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SYSTEM AND METHOD FOR CA.i;,IBRATING 
A CORNER FREQUENCY OF A T~,ABLE FILTER 

EMPLOYED IN A READ CHANNEL OF A D~TA ST~RA.GE SYSTEM 
' I 
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FIELD OF THE INVENTION 

The present invention relates generally to 

filtering a signal.read from a _data ~torage.medium 

and, more particularly, to a. system and method for 

calibrating a corner frequency of a tunable fiiter · 

used for filtering a signal read f~om a data stor~ge 

20 medium. 

25 

BACKGROUND OF THE INVENTION 

Tunable·. filters, such as ~integrated . , .. 
continuous time filters (CTFs}, are known to be 

particularly useful when implemented in the read 

channel of a· disk drive system for purpos~s of 

.filtering·readback signals-obtained from a data 

30 storage disk. A typical disk drive system includes a 

magnetic medium for storing data in magnetic form and 

a number of transducers used to write and read . . 
magnetic data res.pecti vely to and from the medium. 

Digital inf ~rmation is typically stored in. the form of 

35 magnetic transitions on a series of concentric, spaced 
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tracks formatted on the surface of the magnetizable 

rigid dat~ storage disks. 

Reading data from a speci~ied disk location 
~ 

is typically accomplished by using ~ read element of 

5 the read/write head assembly to sense the magnetic 

field ·or flux lines emanating from the magnetized· 

locations of· the disk. As the read element passes 

over the rotating disk surface, the interaction 

between the read element and the magnetized locations 

10 on the disk surface results in the production of 
' electrical signals, commonly referr-ed to as readback 

signals, in the read element. 

A filter employed in a read channel must 

generally be capable of accommodating variations in 

15 the data rate of the readback signals transmitted 

through the read channel. The ability t·o. precisely 

tune such a filte~ is therefore of particular 

importance~ It is generally consi~ered·imperative 

that a cutoff or cor~er frequency of ·a tunable filter 

20 used in su9h applications be adjustable with a high 

aegree of precision. Such applications n:iaY also 
require that the tunable filter be ·adjustable within a 

range of selectable cutoff ~requencies with high 

precision. 

25 It is well understood in.the art that 

tunable filters implemented in integrated circuits, 

such as VLSI chips f"or example, exhibit frequency 

response characteristics that are sensitive to 

technology and process variations. Technology 

30 variations, as well as factors res~lting .~rom 

circuit/filter design or implement~tion, ·often result 

in large tolerances with respect tq the ~.ilter'·s 
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specified cutoff frequency. 

result in performance losses. 

Such t~lerances can 
' I 

There exists a need for an apparatus and 
method for precisely adjusting the cutoff f~equency of 

5 a tunable filter to a specified frequency or 
frequencies. There exists a need in the disk-drive 
system manufacturing c~mmunity for such an apparatus 
and method suitable for implementation in-situ a disk 
drive system and, more particularly, in-situ a read 

10 channel of the disk drive system. The present 
invention fulfills these and other.needs . 

. . 

i 
t· 
l 
.i 
I .. 
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SUMMARY OF THE INVENTION 

The present invention is ~irected to ·a 
system and method for calibrating a· corner frequency 

5 of a tunable filter coupled to a read channel of a 
data storage system to a desired frequency. A corner 
frequency calibration method according to the present 
invention involves generating a signal having a 
frequency equal to the target corner ·frequency and 

10 adjusting a gain of the ~ignal.to a gain threshold. 
! . 

The gain of the signal is adjusted ~rom the gain 
threshold by a pre.:.established amount, such as by 3 
dB. 

The corner frequency of tpe signal is 
15 shifted until the gain of the sign~l is substantially 

I 
equal to the gain threshold, at whiph point the corner 
frequen9y of the tunable filter is ~alibrated to the 
desired frequency. The calibrated ~orner frequency of 
the tunable filter'rnay be a low or high corner 

20 frequency appropriate for filtering_ a d~ta ·signal or a 
servo signal. 

Shifting the corner freqriency a·f the signal 
I 

typically involves shifting the corner frequency of 
the signal downward in frequency. Shifting the corner. 

25 frequency_of the signal also involves shifting the 
corner frequency of the signal whil'e the gain of the 
signal is held at a gain level equ~l to the gain 
threshold plus tpe pre-established gain ~mount. 

The method may further involve converting 
30 the signal ·from analog form to digital ~orm to produce 

a digital signal. In this case, aqjusting the gain of 
the signal involves digitally ~djusting the gain of 
the digital signal to a digital ga~n threshold. 
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Increasing the gain of the digital ~ignal'. involves . . 
incrementally increasing the digita~ signal gain. · 

Generating the signal, according to one embodiment, 

involves generating a peak-detect·ab!3-e signal, such as 

5 a triangular or sinusoidal signal. The signal may be 

an ECL (emitter-coupled-logic) signal or CMOS 

(complimentary metal oxide semiconductor) signal, for 

example. 

A circuit for calibratingl_a cutoff frequency 

10 of a filter to.a desired frequency~nclud~s a tunable 

filter and a variable gain amplifigr coupled to the 

filter and a signal: s.ource. The si:~nal .s:ource 
I 

generates a signal used in the corner f r~quency 

calibration procedure. An analog-to-digital convert~r 

15 (ADC) is coupled to the filter. The ADC -:produces a 

digitized signal in response to receiving the signal 
from.the filter. 

A control circ.uit is coupled. to the filter, 

amplifier, signal source, and ADC. · The control 

20 circuit adjusts a gain of the digitized signal to a 

gain threshold, increases the gain of the digitized 

signal from the gain threshold by a pre-established 

amount, and shifts the corner f re~ency o'f the 

digitized signal until the gain of jthe digitized 

25 signal is substantially equal to t~e gain threshold, 

at which point the corner frequency of the filter is 

calibrated to the desired frequ,ency. 

The signal source, .according to one 

embodiment, includes .a signal translator.. The signal 
. . 

30 translator communicates a signal, such as an ECL 

signal, generated by the signal source to the 

amplifier. The signal source may further include a 

sequencer coupled to the signal translator. The 
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:I 

sequencer includes servo inputs colipled to a servo 
. i . 

voltage controlled oscillator and d~~a inputs coupled 

to a tunable write voltage controlled oscillator. 

The control circuit communicates control 

5 signals to the signal source to set the signal source 

to a frequency.to.be divided into the desired corner 
. . . 

frequency. The· control circuit comprises a digital 

peak detector circuit that digitally peak.detects the 

gain of the digitized signal receiv:ed from· .the ADC. 

10 The control.~·circuit communicates a ·control signal to 

the ADC to ~et a sampling frequ~ncy, of the ADC. ADC 

capture logic may be coupled between the ADC and the 
. . 

control .circuit. A digital-gain controller is 

typically coupled between· the control circuit and the 

15 amplifier. ·The digital gain controller provides 

amplifier control signals to the amplifier in response 

to control signals received from the con~rol circuit. 

The filter may be implemented as a tunable 

lowp~ss filter, tu~able highpass filter or tµnable 

20 b.andpass filter. The corner frequency calibration 

circuitry may be implemented in-situ a read channel of 
I 

a disk drive system. 

The abqve summary of the present invention 

is not intended to describe each enlbodiment or every 

25 implementation of the present inve~tion. Advantages 

and attainments~ together with a m~re complet~ 

understanding of the inv~ntion, will become apparent 

and.appreciated by referring to the following detailed 

description and claims taken in conjun~tion with the 

30 accompanying dr.awings~ 
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BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a top perspect~ve view of a disk 

5 drive system with its upper housing cover removed; 

Fig. 2 is a side plan view of a disk drive 

system comprising a_ plurality of data storage disks; 
.. 

Fig. 3 is a diagram of cijrcuitry provided in 
i . . 

the read channel of a disk drive syi8tem, the circuitry ·:,, 
! 

10 inclu~ing a tunable filter and circuit elements that 

provide for high precision, programmable aigital 

adjustment of a cutof~ freque~cy of the tunable filter 

in accordance with th~ principles of the present 

invention; 

15 Fig. 4 is a graphical illµstration of the 

frequency response of a tunable lowpass filter having 

a cutoff frequency that is adjustable acco~ding to an 

embodiment:of the presen~ invention; 

Fig. 5 is a g~aphical illustration of the 

20 f.requency response of a tunable lowpass filter having 

a cutoff frequency that is-subject·to ~djus~ment 

according to an embodiment of the pre~ent invention; 

Fig. 6 depicts in flow diagram form several 

steps involvins the calibration of a cutoff frequency 

25 as~ociated with a tunable lowpass filter according to 

an embodiment of the present invention; 

Fig. · 7 is a flow diagram· ·depicting several· 

steps involving the calibration of ·a cuto'ff frequency 

associated with a tunable lowpass filter ,according to 

. 30 another embodiment of the present invention; 

Fig. 8 depicts in flow d~agram,form several 

steps involving a setup procedure ~mployed during 
I . ' 

calibration of a cutoff frequency iepresenting the low 
I 
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end of a range of cutoff frequencies asso~iated with a 

'tunable lowpass fi1ter according to an embodiment of 

the present in.vention; 

Fig. 9 ·is a· flow diagram showing several 

5 steps involving a setup procedure employed during 

calibration of a cutoff frequency representing th~ 

high end of a range of cutoff f req~encies associated 

with a tunable lowpass filter acco~ding to an 

embodiment of the present invention; 

10 Fig. 10 depicts in flow diagram form several 

steps involving.the calibration of .a cutoff frequency 

repres_enting the low end of a range of cutoff 

frequencies associated with a tunable lowpass filter 

according to the present invention; and 

15 Fig. 11 depicts in flow diagram form several 

steps involving the calibration of a cutoff frequency 
. . 

representing the high end of a range of qutof f 
! 

frequencies associated with a turia~le lowpass filter 
I 

acco.rding to the pres~nt invention·! 
I 

20 While the invention is amenable· to various 

modifications and alternative forms-, specifics thereof • 
have· been shown by way of example in the drawings and 

will' be described in detail herei~elow. It is to be 

understood, however, that the intention is not to 

25 ~imit the invention to the particular e~odiments 

described. On the contrary, the invention is intended 

to cover all modifications, equival~nts, and . 
alternatives falling within the scope of 'the invention 

as defined by the appended claims. 
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~~~AILED DESCRIPTION OF VARIOUS EMBODIMENTS 

in the following description of the 

illustrated embodiments,. references are made to the 

5 accompanying drawings which fo:r;m a ~art hereof, and in 

which is shown by way of illustration, various 

embodiments in which the invention may be· practiced. 

It is to be·unders~ood that other e~odiments may be 

utilized, and structural and functional changes may be 

10 made without departing from the scope of the present 

invention.· 

A system and methodology .in accordance with 

the principles of the present inve~tion provide for 

high precision, programmable digital adjustment of a 

15 cutoff frequency of a tunable filter. In one 

embodiment, a tunable filter, such .as a tunable 

lowpass filter,· is provided in 

disk drive system. The cutoff 

the· ~read channel of a 
[. . 

frequency .jof the 
! . 

tunable lowpass filter is modifiable acro·ss a range of 

20 . cutoff frequenci.es bounded by low and high cutoff 

frequencies, respectively. 

The range of programmable cut~ff frequencies, in 

accordance with one embodiment, is preferably 

sufficient to accommodate data rate· variations in the 

25 readback signal obtained from a d~ta storage· medium of 

a disk drive system. The range of programmable cutoff 

frequencies is also sufficient to accommodate servo 

signal variations .. in the readback signal obtained from 

a data storage medium of a disk drive system. 

30 In accordance with the princip~es of the 

present invention, a corner frequency.calibration 
I . • 

system and methodology provides a number of advantages 

unrealizable using conventional implementations. By 

... 
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way of ·example, a high degree of us~r programmability 

and programming flexibility is provided. After an 

·initial set-up routine, for exampler, corner frequency 
I 

calibration occurs automatically.thbreafter. Another 

5 advantage concerns a calibration approach which 

utilizes a digital peak detection system using ADC 

digitized samples. '· i ·. 
i 

A corner frequency calibli.ation ·.system and 
I . 

methodology of the present invention eff~ctively 

10 eliminates the need to use fuse trims otherwise 

required when using older technologies. A.corner 

frequency calibration· approach consistent with the 

present invention provides for tremendous test and 

technology savings due to the internal nature of the 

15 circuitry and the methodology employed. A calibratio~ 

engine, which is implemented in a control logic 

circuit, represents the control center for 

implementing a corner frequency calibration technique 

of the present invention. The control logic circuit 

20 provides for enabling and set-up of the appropriate 
I 

circuits· for use ~uring corne·r frequency calibration. 

A corner frequency calibr.ation methodology 

of the present invention may be viewed as a 

calibration approach that uses the entire analog read 
I 

25 path to digitize an internally ge~erated signal.that 

is frequency and gain controlled. In general terms, a 

corner frequency calibration procedure of the present 

invention passes a signal, having a frequency equal to 

the targ~t corner freq~ency, through. a continuous time 

30 filter (~TF). The gain ot the signal.is adjusted to a 

desired t~reshold, after which the gain -~s increased 

by a-specified amount. Finally, the corrier frequency 
: 

of the signal is moved back until the desired 
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threshold is again reached. This results in the CTF 

corner frequency being properly. calibrate1d to the 

desired frequency: 

It will be readily apprec,iated by those 
I 

5 skilled in the art that the circuit;ry·and 

methodologies described herein may be applied in 

filter applications other than thos'e emproyed in ·a 

read channel of a disk drive system. The skilled 

artisan will also recognize that the cutoff frequency 

10 calibration techniques described herein may be used in 

connection with a broad range of tunable filters, 

including, tunable bandpass and highpass filters, for 

example. 

In accordance with one embodiment of the 

15 present invention imple~ented in a disk drive system, 

high precision calibration of the cutoff frequency of 

a tunable lowpass filter may be accomplished using 

existing circuit ele~ents of the read channel. A 

significant advantage associated with use of exist~ng 

20 read channel circuitry concerns the ·elimination of 

technology and process tolerances that could other~ise 

adversely affect the accuracy of tqe filter's cutoff 

frequency, as well as the low and ~igh cutoff 

frequencies of. a range of selectable cutof·f 

25 frequencies. AnotJ:ier advantage includes eliminating 

dependency on external .signal processing electronics, 

which eliminates the need to allocate additional space ,. 

to accommodate such.external circuitry. 

Referring now to the drawings, and more 

30 particularly to Figs .. 1 and 2, there is illustrated a 

disk drive system 20 within which an appara~us and 

methodology for calibrating cutoff frequencies of ~· 

tunable filter provided in, or ~oupled to, a read 
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channel according to the principles, of the present 

invention .may be implemented. The disk drive system 

20 typically includes one or more rigid data storage 

disks 24, as is best shown in Fig; ·2, which are 

5 stacked coaxially in a tandem spacep relationship, and 

rotate about a spindle motor 26 at a relatively high 

rate of rotation. As i~ depicted in Fig., 1, each dis~ 

24 is typically formatted to include a plurality of 

spaced concentric tracks SO, with each track being 

10 partitioned into a series of sectors 52 ·which, in 

turn, are further divided into individual information 

15 

.. 

fields. One or more of the disks 24 may alternatively 

be formatted to include a spiraled .track 

configuration. 

An actuator 30 typically includes a number 

of interleaved· actuator arms 28 with each arm having 

one or more transducer 27 and slider assemblies 35 

mounted to a load beam 25 for transferring ·information 

to and from the data storage di~ks 24. The slider 35· 

20 is typically designed as an aerodynamic lifting body 

that lifts the transducer 27 off the surface of the 

disk 24 as the rate of spindle motor rotation 

increases and causes the transducer 27 to hover above 

the disk 24 on an air bearing produced bY. high speed 

25 of rotation of the disk 2·4. A conformal lubricant may 
I 

altern~tively be disposed on the d~sk surface 24 to 

reduce static.~nd dynamic friction petween the slider 

35 and the disk surface 24. ~ 

The actuator 30 is typica-lly mounted to a . 
30 stationary actuator shaft 32 and rotates on the shaft 

/ 

32· to· move the actuator a~ms 28 into and!out of the 

stack of data· stor:age disks 24. A coil assembly 36, 

mounted to a coil frame 34 of the a.ctuator 30, 
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generally rotates within a gap 44 defined between the 

upper and lower magnet ass~mblies 4'0 and 42 of a 

permanent magnet structure 38 causing the actuator 

arms 28, in turn, to· sweep over the surface of the· 

5 data storage disks 24. The spindle motor 26 typically 

comprises a poly~phase AC motor or, alternatively, a 

DC motor energized by a power supply 46 and adapted 

for rotating the data storage disks 24. 

The coil assembly 36 and.the upper and lower 

10 magnet assemblies 40 and 42 .of the permanent magnet 

structure 38 operate in cooperation as an actuator 

voice coil motor 39 responsive to control signals 

produced by a servo processor 56. The servo processor . . 
56'controls the.direction and magnitude of control 

15 current supplied to the voice coil motor 39. The 

actuator voice coil motor 39 produces a torquing· force 

on the actuator.coil frame 34 when ~ontrol currents of 
I 

varying direction and magnitude flow in the coil 

assembly 36 i.n the presence of a ma.gnetic field 

20 produced by the permanent magnet structure 38. The 

torquing f.orces imparted on the actuat·or ·coil frame 34 

cause corresponding rotational movement of phe 

actuator arms' 28 in directions dependent on the 
• 

polarity of the control currents f1
1
!owing in the coil 

25 assembly 36. . t 
The servo processo~ 56, ~~ich cooperates 

with read channel electronics 57, regulates the 

actuator voice coil motor 39 to move the actuator arms 

28 and transducers 27 to prescribed track 50 and 

30 sector 52 locations when reading a~d writ~ng data to 

and from the disks 24. The servo processor 56 is 

loosely coupled to a disk drive controller 58. The 

disk drive controller 58 typically includes control 

I . 
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circuitry and software that coordinate the transfer of 

data to and from the data storage disks 24. Although 

the servo processor 56, disk drive"controiler 58, and 

read channel electronics 57 are dep~cted as separate 

5 devices in Fig. 1, it is understood that ~he 

functionality of two or all of these devices may be. 

embodied in a single multi-purpose processor, which 
. ! 

typically results in a reduced component cost. 

Turning now to Fig. 3, th~re is illustrated 

10 an embodiment of circuitry for caliprating a cutoff 

frequency of a tunable. filter which, duri·ng normal 

operation·of a disk drive.system 20, receives a 

readback signal obtained ·from a daba storage medium . 
. ·' . 

The. circuitry illustrated in Fig. 3., acc~rd~ng ·to an 

15 embodiment of the present invention, repr-esents 

existing circuitry provided in a read· channel of a 

disk drive system which may be utilized using 

methodologies of the present invention for purposes o~ 

calibrating one or more cutoff frequencies of an 

20 integrated filter provided in ~he read channel. 

In accordance with this embodiment, little 

or no additional circuitry or significant modification 

thereto is required to perform a tunable filter 

calibration procedure· according to the pre·sent 

25 invention. For disk drive systems employing read 

channel circu~try differing significantly from that 

shown in Fig. 3, it is believed that only minor -' 

modifications or additions to existing read channel 

circuitry need be made in order to implement a tunable 

30 filter calibration procedure according to the present 

invention~ It. is understood that it:he techniques and 

·circuitry for calibrating one or more cutoff 

frequencies of a tunable filter as described herein 
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may be implemented and utilized in a wide variety of 

electronic systems and, in particular, in varying 

types of data processing and stori~g systems in 

general. 

5 Figure 3 depicts a number. of CO:lTiponents that 

process information signa~s derived from a data 

storage disk 73 using the read element of a read/write 

head 71 du~ing norma~ disk drive s~stem operatic~. 

The information signals obtained frbm the surf ace of 

10 disk 73 typically represent data o~·- servo· information 

stored thereon, but may include other types of 

information. The information stored on di~k 73 is 

typically in the form of magnetic transitions on a 

series of c_oncentric or serpentine tracks. The 

15 read/write head 71 may include a magnetoresistive (MR) 

read element, a giant magnetoresistive (GMR) read 

element, a thin-film read element, or other type of 

read transducer. It is understood that data storage 

disk 73 may store optical information, in which case 

20 read/write head 71 may include an optical read .. 
element. . .. 

During normal operation, :an information ··· 

signal induced in the read transducer of read/write 

. head 71 is typically communicated to pre-"amplification 

25 electronics, such as an arm electronics (AE) circuit 

or module 72. The AE module 72 amplifies the. readback 

signal transmitted from the read/write head 71, 

typically from the microvolt range to the millivolt 

range. T.he amplified readback sig~al is communicated 
. . 

30 from the AE module 72 to circuitry 75 whic~ further 

processes the readback signal. The elements of . 

circuitry 75 (excluding AE module 72, read/write head 

71, and disk 73} are preferably, but not necessarily, 
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integrat:-ed w1tn1n the read channel.· It is noted that 
I 

various components of .readback signal prOC!3SSing 

circuitry 75 illustrated in Fig. 3 are components 

typically. employed.in read channel applicat'ions. 

In accordance with the embodiment 

illustrated in Fig. 3, the ~eadback signal processing 

circuitry 75 inclµdes a variable g~in amplifier 76 

which is coupled to AE module 72 ttjrough a multiplexer 

65. A variable gain amplifier i.s understood in the 

10 art as an amplifier having a gain that is alterable in 
' response to control signals, such as voltage control 

signals. VGA 76 is coupled to a continuous time 

f ~lter (CTF) 78 through which readback signals' are 

communicated and filtered during normal operation . 

. 15 CTF 78, ·as will be discu~sed in greater detail 

hereinbelow, represents a tunable filter which, when 

properly controlled in accordance with the principles 

of the present invention, provides for high precision 

adjustment of the filter's cutoff ~requency~. 

20 CTF 78 is coupled to an analog-to-digital 

converter (ADC) 101 which digitizes analog filtered 

readback signals passed through CTF 78. During normal· 

read oper~tions, readback signals output from ADC 101 

are tra~smitted to downstream.circuitry for further 

25 processing along signal conductors {not shown) coupled· 

to appropriate outputs of ADC 101. Digital output 

signals produced by ADC 101 and transmitted through 

conductor 81 are used by the control· logic circuit 90 

when performing a·CTF cutoff frequency calibration 

3 O procedure in accordance with t;he p~i'ncipl.es o:e the 

present invention. 

In the embodiment shown in Fig·: 3, VGA 76 is 

used to normalize the amplitude of the readback signal 
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' . received from AE module 72. For example, the.readback 

signal amplitude at the output· of VGA 76/CTF 78 may be 

normalized at 800 mVdpp (differential peak-to-peak) . 

In accordance with the circuit configuration shown in 

5 Fig. 3, a digital gain control converter 80 produces 

control voltage signals which are transmitt~d along 

conductors 77 to VGA 76 for purposes of adjusting the 

gain of VGA 76. The range of VGA control voltages 

typically span the range of expecte.d voltage signals . . . 
10 input to VGA 76. For example, VGA :control· voltages · 

ranging between -400 mV to +400 mv'corresponds to an 

operating gain range of the VGA 76 that permits· 

normalization of the readback signal to 800 mVdpp· 
.• . 

Gain ·control converter 80 produces gain 

15 control voltage signals in response to digit~l words 

received from control logic circuit 90. The gain 

control conver~er 80 transmits the gain· control 

signals to VGA 76·. As such, control logic circuit 90 

20 

25 

effectively controls the gain of VGA 76 during a 
. . 

cutoff frequency calibration procedure ac~ording to 

the present inve~tion. It is.under~tood that the· 
: . 

components depicted as individual circuit elements in 

Fig. 3, and other figures,· may al te·rnatively be 

integrated.within one or more multiple-purpose ., 

components. 

In one embodiment of the ;present invention 

particularly well-suited for use in filtering readback 

signals obtained f°rom a data storage medium, CTF 78 is 

configured as a tunabl~ lowpass filter. The ability 
·. 

30 to precise~·y establish t_he cutoff fi:requency of CTF 78 

within a range of cutoff frequencies is typically 

necessary in order to compensate fqr data r~te . 
I 

variability in the readback signais'. transmitted 
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through the read channel. An. exemplary_ continuous 

time filter which may be utilized in read channel· 

applications and controlled using the methodologies of 

the present invention is described in U.S. Patent No. 

5 5,491,447 (Goetschel et al.), which is hereby 

incorporated herein by reference in its entirety. CTF 

78 may thus be characterized· as a filter havin~ a 

tunable frequency response, by which the cutoff or 

corner frequency of the filter's· lowpass response is 

10 adjustable within a range of frequ~hcies bounded by a 

low cutoff frequency, f 1 , and a hig~ cutoff frequency, 

f2. 

CTF 78 includes a cutoff adjust input 89, a 

low calibration bit input 91, and a,· high·calibration 

15 bit input 93, each of which is coupled to a 

corresponding· output of the contror logic.circuit 90. 

The cutoff adjust input 89 .is used to select a desired 

cu~off frequency. Due to factors such as tec~nology 

20 

25 

and process variatio~s! ) selected fTF cutoff 

frequency often differs f rorn the actual CTF cutoff 

frequency. 

In accordance with the principl"es of the 

present invention, the low and high .calibration bit 

inputs 91, 93 are used to precisely tune ·cTF 78 so 

that the actual cutoff frequency of CTF 78 matches the 

selected cutoff frequency. Control logic circuit 90 

generates digital words which are transmi~ted to the 

cutoff adjust input 89, low calibration bit input· 91., 

and high calibration bit input 93 of CTF 7B to·control 

30 the· frequency response (e.g., cutoff frequency} of CTF 

78. 

It will be immediately apparent to one 

skilled in the art that precisely calibrating desired 
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low apd high cutoff frequencies, f1'. and fi, of a 
• I 

tunable filter is a difficµlt undertaking·_ in view of 
; . 

inherent technology and circuit implementation 

factors, for example. Further, it .may b~ necessary to 

5 modify the low and high cutoff frequencies, f1 and f2, . 
·of a tunable filter when read chan~el electronics or 

I 
operating requirements are modifieq. 

Turning now to Fig. 6, there is depicted a 

flow diagram showing several steps associated with 

10 calibrating a tunable filter, such as a tunable • 
lowpass filter (e.g., CTF 78 shown in Fig. 3), 

according to the present invention.· In broad and . . 

general terms, a signal to be processed by a tunable 

or.programmable filter (e.g., CTF 78) during the 

15 calibration procedure' is generated ·150. The signal ·is 

a peak-detectable signal, such.as a triangular or 

sinusoidal signal. The signal is generated to have a 

f r~quency ·equal to the t_arget corner frequency and 

-which falls within the pass band of the CTF 78. The 

20 gain of the signal is adjusted 156 to a pre­

established gain thre-shold, as is indicated in ·the 

output voltage versus frequency characterization of 

CTF 78 provided in Fig. 4. 

Figure 4 is a graphical illustration of the 
I 

25 frequency response of a tunable lowpass filter, such 

as CTF 78 shown in Fig .. 3, having a cutoff frequency 

that is ·adjustable according to an ·embodiment of the 

present invention. In Fig. 4, the.gain of the signal 

is adjusted 156. until a pre-established gain threshold ·.· 

30 .(e.g., ~C 'threshold) is reached. After reaching the 

pre-established gain threshold, the gain ·of the signal 

is increased 158 from the gain threshold by a pre­

established amount. The tunable filter (e.g.·' CTF 78) 
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is controlled so as to shift 160 th~ corn~r frequency .. ' .. 

of the signal downwarc;i. Downward a~justm~nt ·of the 

Signal IS COrner frequency COntinUeS· 162 until the g·ain 

of the signal is equal ·to t.he pre-e.stablished gain 

5 threshold (i.e., ADC t;hreshold) . 

At the point of equivalency between the gain 

of the signal and the gain threshol~, the.corner . . . . 
frequency of the tunable filter (e.g., CTF 78) is 

calibrated 164 to the desired frequency. Figure 5 

10 shows the frequency respon~e of CTF 78 as the gain of 

the signal is increased 158 from the gain threshold by 

the pre-established amount-in this case 3 dB-and the 

signal's corner frequency is downward shifted until 

the gain of the signal equals the p;re;-established gain 

15 threshold (i.e., point A in Fig. 5'). 
I 

With continued reference to Fig. 3, a more 

detailed description of a CTF corner frequency 

calibration methodology according ~o another 

embodiment of the present invention will now be 

20 described. A signal used in· the calibration procedure 

is ge~erated by signal translator 61. The signal 

translator 61 is driven by a sequencer 107. A Write 

VCO (voltage controlled oscillator) 63 provides a 

proper signal to the sequencer 107. The sequence·r 107 

· 25 then divides. the signal received from the WVCO 63 and 

converts the divided signal to a s~gnal having a 

frequency equal to the target cornejr frequency. This 
I . 

$ignal is input into the VGA 76/CT~ 78 via MUX 65. 

As wili be describ~d in greater detail 

30 hereinbelow, a frequency parameter, referred to as an 

N Value, is used to set the WVCO 63" to a desired 

frequency. The N Value is transmitted from control 

logic circuit 90 to WVCO 63 via a WVCO tuner 112. The 
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WVCO tuner 112, which is c~upled to the WVCO 63, 

converts the N Value for purposes of setting the WVCO 

63 to the correct frequ~ncy to be divided into the 

desired corner frequency. 
! 

s A Servo vco (SVCO) 109 provides the proper 

sampling frequency used by .the ~c 101 via line 108. 

The output signal of the VGA 76/CTF 78 is digitized in . ' 

the ADC 101 and captured by ADC capture logic 103. 

Line 81 is coupled between ADC 101 and ADC capture 

10. logic 103, and communicates ADC output data. The 

control logic ·circuit 90 receives these t'imed samples 

from ADC capture logic 103, digitally peak detects the 

value of the samples, and makes the appropriate 

digital signal gain adjustments followed by 

15 appropriate corne~ trim adjustments in accordance with 

tpe calibration techniques described previously and 

hereinbelow. 

Turning now to Figure 7, 'there is 

illustrated in flow diagram form several steps 

20 involving the calibration of a cut-off frequency 

associated with a tunable or programmable low pass 

filter according to a further embodiment of the 

present invention. Upon initiating ··the corner 

frequency. c~libration procequre 170, a number of 

25 parameters are initially established prior to 

performing an automatic corner fre~uency calibration. 

In particular, six different inputs: are established to 

properly set-up the corner frequency calibration. 

These six inputs are twically establishe.d using 

30 inputs rece·i ved by a user .. 

A sampling window is selected 1,72. A . 
sampling window length specifies the time in which the 

digital peak detector of the contr0:l logic circuit 90 
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looks for valid samples. In one embodimeht, the 

specified time or sampling window length defaults to 

1,02~ crystal clock ~ycles. The ADC threshold level 

is then set 174. The ADC threshold level, which 

5 represents·a pre-established·gain threshold, is a 

threshold in the ADC 101 that the pe~k detector of the 

control logic circuit 90 uses to determine if a sample 

should be captured. In one embodiment, the ADC 

threshold level is programmable and defaults to a 

10 positive detect level. Th_e .negative detect level is 

calculated from user inputted positive value as it is 

centered around an ADC threshold level code 

corresponding to a kiiown signal state . 

. The amount of attenuation or roll-off is 

15 selected 176. The size of the roll-off represents the 

amount of attenuation the user wants to set the corner 

frequency to. The VGA 76, according to one 

embodiment, exhibits a .0.1 dB granularity per step, 

such that one' code corres_ponds to a step .of 0 .. 1 dB. 

20 The attenuation is programmable, according to this 

embodiment, from l to 63 steps, and··defaults to a step · . . . 
value of 30, which corresponds to 3: dB of attenuation. 

The nµmber of samples is ,then ·selected 178. 

This number represents the number of samples needed to . . 
25 detect a.valid threshold crossing. The number of 

samples yalue is programmable, according to one 

embodiment~ from .. 16 to 240, and de~aults to·a sample 

number value of 64. 

An N Value which is used for e~tablishing a 

30 desired corner frequency is selected 180. The N Value 

for a desired corner frequency represents a value 

which will be used during.the appropriate corner 

frequency calibration (e.g., high ·corner or low 
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,· 

corner) . The N Value is used to se!t up the WVCO 63 to 

the desired'frequency. In one embodiment, the user 

inputs four N Values, one N value for each of the four 

corners (high and low) associated with readback signal 

5 data and servo data, respectively. 

A Divider/filter setting is sele.cted 182. 

The Divider/filter parameter is sel'ected to obtain the 

proper wvco signal division needed to attain 

frequencies lower than 212 MHz. The Divider/filter 
I 

10 selection parameter is used in conjunction with the N 

Value to attain the.proper frequen~~· The user 

typically inputs· all four Divider/f~lter settings for 
I 

all four corners (i.e., data high and low, servo hlgh 
. 

·and low). 
I 

15 After performing the above-described set-up 

steps, there is typically a delay period of a.wait .•..... 
time (e.g., 8191 crystal period wa:Lt time) before the 

calibration actually starts. This .wait time is needed 

to initiate a coarse ~une in the write sy.i'lthesizer 

20 which will convert the N Value to the proper prescale 

and tu.ne -bits to be applied to the WVCO 63.. These 

prescale and tune bi ts are use to p_rogra~ the WVCO 63 

to the proper frequency. 
: . 
I 

i 

During this wait period, ·jall. of· the 

25 appropriate circuit enables and calibrate control 

signals coordinated by or within control logic circuit 

90 are applied, thereby readying the system for the 

calibration procedure. The control logic circuit 90 

30 

. 
also sets up the sampling frequency of the ADC 10-1 

during this wait period. Once the WVCO 63 is set up 

to the proper frequency, the calibration procedure 

starts by adjusting the corner calibrate bits to 

maximum, which pushes the corner out as far as 
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possible. 

initiated. 

Then, the gain ~et-up preambl~ is 
; I. 

The low and high corner freqqencies are 
. 

respectively calibrated 184, 186 iri a manner described 

in greater detail hereinbelow, the compietion of which 

5 indicates the completion 188 of the corner frequency 

calibration procedure. 

Returning again to Fig. 3·, the signal which 

the WVCO 63 provides via the sequetjcer l fi7 is 
! 

preferably an ECL signal, which is~receiv,ed and 

10 filtered by an ECL-to-sine wave codverter circuit (not 

shown) provided in or coupled to VGA 76. The ECL-to­

sine wave converter circuit converts the ·ECL signal to 

a sinusoidal signal by band pass filtering the input 

signal using a selected bank of capacitors. This 

15 signal has already been divided down in the sequencer 

107 to the proper frequency before it reaches the VGA 

76. 

The ECL-to-sine.wave converter circuit acts as an 

a+ternate input to the VGA 76 while the VGA input 

20 switches are open. This signal then travels through 

.the VGA 76 and CTF 78 and is digitized by the ADC 101, 

which is salJIPling using the servo ~alf ra~e clock 

provided by the sequencer l 07 via line l o·a. The 

signal is gain adjusted in the VGA 76 to achieve the 

25 proper signal level, which is then :aetected by the 

digital peak detector circuit .in t~e control logic 

circuit 90 after the raw.ADC samples are captured in 

the ADC capture logic 103. 

Once the appropriate ga~n is determined, the 

30 control logic circuit 90 bumps or increases the VGA 

gain code by the user-specified amount. This is the 

point in the procedure in which the actual calibrate 

bits which control the CTF corner frequency are 
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manipulated. The calibrate bits are adjusted until 

the same threshold used to 'determine the gain set-up 

is reached. This effectively moves the corner of the 

CTF to 3 dB below the pass band. 

This sequence ~f events occurs four times in 

the case in which the channel calibrates a.data low, 

data high, servo low, and servo high, preferably in 

that order. As was discussed previously, the user 

initially sets up the required six inputs discussed 

·10 with respect to Figure 7 and then the calibration of 

all four corners. in the above-speci;fied order occurs 

without any further set-up or use~ :intervention. 

Turning now to Figure 8, there is 

illustrated various steps i~volving a lo~ corner 

15 frequency calibrat.ion set-up procedure in accordance 

with an embodiment of.the present invention. Upon 

initiation 200· of the low corner frequency calibration 

set-up proce~ure, a desired low corner frequency cut-. 

off is selected 202. For ·example, a desired dat~ low 

20 corner frequency may· be set at 96. 5 MHz. Va.rious WVCO 

frequency parameters are then selected 20.4. In 

particular, the proper N Value with Divider for the 

desired corner frequency is determined. 

By way of example, and assuming a desired 

25 low corner frequency of 96.5 MHz is selected and a 

valid WVCO frequency of 386 MHz is selected, the 

Divider parameter is com~uted by 386 MHz = D•96.5 MHz, 

from which D is calculated to be 4. Generally, the 

Divider parameter, D, is a whole number which is 

30 arrived at ·by modifying the WVCO freguency within a 

valid range of frequencies after having established 

the desired low corner frequency. 
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The value of the Divider parameter, D, may 
. ! • 

be computed using the following formula: Valid VCO 

Frequency = Divider•Corner Frequency. The N Value 

parameter may be computed using the following formula: . 
5 N Value = Valid VCO Frequency•32/Crystal Frequency. 

I 

Given the parameters above, the N Value is computed as 

386 MHz•32/60 MHz = 206. 

In general, the N Value and Div1der 

parameters are computed by adjusting the WVCO 

10 frequency within a valid range of frequencies. If 206 

the WVCO frequency does not provide the desired values 

for N Value and Divider,. the WVCO frequency or 
, 

frequency parameters ·are ·adjusted 208 appropriately. 

Th~ N Value and Divider parameters associated with the 

15 low corner frequency parameters are stored 210 for 

later use during the low carrier frequency calibration 

procedure. 

Additional low corner fre'quency calibration 

set-up steps involve providing correct settings· for 

20 the ECL Divider and input translator filter. In one 

embodiment, a high, mid, and low frequency range are 

considered valid choices. A high frequency range 

setting varies between 300-712 MHz with no division. 

A valid:mid freqilency range setting·varies between 70-

25 300 MHz .with divide by 2 ~r 4. A ~alid low frequency 

range setting varies between 30-70 MHz w~th divide by 

8. Having completed the low 'frequency calibration 

set-up procedure, 'the low corner frequenc:;y calibration 

procedure may .be initiat.ed 212. 

30 Figure 9 illustrates vari.ous steps involving 

a high corner frequency calibration set-up procedure 

according to an embodiment of the present. invention. 

After initiating the high corner f~equency calibration 
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set-up procedure 220, a desired high corner frequency 

cut-Qff is selected 222. By way-of example, a desired 

high corner frequency cut-off may be set at 421.5 MHz. 

WVCO frequency parameters are then selected 224. 

5 T~e WVCO N Value and Divider parameters may, 

for example, be established using the formula provided 

above (i.e., Valid WVCO Frequency= Divider•Corner 

Frequency) . In one illustrative example, the Divider 

parameter may be set at 1, thereby providing a-valid 

10 WVCO frequency of 427.S MHz. The N Value may be 

comput~d by-the previously d~scussed formula (i.e., N 

·Value = Valid WVCO Frequency•32/Cryst.a.1 Frequency) . 

According to this exarnpl.e, the N Value may be computed 

15 

as.427.5 MHz•32/60 MHz = 228. " 

The WVCO frequency is adjusted 226, 228 

during the wvco·frequency parameter seleqtion or 
-

computation process as needed. The WVCO high corner 

frequency parameters are stored 230' for subsequent use 

during the actual hig~·corner fre~ency calibration 

20 procedure, which may then be initi~ted 232.-

Figure 10 illustrates var.ious steps 

involving a low corner frequency calibration procedure 
' . 

according to an embodiment of the p~esent invention. 

The low corner freciuency calibration procedure . . 

25 depicted in Fig. 10 advantageously :occur~· · 

automatically, without requirement .of use·r or 
•. 

processor interruption, after the low corner frequency 

calibration set-up procedure of Fig. 8 has been 

completed. 

30 With reference to Figs. ~o and 3, after 

initiating 240 the-low corner freq~ency calibration 

set-up procedure, the WVCO 63 is ttined 242 to the 

appropriate frequency using the p~eviously stored low 
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corner frequency parameters (e.g., N ValueJ. The 
filter band ·of the CTF 78 is set 244 to minimum. The 
low frequency cutoff adjust bits (CAL bits) input to 
CTF 78 via input 91 are set 246 to maximum, and the 

5 hi_gh frequency CAL bits input to CT¥ 78 via inpu~ 93 
are set 248 to'a mid-level setting.: 

The digital gain is adjusted 250 by the 
control logic circuit 90 in cooperation with the . . . 

digital gain control converter 80 until the ADC codes 
10 exceed the pre-established ADC thre'shold. The digital 

gain is increased incrementally 252, 254 in accordance 
with the gain adjustment resolution of the VGA 76 
until the digital .gain is increased from .the pre-·. 

·established ADC threshold by 3 dB. · In one embodiment, 
15 the VGA gain . has ·a O . 1 dB granulari:t y pel:' code step. 

The desired 3 dB gain increase is ~chieved by bumping 
I . 

the digital ga·in by 30 Code Steps (li o e·, I 0 .1 

dB/code•30 coqes = 3 dB) . 

When.the digital ga~n is increased from the 
20 pre-established.ADC threshold by 3.dB, "the digital 

gain is held 256 at this level, and the low frequ~ncy 
CAL bits are adju_sted 258, 260 until the ADC codes 

. . 

reach the pre-established ADC: threshold. When the ADC 
codes reach the pre-established ADC threshold, the low 

25 corner frequency has been calibrated 26~ to the 
desired frequency. 

Figure 11 illustrates various steps 
involving a high corner frequency calibration 

I 
I 

procedure according to an embodiment of the present · 
30. ·invention. The high corner frequency calibration 

·procedure depicted in Fig. 11 advantageously occurs 
. I•' 

automatically, without requirement,.of user or 
processor interruption, after the high corner 
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·frequency calibration set-up procedur~ of Fig. 9 has 
.. 

been completed. 

With reference to Figs. ll and 3, after 

initiating 270 the high corner freq\iency calibration 

s set-up p~ocedure, the wvco 63 is t\.Uled 2(2 to the 

appropriate frequency using the pr~viously stored high 

corner frequency parameters (e.g., N Value). The 

filter band·of the CTF 78 is set 274 to maximum. The 

high frequency CAL bits input to CTF 78 via input.91 

10 are set 276 to maximum. 

The digital gain is adjusted 278 by the 

control logic circuit 90 in cooperation with the 

digital gain control converter 80 until the ADC codes 

exceed the pre-established ADC threshold. The digital 

15 gain is increased incrementally 280, 282 in accordance 

with the gain adjustment resolutio~ of the VGA 76 

until the digital gain is increased from the pre­

established ADC threshold by 3 dB .. 

· When the digital· gain is .increased from the . . . ' 

20 pre-established ADC threshold by 3 dB, the digital 

gain is held 284 at this level,_and the high frequency 

CAL bits are adjusted 286, 288 until .the ADC codes 

reach the pre-established ADC threshold. When the ADC ·. 

codes reach the pre-established ADC threshold, the 

25 high corner frequency has been calibrated' 290 to the 

desired frequency. 

It is understood that the low and high 

cutoff frequency calibration procedures discussed 

above may each be implemented individually for 

30 calibrating a respective low· or high cutoff frequency. 

The low and high cutoff frequency calibration 

procedures may also be implemented ·in combination for 

calibrating respective low and high cutoff frequencies 
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of a range of cutoff frequencies a~~ociat.~d with a 

tunable filter. 

The foregoing description: of the vari.ous 

embodiments of the invention has been pre:sented for 

5 the purposes of illustration and description. It is 

not intended to be exhaustive or to limit the 

invention to the precise form disclosed. Many 

modifications and variations are possible in light of 
. ! 

the above teaching. It is intended that the scope of 

10 the invention be limited not by this detailed 

description, but rather by the claims appended hereto . 

·. 

.. 

... 
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CLAIMS 

What is claimed is: 

5 1. A method of calibrating a corn·er frequency 
. 

of a tunable filter coupled to a read channel of a 

data storage system to a desired frequency, the method 

comprising: 

generating a signal having a frequency 

10 substantially equal to the desired corner frequency; 

adjusting a gain of the s'ignal to a gain 

threshold; 

increasing the gain of th.e signal from the 

gain threshold by a.pre-established amount; and 

15 shifting the qorner frequency of .the signal 

20 

until the gain of the signal is substantially equal to 

the.gain threshold, at which point the corner 

frequency of the tunable filt.er is calibrated to the 

desired.frequency. 

2. The method of claim 1~ wherein generating 

the signal comprises generating a peak-detectable 

signal. 

25 3. The method of claim 1, wherein the.pre-
' 

30 

establi"shed amount is about 3 dB. 

4 . The method of claim 1, wlierein shifting the 
I 

corner frequency of the signal comP,rises ·shifting the 

corner frequency of the signal 

I IJlllll llll/1111111111111 Jiii 
C L M S * 

dowriward in frequency. 
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s. The method of claim 1, further comprising 

converting the signal from analog f._orm ta, digital form 

to produce a digital signal, wherein adjusting the 

gain of the signal comprises digitally adjusting the 

5 gain of the digital signal to a dig_i tal g~in 

threshold. 

6. The method of claims, wherein increasing 

the gain of the digital signal comprises incrementally 

10 increasing the digital signal gain. 

7. The method of claim 1, wnerein shifting the 

corner freque~cy of the signal comprises shifting the 

corner frequency of the signal while the gain of the 

15 signal is held at the gain threshold plu~ the pre-. 
established amount. 

8. The method of claim 1, increasing the gain 

comprises increasing the.signal gain by the pre-

20 established amount of about 3 dB. 

25 

9. The method of claim 1, wqerein the corner 
' 

frequency of a tunable fiiter is a :1ow or high corner . . 
frequency appropriate for f'iltering a data signal. 

10. The method of claim 1, wtjerein'the corner 

frequency of a tunable filter is a :1ow or high corner 

frequency appropriate for filtering a servo signal. 

I lllllll llllll lllll lllll II llll 
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11. A circuit for calibrating' a cutoff frequency 

of a filter to a desired frequency,1 comprlsing: 

a tunable filter; 

a variable gain amplifier; coupled to the 

5 filter and a signal source,· the signal source 

generating a signal having a frequency.substantially 

equal to the desired"frequency; 

an analog-to-digital conv~rter (ADC) coupled 

to the filter, the ADC producing a digiti'zed signal in 

10 response to receiving the signal fro~ the filter; and 

a control circuit co~pled:to the filter, 
. . . 

amplifier, signal source, and ADC, ~he coptrol circuit 

adjusting a ga~n of the digitized ~~gnal ~o a gain 

threshold, increasing the gain of t~e digitized signal 

15 from the gain thresholq by a pre-established amount, 

and shifting the corner frequency of the digitized 

signal until the gain of the digitized signal is 

substantially equal to the gain threshold~ at which 

point the corner frequency of the filte~ is calibrated 

20 to the desired frequency. 

12. The circuit of claim 11, wherein the signal 

source co~prises a signal translator, the signal· 

translat9r communi~ating a peak-detectable signal 

25 generated by the signal source to t!he amplifier .. 

13_. The circuit of claim 12, wherein the signal· 

source further comprises a sequencer coupled to the .. 
signal translator, the .sequencer having. se:rvo inputs 

30 coupled to a servo voltage cont~olled oscillator and 

data inputs coupled to a tunable write voltage 

controlled oscillator. 

11111111 111111 11111 11111 JI 1111 . 
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: t. 

14. The circuit of claim 11, '~herein the control 
i 1; 

circuit communicates control signal:s to t'.he signal 

source to set the signal source I to ·p. f req'i.tency to be 
I 

divided into the desired corner frequency. 

15. The circuit of claim 11, wherein the c;:ontrol 

circuit comprises a digital peak detector circuit that 

digitally peak detects the gain of 'the digitized 

signal received from the ADC. 

16. The circuit of claim .11, wherein the control 

circuit communicates a contro~. signal to the ADC to 

set a sampling frequency of the ADC. 

17. The circuit of claim 11, ~u~ther comprising 

ADC capture logic coupled between the.ADC and the 

control circuit. 

18. The circu~t of claim 11, ":further comprising 

20 a digital gain controller coupled between the control 

circuit and the amplifier, the digital gain controller 

providing amplifier control signals· to the amplifier 

in response to control signals received from the 

control circuit. 

25 

19. The circuit of claim 11, wherein the filter 

comprises a tunable lowpass filter. 

20. The circuit of claim 11, wherein the circuit 

30 is implemented in-·situ a read channel of a disk drive 

system. 

I If lllll /I/Ill lllll /llll l//lll 
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1 

lii1ii1ilrlr 
21. A data· storing system, comprising: 

a data storage disk; 

a data transfer head including a read 

transducer coupled to a read channel; 
I 

5 an actuator for providing: relative movement 

between the head and.the· ~isk; and 

a circuit coupled to the read channel for 

calibrating a cutoff. frequency of a; filter to a .. 
desired frequency~ the circuit comprising: 

·10 a tunable ·filter; 

a variable gain amplifier poupled to 

the filter and a signal source, the signal source 

generating a_.signal; 

an analog-to-digital converter (ADC) 

15 coupled to .the filter, the ADC producing a digitized 

signal in response to receiving the. signal from the 

filter; arid 

a CO;lltrol circuit co.upled to the 

filter, amplifie.r, signal source, and ADC, the· control 

20 circuit adjusting a~gain df the digitized signal to a 

gaia threshold, increasing the gaintof the digitized 

signal from the gain threshold by a pre-established 

amount, and shifting the corner frequency of the 

digitized signal until the gain of the digitized 

25 signal is substantially equal to the gain threshold, 

at which point the corner frequency of t·he filter is 

calibrated to.the desired,frequ~ncy. 

22. The system of claim 21, wherein the signal 

30 source comprises a signal translator, the' signal 

translator communicating a peak-detectable signal 

generated by the signal source to the amplifier. 

· · I 111111111111111111 11111111111 
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23. The system of claim 22, wherein .. the. signal 

source further comprises a sequencer coupled to the 

signal translator, tne sequencer having servo inputs 

coupled to a serv'o voltage controlled oscillator and 

5 data inputs coupled to a tunable write voltage 

controlled oscillator. 

24. The system of claim 21, wherein the control 

circuit communicates control signals to the signal 

10 source to set the signal source to a frequency to be 

divided into the desired corner frequency. 

25. The system of claim 21 1 wherein the control 

circuit comprises a digital peak detector circuit that 

15 digitally peak detects the gain of the digitized 

$ignal received from the ADC. 

26. The· system of claim 21, wherein. the control 

circuit communicates a control signal to the AOC t.o . 

20 set a sa.mpling frequency pf the ADC. 

25 

27. The system of claim 21, further comprising 

ADC capture logic coupled between the ADC and the 
I 

control circuit. 

28. The system of claim 21, ·further comprising a 

digital gain controller coupled between the control 
' I 

circuit and ·the amplifier, the digi;tal gQ.:i.n controller 
• J 

providing amplifier control signals! to th~ amplifier 
. i 

30 in response' to control signals rece~ved from the 
I 

control circuit. 

11111111111111 11111 1111111 1111 
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29. The system of claim 21, wherein the fil.ter 

comprises a tunable lowpass filter. 

30. The system of claim 21, wherein the circuit 

5 is implemented in-situ the read channel. 

111111111111111111111111111111 . 
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