rate {71976 — 7

= 5.8234 MHz

e Use the last filter, sampled at 5.8234 MHz, to match values of o and 5 to DVD-ROM PLL.

= Matching software 'zero crossing PLL' to DVD-ROM spec PLL.
< 200 T T T T T
Translating to Z domain: > To match DVD-ROM PLL:
g 150 —-40 dB/decade slope crosses 0 dB at 6 kHz -
’ L ﬁeTTOT(Z) - 100 —20 dB/decade slope crosses 0 dB at 9 kHz
win(z)(1—27") = ————= a
1nt0 g sof
; B 8
win(z) _ __int0 5 o0
error(z) 1 — 21 g . . . . )
-1 . -1 . -1 87505 1 2 3 4 5 6
edge(z)(1 — z77) = int0z  win(z) + az” error 10 10 10 10 10 10 10
= Freq (Hz)
[}
cdg(%(z) sl : . % 80 T T T T T
m,rm-(q) o (1 _ 27'1)2 {Q +Oo—az } 5__‘@ -100F a =0.01 (phase adjustment parameter) -
_ A~ D_
- -120f B =5e-05 (freq. adjustment parameter)
o
© —140f
c
g
3 -160F
O
£-180 . L L L
8 10° 10" 10° 10° 10* 10° 10°
Freq (Hz)
2000 ACC Storage Technologies Department
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Data Jitter Versus Offtrack Insert on 30 nm Wobble Disk

e Long write of 4T-8T pattern

e Edit insert with 6T pattern at various offtrack

conditions.
20 nm offtrack

10 i offirack e Data jitter calculated with lens on track

Data Jitter vs. Offtrack: Disk B7201-4A
0.082 r

0.08

0.078

c)

o
o
<
o)

0.074

Data Jitter (o/T

0.072

0.07¢

0.068 L L L L L
-30 -20 -10 10 20 30

0
Approximate Offtrack (nm)
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Offtrack Measurement on 30 nm Wobble Disk

Measurement ot_m30nm_b: Time Response Measurement ot_m30nm_b: Histogram of Normalized Bit Positions
0.015 T T T T T T T T 300 T T T T T T T T T
Data passed through:DVD-ROM Equalizer. : Histogram 6f Normalized Bit Shifts: ‘0 = 2.60889e—-09 seconds
001k Y 250GauSSIanFntoHlstogram Jltter=69399ll%och
BER = -12.2353

o 0.005F i b b b fE ) 4 200k
2
] £
2 g
= 0 150
£ 2
= T
©
a

—0.005 100F

9/8/98, 4:36 PM : : : : : : : : : : : :
~0.015 R L L L L L L L L
-50 -40 -30 -20 -10 0 10 20 30 40 50 -05 -04 -03 -02 -01 0 0.1 0.2 0.3 0.4 0.5
Time (clock cycles) Normalized Bit Position
Measurement ot_m30nm_b: Normalized Bit Shift Measurement ot_m30nm_b: Histogram of Bit Intervals
0.5 r r T T T 200

Histégram ofEBit Interi/als : : : :
ABOJF v vd e o

160
E E120-
% éloo-
g E 80F
z
60fF
—0.3-““‘~~~E~~‘0‘:2:;508899—0é‘sec0nd5‘§~~~~~~E~~~~~‘§~~~~~~E~- 40F
—04BER:—122353 20k ]
05 : : : : : : : o : : : .
200 400 600 800 1000 1200 1400 0 1 2 3 9
Bit Number Bit Interval
e This case is offtrack by -30 nm.
e Offtrack ranges in =30 nm produce no bit errors.
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