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1NTELLIGE ENVELOPE DETECTOR AND METHOD FOR GAIN CONTROL FOR PRML .DATA AND
SERVO CHANNELS Field of the Invention The present invention relates to a
‘reet hod and apparatus for gain adjustnent of a signal, and nore particularly
fo a mxed signal, intelligent threshold based, clocked envel ope detector
wi th thermal asperity robustness and null signal tolerance for gain
adj ust nent of a signal f or partial-response maxi mum|ikelihood-(PRM.) and
servo channels in a direct access storage device (DASD) Description of the
Prior Art In hard disk drives, the data channel and servo channel nay be
provi ded by a single |ntegrated circuit (1C; however, both the PRWML and
servo channel s have
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IRTELLIGENT ENVELOPE DETECTOR AND METHOD FOR GAIN
CONTROL FOR PRML DATA AND SERVO CHANNELS

Field of the Invention

The present.invention relates to a method and
apparatus for gain adjustment of a signal, and more
particularly.to a mixed signal, intelligent threshold
based, clocked envelope detector with thermal asperity
robustness and null signal tolerxance for gain adjustment
of a signal for partial-response maximum—likelihood '
(PRML) and sexrvo chanﬁels in a direct access storage
device (DASD)

Description of the Prior Art

In hard disk drives, the data channel and servo
channel may be prov1ded by a single integrated circuit
(IC) ; however, both the PRML and servo channels have
their own distinct needs for gain control. The data
channel uses a complex synchronous gain and timing
control loop during read operations, and while idle
typically requires an envelope detector to keep the gain
close to'the required level for quick acquisition when a
read begins.

Typically the servo channel requires an envelope
detector to accurately setup the gain over a low-




their own distinct needs for gain control. The data channel uses a conpl ex
synchronous gain and timng control |oop during read operations, and while
idle typically requires an envel ope detector to keep the gain close to the
required |l evel for quick acquisition when a read begins. Typically the
servo channel requires an envel ope detector to accurately setup the gain
over a | ow -2- frequency anal og gai r2eontrol (AGC) field and then the

ainis held over the timng mark, gre ode,. and..fractional, posi.tion
ignf or mat i on.Erequency analog gain cgnt: o(i d(‘i\GC%l %1&1%(: and théd thné
gain is held over the timing mark, grey code, and

fractional position information.

In a PRML data channel, a normalized readback
signal amplitude is required for proper data detection.
A variable gain amplifier (VGA) typically is used in the
analog signal path for scaling of the readback signal.
An acceptable tolerance on the signal amplitude must be
maintained to enable proper operation of a maximum-
~likelihood detector. Xnown PRML and servo channels
require either an analog envelope detector circuit or a
digital sampling arrangement to provide gain corrections
to the VGA. An example of an asynchronous, digital
sampling, gain control arrangement is provided by U.S.
patent No. 5,438,460 to Jonathan D. Coker and Richard L.

. Galbraith issued August 1, 1985 to the present assignee.
Another gain control arrangement is provided by U.S.
patent 4,750,058 to Hirt et al. issued June 7, 1988 to

the present assignee.

Thermal asperities are becoming an increasing
problem with decreasing flyheights in leading-edge hard
disk drives. Thermal asperities typically cause a
transient shift in the read signal. In many known gain.
control arrangements, a thermal asperity typically
results in an incorrect adjustment of the VGA. All
known envelope detectors have not been robust against

thermal asperities.

U.S. patent No. 5,438,460 to Richard L. Galbraith,
Gregory J. Kerwin and Joey M. Poés, issued August 3,

- 1995 to the presént assignee, discloses thexrmal asperity
compensation methods and apparatus for data detection in
a PRML data channel. While the disclosed thexmal
asperity Compensation methods and apparatus'provide



I'n a PRML dat aqg ' ormali zed readback signal anplitude is required
for proper data St e Been R §4i abl e gain amplifier (VGA),T"F§/§%’§%LE%§P§EN
used in the anal i lFMlE -for scaling of the readback si [FACER
acceptabl e toler gnal anplitude nust be mai n{@ER{ ﬁT e
proper operation of a maxi num |ikelihood detector. Knomn1EﬁhE Eﬂﬁnfﬁﬁnu
channel s require either an anal og envel ope-detector circuit or a digital

sanpling arrangenent to provide gain correction he exanpl e of
an asynchrond FQﬁ%ﬁQQﬁélﬁﬁﬁﬁi Y |?ﬁ%0%¥¥%?§%%$%% bﬁ%§$i$€fprovided by

U S. patent Nampd,i4df, 0t odoimtbsed D. Coker and Richard L. Galbraith

i ssued August 1, 1995 to the present assignee..Another gain control
arrangement is provided by U S. patent 4,750,058 to Hirt-et al. issued June
7, 1988 to Short periods of null signal are also common on

hard disk drives, due to gaps, certain code words, and
.the like. Known envelope detectors put in some
tolerance to this at the expense of recovery time in low

gain situations.

Disadvantages of using an analog envelope detector
circuit include the typically poor recovery from low
gain situations. Other problems are that the analog
envelope detector circuit provides no intelligence to
handle thermal asperities; and no way to effectively
‘handle the periods of null signal possible due to PRML
codes, gaps, and the like.

All previous sampled digital solutions suffered
from other problems including the power required by a
high-speed analog-to-digital converter (ADC). Another
probiem resulting from the use of asyﬁchronous samples
is the poor peak-to-peak amplitude setup bvef random
patterns. Also no intelligence is provided to handle

thermal asperities.
Summary of the Invention

A principal object of the present invention is to
provide an improved method and apparatus for gain
adjustment of a signal. Other objects are to provide
such improved gain adjustment methods substantially
without negative effects, further that eliminates the
need for a high speed analog-to-digital converter, and
that overcome many of the disadvantages of prior art

arrangements.

In brief, a method and apparatus are provided for



the present assignee, Thernal as erities are becom ng an increasin rob
with decreasing fl ng- edge hard di sk drivesTH AS BEEN |
u sient shift in the read signaIRE? 9§9w

asperities typicaII;
known ‘gai n contr ol a thermal asperity typical ‘mﬁmm
i ncorrect adjustnent of the VGA. Al known envel ope det ecto\%%mgw t
robust against thernmal asperities. U S. pétent No. 5,438,460 to Richard
Gal braith, Gegory Kerwi n and_J Né Poss 0 the
present assi ﬁ%%ﬂ?B@Egttﬁ rﬁaﬁlgn rit?‘ #%%ﬁ?a gﬁynenﬁbds and%
appar at us forcdmbardethétsmgnaﬂ aleawa gduzradhiammelt thﬂashphﬁuyaﬂwﬁﬁosed
thermal aspergty. COOPERSaELAA RL"2ERpI0d WP Corfaddtlits includes

a peak capture function for detecting the amplitude of

the signal and a polarity memory for detecting polarity

of the signal. A gain control function for setting a

gain correction value is responsive to the peak capture

function and the polarity memory. Features of the

signal gain adjustment method and apparatus of the

invention include an intelligent hold of the gain

control over both thermal asperities and null gaps in

the sigmnal.
Brief Description of the Drawings

The present invention together with the above and
other objects and advantages may best be understood from
the following detailed description of the preferred
embodiments of the invention illustrated in the

drawings, wherein:

FIG. 1 is a block diagram of a mixed signai, gain
control apparatus of the invention in the environment of
partial-response maximum-likelihood (PRML) and sexrvo

channels in a direct access storage device (DASD);

FIG. 2 is a schematic and block diagram
representation of an intelligent threshold based,
clocked envelope detector of the control apparatus of
FIG. 1 in accordance with the invention;

FIG. 3 is a graph illustrating an input signal of
comparator block of the control apparatus of FIG. 1
together with comparator threshold levels;

FIG. 4 is a diagram illustrating comparator outputs
for the input signal shown in FIG. 3;



I'mprovenents over many known arrangenents, digital sanpling solution is
used. Short periods of null signal are also common on hard di sk drives, due
to gaps, certain code words, and the |ike. Known envel ope detectors put in
sone tolerance to this at the expense of recovery tine in |l ow gain
situations. D sadvantages of using an anal og envel ope detector circuit

i nclude the typically poor recovery from4%ow gain situations. O her

probl ems are that fhe anal.og_envel ope .detec [ ' I
intelligence to haﬁﬁ%e BhéFmﬁ %éﬁ%ﬁ#ﬁ%%ﬁ§a%éﬁﬁﬁdféé%é?%géggigﬁi€€|?
set-reset capture block of the intelligent threshold

based, clocked envelope detector of FIG. 2;

FIG. 6 is a truth table for a set-reset latch of
the capture block of FIG. 5;

FIG. 7 is a timing chart illustrating the operation

of the set-reset capture block of FIG. 5;

FIG. B8 is an example graph illustrating an
amplitude of an output signal with respect to bit time
of a variable gain amplifier (VGA) of the control

apparatus of FIG. 1; and

FIG. 9 is a corresponding graph to FIG. 8
illustrating a VGA capacitance voltage of the control

apparatus of FIG. 1.

Detailed Description of the Preferred Embodiments

Having reference now to the drawings, in FIG. 1
there is shown a mixed sigmnal, gain control apparatus
generally designated by the reference character 10 for
gain adjustment of a signal in accordance with the
present invention. Gain control apparatus 10 is used
with partial-response maximum-likelihood (PRML) and
sexrvo channels in a direct access storage device (DASD]).

A readback signal from a transducer head 12
amplified by a preamp 14 is applied to variable gai
amplifier (VGA) 16. The signal output of VGA 16 is
filtered by a continuous time filter (CTF) 18. A
differential buffer 20 connected to the output of the
CTF 18 couples the filterxed, amplified signal to a

M plurality of comparators 22 and to the servo and data

channels.



handl e the periods of null signal possible due to PRVL codes, gaps, and the
like. Al previous sanpled digital solutions suffered from other problens

i ncludi ng the power required by a high-speed anal og-to-digital converter
(ADC). Another problemresulting fromthe use of asynchronous sanples is

t he poor peak-to-peak anplitude setup(mmgsjandon1patterns. Al so no

- intelligence is provided to handle thermal asperities. Sunmary of the

Invention A princigal ;9hj,@¢tratfed hay [FES®Nt3 i am@nd | onhe sLOBPRFBVPEE 2R

i mproved net hod and apparatus for.gain adjus t 18£gngk. Q her
objects are t@OYﬁPBFFdE c’?l?qen’p‘f?ﬂlg%l%? %’d’}lgggn%%{lr%e? gds substantial ly

wi t hout negat p¥eqekhaess, dositire taad mégativeecpolpgity threshold
values and provide representative signal inputs to a
digital énvelope detector 24. Appropriate gain
adjustment is provided by the intelligent threshold
based, clocked envelope detector 24 responsive to the
received sigmal inputs. The envelope detactor 24
applies control signals to digital-to-analog converter
(DAC) charge pumps 26. A gain control voltage
operatively controlled by the DAC charge pumps 26, 1is
provided across a data capacitor 28 or a servo capacitor
30 coupled to the VGA 16 for gain adjustment.

VGA 16 is operatively controlled to provide a
nominal signal amplitude level, for example at 800 mV or
+400 mV and -400 mV. As illustrated in FIG. 3, the
predefined threshold values include selected positive
and negative threshold valués, such as, + VERY HIGH (+
500 mV); +HIGH (+ 400 mV); and +LOW (+ 300 mV). For fhe
illustrated signal input of FIG. 3, the comparators 22
provide four 6utputs +1.0, -LO, HIGH, and VERY EIGH, as

shown in FIG. 4.

Referriné now to FIG. 2, the intelligent threshold
based, clocked envelope detector 24 is shown. Features
of envelope detector 24 include thermal asperity
robustness and null signal tolerance. The envelope
detectoxr 24 includes a positive polarity set-reset
capture block 40 and a negative polarity set-reset
capture block 42 to detect a rough estimate of the VGA
signal amplitude (either low, high, or .very high).
Each set-reset capture block 40 and 42 receives the
HIGH, VERY HIGH and one of the +LO, -LO outputs of
comparators 22 via a pair of AND gates 44, 46, 48 and
50, as shown. A respective output of the set-reset
capture blocks 40 and 42 and the positive +LO comparator



.need for a high speed anal og-to-digital converter, and that overcone many
of the disadvantages of prior art arrangements- REPLACEMENT SHEET 4
fmcordlng to one aspect of the present invention there is provided an
‘apparatus for gain adjustment of a signal conprising: conparator neans for
conparing the signal with a plurality oft7threshold val ues and providing a
conpared signal; capture nmeans coupled to said conparﬁf nEea Q§1
det ecti ng an@htbudelﬁbe&hedbmprMednyﬁﬁﬁﬂr oS F%’ ﬁ%%y means coupl ed
to said conparato§4f8P ﬁﬁ ﬁggéﬁydéu;ﬂyﬂdamﬁaraﬁbﬁfunumnnmnmxﬁ%¢@®al
setti

gai n control SRES&n ng —a gai n _cor ectlon SPPNSi to said
capture neanpyaed saverramari€ yaﬁfbrﬁﬂ%;- Mﬁaéﬁeﬁﬁs c%ﬁ%l ed to

said Conparato%puts of AND gates 54 and 58 are applied to a polarity

memory 60. The polarity memory 60 requiring alternating

polarities for gain correction, is used to detect

thermal asperities. In operation when the polarity
memory 60 receives a high output from AND gate 54
polarity memory 60 resets the set-reset capture block
40, and releases the set-reset capture block 42 . When
the polarity memory 60 receives a high output from AND
gate 58, polarity memory 60 resets the set-reset capture
block 42, and releases the set-reset capture block 40.
Once a comparator threshold level output is detected by
the set-reset capture blocks 40 and 42, a second pair of
positive and negative polarity set-reset capture blocks
62 and 64 copies the coarse amplitude threshold level
(low, high or very high) until it can be clocked into a
respective pulse extension circuit 66 and 68. The pulse
extension circuits or pulse extends 66 and 68 apply a
reset input to the capture blocks 62 and 64 via a pair
of OR Qates 70 and 72 when the_captufe block inpuﬁ is no
longer required. The pulse extension circuits 66 and 68
clocked by an oscillator (not shown) provide a
predefined pulse width for the correction pulse, for
example a 2-bit time correction pulse. The correction
pulse cutput of the pulse extend 66 and 68 is converted
into an appropriate gain correction by a multiplexer and
decode 74 at its outputs labeled BIG DOWN, LITTLE DOWN,
and LITTLE UP.

Refe;ring also to FIGS. 3 and 4, when the input
signal is in region 1 above the comparator threshold
level HIGH, then the correction will be a BIG DOWN.
When the input signal is in region 2 above the
comparator threshold 1evel-HIGH, then the correction
will be a LITTLE DOWN. When the input signal is in



méans for identifying a selected time period for the signal being below a
predeterm ned threshold val ue and holding the set gain correction val ue
during said identified selected tinme period. According to a second aspect
of the present invention there is provided a nethod for gain adjustnent of
a signal conprising the steps of: conpaerQ the signal with a plurality of
threshol d val ues; detecting anplitude of The signal; detecting polarity of,

the signal; and.settq Al He COGEEEEA O VEh tesieldohsied LO,t tdeget ect ed
anpl i tude ancf‘%%oq'}dejt er%(gvdgpo[ ar i té‘ of ih sigpal. According to a third
aspect of thehw exmrredti@ntyohlitherad ¥ Tglr‘(jv' ed a nethod for gain

adj ustnent of a signal conprising the steps of: conparing the signal with

a plurality of threshold val ues and i ding_a re ' |,.-sdet ecti ng
anpl i tude of the dﬁﬁp%*@%r%?bnéP?uHegé i hg %8?%$§§5§8quﬁggggﬁ%g$§g

signal; settipgs-~Pash £QAareot the ratusesespoapturet blosksddiedrnsd 64
25l cot od 11 TRA fRrTeToFor iPReoBrolAl TBei 05 Baras 4ol i ned thr eshol d
val ue and hol g neotheceebngasnapoliedt tonthel pulger ergeswisd 6&and G

sel ect ed until the HOLD input is removed. Envelope detector 24
provides a programmable null signal detection function
including a timer reset logic block 76, a 1-bit
multiplexer 78, a programmable timer 80 and a lock-up
82 When determined that the gain of VGA 16 is truly
low; a large gain correction is continuously applied by
the lock-up 82 until the LO threshold signal amplitude
is seen by the coﬁparators 22. The amount of waiting
time béfore applying a large gain correction at output
labeled BIG UP is determined by the programmable timer
80. A select input labeled SERVO GATE is applied to the
i-bit multiplexer 78 to select a servo timer bit or a
data time bit to set the programmable timexr 80. The
time delay provided by the programmable timer 80 is used
to hold gain corrections over the selected peridd of no
signal due to gaps, PRML codes, and the like. The timer
reset logic block 76 provides a reset input to reset the
programméble timer 80 and lock-up 82 with each +LO and -

LO input.

FIG. 5 provides a schematic diagram representation
for the set-reset capture blocks 40, 42, 62 and 64, such
as set-reset capture block 40 of the envelope detector
24. Set-reset capture block 40 includes a corresponding
capture latch 90, 92, and 94 for each input A, B and C,
(VERY HIGH, HIGH, +LO) providing a respective output A
and B (VERY HIGH, and HIGH); and inverter 52 and AND 54
to provide the output C (LO). Each capture latch 90,
92, and 94 operates independently on the set input A, B
and C. . The capture latch 90, 92, and 94 are reset



time period. According to a fourth aspect of the present invention there is
provi ded a nethod for gain adjustnent of a readback signal for

partial -response maxi num|i kel i hood (PRM.L) and servo channels in a direct
access storage device (DASD) conprising the steps of: conparing the
readback signal with a plurality of thregggld val ues; detecting anplitude
of the readback signal; detecting polarity of the readback signal; and

setting a gai dggﬂg¥xdigh)gﬂgeggggwpmﬁpue.to t he detected readback signal
anplitude and a detected change in polarity of the readback signal
According to a fifth aspect of the present invention there is provided a
nmet hod for gain adipistd®eidn 0bf acheadhaekesegnaiaptorepdiocks ré@pdhde

maxi mum | i kel i hood. (PRM.) and servo n .1 ' Sg1ss orgge
devi ce (DASD)®% G i&t MY esP’BB?"SE%@o%Z’r#‘ g%t%eé%‘%%%gﬁf sJi:gnaI with a
plurality of 4 esholefwal Slepramddpsowi Girugha tédhearfar seyPal SeEHeFeERY ng
anpl i tude of c ed, si | gcdetectin ' toe. cogpared signal; -
setting a gaiﬁarc%?%t |d%$1 %ﬁugsrggpg%gi %ggglﬁ%?iéﬁkect ed coppared signal
anpl i t ude andzodides tadtthingechATEoRAANSE TSt ike AR EIGRPE and

the set-reset capture block 40.

FIGS. 8 and 9 illustrate an example output signal
of the VGA 16 and a corresponding capacitor voltage,
respectively. As shown in FIG. 8, the input signal to
the comparators 22 initially is much too large, contains
"both a short null signal gap from about bit time 85 to
105 and a thermal asperity from about bit time 140 to
160. As shown in FIG. 9, the capacitance voltage
initially corresponds to a LARGE DOWN control output of
the envelope detector 24. Then a shift in slope occurs
at about bit time 60 corresponds to a LITTLE DOWN
control output of the envelope detector 24. No gain
correction is provided over the null signal gap and
during the thermal asperity: m

In brief summary, the present invention provides a
powerful, yet efficient, envelope detector 24 that
avoids the drawbacks of the prior art solutions.
Envelope detector 24 locks to the correct peak-to-peak
amplitude independent of pattern with the peak capture
function provided by the set reset capture blocks 40,
42, 62, 64, pulse extends 66 and 68 and multiplexexr
decode 74. The polarity memory 60 provides an
intelligent hold over thermal asperities, avoiding
erroneous corrections. The use of four comparators 22
as compared to a conventional digital solution with a 6-
bit high speed ADC, requires low power and the envelope
‘detector 24 uses no power when held. Envelope detector
24 provides a single solution for both data and servo,



4a identifying a selected tine period for the readback signal being bel ow a
predeterm ned threshold value and hol ding the set- gain correction val ue
during said identified selected tine period. BRI EF DESCRI PTI ON OF THE

DRAW NGS The present invention together with the above and ot her objects
and advant ages may best be understood from4{he follow ng detailed ‘
description of the preferred enbodinents of the invention illustrated in

the draw ngs, vdering: viléablei shipbleoea .di Egpvahope detismPsidhal , gain
o mum || kel | S F R Ak e RE P S g et E i Rl qaRanse
devi ce (DASD); EaeldpésdeatechemnRitc paeyidesc prtignammabley mudntskgwHl of an
intelligent threshold: o avoiding erroneous corrections over null

signal periods, while providing fast recovery to the

correction when the gain is truly low. Envelope

detector 24 provides a 100% correction rate over sync

field and in low gain situations for fast gain

convergence. Envelope detector 24 provides =zffective

gain control for use with PRML or other advanced

detection techniques.

While the present invention has been described with
reference to the details of the embodiments of the
invention shown in thé drawing, these details are not
intended to limit the scope of the invention as claimed
in the appended claims.



bééed, cl ocked enveIOﬁ'I detector of the control apparatus of FIG 1 in

accordance with the m‘&nlumuﬂ is a graph illustrating an input
si-gnal of conparator trol apparatus of Fl G THISSHBET HaS BRENN
conparator threshold Ievels FIG® 4%is a di agramillustrating dRERLACEDOr

out puts for the input S|gnal shown. i n FI FIG 5is
di agram representation of a set-reset cagi%fe-b#eek—ei—LheJEﬁg gﬂg ﬂ
s atru

threshol d basgflaijgbocked envel ope detect @f;s §fee!
table for a set-reset latch of the captur ”"lmr 5, FIG 7 is a

timng chart illustrating the operation
What is claimed is:

1. Apparatus for gain adjustment of a signal
comprising: ' '

comparator means for comparing the sigmal with a
plurality of threshold values;

capture means coupled to said comparator means for
detecting amplitude of the signal; _

polarity memory means coupled to said comparator
means for detecting polarity of the signal; and

gain control means for setting a gain correction
value responsive to said capture means and said polarity

Wemory means.

2. Apparatus for gain adjustment of a signal as
recited in claim 1 further includes timer means coupled
to said comparator wmeans for identifying a selected time
period for the sigmal being below a pfedetermined
threshold value. |

3. Apparatus for gain adjustment of a signal as
recited in claim 2 further includes gain control means
for setting a predetermined gain correction value

responsive to said timer means.

4. Apparatus for gain adjustment of a signal-as
recited in claim 2 wherein said timer means is a
programmable timexr.

5. . Apparatus for gain adjustment of a signal as
recited in claim 4 further includes multiplexer means
coupled to said timer means for selecting a servo timer

value or a data timer value.



of the set-reset capTUTE’BTBEF-B?“FTEf—B; FIG 8 is an exanpl e graph
illustrating an anpli mm“ﬂ“lmﬂlio5| gnal- with respectuisEHEET HASBEEN a
vari able gain anplifi umm/ ntrol apparatus of F| GRERLAGERI FI G
9 is a corresponding graph tb PFIG®* 8" Ilustrating a VGA ¢ i age
of the control apparatus of FIG 1. Detail ed Description B'“ %ﬁﬁnmmﬂud
Enbodi nents Having reference nowto the drawings, in FIG %ﬁ € 1S shown
a m xed signal, gain control apparatus generally designated by the
reference character 10 for gain adjustnem2of a signal in accordance with

the present invention. Gain contrql _appara ' L
partial -response nfixi rruﬁ'PPF‘IFélti“ﬁo%&’r( pﬁl@f’) Eﬁé&d&&w M $hgnal as

recited in claim 1 wherein said gain control means for

setting a gain correction value is held for the signal

being a single polarity.

7. Apparatus for gain adjustment of a sigmal as
recited in claim 1 wherein said comparator means include
means for receiving the analog input signal and for
generating a plurality of digital output signals
responsive to comparing the signal with said plurality

of threshold values.

8. Apparatus for gain adjustment of a signal as
recited in claim 1 wherein the signal is a readback
signal in a direct access storage device and wherein
said gain control means for.setting said gain correction
value responsive to said capture means and said polarity
memory means is used for both data and servo signals.

9. Apparatus for gain adjustment of a signal as
recited in claim 2 wherein the signal is a readback
signal in a direct access storage device and wherein
timer means includes said'predetermined time interval
being selectively provided for a data signal and a servo

signal.

10. Apparatus for gain adjustment of a signal as
recited in claim 8 wherein said gain control means is

held for a thermal asperity in the signal.

- This Sheet Has Been Re|ilaced :
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servo channels in a di access storage device (DASD). A readback signa

froma transducer head preanp 14 is applied to variable
gain anplifier (V&) 1 Mgﬂ “mm ut of VGA 16 is fTHI$ SHEET H SzBEEN
continuous time filter ) 8. MA\ﬁlﬁferentlal buffer 20 corfRRMAEEDt 0 t he
out put of the CTF 18 couples the filtered, anplified sigjf+ a“ iﬁ ﬁ“lty
at ed

of conparators 22 and to the servo and data channel s.
in FIGS. 3 and 4, the conparators 22 congare t he received signa
11. A method for gain adjustment of a signal

plurality of

comprising the steps of:
comparing the signal with a plurallty of threshold

values;

detecting amplitude of the signal;

detecting polarity of the signal; and

setting a gain correction value responsive to the
"detected amplitude and the detected polarity of the

signal.

12. A method for gain adjustment of a signal as
recited in claim 11 wherein the step of comparing the
signal with a . plurality of threshold values includes the
step of receiving an analog input signal; comparing the
analog input signal with said plurality of threshold
%alues'and génerating a plurality of digital output
signals responsive to the compared values.

13. A method for gain adjustment of a signal as
recited in claim 11 wherein the step of setting said
gain correction value responsive to the detected
amplitude and the detected polarity of the signal
includes the step of holding a gain correction value
responsive to no change in the detected polarity.

14. A method for gain adjustment of a signal as
recited in claim 11 further includes the steps of
identifying a selected time period for the signal being
below a predetermined threshold value and holding a gain

h correction value during said identified selected time

pexriod.

. This Sheet Has Been Reﬂlaced

AR




predefined, positive and‘negaLLMe_ngaLLLy;Lhreshold val ues and provide

representative signal inputs to a I tal envel ope det ect oTHRSHEATHATBERN €
gai n adj ustment is provi djilmu lﬂjll!laumu“gent t hr eshol d basedREBLARERd
envel ope detector 24 resp i ved signal |n pe
detector 24 applies control si gnal s to digi'tal -to-analog c mli@ ” m&ﬁ
charge punps 26. A gain control voltage operatively contro

charge punps 26, is provided across a datg capacitor 28 or a servo

capacitor 30 coupled to the VG 16 for gain adjustnent. VGA 16 is
operatively controlded iomgthyd deon gannnadjasgmahtam@|&Jﬂﬁ?dh§ﬂ& for

| 800. nv 400 h
CrATPL 2 S0 I e A0 AL - 00 p85sblnighthads . e

and servo channels in a direct access storage device

(DASD) comprising the steps of:
comparing the readback signal with a plurality of

threshold values;
detecting amplitude of the readback signal;
detecting polarity of the readback signal; and
setting a gain correction value responsive to the
detected readback signal amplitude and a detected change
in polarity of the readback signal.

16. A method for gain adjustment of a readback
~ signal for partial-response maximum-likelihood (PRML)
and servo channels as recited in claim 15 further
includes the steps of identifying a selected time period
for the readback signal being below a predetermined |
threshold value and holding a gain correction value
during said identified selected time period.

17. A method for gain adjustment of a readback
signal for partial-response maximum-likelihood (PRML)
and servo channels as recited in claim 15 further
includes the steps of identifying a selected time period
for the readback signal being below a predetermined
threshold value and holding a gain correction value
during said identified selected time period and wherein
said selected time period includes a first PRML data
programmable value and a second servo programmable

value.
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and negative threshold val ues, such as, [err] VERY HGH ([err] 500 nV);
[err]HHGH ([err] 400 nV); and [err]LCNV([err] 300 nV) For the illustrated
si.gnal input of FIG 3, tThsSteat] lagd provide four outputs +lQ O

H GH, and VERY H GH, as shq Ref erring noyy gps BHEET HAStBﬁN
intelligent threshold base Iope detecto ;qmggp

Feat ures of envel ope detector |ncIu e thermal aspefity—k ustncaa artd
nul | signal. tol erance. The envel ope detector 24 includes a p05|t|ve
polarity set-reset capture block 40 aq_gLnegative polarity set-reset
capture block 42 to detect a rough estinate of the VGA signal anplitude
(either low, high, or very high) Each set-reset capture block 40 and 42
receives the HGH, VERY H GH and one of the +LO -LO outputs of

INTELLICENT ENVELOPE DETECTOR AND METHOD FOR GAIN

CONTROL FOR PRML DATA AND SERVO CHANNELS
Abstract

A method and apparatus are provided for gain adjustment
of a signal. A p;urality of comparators (22) compare the
signal with a plurality of threshold values. An envelope
detector (24) coupled to the comparator includes a peak
capture function for detecting the amplitude of the signal and
8 polarity memory (60) for detecting thé amplitude of the
signal. A gain control function for setting a gain correction
'Qalue is responsive to the peak capture function and the
polarity memory. Features of the signal gain adjustment
method and apparatus of the invention inqlude an intelligent
hold of the gain control dvei both thermal asperities and null

gaps in the signal.

Figure 1



conparators 22 via a pair of AND gates 44, 46, 48 and 50, as shown. A
respective output of the set-reset capture blocks 40 and 42 and the
positive +LO conpar at or -7- output inverted by an inverter 52 are
applied to an AND gate 54 and the negative -LO conparator output inverted
by an inverter 56 are applied to an AND gate 58. The out puts of AND gates
54 and 58 are applied to a polarity neg?zy 60. The polarity nmenory 60
requiring alternating polarities for gafrh correction, is used to detect
thermal asperities. In operation when the polarity nenory 60 receives a

hi gh output from AND gate 54, (}
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polarity nmenory 60 resets the set-reset capture block 40, and rel eases the
set-reset capture block 42. When the polarity nenory 60 receives a high

out put from AND gate 58, polarity nenory 60 resets the set-reset capture

bl ock 42, and rel eases the set-reset capture block 40. Once a conparator
threshold |l evel output is detected by the set-reset capture bl ocks 40 and
42, a second pair of positive and negative polarity set-reset capture

bl ocks 62 and 64 copies the coarse an@/Vtude threshold level (low, high or
very high) until it can be clocked into a respective pul se extension
circuit 66 and 68. The pul se extension circuits or pul se extends 66 and 68
apply a reset input to the cépture bl ocks 62 and 64 via a pair of OR gates

70 and 72 when the captur mgxw%input is no |onger required. The pul se
a _

extension circuits 66 and@68 o
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cl ocked by an oscillator (not shown) provide a predefined pulse width for
the correction pulse, for exanple a 2-bit tinme correction pulse. The
correction pul se output.of the pulse extend 66 and 68 is converted into an
appropriate.gain correction by a nmultiplexer and decode 74 at its outputs

| abel ed BI G DOMN, LITTLE DOMN, and LITTLE UP. Referring also to FIGS. 3 and
4, when the input signal is in region 1 above the conparator threshold

| evel HIGH, then the correction wll a Bl G DOMN. When the input signal
is in region 2 above the conparator tfirfeshold |evel H GH then the
correction will be a LITTLE DOAN. When the input signal is in
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regi on 3 above the conmparator threshold Ievel LO then the correction will
be a LITTLE UP. An external input HOLD is applied to the polarity nmenory 60
and to the set-reset capture blocks 62 and 64 via a respective one of the
"OR gates 70 and 72 so that no correction is applied to the pul se extends 66
and 68 until the HOLD i nput is renoved. Envel ope detector 24 provides a
programmabl e null signal detection function including a tiner reset logic
block 76, a 1-bit nultiplexer 78, a progranmable tiner 80 and a | ock-up 82.
When determ ned that the gain of VGA 16 is truly low, a |large gain
correction is continuously applied byfhe | ock-up 82 until the LO threshold
signal anplitude is seen by the conparators 22. The anount of waiting
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tii me before applying a large gain correction at output |abeled BIG UP is
determ ned by the programmable tinmer 80. A select input-|abeled SERVO GATE
-is applied to the 1-bit nultiplexer 78 to select a servo tinmer bit or a '
data time bit to set the programmable tinmer 80. The tine delay provided by
t he programmable tinmer 80 is used to hold gain corrections over the . '
sel ected period of no signal due to gaps, PRM. codes, and the like. The
tinmer reset |logic block 76 provides a rgfpet input to reset the programmable
timer 80 and lock-up 82 with each +LO and - LOinput. FIG 5 provides a
schematic diagramrepresentation for the set-reset capture blocks 40, 42,
62 and 64, such as]set-rdset capture bl bck 40{of the] enve] ope detector 24.
Set-reset capture plock 40 incljudes a cbrrespcnding
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~

capture latch 90, 92, and 94 for each input AL B and C, (VERY H GH, H GH,
+LO) providing a respective output A and B (VERY HHGH, and H GH); and
inverter 52 and AND 54 to provide the output C (LO. Each capture latch 90,
92, and 94 operates independently on the set input A, B and C. The capture
| atch 90, 92, and 94 are reset -9- together with the RESET i nput. '
Qperation of the set-reset capture bl ocks 40, 42, 62 and 64 may be
under st ood having reference to Fl 6852 and 7. FIG 6 provides a truth table
for each set-reset latch 92, 94 and %70f the capture block 40. FIG 7
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<

provides a timng chart illustrating the operation of the set-reset capture
block 40. FIGS. 8 and 9 illustrate an exanple output signal of the VG 16
“‘and a correspondi ng capacitor voltage, respectively. As shown in FIG 8,
the-input signal to the conparators 22 initially is nuch too |arge,
contains both a short null signal gap fromabout bit time 85 to 105 and a
thermal asperity fromabout bit time 140 to 160. As shown in FIG 9, the
capaci tance voltage initially corres???ds to a LARGE DOMN control output of
t he envel ope detector 24. Then a shift in slope occurs at about bit tinme 60
corresponds to a LITTLE DOMN control output of the envel ope detector 24. No
gain correction is provided over the null signal gap and during the thermal

asperity.
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< I REPLS
In brief summary, the present invention provides g/ overdai : pagedl . %ﬁbl@%ﬁdt
envel ope detector 24 that avoids the drawbacks of t|iRE) Or ; ﬁi’rtﬁﬂS‘ Jmtwagaﬁ..f.‘!'.

Envel ope detector 24 |ocks to the correct peak-notgggﬁ

| f4d8 . 7. to paged ..

11 A\

~independent of pattern with the peak capture fu.cﬂlggvaQV|d@d%Qy~q5 ndel .7

reset capture bl ocks 40, 42, 62, 64, pul se extends
mul ti pl exer decode 74. The polarlty menorys 60 p OVI(‘

over thermal

“and 68" an

i gem»%Mdme'

asperities, avoiding erroneous corlef4i NAHE b e rp e

conpar at or s masovempar.edqv@rar@mwmq*b’h@l*réﬁrgﬁ%ﬁr‘%w WBightatth a 6- bit

hi gh speed A
power when h

Q%%nﬁfﬂng%%1#$Ndﬂ“¥§ g t he envel ope detector 24 uses no

Envel ope detector 24 provides a single solution for both

data and servo,

Short periods of null signal are also common on
hard disk drives, due to gaps, certain code words, and
the like. Xnown envelope detectors put in some
tolerance to this at the expense of recovery time in-low

gain situations.

Disadvantages of using an analog envelope detector
circuit include the typically poor recovery from low
gain situations. Other problems are that the analog’
envelope detector circﬁit provides no intelligence to
handle thermal asperities; and no way to effectively
handle the periods of null sigpnal possible due to PRML
éddes,'gaps, and the like.

-~ All previous sampled digital solutions suffered
from other problems including the power required bf a
high-speed analog-to-digital converter (ADC). Another
problem resulting from the use of asynchronous samples
is the poor peak-to-peak amplitude setup over random
patterns. Also no intelligence is provided.to handle

thermal asperities.
Summaxy of the Invention

A principal object of the present invention is to

provide an improved method and apparatus for gain

adjustment of a signal. Other objects are to provide
such improved gain adjustment methods substantially
without negaﬁive effects, further that eliminates the
need for a high speed analog-to-digital converter, and

that overcome many of the disadvantages of prior art
arrangements. —
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11 CLAIMS 1. Apparatus for gain adjustment of a
conparat or neans for conparing the signal with & p u’g@ JAHyQ
val ues and providing a conpared signal; capturefnga t! p1
conpar at or nmeans for detecting anplitude of the}cl :
nmenory nmeans coupled to said conparator freans fpr detecting pol ar

d t

conpared signal; gain control means for setting a garm correctior

eshold
sai d

pol arity
ity of the
val ue

responsive to Amoddmgpo one aspeahef thegpresentliinyeition thererie pmwdede‘ransppamtds former

AP ey s e

ol

hol di ng t HePRgality of threshold values and prov1d1ng a compared signal; captire means coupled

to said comparator means for detecting amplitude of the compared signal; polarity
memory means coupled to said comparator means for detecting polarity of the compared
signal; gain control means for setting a gain correction value responsive to said capture
means and said polarity memory means; and timer means coupled to said comparator
means for identifying a selected time period for the signal being below a predetermined
threshold value and holding the set gain correction value during said identified selected
time period.

According to a second aspect of the present invention there is provided a method
for gain adjustment of a signal comprising the steps of: comparing the signal with a
plurality of threshold values; detecting amplitude of the signal; detecting polarity of the
signal; and setting a gain correction value responsive to the detected amplitude and the
detected polarity of the signal.

~ According to a third aspect of the present invention there is provided a method for
gain adjustment of a signal comprising the steps of: comparing the signél with a
plurality of threshold values and providing a compared signal; detecting amplitude of the
compared signal; detecting polarity of the compared signal; setting a gain correction
value responsive to the detected amplitude and the detected polarity of the compared
signal; and identifying a selected time period for the signal being below a predetermined
threshold value and holding the set gain correction value during said identiﬁed selected
time period.

According to a fourth aspect of the present invention there is provided a method
for gain adjustment of a readback signal for partial-response maximum-likelihood
(PRML) and servo channels in a direct access storage device (DASD) comprising the
steps of : comparing the readback signal with a plurality of threshold values; detecting
amplitude of the readback signal; detecting polarity of the readback signal; and setting a
gain correction value responsive to the detected readback signal amplitude and a detected
change in polarity of the readback signal.

According to a fifth aspect of the present invention there is provided a method for
gain adjustment of a readback signal for partial-response maximum-likelihood (PRML)
and servo channels in a direct access storage device (DASD) comprising the steps of:
comparing the readback signal with a plurality of threshold values and providing a
compared signal; detecting amplitude of a compared sigpal; detecting polarity of the
compared signal; setting a gain correction value responsive to the detected cotnpared
signal amplitude and a detected change in polarity of the compared signal; and



gain correction value during said identified selected tine period. 2.
Apparatus for gain adjustnent of a signal as recited in claiml wherein
said gain control nmeans sets a predeterm ned gain correction val ue
responsive to said tinmer neans. 3. Apparatus for gain adjustment of a
signal as recited in claiml wherein sai 8®tiner neans is a pr ogr ammabl e
timer. 4. Apparatus for gain adjustnment of a signal as recited in claim3

further i nidentdfyingralselepted time perod forothel readback signal being belowa apredatermined

sel ecting fhr&BbMOv41iEBhd WBldisy e sot ainPcdrte®Bbn Y@kl Yuring saiPidRAdidi sdi@iedai n
adj ustnment ,of a signal as recited in claiml wherein said gain control

nmeans for E%‘Ftpieﬂﬁda gain correction value is held for the signal being a
single polarity. 6. AppBREEFDESCRIPTTONGEIHE DRAWINGS gnal as recited

anal og 1 nput ST TRt ERRaL Rabinel ST bl holilrd ey, oBieets Y68 yiftab
si gnal s r emppnbasy ebet aindenstondi fiegm Hbe sfoflowingnidetailed:i deserintroml iof ythef prefieresthol d
val ues.  embodiments of the invention illustrated in the drawings, wherein:

FIG. 1 is a block diagram of a mixed signal, gain control apparatus of the
invention in the environment of partial-response maximum-likelihood (PRML) and servo
channels in a direct access storage device (DASD);

FIG. 2 is a schematic and block diagram representation of an intelligent threshold
based, clocked envelope detector of the control apparatus of FIG. 1 in accordance with
the invention;

FIG. 3 is-a graph illustrating an input signal of comparator block of the control
apparatus of FIG. 1 together with comparator threshold levels;

FIG. 4 is a diagram illustrating comparator outputs for the input signal shown in
FIG. 3;
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12 7. Apparatus for gain adjustment of a signal as reCI{.@gélgﬁﬁﬁéﬁéy

wherein the sign nal in a direct access

and wherein said ' 'Zl : ans for setting said gain correction val ue
responsive to sai%%! H;ﬁ md said polarity nmenory |8 Efor
both data and ser ﬂ |"S% 8 ” parat & for gain adj ust\mﬁﬂﬁﬁﬁiﬂuiﬁf al
as recited in claim7 wherein said gain control neans is held for a thernal
asperity in the signal. 9. Appar at us(:igmgai n adjustment of a signal as
recited in claim1l wherein the signal TS a readback signal in a direct
access st ofageadsyafaf B ainhaiRtRedtiofg', ’F’lﬁ?&ﬁn'rﬁ‘ﬁﬁ Ides sai d predeterm ned
time interval bg?ng sel e "Eui yefy provi deSI for aﬂ)gatéz; signal and a servo
signal . 10. A pgahpasdtor dealisfol HMpPaSinFRIE siBhal Wwilti 8 PRIralag OGP ihieiidd WhiReS haPS

of :

providing a compared signal;

capture means coupled to said comparator means for detecting amplitude of the
compared signal; |

| polarity memory means coupled to said comparator means for detecting polarity of

the compared signal; |

gain control means for setting"a gain correction value responsive to said capture
means and said polarity memory means; and

timer means coupled to said comparator means for identifying a selected time
period for the signal being below a predetermined threshold value and holding the set
gain correction value during said identified selected time period.
2.  Apparatus for gain adjustment of a signal as recited in cléim 1 wherein said gain
control means sets a predetermined gain correction value responsive to said timer means.
3. Apparatus for gain adjustment of a signal as recited in claim 1 wherein said timer
means is a programmable timer.
4. Apparatus for gain adjustment of a signal as recited in claim 3 further includes
multiplexer means coupled to said timer means for selecting a servo timer value or a data
timer value.
5. Apparatus for gain adjustrhent of a signal as recited in claim 1 wherein said gain
control means for setting a gain correction value is held for the signal being a single
polarity. .
6. Apparatus for gain adjuénnent of a signal as recited in claim 1 wherein said
comparator means include means for receiving the analog input signal and for generating

a plurality of digital output signals responsive to comparing the signal with said plurality

of threshold values. )
- REPLACEMENT SHEE: , -
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conpared signal; detecti |itude of the conpared signalf ﬁGgN
polarity of the co %mﬂ H} ”Ul tting a gain correction va e respon5|ve
to the detected a et ect d pol arity of tr %iﬂgﬁj@m Hmnal
and identifying a selected tlne perlod f r the signal ﬁﬂ

predeterm ned threshold value and hol ding the set gain correction val ue

during safyd i Q%&fafms%r %ﬁin%ﬁ&@n&ﬁtr@ aps‘?éﬂa?gs rebited th SRind @ dviieRéinIhé  Signal is

adjustnent of a signal as reCited in claim10 wherein the step of Conparing
the signah réadback sipindl &1 & Wjreof adcbésaitrabel dwite!6d Wherelti SMl Faltcent &S
signal includes the steps of receiving an anal og i nput signal; and

conpar i ngférhettingpsaid gaimpedrrectign valuei tesponsivel te Isaid daptuye nfeansham baitl polarityes
and generating a plurality of digital output signals responsive to the
conpar ed wemesy mepps isusedfoobothalatagrdrsend) signalent of a signal as recited in

claim 10 wherein the step, of
Apparatus for gain adjustment of a signal as recited in claim 1 wherein the signal is

a readback signal in a direct access storage device and wherein tixher means includes said
predetermined time interval being selectively provided for a data signal and a servo
signal.

9.  Apparatus for gain adjustment of a signal as recited in claim 7 wherein said gain

control means is held for a thermal asperity in the signal. REPL ACEMENT ' SHEET "

10. A method for gain adjustment of a signal comprising the steps of:
- 19 JAN 199¢

comparing the signal with a plurallty of threshold values;

detecting amplitude of the signal;

detecting polarity of the signal; and

setting a gain correction value responsive to the detected amplitude and the
detected polarity of the signal.
11. A method for gain adjustment of a signal comprising the steps of:

comparing the signal with a plurality of threshold values and providing a compared
signal;

detecting amplitude of the compared signal;

detecting polarity of the compared signal;

. setting a gain correction value responsive to the detected amplitude and the

detected polarity of the compared signal; and

identifying a selected time period for the signal being below a predetermined
threshold value and holding the set gain correction value during said identified selected
time period.
12. A method for gain adjustment of a signal as recited in claim 11 whefein the step of

comparing the signal with a plurality of threshold values and providing a compared

This-Sheet Has Been Rerlaced




setting said gaiﬂ—ﬁwwt%r esponsive to the detect elHIS SMEBTIHASEEEN
and the detected polarity of the signal includes the step of RBPIGNOED a
gai n correction \4 ummn’lﬂem] o.no change in the detectgg..pala mp th
A method for gai ! .readbalrc%k si gnal for parti%l:ﬁ%@@ﬁ&&é gifg?l
maxi mum | i kel i hood (PREL)"antl servo chamnels in a direct acdll

devi ce (DASD) conprising the steps of: conparing the readback signal with a

plurality sphnaf Hchi®the ¥idp W Teditin raﬁleﬂio@qnggri 7 QSinpergathe adfo8 Ghpitd

anplitude of a conpared signal; defecting po y of the Conpared signal;
setting a sipmalwithrsakt bineality Df Ubresiasld Gakiey and @ehdiatinged phirality csindigitaicovipenal

anplitude and a detected change in polarity of the conpared signal; and

signals responsive to the compared values.
13. A method for gain adjustment of a signal as recited in claim 11 wherein the step of
setting said gain correction value responsive to the detected amplitude and the detected
polarity of the signal includes the step of holding a gain correction valile responsive to
no change in the detected polarity.
14. A method for gain adjustment of a readback signal for partial-response maximum-
likelihood (PRML) and servo channels in a direct access storage device (DASD)
comprising the steps of : _

comparing the readback sigﬁal with a plurality of threshold values;

detecting amplitude of the readback signal;

detecting polarity of the readback signal; and

setting a gain correction value responsive to the detected readback signal amplitude
and a detected change in polarity of the readback signal.
15. A method for gain adjustment of a readback signal for partial-response maximum-
likelihood (PRML) and servo channels in a direct access storage device (DASD)
comprising the steps of: |

comparing the readback signal with a piurality of threshold values and providing a
compared signal; ' |

detecting amplitude. of a compared signal;

 detecting polarity of the compared signal;

setting a gain correctibn value responsive to the detected compared signal
amplitude and a detected change in pblarity of the compared signal; and

identifying a selected time period for the readback signal being below a

predetermined threshold value and holding the set gain correction value during said

identified selected time period.
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[ dent i fying a sel ect—ed—tﬂ—n%—peu—od_i_QL t he readback si gnal

predet er m ned thres and hol ding the set gain corrﬁ?%{fﬁgﬂ@%%m
during said identi f| Hwam per| od. 14. A nethod for gain
adjustnent of a rea art 142! - response naxi rrumﬁijg}uaﬁ"ﬂmgﬂ
- (PRML) and servo channel s as reci ted I n cI aim13 further in B S
of identifying a selected tinme period for the readback signal being bel ow a

pr edet er m16ed A hettsdiofod fat agjuainhof diregibackosighal for partial-fispyde URaxdituinihg
[

said identified selecte me ‘peri od and wherein said selected time period
i ncl udes dikeliheid PRMULY andhsqrvo ghamelstdsearecitdduia claim 15 faethenbchdes the steps of
progranmabl e val ue. TH S SHEET HAS BEEN REPLACED 16. A nethod for gain
adj ust nentidentifying @aselected timgrperiodofor the readbackesigeal heingabelowira predetermined

threshold value and holding a gain correction value during said identified selected time
period and wherein said selected time period includes a first PRML data programmable

value and a second servo programmable value.
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I%ket Phood (PR\M—LMO‘?E‘nneI s as recited
I ncl udes the steps of identifying a selected ti|
si gnal being bﬂm m ed threshold va
correction val mmm, ﬂm"mgnt ified selecte
sai d selected ti'me‘peti ol includes a firgy PRWM

a second servo programmabl e val ue. REPLACEMENT -
for gain adjustnment of a readback signal for pa
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maxi mum | i kel i hood (PRML) and servo ch@hadMS i nl 2DAfEQF %@E@s%%r@@g.’ﬁqg

devi ce (DASD) conprising the steps of: conparing the readback signal with &
plural i 'Ey df) pr[r)gratus fo% gain ad]ustr%ent of a s1gnrra? compxglsmg J

comparator means for comparing the signal with a plurality of threshold values and

providing a compared signal;

capture means coupled to said comparator means for detecting amplitude of the

compared signal;

polarity memory means coupled to said comparator means for detecting polarity of

the compared signal;

gain control means for setting a gain correction value responsive to said capture

means and said polarity memory means; and

timer means coupled to said cdmparator means for identifying a selected time

period for the signal being below a predetermined threshold value and holding the set .

gain correction value during said identified selected time period.

2.  Apparatus for gdin adjustment of a signal as recited m claim 1. wherein said gain

control means sets a predetermined gain correction value responsive to said timer means.

3.  Apparatus for gain adjustment of a signal as recited in claim 1 wherein said timer

means is a programmable timer.

4.  Apparatus for gain adjustment of a signal as recited in claim 3 further includes

multiplexer means coupled to said timer means for selecting a servo timer value or a data

timer value.

S.  Apparatus for gain adjustment of a signal as recited in claim 1 wherein said gain

control means for setting a gain correction value is held for the signal being a single

polarity.

6.  Apparatus for gain adjustment of a signal as recited in claim 1 wherein said

comparator means include means for receiving the analog input signal and for generating

a plurality of digital output signals responsive to comparing the signal with said plurality

of threshold values.
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tfiresfol d val ues; detecting anplitude of the readback signal; detecting
polarity of the readback signal; and setting a gain correction val ue

respbnsive to t mﬂ'ﬂmﬂm ck signal anplitude and a detected change
in polarity of t ‘umﬂ E 16. A nethod for gain adjustnent of a
readback si gnal for pal‘-tlal ¥ esponse nmaxi hm | i kel i hood (PRM.) and servo
channels as recited in claim 15 further includes the steps of identifying a
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for setting said gain correction value responsive to said capture means and said polarity

memory means is used for both data and servo signals.
8.  Apparatus for gain adjustment of a signal as recited in claim 7 wherein said gain
control means is held for a thermal asperity in the signal. |
9.  Apparatus for gain adjustment of a signal as recited in claim 1 wherein the signal is
a readback signal in a direct access storage device and wherein timer means includes said
predetermined time interval being selectively provided for a data signal and a servo
signal.
10. A method for gain adjustment of a signal comprising the steps of:

comparing the signal with a plurality of threshold values and providing a éompared
signal;

detecting amplitude of the compared signal;

detecting polarity of the compared signal;

setting a gain correction value responsive to the detected amplitude and the
detected polarity of the compared signal; and

identifying a selected time périod for the signal being below a predetermined
threshold value and holding the set gain correction value during said identified selected
time period. .
11. A method for gain adjustment of a signal as recited in claim 10 wherein the step of
comparing the signal with a plurality of threshold values and providing a compared
signal includes the steps of receiving an analog input signal; and comparing the analog
input signal with said plurality of threshold values and generating a plurality of digital
output signals responsive to the compared values.
12. A method for gain adjustment of a signal as recited in claim 10 wherein the step of

setting said gain correction value responsive to the detecy mphmde.and.themdet-cted
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and sérvo channels as recited in claim15 further includes the st eps of
I dentifying a selected tinme period for the readback signal being below a

pr edet er mi ned thrﬂmﬂlm m IR yhol ding a gain correction val ue during
sai.d identified s W mﬂ lod and wherein said selected tine period
includes a first PRM.Cdata"pragranmabl e vdBue and a second servo
programmabl e val ue.

polarity of the signal includes the step of holding a gain correction value responsive to
no change in the detected polarity.
13. A method for gain adjustment of a readback signal for partial-résponse maximum-
likelihood (PRML) and servo channels in a direct access storage device (DASD)
comprising the steps of:

comparing the readback signal with a plurality of threshold values and providing a
compared signal;

detecting amplitude of a compared signal;

detecting polarity of the compared signal;

setting a gain correction value respbnsive to the detected compared signal
amplitude and a detected change in polarity of the compared signal; and

identifying a selected time period for the readback signal being below a
predetermined threshold value and holding the set gain correction value during  said
identified selected time period. i
14. A method for gain adjustment of a readback signal for partial-response maximum-
likelihood (PRML) and servo channels as recited in claim 13 further includes the steps of
identifying a selected time period for the readback signal being below a predetermined
threshold value and holding a gain correction value during said identified selected time
period and Wherein said selected time period includes a first PRML data programmable

value and a second servo programmable value.
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INTELLIGENT ENVELOPE DETECTOR AND METHOD FOR GAIN
CONTROL FOR PRML DATA AND SERVO CHANNELS

"Abstract

A method and-apparatus are provided for gain adjustment
of a sigual. A plurality of comparators (22) compare the

: signal with a plurality of threshold values. An_envelope
detector (24) coupled to the comparator includes a peak

- capture function for detecting the amplitude of the signal and
a polarity memoxry (60) for detecting the amplitude of the

| signal A gain control function for setting a gain correction
value is responsive to the peak capture function and the
polarity memory. Features,of the sional galn adjustment
method and apparatus of the invention'include an intelligent

hold of tﬁe gain control over both thermal asperities and null

gaps in the signal.

Figure 1



