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RANGELESS SERVO NOTCH 
OPTIMIZATION 

RELATED APPLICATIONS 

This application claims priority of US. provisional appli 
cation Ser. No. 60/347,593, ?led Jan. 11, 2002. 

FIELD OF THE INVENTION 

This application relates generally to data storage device 
servo control systems and more particularly to a method for 
optimizing notch ?lter placement in a servo control system 
such as is typically used in a disc drive to control positioning 
of a transducer over a rotating storage medium. 

BACKGROUND OF THE INVENTION 

Notch ?lters are placed in the track folloWing and seeking 
control loops in conventional servo control systems to help 
stabiliZe the actuator mechanics. These notch ?lters are 
typically mathematically implemented in algorithms de?ned 
in the drive control ?rmWare. The particular placement 
parameters utiliZed in these notch ?lter algorithms may be 
stored in the boot record on the disc or permanently stored 
in the ?rmWare. To compensate for drive-to-drive variations, 
notch ?lter placement is customiZed for each drive and each 
head Within a drive. Since each head in every drive requires 
its oWn set of speci?c notch ?lters, notch ?lter placement is 
accomplished as part of a manufacturing test process that 
customiZes, tunes, and validates every drive. 

Servo Notch OptimiZation (SNO) is the portion of the 
post assembly manufacturing test process that places the 
notch ?lters. Due to memory limitations, the factory test 
systems that perform this portion cannot acquire the neces 
sary number of data points to optimiZe the entire frequency 
range of interest in disc drive operation. Thus, the current 
SNO requires that the frequency spectrum of each head be 
divided into a series of smaller ranges. The SNO process 
then places only one notch per sub-range. Ideally, each 
sub-range Will only contain one resonance peak that needs to 
be notched since the current SNO process only alloWs one 
notch per range. 

The current conventional SNO process has several short 
comings. First, it requires prior identi?cation of the reso 
nances that Will require notch ?lters. Second, it requires that 
the center frequency of the previously identi?ed resonances 
be consistent from drive to drive. Third, as previously 
mentioned, the SNO process only alloWs for one notch per 
range. The current conventional SNO process is inadequate, 
due to drive-to-drive frequency variations and the one notch 
per sub-range limitation, in the case of double peaked 
resonances that require tWo notches for appropriate cover 
age. Accordingly there is a need for a more versatile method 
for notch ?lter placement in a disc drive control scheme. The 
present invention provides a solution to this and other 
problems, and offers other advantages over the prior art. 

SUMMARY OF THE INVENTION 

Against this backdrop the present invention has been 
developed. The rangeless SNO method in accordance With 
the present invention essentially Works by creating a circular 
memory buffer Within the SNO process. The buffer length is 
preferably equal to the allotted memory in the factory test 
system. At each frequency point contained in the memory 
buffer, the SNO algorithm measures the structural and 
compensator responses of the drive, mathematically com 
putes the open loop response, and compares the output to a 
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gain threshold. If the open loop response exceeds the gain 
threshold, a peak detect algorithm ?nds the resonance peak, 
determines the required ?lter parameters for this peak, and 
places a notch ?lter centered on the resonance. Once placed, 
the notches are mathematically applied to all frequency 
points in the memory buffer and the open loop response is 
re-calculated. The re-calculated open loop response (With 
the ?rst iteration notches incorporated) is then again com 
pared to the same gain threshold and notches are placed until 
every point in the buffer is beloW the gain threshold. Once 
all points in the buffer pass beloW the threshold, the fre 
quency range of the buffer is shifted to a neW frequency 
range and the process is repeated. Once the entire frequency 
range of the drive has been tested, the gain threshold is 
loWered and the entire process is repeated. Basically this 
iterative process continues until all available notches are 
placed. The result is that notches are placed in order from the 
largest resonance peaks to the smallest resonance peaks for 
the available notch ?lters. In this manner, the available ?lters 
are alWays optimally placed. 

These and various other features as Well as advantages 
Which characteriZe the present invention Will be apparent 
from a reading of the folloWing detailed description and a 
revieW of the associated draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a plan vieW of a disc drive incorporating a 
preferred embodiment of the present invention shoWing the 
primary internal components. 

FIG. 2 is a block diagram of the servo control system of 
the disc drive shoWn in FIG. 1 in accordance With a preferred 
embodiment of the present invention. 

FIG. 3 is an operational ?oW chart of the optimiZation 
process in accordance With a preferred embodiment of the 
present invention. 

FIG. 4 is a bode plot of a disc drive With conventional 
servo notch placement. 

FIG. 5 is a bode plot of a disc drive response With servo 
notch placement performed in accordance With a preferred 
embodiment the present invention. 

DETAILED DESCRIPTION 

A disc drive 100 constructed in accordance With a pre 
ferred embodiment of the present invention is shoWn in FIG. 
1. The disc drive 100 includes a base 102 to Which various 
components of the disc drive 100 are mounted. Atop cover 
104, shoWn partially cut aWay, cooperates With the base 102 
to form an internal, sealed environment for the disc drive in 
a conventional manner. The components include a spindle 
motor 106 Which rotates one or more discs 108 at a constant 

high speed. Information is Written to and read from tracks on 
the discs 108 through the use of an actuator assembly 110, 
Which rotates during a seek operation about a bearing shaft 
assembly 112 positioned adjacent the discs 108. The actuator 
assembly 110 includes a plurality of actuator arms 114 
Which eXtend toWards the discs 108, With one or more 
?eXures 116 extending from each of the actuator arms 114. 
Mounted at the distal end of each of the ?eXures 116 is a 
head 118 Which includes an air bearing slider enabling the 
head 118 to ?y in close proXimity above the corresponding 
surface of the associated disc 108. 

During a seek operation, the track position of the heads 
118 is controlled through the use of a voice coil motor 
(VCM) 124, Which typically includes a coil 126 attached to 
the actuator assembly 110, as Well as one or more permanent 
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magnets 128 Which establish a magnetic ?eld in Which the 
coil 126 is immersed. The controlled application of current 
to the coil 126 causes magnetic interaction betWeen the 
permanent magnets 128 and the coil 126 so that the coil 126 
moves in accordance With the Well knoWn LorentZ relation 
ship. As the coil 126 moves, the actuator assembly 110 
pivots about the bearing shaft assembly 112, and the heads 
118 are caused to move across the surfaces of the discs 108. 

The spindle motor 106 is typically de-energiZed When the 
disc drive 100 is not in use for extended periods of time. The 
heads 118 are moved over park Zones 120 near the inner 
diameter of the discs 108 When the drive motor is 
de-energiZed. The heads 118 are secured over the park Zones 
120 through the use of an actuator latch arrangement, Which 
prevents inadvertent rotation of the actuator assembly 110 
When the heads are parked. 

A ?ex assembly 130 provides the requisite electrical 
connection paths for the actuator assembly 110 While alloW 
ing pivotal movement of the actuator assembly 110 during 
operation. The ?ex assembly includes a printed circuit board 
132 to Which head Wires (not shoWn) are connected; the head 
Wires being routed along the actuator arms 114 and the 
?exures 116 to the heads 118. The printed circuit board 132 
typically includes circuitry for controlling the Write currents 
applied to the heads 118 during a Write operation and a 
preampli?er for amplifying read signals generated by the 
heads 118 during a read operation. The ?ex assembly 
terminates at a ?ex bracket 134 for communication through 
the base deck 102 to a disc drive printed circuit board (not 
shoWn) mounted to the bottom side of the disc drive 100. 

Referring noW to FIG. 2, shoWn therein is a functional 
block diagram of the disc drive 100 of FIG. 1, generally 
shoWing the main functional circuits Which are resident on 
the disc drive printed circuit board and used to control the 
operation of the disc drive 100. The disc drive 100 is 
operably connected to a host computer 140 in a conventional 
manner. Control communication paths are provided betWeen 
the host computer 140 and a disc drive microprocessor 142, 
the microprocessor 142 generally providing top level com 
munication and control for the disc drive 100 in conjunction 
With programming for the microprocessor 142 stored in 
microprocessor memory (MEM) 143. The MEM 143 can 
include random access memory (RAM), read only memory 
(ROM) and other sources of resident memory for the micro 
processor 142. 

The discs 108 are rotated at a constant high speed by a 
spindle motor control circuit 148, Which typically electri 
cally commutates the spindle motor 106 (FIG. 1) through the 
use of back electromotive force (BEMF) sensing. During a 
seek operation, Wherein the actuator 110 moves the heads 
118 betWeen tracks, the position of the heads 118 is con 
trolled through the application of current to the coil 126 of 
the voice coil motor 124. A servo control circuit 150 
provides such control. During a seek operation the micro 
processor 142 receives information regarding the velocity of 
the head 118, and uses that information in conjunction With 
a velocity pro?le stored in memory 143 to communicate 
With the servo control circuit 150, Which Will apply a 
controlled amount of current to the voice coil motor coil 
126, thereby causing the actuator assembly 110 to be piv 
oted. 

Data is transferred betWeen the host computer 140 or 
other device and the disc drive 100 by Way of an interface 
144, Which typically includes a buffer to facilitate high 
speed data transfer betWeen the host computer 140 or other 
device and the disc drive 100. Data to be Written to the disc 
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drive 100 is thus passed from the host computer 140 to the 
interface 144 and then to a read/Write channel 146, Which 
encodes and serialiZes the data and provides the requisite 
Write current signals to the heads 118. To retrieve data that 
has been previously stored in the disc drive 100, read signals 
are generated by the heads 118 and provided to the read/ 
Write channel 146, Which performs decoding and error 
detection and correction operations and outputs the retrieved 
data to the interface 144 for subsequent transfer to the host 
computer 140 or other device. Such operations of the disc 
drive 100 are Well knoWn in the art and are discussed, for 
example, in US. Pat. No. 5,276,662 issued Jan. 4, 1994 to 
Shaver et al. 

During the manufacturing process, after the disc drive 100 
is fully assembled, the drive is placed in a test ?xture. The 
drive is energiZed in accordance With a predetermined 
sequence of operations and the structural response of the 
drive is measured. The rangeless servo notch optimiZation 
(RSNO) routine is then performed on the disc drive as Will 
be more fully explained beloW. 

The operational steps of the RSNO process in accordance 
With the invention are shoWn in FIG. 3. The SNO process 
begins in operation 302 Where a structural frequency 
response for a drive 100 under test is measured. Control then 
transfers to operation 304, Where the initial frequency sub 
range for the operating disc drive is set. The sub-ranges are 
set based on the capacity of the memory buffer of the test 
equipment being utiliZed for the RSNO process. If the 
memory buffer is large enough, only one range may be 
needed. HoWever, typically, several sub-ranges must be used 
to adequately cover the structural response spectrum of the 
drive 100. It should also be noted here that the number of 
available notches that can be utiliZed is a compromise. Each 
notch essentially leaches phase margin and thus the more 
notches one chooses to use, the more phase margin that is 
lost. If too much phase margin is lost, the drive system 
response becomes unstable. Thus too many notches lead to 
an unstable drive. 

Once the initial sub-range is established, control transfers 
to operation 306. In operation 306, the frequency range for 
the buffer is updated. As this is the ?rst time through the 
sequence of operations, the update is simply the initial 
frequency range set in operation 304. Control then transfers 
to operation 308. 

Operation 308 ?lls the memory buffer With the structural 
response spectra and compensator response spectra that Will 
be evaluated. Once again, the siZe of the memory buffer 
depends on the availability of memory in the factory test 
equipment and is typically on the order of 200—500 
kilobytes, Which is adequate to store the response measured 
in the frequency range set in operation 304 and 306. Control 
then transfers to operation 310. 

In operation 310, the notch algorithm is utiliZed to math 
ematically apply the notches that have been determined in 
the previous operations. As this is the ?rst time through, no 
notches are applied. Control then transfers to operation 312 
Where the open loop response for the content of the memory 
buffer, With notches applied, if any, is determined. Again, 
during this ?rst pass, the open loop response Will have no 
notches applied. Control then passes to query operation 314. 

Query operation 314 examines the open loop response 
just calculated and determines Whether any portion of the 
open loop response exceeds a gain threshold. As this is the 
?rst time through, the gain threshold is set to a relatively 
high preset value. If the ansWer to query operation 314 is 
yes, control passes to operation 318 in Which the maximum 
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peaks are identi?ed. On the other hand, if the answer is no, 
control passes to operation 316 and the frequency range for 
the buffer is changed. In this instance, control then passes 
back to operation 306 Where a neW frequency range is set for 
the buffer, and operations 308—314 are repeated. 

HoWever, since again, this is the ?rst time through the 
sequence, the ansWer in query operation 314 Will be yes, 
thus control passes through operation 318 Where the maxi 
mum peaks are identi?ed and then to query operation 320. 
Here the question is asked Whether the number of notches 
already placed is equal to or exceeds the maximum number 
of notches permitted. This maximum is determined based on 
the sensitivity of the drive control system and the acceptable 
minimum phase margin that can be tolerated. If the maxi 
mum number has been reached, control passes to Return 332 
and the process is complete. As this is the ?rst time through, 
though, no notches have been placed, and thus the ansWer to 
query operation 320 is no, and control passes to operation 
324. 

Operation 324 calculates the notch ?lter parameter or 
parameters that are used to mathematically arrive at the 
notch frequency and this notch is placed in the servo control 
system. Control then passes to operation 310, Where the 
notch calculated is mathematically applied. Operations 312 
and 314, 318 and 320 are then repeated until there are no 
more notches to be placed, ie the open loop response is less 
that the gain threshold in operation 314. Control then 
transfers to operation 316, the frequency range is changed, 
and control moves to query operation 326. 

Query operation 326 asks the question Whether the maxi 
mum frequency in the neW range is greater than the prede 
termined upper frequency limit of the drive. If it is, then the 
frequency range is reset back to the initial frequency range 
in operation 328, the gain threshold is reset to a loWer value 
in operation 330, and control transfers back to operation 306 
Where the frequency range for the buffer is again updated. 
On the other hand, if the maximum frequency in the neW 
range is less that the upper frequency limit of the drive, 
control transfers directly back to operation 306 Without 
loWering the gain threshold and operational steps 306 
through 324 are repeated as many times as needed to place 
all the notches in this sub-range. 
When the response to query operation 314 is again no, and 

the frequency range is changed again in operation 316, 
control returns to operation 326 etcetera until either all peaks 
have been notched or there are no more notches. In reality, 
not all peaks Will be notched, as the gain threshold keeps 
getting reduced With each cyclic iteration sequence, and thus 
all available notches Will in fact be used, and control Will 
transfer to operation 332 and return to main testing control, 
thus completing the RSNO process for the drive under test. 

The impact of utiliZing the notch placement scheme in 
accordance With the present invention is illustrated clearly 
by comparing the Bode plots shoWn in FIGS. 4 and 5. A disc 
drive Bode plot 400 for a disc drive in Which the notch ?lters 
Were placed in accordance With a conventional SNO place 
ment scheme is shoWn in FIG. 4. In this case, the solid line 
402 represents the structural response of the disc drive in a 
frequency range of 0 to 20,000 hertZ The dashed trace 
line 404 represents the open loop response. The dotted line 
406 represents the compensator response With all notches 
placed. The dips in the dotted trace 406 indicate the place 
ment of the notch ?lters. In this case, a notch ?lter is placed 
at about 5900 HZ, 7100 HZ, 11,000 HZ, 12,000 HZ, 15,000 
HZ, and 15,800 HZ. The ?lter placed at 5900 HZ compen 
sates for a peak at about 5700 HZ. The ?lter placed at 7100 
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6 
compensates for a peak at the same frequency. The ?lter 
placed at 11000 is essentially betWeen double peaks at about 
10700 and 11200. The ?lter at 12000 is off peak. The next 
?lter isn’t until 15000 and thus misses entirely the peaks at 
13000 and 13800. 

In contrast, a Bode plot 500 for a disc drive having notch 
?lters placed in accordance With the present invention shoWs 
that the ?lters are relatively accurately placed about the 
peaks. Again, the solid line trace 502 represents the raW 
structural response. The dashed line trace 504 represents the 
open loop response. The dotted line trace 506 represents the 
compensator response With all notch ?lters placed per the 
method described above With reference to FIG. 3. The 
structural response has a peak at 6000, 7100, 8000, 10000, 
a double peak at 11400 and 11800, and a peak at 15200. Note 
that the ?lters are placed at 7100, 8000, 10000, 11400 and 
11800, and at 15200 HZ. The ?lter placement corresponds 
almost exactly With the structural response peaks. Thus the 
?lter placement is more in line With the actual peaks than in 
the conventional scheme. Further, the double peaks are 
accurately ?ltered, Which Will result in feWer failed drives. 

In summary, the method in accordance With the present 
invention may be vieWed as a method (such as 300) for 
placing notch ?lters in a servo control loop (such as 150) in 
a disc drive (such as 100) that includes steps of: 

(a) measuring a structural response for the drive (such as 
in operation 302); 

(b) calculating an open loop response for the structural 
response (such as on operations 304—312); 

(c) determining a frequency peak (such as are shoWn in 
trace 504) in the open loop response (such as in 
operation 314 and 318); 

(d) calculating a notch ?lter for the frequency peak (such 
as are shoWn in trace 504 in operation 324); and 

e) placing the notch ?lter in the control loop (such as in 
operation 310); 

f) recalculating the open loop response (such as in opera 
tion 312); 

g) repeating steps c through g (such as in operations 310, 
312, 314, 318, 320, and 324) until no frequency peaks 
are determined (such as in operation 314) and 

h) changing the gain threshold (such as in operation 330) 
if no peaks are determined (such as in operation 314), 
and then repeating steps (c) through (h) (such as in 
operations 306 through 324) until a maximum number 
of notches has been placed in the control loop. 

The determining step (c) preferably includes comparing 
the open loop response to a gain threshold (such as in 
operation 314) and selecting a peak that exceeds the thresh 
old (such as in operation 318). Further, if no peaks exceed 
the threshold (such as in operation 314), then the threshold 
is changed (such as in operation 316) and the comparing and 
selecting steps (such as 306 through 324) are preferably 
repeated. Generally there are a predetermined number of 
notch ?lters and steps (a) through (g) above are repeated 
until the predetermined notch ?lters are all placed in the 
control loop (such as in operation 320). 

Alternatively, the present invention may be vieWed as a 
disc drive servo control system test system for setting notch 
?lters in the servo control system control loop of a disc drive 
(such as 100). The test system includes a memory and means 
(such as operational sequence 300) for detecting resonance 
peaks (such as in traces 502 and 504) in a disc drive open 
loop response spectrum stored in the memory and dynami 
cally setting a notch ?lter in the servo control system for 
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each resonance peak, preferably sequentially in order of 
maximum amplitudes. The detecting means comprises 
means for measuring a structural response of a disc drive 
(such as in operation 302) and storing the response in the 
memory (such as in operations 304 and 306) and means for 
calculating the open loop response for the structural 
response stored in the memory (such as in operation 312). 
The test system preferably also includes means for deter 
mining one of the resonance peaks in the open loop response 
(such as in operation 318), means for calculating a notch 
?lter for the peak (such as in operation 324), and means for 
placing the notch ?lter in the control loop (such as in 
operation 310). More preferably, the system also has means 
for recalculating the open loop response With the notch ?lter 
in the control loop and determining another peak, calculat 
ing another notch ?lter for the another peak and placing the 
another notch ?lter in the control loop and repeating the 
determining, calculating and placing (such as in operations 
314, 318, 320, 324, 310, and 312) until no additional peaks 
are determined. 

The means for determining preferably includes a gain 
threshold to Which the open loop response is compared to 
identify the resonance peaks (such as in operation 314). 

Alternatively, the disc drive servo control system test 
system for setting notch ?lters in the servo control system 
control loop of a disc drive (such as 100) includes a memory 
module, a resonance detection module for detecting reso 
nance peaks in a disc drive open loop response spectrum 
stored in the memory, and a dynamic notch ?lter module for 
dynamically setting a notch ?lter in the servo control system 
for each resonance peak that exceeds a predetermined 
threshold amplitude in the open loop response. The reso 
nance detection module comprises a measuring module for 
measuring a structural response of a disc drive and storing 
the response in the memory module, and a calculation 
module for calculating the open loop response for the 
structural response stored in the memory. The test system 
also preferably has an identi?cation module for determining 
one of the resonance peaks in the open loop response, a ?lter 
calculation module for calculating a notch ?lter for the peak, 
and a placement module for placing the notch ?lter in the 
control loop. 
More particularly, the method of the present invention 

may be vieWed as a method for placing a predetermined 
number of notch ?lters in a data storage device servo control 
system comprising steps of: 

a) selecting a predetermined frequency range (such as in 
operations 304 and 306); 

b) storing a response spectrum of noise generated by the 
data storage device in the predetermined frequency 
range in a memory (such as in operation 308); 

c) calculating an open loop response for the response 
spectrum (such as in operation 312); 

d) determining Whether any noise frequencies in the open 
loop response exceed a selected gain threshold (such as 
in operation 314); 

e) if there are any noise frequencies that exceed the gain 
threshold, calculating a notch ?lter for each noise 
frequency (such as in operations 318, 320 and 324); 

f) mathematically applying the notch ?lter into the servo 
control system (such as in operation 310); 

g) repeating steps (c)—(g) until no noise frequencies 
exceed the gain threshold; 

h) selecting another frequency range (such as in operation 
316); 

i) if the another frequency range is less than a maximum 
range (such as in operation 326), repeating steps (c) 
through (such as in operations 306 through 314); 
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8 
reducing the gain threshold (such as in operations 
326—330); and 

k) repeating steps until the predetermined number 
of notch ?lters have been placed (such as in operations 
320 and 332). 

It Will be clear that the present invention is Well adapted 
to attain the ends and advantages mentioned as Well as those 
inherent therein. While a presently preferred embodiment 
has been described for purposes of this disclosure, various 
changes and modi?cations may be made Which are Well 
Within the scope of the present invention. For example, 
Numerous other changes may be made Which Will readily 
suggest themselves to those skilled in the art and Which are 
encompassed in the spirit of the invention disclosed and as 
de?ned in the appended claims. 
What is claimed is: 
1. A method for placing notch ?lters in a servo control 

loop in a disc drive comprising steps of: 
a) measuring a structural response for the drive; 
b) calculating an open loop response for the structural 

response; 

c) determining a frequency peak in the open loop 
response; 

d) calculating a notch ?lter for the frequency peak; 
e) placing the notch ?lter in the control loop; 
f) recalculating the open loop response; 
g) repeating steps (c) through (g) until no frequency peaks 

are determined; and 

h) changing the gain threshold if no peaks are determined, 
and repeating steps (c) through (h) until a maximum 
number of notches has been placed in the control loop. 

2. The method according to claim 1 Wherein the deter 
mining step (c) comprises steps of: 

(c)(i) comparing the open loop response to a gain thresh 
old; and 

(c)(ii) selecting a peak that exceeds the threshold. 
3. The method according to claim 2 further comprising a 

step of: 
(c)(iii) if no peaks exceed the threshold, then changing the 

threshold and repeating steps and (c)(ii). 
4. The method according to claim 1 Wherein there are a 

predetermined number of notch ?lters and steps (a) through 
(h) are repeated until the predetermined number of notch 
?lters are placed in the control loop. 

5. A test system for setting notch ?lters in the servo 
control system control loop of a data storage device, the test 
system comprising: 

a memory; and 

means for detecting resonance peaks in a data storage 
device open loop response spectrum stored in the 
memory and dynamically setting a notch ?lter in the 
servo control system for each resonance peak sequen 
tially in order of resonance magnitude. 

6. The test system according to claim 5 Wherein the 
detecting means comprises: 
means for measuring a structural response of a data 

storage device and storing the response in the memory; 
and 

means for calculating the open loop response for the 
structural response stored in the memory. 

7. The test system according to claim 6 further compris 
ing: 
means for determining a maximum one of the resonance 

peaks in the open loop response; 
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means for calculating a notch ?lter for the peak; and 

means for placing the calculated notch ?lter in the control 
loop. 

8. The test system according to claim 7 further compris 
ing: 

means for recalculating the open loop response With the 
notch ?lter in the control loop and determining another 
maximum peak, calculating another notch ?lter for the 
another peak and placing the another notch ?lter in the 
control loop and repeating the determining, calculating 
and placing until no additional peaks are determined. 

9. The test system according to claim 8, Wherein the 
means for determining includes an adjustable gain threshold 
to Which the open loop response is compared to identify the 
resonance peaks, and Wherein the threshold is iteratively 
reduced in order to sequentially identify maXimum peaks. 

10. A disc drive servo control system test system for 
setting notch ?lters in the servo control system control loop 
of a disc drive, the test system comprising: 

a memory module; 
a resonance detection module for detecting resonance 

peaks in a disc drive open loop response spectrum 
stored in the memory; and 

a dynamic notch ?lter module for dynamically setting a 
notch ?lter in the servo control system for each reso 
nance peak that eXceeds a predetermined threshold 
amplitude in the open loop response in order of reso 
nance peak amplitude. 

11. The test system according to claim 10 Wherein the 
resonance detection module comprises: 

a measuring module for measuring a structural response 
of a disc drive and storing the response in the memory 
module; and 

a calculation module for calculating the open loop 
response for the structural response stored in the 
memory. 

12. The test system according to claim 11 further com 
prising: 

an identi?cation module for determining a maXimum one 
of the resonance peaks in the open loop response; 

a ?lter calculation module for calculating a notch ?lter for 
the peak; and 

a placement module for placing the notch ?lter in the 
control loop. 

13. A method for placing a predetermined number of 
notch ?lters in a data storage device servo control system 
comprising steps of: 

a) selecting a predetermined frequency range; 
b) storing a response spectrum of noise generated by the 

data storage device in the predetermined frequency 
range in a memory; 

c) calculating an open loop response for the response 
spectrum; 

d) determining Whether any noise frequencies in the open 
loop response eXceed a selected gain threshold; 

e) if there are any noise frequencies that eXceed the gain 
threshold, calculating a notch ?lter for each noise 
frequency; 

f) mathematically applying the notch ?lter into the servo 
control system; 
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g) repeating steps (c)—(g) until no noise frequencies 

eXceed the gain threshold; 
h) select another frequency range; 
i) if the another frequency range is less than a maXimum 

range, repeat steps (c) through (i); 
reduce the gain threshold; and 

k) repeat steps until the predetermined number of 
notch ?lters have been placed. 

14. A system comprising: 
a memory to store information relating to frequency 

response of a channel, the channel having the fre 
quency response across a frequency range; and 

a processor to generate a compensation ?lter for the 
channel by: 

(a) storing frequency response information for a portion 
of the frequency range into the memory; 

(b) identifying an amplitude speci?cation for frequencies 
Within the portion of the frequency range; 

(c) identifying frequencies at Which an open loop 
response associated With the channel has an amplitude 
peak that eXceeds the amplitude speci?cation Within the 
portion of the frequency range; and 

(d) applying a compensation ?lter comprising one or more 
notch ?lters to substantially attenuate the amplitude 
peak at each of the identi?ed frequencies. 

15. The system of claim 15, further comprising: 
(e) repeating the operations (a)—(d) for different portions 

of the frequency range until the compensation ?lter 
includes a maXimum number of notch ?lters or until the 
entire frequency range has been compensated. 

16. The system of claim 15, Wherein the maXimum 
number of notch ?lters is a function of a phase margin 
speci?cation. 

17. The system of claim 16, further comprising: 
(f) repeating the operations (a)—(e) at a reduced ampli 

tude speci?cation until the compensation ?lter includes 
a maXimum number of notch ?lters or until the entire 
frequency range has been compensated. 

18. The system of claim 15, Wherein each portion of the 
frequency range has a frequency span, the memory has siZe, 
and the frequency span of each portion of the frequency 
range is a function of the siZe of the memory. 

19. The system of claim 15, Wherein the channel com 
prises an electrical signal path in a control system. 

20. A method to generate a compensation ?lter for a 
channel, the method comprising: 

(a) providing a channel With a frequency response across 
a frequency range; 

(b) storing frequency response information for a portion 
of the frequency range; 

(c) identifying an amplitude speci?cation for frequencies 
Within the portion of the frequency range; 

(d) identifying frequencies at Which an open loop 
response associated With the channel has an amplitude 
peak that eXceeds the amplitude speci?cation Within the 
portion of the frequency range; and 

(e) applying a compensation ?lter comprising one or more 
notch ?lters to substantially attentuate the amplitude 
peak at each of the identi?ed frequencies. 
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