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anplifying an input signal so that it has a specific correspondence with a
reference value, the circuit conprising - input neans for receiving the

i nput si QRiimatie gain YoHtdoR Biréuif) g fekikkiih iadiardréRRksirives anplifying said input
signal in response to a gain control signal, - peak detector neans for
detecting peaks in said anplified input S|gnal t he peak detector neans
having an attack time constant and a decay tinme constant, so as to supply a
peak detector output signal which is representative of the anplitude of the

peaks in said anplified 10 input signal, - conparator neans for conparing
t he peak detector output signal with said reference value so as to derive
an error signal therefrom - integrator means for integrating the error

signal so as to olpaiifvenifib ra@tbtoCanautomatic gainlconwsictitcnit fohamplifyinglkandr i ve
apparatus provided with the automatic gain coptrol  cCi rcua%tug é@@ An automatic
* Wel

gai n continput signalosgi thatait hagea spesifiq ‘F?Y{QSEOQS‘E% wih gefesengs iy Gl own i n
the art %@ ﬁﬁﬂg as an exanple, be used in a servo denodul ator circuit in a
hard dis PIE® 20 The invention ains at provi ding an inproved automatic
gain cont—rinputmeansl'fdrr&mvxngdwiﬂpukﬂgnﬂ,th the invention, the automatic gain
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error k, and that at Ieast |n a situation when the peak detector

t put i I th d ref
output Fl-?pgi‘xsaétéagé‘é%%stﬁoﬁé%%ﬁm%t% i app B oot SetalaBe ark et 11 o
constant rdhs hi\ihEaR kKM bortAR anda o e&g axh@to@stant e@sds forsupplyth fidakuat i on

when t he pe ctor output signal han sai d ref erence val ue,
the fol | cefectpr loeipat sigmad iwhichi i mmemn@amecpfbbﬁ mphmdm of therneaks inj seid amplifiodnt
Ta anflottggpu glcg% tinme 2 constant Td of the peak detector nmeans: [err]

- comparator means for comparing the peak detector output signal with said reference value

so as to derive an error signal therefrom,
- integrator means for integrating the error signal so as to obtain said gain control signal, and

to a hard disk drive apparatus provided with the automatic gain control circuit.

15

An automatic gain control circuit as defined in the opening paragraph is well
known in the art and can, as an example, be used in a servo demodulator circuit in a hard

disk drive.
20

The invention aims at providing an improved automatic gain control circuit. In
" accordance with the invention, the automatic gain control circuit is characterized in that the
peak detector means comprising means for controlling said decay time constant in response
25 to said error signal, and that at least in a situation when the peak detector output signal is
larger than said reference signal, said means for controlling said decay time constant is
adapted to decrease said decay time constant for increasing error signals, and that at least in
said situation when the peak detector output signal is larger than said reference value, the
following relationship is maintained between the attack time constant T, and the decay time



5 where c is a positive constant and p is a constant |larger than 1. The

I nventiony 9 on the follow ng recognition. A hard dISk conpri:es a’
plurality of “servo patterns prerecorded on the hard di sk. gty Qmﬁéttqrn
conprises a burst of eg. 40 dibits for2AGC control, follomed by a timng
reference portion which is eg. 8 dibits long and which conprises a timng’
mar K, amﬁnmn1¥mknm@kﬂhmm&mmhwﬁﬁ;dibits | ong and 10 subsequently foll owed
by a plurality of servo bursts, each burst being conprised of a nunber of
dibits. In the AGC circuit in accordance with the invention, one or nore
peak detectors are used to detect fhe npbltudes of the peaks present in
the i nput signal. Wen starting repFoducﬁlon the HDD is first sw tched
into a search node in which the timng narks should be detected. Wien in

| ocke t t. r gating the servo 15
pattser ‘Q'%rgg 8 §gve3§3qs§§1 %E'S%I?sa# g@s&ﬁhﬂ% arch node, however, the

t:c mng wi ndow | ﬁl‘lmhvgnebn dmbdsbtﬁdn ﬂmfoﬂbﬁingtrbﬂ)gﬁmt;ncw llﬁardﬁixslﬁmn:&:i dkl nds
of sign ch as not onl e serv tterns but also the actual data
recor dé’g}“ #e‘eWé?rRi’ ttgEng jpr ded %eglaf‘ilﬁ‘isksAéF@ ORRLBTNComprises & burst gt i on
to det el 409 BXAGT @orfn%? follGWEPbY B timihg! réf&%né &rﬁoﬁ ¥hich 19%%t grdgbfl(sead

fromthé hard disk. One of the neasures to I mp e the behavi Our of the AGC
ci r cui tlongsamhwhub comprises a timiagoharkne Gray fede; w;hsh isegs dBwiikits Iohg and t ack and
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the i nmﬁtdltmsgnathe momrsmt ﬁmmordanceawnhmﬂe invertionp omsd mmorapdaarcget:towan t he
optimal attack tinme constant t{ t satisfies tple above rel ationship, the

peak d&f%ed t°<9§'i‘?ﬁ'0‘f‘eép’ip 0 KREessRt incthe jnput signal, Wheg $Atting\hen t he

at t ack régro@ucfien Sth8"'HDDSs m|sb&5hédrlﬂtb 4 SArdiPhbdSin Whitk tHeOfMRing Tharké SHb(Ed gence
is correct, but _the operation is noisier than needed. The paranmeter p in

the abdedetegied: Wheniin Qeke Bgsetpqtionaystem has & tipdngawindaw) for exing the geryo For the
h
congy a%?tté}ﬁebﬁsx (md%tﬁ hekdl i xmﬁeéa}cu% e, hB%e “&Eﬁgﬁm% g&gggecqn the

shape ses occur ‘i n the inpu élgna
For puryel mabledusmﬂmathep\ﬁéem'cﬁm sees’ aﬂlriandsmaﬂmgmis, istzh qsemitodhyt thetsenvp t he

val ue ant i to .20 ittle her .. For no '
ot oot Bpudmt Butlibing Bchl oafa S8R 08 58 pl i, KgB AGE SHopies & iRRE e
Gener alin this situation hedaedtdsl‘ahakamﬂe tﬁeahdningl mgrkrialtied firsnsdérvp phmdre Sreéd)frﬂmhe fsai d
const a I eS. t hat or

0 <
C he> o iefird Bk Ole of e measits dp IBIOKE th WRLAIANe RS SIrERbR the 4o51eh:ay
ti npy cemsdiainied reRAGHIpDERWENSRE attitkAd RS Gecaf titieof the pedk detector. This

results in an optimal behaviour of the peak detector, as the peak detector climbs directly to

the peaks in the input signal.

Suppose that the attack time constant is larger than the optimal attack time

constant that satisfies the above relationship, the peak detector cannot climb to the peaks of
25 the input signal. When the attack time constant is smaller than the optimal time constant,
convergence is correct, but the operation is noisier than needed.

The parameter p in the above equation is a constant which is substantially equal
to 2. For the constant c, it can be said that the value of the constant ¢ depends on the shape
of the pulses that occur in the input signal to the peak detector. For purely sinusoidal pulses

30 at the input of the peak detector, the value of c is substantially equal to 20 or a little higher.
For more Lorentzian type pulses at the input of the peak detector, ¢ is much higher.
Generally it can be said that the following relationship holds for the said constant c:

20 = ¢ =<200.
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said ikn a different way: in nunbers of periods of the servo frequency of
the signal ygogBgeger vo bursts. In this situation, the attaclk%ﬁm;a/g&ggy
time constants are dinensionless parame- 5 ters, and so is the paraneter
c. It. speaks for itself that the attack 3nd decay tine constants coul d have
been expressed in 'seconds'. In that situation, ¢ has a different val ue
range than gi ven dbshonld berdloted irethyis eespent] that, fon¢hedvalemsinge ob thelpasaoetatic, Fni s

automatic, co ol cir be further.char | zed, | t.ipn said
ot her st (&I BV e S A0 dsp e opieiin SRSk FRBbdE skl P
adapt ed tsgiddf @ diffefent Vaf: thChunftiek6fpdriclie of @itSietv frequentcy of dressigial &1 ther
signals. In the search node, as the tine w ndow for w ndow ng.the servo

pat t er ns seEvochussts| Incthiscrituation, dbe aftack j9ad GpeRy HmesENStants ars Simensiqplass parame-

ossi bte...Th I
ot ve ettt ol heBacaiBR0R, 1\pknte'¥or it BT Mictack B ARy M coniapld|
cont r ol a:lonhi hm me:bexpmsuhiﬂ ise¢cinds’ sémataimmmhehmatdefferenth@lmm of

t he sector. e 0ssi b shoul d be noted here that
the | ocki&AY no"Tbc‘Yﬁ ﬁ&:efl’f*’fsﬁ@%%‘?g‘%ﬁo‘f ﬂt?{& n(‘,antrol area i s considered
to be the fl st merHis pRtefatic Eaiaicoftolodifbuitifayshd fiihed tharkivterizell iR tgaiin sl ue
shoul d be maintained at substantially the sane val ue, eg. duri ng a drop

out, is cukesisifuation, the meansifer 6@4’5’@11“!& sihattagk u%cons@gblsemapts@% e‘%!%éé@*é of
t he 'We%thaf‘u}ﬂbl Q%“ fggh @g |UCI dated with respect to t he
hereafte |n th

enbodi nment's descrl Il gure description, in which figure
-1 shows dn teerkeattihmande, s thértmeuwiodew |for gmdnwmmﬂhc sérvoipatienns jis disabled,

beak et dRRgton,Af 1] i stk 7oAy te Bt ALHPELE. TRt SR Bl BB AGE, ' "5
present icankolt fuA€konOWilEb Al ddtif ., B)aﬂﬁlemgmgetségaﬁhm tobezinedpftbmane dibigs put

signal of a peak detector in the peak detector uni he autongftlc gai n

control dptheAGC eqntas] QIFPeatls‘-@ﬁ%%andthE S7B% VAR theg ?aqeﬁéS‘%GF'Gﬁ‘éﬂ"i §iSpetor

contr o4 Cdlﬁlﬁglrl?ark\p{ﬁé E&n s8pRVi ded with an input termnal 2, for receiving
an input sigha 1S | ut signal can be the 4 signal read froma hard

di sk. The input t dt shaukd anotsd herepthatothe docking efipthe AGG o the\dibitsin the feG @
a_rrpl R i oﬁt\f,\%fla%ﬁao %\dgregfto tbQQhéam 'rrreklﬁfmeﬁ gxtﬁatf&umdetﬂe sﬂﬁﬁoﬂ dll%‘f@ﬁﬁe gain

filter

value should be mamtamed at substantially the same value, eg. during a drop out, is
considered to be the other situation.
20

These and other aspects of the invention will be apparent from and elucidated
with respect to the embodiments described hereafter in the figure description, in which
figure 1 shows an embodiment of the automatic gain control circuit,
25 figure 2 shows a half wave rectified sinusoid and the output signal of the peak
detector unit in the circuit of figure 1,
figure 3 a servo pattern, as present in a track on a hard disk, and
figure 4 shows the input and output signal of a peak detector in the peak
detector unit in the automatic gain control circuit.
30

Figure 1 shows an embodiment of the automatic gain control circuit, which is

provided with an input terminal 2, for receiving an input signal. This input signal can be the



be con5|dered to be included in the anplifier 4, to an input 12 of a peak
det ect or An out put of the peak detector unit 14 i led to a
first |np3?b%¥ o? a conparator unit 20, 5 which has a secoﬁﬁﬁmﬁﬁ@WWQZ .
coupled to a termnal 24 at which a refference value Vref is available for

supply to the input 22. An output 26 of the conparator unit 20 is coupled’
to an lagtﬁlré’zﬂiﬁbmmharoumr ahehpunt&mﬂmzémmﬂdmmaaﬁnp«itemwm@wgﬁm

unit 30 | d t | | t 38 of th bl
i 11 BRI o P oF BeioPoliiet 1 eruplediah Rigess SO0 AReR O co (o
S ts inpyé c&mde&dlﬁ be'iRAIRAYASR th®am ,"to &R 11?'12%1‘&%1:%9@!:&?%& 2] Af

c control signal input 38, and supp i es an anpllfled signal to 1ts output 8.

The peaRutpetafhe peakrdetectos llm;tk‘lcls soppledcto 3 firss dnput 38.0f afqowa@nqnunt 20and

hoP S Wl 48  Retond iR 22 Coupibd 1, 2 sl o0 W Wil Wfesdled ! IMEORLPISE ¥ 1
SIP00; oendlable fhihaipplycts tietopat 20, A DUIDIERS of the companthr “'”’sw‘fl?ftv?ﬁk
o et b A0 ngbtion it S0 b o0gpt Ta.pF e dieerarts v a0is SRUIST b vat | ve

pol ari t yontrb & h;yyq gh of kY VaribBRe p4i HRplifdii4i ned are added together so as
to obtain an out SI nal which 1s represent ative of the peak-to-peak

val ue of the sig e gain mphm4ﬁpmﬁqsmemnqé@aRh%ietoe@tmpu&ﬁauxn 14. This

det g@t f th
i gy | Fgpgnse Wﬁ@ ealiP el L oiphcdto s colRigatingh? 56, rlCeulBSh, 0, o1
out put anpjified signalvic its euwput 8. a'herpeakdeteetbnmxt/leﬂetscts qnaahsondmdlanqalﬁnd error
I t f Vb f § th t t. 20 bt t :
Viorr] Frh GRcPRies 8 A Sty el el ROk Py ettbantie e BF o1 gnai o
. I's i nt egimplit@de 6fMthé PeaksTh 8418 Aiplified isignA0In 4 Wa&&ﬁ&hbédnment%ﬂﬁélbém si gnal
applied to the control |qual I,nput 38, so as to control the gain the

vari abl etegiariinitold, ithe wnit cqfﬁﬂnﬁélt‘ﬁ" peakodetectors, wqak,dg;ec@r if%" deteting| | ed i n
suchsa iﬁ@ e pealﬁn%iﬁvc? lQﬁtySanrﬁlLo et gwﬁod&écf&r t| et onswhe%ﬁgye

(zero). eteCtor “unit 14 an attac
decay tmlmtﬁo'ﬁhﬁ twa peak. anfiligudet valuek obiained apnadded ttogetheg 59 @5 tes obthia dsehavi our

of the f the
Tnput - st sEBRCEhEh it Rbfesaitaiyé i e pRit L i oF s erTBoniel 5 g
‘behavi anputcn‘f thdpegkaiztectbetuaittldc Thisi detebtion iless insensitice o thednflesnees of t he
anplit elof th ig‘g‘gt signal occurs. In order to optimally detect the
peaks i¢iTE 8889 unit 14, a relation- ship exists between the
attagk time consfiaomparalétuii20 EQfpires thEDeslOdREdsH outplt sighal 7, gihadaiconshi p

wi || be explained hereafter.
reference value V¢ so as to derive an error signal e therefrom. More specifically, the

el
-

comparator unit 20, subtracts V.. from V, so as to obtain said error signal e. The error
signal e is integrated in the integrator unit 30. Thus results in a control signal applied to the
control signal input 38, so as to control the gain the variable gain amplifier 4. The gain in
25 the amplifier 4 is controlled in such a way that the error signal ¢ is controlled towards a
small value (zero).
The peak detector unit 14 has an attack time constant T, and a decay time
constant T,4. The attack time constant T, governs the behaviour of the peak detector unit 14,
when a sudden rise in the amplitude of the input signal occurs and the decay time constant T
30 governs the behaviour of the peak detector unit 14, when a sudden decrease in the amplitude
of the input signal occurs. '
In order to optimally detect the peaks in the peak detector unit 14, a relation-
ship exists between the attack time constant T, and the decay time constant T4, which
relationship will be explained hereafter.
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5 Figure 2 shows a half wave rectified sinusoid, as. a function of tine,
that is supplied as input signal to the. peak detector unit 14. This half
wave recti fVOI¥618isoi d coul d be obtained froma sequence of PSTHOBGMAIA
dibits to be described later that are prgsent in the AGC portion Pl or in
the servo burst portion P4, see figure 37 Figure 2 further shows the 5

out put signal V[erg]. of pe cl.0 ' , i I me.
The peak detector ]f}k‘lﬁ% a%g;{staa@ég@gteﬁngﬁﬁgh{:slo%aisﬁaftéu‘rﬁstg . eﬂt“ag’e%att%e tinme
i nstant s supplied] ascinputtsignal fo therpdalb déteetenunit b Thisnbalf veave rectified sinwgoid Touldnd

decays duyri the tine interv efore the tine inst , en _the
i o | s b RGAIDR AP & seAbEae. At FuBRUAOT IS 1P B8 emeiomh ey B dre nepphlfi e
optimal peek p&ﬁ&p%% in {HeqeRR ButstPortier PJ,Nee Figate 3leFigoted furthet sotvs thesuch
that, each time, the peak detector upit 14 10 attacks t rd reC|seI,¥ t he
maxi ma3 i routpws sigapk Vi,@f the paakidetestor ¥pif J4oatia fw%lawgl“&lerg‘\ﬁgrpséég?@?h% this
require t : b1 | hitarit® Ty S10thé [ ]
[err] 1%%‘#?%&‘.“?%&‘%?3“?%“\/e cg%ts‘f%ht% %ﬁgléghl S aio\é%ﬁ;tllhin‘? lliéet‘\?r er tzﬁgirilé 1.
Mor e spedhétantsit) and 1, amd decapsiduring the ipst interval |before theatime ansfant kp betwrsn the

constant ¢, the follown el atj opshi.p haol ds. 20 . .

20 < o <Ahe insiptsii abd o] R g R BN e o A qRPTAL ek gt the,
appears tyaBhvibur\GfSthe pealt détectohnie 14 {d'uoh Tht, ddeh Ninie; thepeaksdetettariunitald ons,
and e dependent of 'the filter characteristic of _the Igjﬁg)ass filter 10,

the i g%u@@?@r@l“f@ Rreciseby the maximaiin the balf wave restified sinpsedd.| v sinusoidal . In
25 such situationg, i ng%gﬁ bebvean 4n3900.

It should be note k?aeﬂrég, %’+1at t etﬁaé%tgﬁdﬁegnghtﬁgﬁjgyn? of theggéelggaﬁ}e] ect or
unit 14 ibtetwesh icahdaFs:ithe tine interval, starting at the tinme instant when
a positive going step shaped input signal froma zero anplitude towards a
specific step anplitude is applied to the input of the peak detector unit
14, until the time instant when the datgud.Td,gnal of the peak 30 detector
reaches the said specific step anplitude. Further, the decay tinme constant
of thé5peak detector unit 14 is defined as the tinme interval, starting at

the tine JRskans aﬁ@ﬁv@c@%tﬁﬁﬁ@%%tcﬁﬁst;ﬁ{ﬁ%& iRut signal froma specific
step anplitude towards a zero anplitude is applied to the input of the peak

detector unit 14, Mors specifisally,moisineansiant substantislly eayaligr2. 5 the copstanké, peak
detector 4E3Gitiing Paddtshipafoid: amp! i t ude.

20 20 < ¢ <200.

For the example of the half wave rectified sinusoid, it appears that ¢ has a value
smaller than 50. In more realistic situations, and eg. dependent of the filter characteristic of
the lowpass filter 10, the input signal to the peak detector unit 14 is not ideally sinusoidal. In

25 such situations, ¢ will have a much larger value, between 50 and 200.

It should be noted here, that the attack time constant of the peak detector unit
14 is defined as the time interval, starting at the time instant when a positive going step
shaped input signal from a zero amplitude towards a specific step amplitude is applied to the
input of the peak detector unit 14, until the time instant when the output signal of the peak

30 detector reaches the said specific step amplitude. Further, the decay time constant of the peak
detector unit 14 is defined as the time interval, starting at the time instant when a down
going step shaped input signal from a specific step amplitude towards a zero amplitude is
applied to the input of the peak detector unit 14, until the time instant when the output signal
of the peak detector reaches the said zero amplitude.
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6 In an enbodi nent of the automatic gain control circuit, where the attack
and the d@f@g }té@ﬁ constants are fixed, those constants should thus satisfy
t he above 83 Bhship in order to function optimally. |n PGTEBISEASIS ¢
shoul d be noted that the relationship jgetween the attack time 5 constant
and the decay time constant of the peak detector unit is non-linear for the

attack i e, or Gy sR@mbbiifidnt ¥ hedliohiane gall cddirel citdhit, Whetlhb Gltadig N1 S

means that, if the attac me const ant the decay tine constant are
expr essthe deeay time constants arp fixed, thase constants should thussatisfy thesahove eclatitmshipal ue

range fgor %rgéovﬁﬂcn%gﬁﬁgﬁg%mt valid in this situation. One coul d express

the attac | me const d the decay tinme constant in a 10 di nensionl ess
way, nanely by ehnphizsespect, tithshoaldt beciotéd thmat the delatienshipctseywéenrthe amackutither of
periQds of the servo frequency, of.in nupber of ,djbit t o, be expl ai ned

Rer e + et AR 1ar g8y gk Fstiss o perk Grigaon it I Modinedscion s SRR [ or 1)
whi ch efiva) moie @etifitdlliy\quafirafic doiop 2. Bee Nt cBse? thik Teahethdl, TEME 28HEES S
expression for the attack tine constant and the decay tinme constant, the
const antime cprstant gad tiegieras ima sonpant areexpressed inf iseopnds; e thab e has therdimenyi ven
above. ] st r;ﬁ;é;q nt descri bed
t hus fas}?n ?{1%/8%%0? gbp%?\%u%lé%gé%}%éﬁ%@%‘%ﬁ ggta?%ldclgﬁ?irgo aoﬁg in their

val ue. To that pOngpcouid expressche attack time ¢cdustantandothe slesayatime nomstant & gnal

generat ar unit. 34 which s an_input. 32 c | ed to the qutput 26 of .the
co n’g r SV BERTQRIESS JY, r‘?ﬁmﬁiaoé'he’ﬁ%?sﬁps\éheogﬁaﬁg ﬁ%’eﬁ‘datﬁﬁ dscay 3%%1“«3’5’“3 Tntrol

si gnal petiods of ¢ RS FREqUERSH @ fin Wemperadf dibies, /e BK efisthined Réreaffir! TAE perfdd

More specifically, one of the two tinme constants is controlled in response

to the ¥rtheseryp dreapensy iniufachraual twel/(tanfsd, which egualythelength @b agitifisee i s
derivedgdrom F&‘&efdiﬁxéﬁsi&ﬂ&s .eeﬁﬂggt%tr{fb? theariilk ‘ﬁm&?aﬁs&lﬁ'tﬂgge& Upfe The

control TSI gnal gener ator unit . us gener at_es aftirst controf si gnal from
t he er reonstantgthel coastantiy isidiinensionlgss ias avellj and satisfiest the tvaleg rangetgieencabove.ol

signal input 46 of K te [ it 1 n ' S nt, tao control
onquf the tine Igg ﬁ?@%‘?@%ﬁ%‘%& t‘ﬁ%g"""g &s“t}‘rerét ?%%&ac\g(}g@{afh%'g%gﬂ%‘[ , and

gﬁne ][ at deea;atimmmiaml lermhtrsm@wim their tviine. To it tphepose, rthe ciztuinfurtheor from

the first contro na

Si , Whi ch second, .control . si | i upplied via its
out put SHTPEISES  EONER SIEBRL EAETRIAT Uit A Whiah JpS B inPyEA% conplesioghe QRPI 3, <o
as to cefrthé ebmpdiftoP e 20 AR wifict NS tivordRtgud40 antf 52 célpidd toScontrblEsigial ack time
constant, such that the above rel ationship between both tinme constants is

mai nt aiiARYS 44@nd 46 respectively ofthe pealedetectariiitgift-omati ¢ gain control circuit
in cordance w the i ' le! two e rs I |

app ?cat I on Mer%gﬁeh%gcg??%ﬁ?%hggfwgégoi n aE g%'?gdfgﬁ)t?&gﬁrﬂégfs?o#%rt@%e
denodul extarrsignahe, adrthoothet ome ofsthp two diter chastants isdérived foing ithe fiissyomeg 3 shows
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the ti nfrst control signal from the error signal e, which is supplied via its output 42 to the control

signal input 46 of the peak detector unit 14, and which is meant to control one of the time
25 constants, let us assume the decay time constant, and generates a second control signal,
either from the error signal, or from the first control signal, which second control signal is
supplied via its output 40 to the control signal input 44 of the peak detector unit 14, so as to
control the other one of the time constants: that is, the attack time constant, such that the
above relationship between both time constants is maintained. |
30 The use of the automatic gain control circuit in accordance with the invention
will now further be described in an application where the circuit is used in a demodulator
circuit for demodulating the servo patterns prerecorded on a hard disk.
Figure 3 shows schematically the contents of a servo pattern. The servo pattern
in a track on the hard disk comprises an AGC portion, denoted P, used for setting the time



P 3 , A
7 constants in the automatic gain control circuit, a timng reference
portion Plerr], for bringing a data detection circuit (not shownlig I n
correct .ti VRGOSt i onship with the information read from tHe/HI8QE675 5
Gray code portion P3, which identifies the tracks by. an increasi ng nunber,
when going fromthe centre towards the edge of the disk, and a servo burst

portion P ' | . f ; &}é?% r fgifgSa t O
correct| )961%8(%"? Wguéogxggé%%gd%ﬁ?ﬁg&ﬁggﬁgqa ) r%ét i on_rlitzf gélps'?/er SE 0
t he tr acidataidetecAGCcireuit (noh shiejven)rih corragsrtinaing relationship with thepinforeation reafl eg.

40 dibits. The timi f ti R ' ' - ,
put compiogt B 3k, AR RO BIRPR Baren eSS Mt B By B infpli) b
portion RéhehSoftfE fram tAé bérive fowatisahe edgecofthe diskpandsa sgrvo thuest pBrtiondPpr i ses a
plurality of servo bursts of a nunber 10 of eg. 11 &]l,bl t.s each., First, the
f unct i nivwhichois used forsmebling & trackaserye ARMERLOSO B f0; cosmectly ppsifien adead headpni o

situati O'Ehé’\{}ﬁ{ek Hheﬁ%ﬁﬁ% thSRNe B heMELE TH)AGE ol Pi’@ombﬂsek Rl Burs: of a

situation, con signal generator unit 34 ‘generates control signals
t o cont r plurhlity oftegad@ dibitseThe timings tefierencerpbriiore Pgl comprisess is: eg.oh dibits dongy but uch

that with increasing err.or signgl .anplit ot ' n r
decr eas e §OMRH giqlﬂ%%%“@gﬁe?r%@%?g é#lchgggﬁﬁgb%%%e%édgﬁﬂ ﬁ g%ﬁssef 13
const ant yibis 16%¢ BAdiheadrvolRestaReicioP) Bemprises alpluralitydsfcseyva bursts of agtunibier i n
t he peak detector 14 can be realized by 1ncreasing the attack current and
the ditaypfegr i baibitsgaghhe peak detector for charging and dechar gi ng
respectively of a'i:ifsﬂfj;ﬁét gﬁ?ﬁﬁé%ﬁ’ HR! confte] sigha\Weherafdr iRt 336911 BELAQEHRYA h4-

20 Second, _functioning of The control signal generator
uni t 34 isituation whercthelzerdr isignal & (@Y} Vo) WRositivaelrethisosituglionhe eonteal\f err])

I's negatiyve., Such situatj e S | he
por 1 on 19678k SR 4, Behelef CopRion iRt R cdhufd B Stk BT corfant dhd

si tuati onhe ddvay ciomd constant D) Bucly érae withdincreasing fosignal amplitudenbothitims gnal s
that B IFORIS 45 15T oHe guN . 57 08 SotiigH eGPV ERL R SPhroapt
tine congfiAnhined BEGER e aWhdl &id dekfy efeDonéthitEn G pakdetdc®FEI4NGN be _
constant. As a result, en (as an exanple) the tlm_ng ref erence dibit(s)

ar ri ve( s)realized plidggreasing the apackoanTept apehiherdesay eifeent i letegtor &%t ed.

Thi s behayj0 r LJIPE i Cal fndthBoWhPih hePeak For

obt ai ni ngﬁﬁ’g{gc%@r%%ﬁégﬁg\r}#d, tﬁygf%%xg&hngr%g |tr<1)?t(rrl1et t‘i')rre)anark regi on P2

30 can Wetederddted in a pul se detection unit 48, shown schematically in

felr g;r ée g{]le sggll'sseecgnedt ?hcé %u%gﬁgn%gt of' glevx'oMrolf §i'grr¥aﬁ] Eénel?&of' ﬁr?ig 34 Qviﬁ%tee&gcrwéﬁ
in a situation when the error signal e (e=V,-V,.g is negative. Such situation takes place

when a drop out occurs, or in the portion P, of the servo pattern, when no dibits are present.
In this situation, the control signal generator unit 34 generates control signals to control the
attack time T, constant and the decay time constant T4, such that with increasing(ly negative)
25 error signal amplitude, the attack time constant is decreased, whilst the decay time constant
remains constant. As a result, when (as an example) the timing reference dibit(s) arrive(s),
it(they) can be properly amplified and can thus be detected. This behaviour further can
improve the detection of the Gray code.
For obtaining the correct timing, the timing marks in the time mark region P,
30 can be detected in a pulse detection unit 48, shown schematically in figure 1. The pulse
detection unit 48 will further be used to detect the Gray code pulses.
The detection of the amplitudes of the servo bursts can be realized by a servo
burst detector unit 50, also shown schematically in figure 1. The amplitudes of the various

bursts in the portion P, are an indication of how far the read head (not shown) is positioned



The detection of the anplitudes of the servo bursts can be realized by a.

servo bur or unit 50, also shown schematically in figure 1. The
anpl i tude?%gﬁéﬁﬁ‘gst various bursts in the portion P4 are an ?ﬂﬂf’f?ﬁ‘f’?ﬂﬁ of how

far the read head (not shown) is positigned 8 off track. When the head,
I's mspositioned, this head position can be corrected accordingly. in order
for theoﬂmmmhmmmmeMShwmnm%%ﬁébwawor g?tld be
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t he pear@oreteql@eltcmt, wmchmmm efired Asrthertime copstant of theeirquitassyming ant  of

the ECEF.QE I | ngi t d y tinme
const ant o?ﬂ pea de{“géttg{ra'E %ﬁ dEWS‘hay h%@éaér?nexa uéptgf{&f%e&?‘ﬁput
si gnal ie timel codstanb of thetpeak detattot/f4.r This ﬁxﬁtearelmlremmm itheat theef time constankt t he

Pﬁaﬁhgetpﬁﬁﬁ‘?“&}'ﬁqél E)\eak fet ecé£ HFE 'ﬁ {w ﬂﬁ cts the Si_tt iz%‘e peaks

preci sebyak ddtepgre144 shows t he portlons PI and P2 of the servo pattern read
fromthe hard disk. What can be seen_in f ure 4 |s‘i!hat a di sturbance is

present in the AEBUSHHShems amexpmplepf thedn tslﬂ,‘kl Viand the Quipyhsigeal V@S geak
det ey OfyricBof® Bf‘hﬁﬁl bpﬁte détgﬁbr in'\Be PEHdktectdrGinR 1%&%%&@&@@&@%& 15

fast to the peaks In £ort|on Further, the decay tine nst ant of

t he peakwé’étl@dlmpﬁ@lmhtwhﬂnl el AGI(C pireuitis lm;ﬂtmsed@brm forp paecisehp| i t udes,

e Googot s 6 RefAnk by i s 8Ll ol oRl e tind 5 ORAR BB, 0

det ect obe sexnein figupd 4 Aishdr disttlﬂﬁhéeyxs qmessﬁtan tthé AGE portion} dmit thathe tattidkng

pul ses, .as wel | he fo]low n 0 ul ses can.be d,

cor r ect Hifie copstant B the peaic Jetegm- I‘gf Mﬁ‘tfgrtﬁ‘?t&ﬁ a”osé@'ﬁﬂ Hﬁg‘g fﬁ%ta'ew th

r ef exsenet toomepeiiaih e RBLOFbrtiof ERirthet, hﬂé @8day tirhe bnsiafit HPthe Pk 8410Q6r fshat
these are not limtative exanples. Thu various nodifications may becone

appar enfontplied such ths upoecﬂepm%palqammwme deaadatecter apsasibhollewdhe of
the i nvgatch%m?& fethe B ftmtt d&w gbﬁséﬁwingré@dsso%trt% Sphfiat
b@e escri be

al t houg e |nvent|on reference to an adtomatic
gai n cofignal|of ¢he p@tktdeteotor aemanu aps subistantiallyi eonstantrleveluscothat the tigeing polses, r ol

circuit é:‘%ﬁgf%h"ﬁ qg'lgr%'lﬁﬁeiﬁ% &F%%I&&&%Bﬁ,g&l such as ot her magnetic

recordi ng Sy FAVeRtion I 65 'h edch and every novel
f eat20r e or conbi Wiilsothe ddvehtiod hasctseen described with reference to preferred embodi-

ments thereof, it is to be understood that these are not limitative examples. Thus, various

modifications may become apparent to those skilled in the art, without departing from the

scope of the invention, as defined by the claims. It should thus be noted that, although the

invention has been described with reference to an automatic gain control circuit for a hard

25 disk drive, the automatic gain control circuit could be used in other reproduction systems,
such as other magnetic recording systems.

Further, the invention lies in each and every novel feature or combination of

features.



9 CLALMS 1. An autonatic gain contrdl circuit for anplifying an
i nput si gnalooeskfegt it has a specific correspondence with aPé’le/Ilﬁ 06

val ue, the circult conprising - input means for receiving the I'nput signal,
- variable gain anplifier neans for anpl9fying said input signal in
response to a gain control S signal, - peak detector neans for detecting

peaks i nCEAIMSanplified i nput signal, the peak detector neans having an
attack tine constant and a decay tine constant, so as_to supply a peak
det ector output signal which is representative of the anplitude of the —
peaks in said anplified input signal, 10 - conparator lﬁmmmn i ng
the peak detector output signal with said reference vall 'uﬂﬂmﬂn/e
an error signal therefrom - integrator means for integratfng‘tht error
signal so as to obtain said gain control signal, characterized in that the
peak detector nmeans conprising neans for controlling said decay tine

const ant 1. n r espoAaautomatieigdinecantrol sircpitafor amplifyitgan anput sigeal sorthat is hasuat i on
when t he e.%k 15 detector. out %ut sigapal &'hs Jar.ger t han said reference
signal , C rorrspongdsnce ith 3 FetFieRce Yalte. dhe SUCHE FmRRE ant i s adapted to
decr ease- mputimefEasr rdcBRingORe Pt sfgasl, | ncreasing error signals, and that at
| east in said situation when the peak_ detector qutput signal is |arger _than

sai d r ef eYasiable gain gmplifieremeans|foramplifyingataidhinput penal iREesaeRseiad g oRIEIOl t he
attack tg-afalconstant Ta and the decay tine constant Td of the peak detector
e

means: 26 rr] where c is a positive constant and p is a constant |arger

than 1. 2peak detector means fiartdetectng peaksrin isaid amplifiedtinmg signal, tieipeak deteatom 1,
Char 2t e Al e oSS Ay RARABAAE ' b SR 25 i 1
the fol | gutécicr duthitisigdBSWhieh IO epresbhtive 6l thaiathplitieicTthe feakh o kdid amplified
input signal,
10 - comparator means for comparing the peak detector output signal with said reference value
so as to derive an error signal therefrom,
- integrator means for integrating the error signal so as to obtain said gain control signal,
characterized in that the peak detector means comprising means for controlling said decay
time constant in response to said error signal, and that at least in a situation when the peak
15 detector output signal is larger than said reference signal, said means for controlling said
decay time constant is adapted to decrease said decay time constant for increasing error
signals, and that at least in said situation when the peak detector output signal is larger than
said reference value, the following relationship is maintained between the attack time
constant T, and the decay time constant T4 of the peak detector means:
20
Ty = c. TP,

where c is a positive constant and p is a constant larger than 1.

2. Automatic gain control circuit as claimed in claim 1, characterized in that p is a
25 constant substantially equal to 2.
3. Automatic gain control circuit as claimed in claim 1, characterized in that the

following relationship holds for the said constant c:

20 < ¢ < 200.
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10 4. Automatic gain control circuit as claimed in claiml1,
character| ?ﬁ/ Mo the peak detector neans conprises neans for control I ng
sai d attaﬁ& constant said neans for controlling sai FCHIBIBR06TS e
constant being adapted to derive saidjgttack tine constant fromsaid decay
time constant using said relationship. 5 5. Automatic gain

controlg.circui t Afofbd chritrd} lcfibiit ds Elhintbd if RBMCE, TharaBidrizdd in

anot her situation when tThe peak detector output si gnaI S srral | er "t han said
r ef er ersigtector means camprises means for cortralling said attackitimejeqnstant, ispid meansfomt i s

adapt e W 'tt?cﬁ:t t.ant
val ue. Qgﬁ@oﬁfﬁé i %ut ona 'q?l ¢ gal nélﬂg %{Hregg%fags amnélc“iaﬁwnﬁﬁé lz%?‘r?n 5,
char actsaidideetytlmetcbmtantiusmg@alda'efadonxhiper situation, the nmeans for
controlJing sai att tlrre nstapt i.s. adapt dtod crease .sa'd t{ack
CoheS odnstant BBt e sainted 15 oiim' or 4 Ceafagfeaed. i

cont r olin Ghdthet ﬁmaﬁoxptzﬁédmd peik aétadzm dutpiit Ripnalis Sfriallecthan s&h&éfe&i\béj peak
detector neans conprises first and second peak detectors for detecting

peaks étgnpl@ dhe meansfag wrw&lmg/@tqam time constant;is adaptedk tonyntaincsaids desay ng

adapt egy %t eswﬁs y éé out put signal which has a
reI atlons |p Wt e pea to peak stance in said anplified |nput si gnal .
Har d Aditerhatitr gaire contioh cixcuitast claimed dolickamiS; icbaraetesized inrtbat) in har d

F'h?*é(t ‘ﬁ&ﬁ"??ﬁ?ﬁb‘éir b R R S S

bei ng I@ﬂd\attdﬂdnmfcbnmfmhmimg?eﬁ& Sigat rol circuit as clained in anyone
of the precedl ng claipms. 9. Hard di sk drive apparatus, as cIa| med in

claim 8: char acaitomatic gain eonstol siseuit ssclaiged 4n slaim 1s Ghagmsts ré%edslertw

denodul e tﬁr@tgarﬁ Aect8for QE4& difded in
Servo Sat terns accommglgn&% on t esg'%ar Q‘R%il(sgéc sal 8 Servo Tg‘g(l)r means
conpr i endgegativel palatityydbe peajaietectoomeans being adepted to generate a peak detector

15 output signal which has a relationship with the peak-to-peak distance in said amplified input

signal.
8. Hard disk drive apparatus for reading information from a hard disk, the
apparatus being provided with —_——

N W

20 - drive means for driving said hard disk,
- read means for reading information from said hard disk,
said hard disk drive apparatus further being provided with the automatic gain control circuit
as claimed in anyone of the preceding claims.
9. Hard disk drive apparatus as claimed in claim 8, characterized in that said

25 apparatus comprises servo demodulator means for detecting timing pulses and servo bursts
included in servo patterns accommodated on the hard disk, said servo demodulator means

comprising said automatic gain control circuit,



