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DESCRIPTION 

REMOVABLE CARTRIDGE DISK DRIVE WITH ANGULAR~ Y INSERTED CARTRIDGES 

Cross Reference To Related Applications 

This non-provisional patent application claims the 

benefit of U.S. Provisional Application Serial No. 
60/006,635, which was filed on November 13, 1995. 

5 Field Of the Invention 

· The field of the present invention is removable 
cartridge disk drives. 

Bagkgroynd of tbe Invention 
There is a growing demand for powerful yet 

10 inexpensive portable computers capable of high memory 

capacity. A known method of achieving high memory 

capacity is to employ a removable cartridge disk drive. 

In such a disk drive, any number of removable cartridges 
can be used to store as much data as is required for use 

15 with the computer. Additionally, this data can be secured 
in a safe location remote from the computer in order to 

ensure the confidentiality of the data when the computer 

is not in use. To minimize the cost of such a disk drive, 

speed and efficiency of manufacture are essential. Thus, 
20 it is desirable to construct the disk drive so that it 

uses as few moving parts as possible in receiving an 
inserted cartridge. 

Traditionally, removable cartridge disk drives have 

been constructed such that after the cartridge is inserted 

25 the drive engages it in one of two ways: Either (1} the 
cartridge is received and subsequently lowered onto the 
spindle motor of the drive; or (2) the cartridge is 
received and then the spindle motor moves upward to engage 
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it. Such designs have generally proven effective in 
keeping down the number of moving parts used and allowing 
the removable cartridge and disk drive to be as compact as 
possible. However, in light of the eve:i increasing demand 

s for lower costs in conjunction with higher data storag~ 
capacity, it is necessary to further reduce the number of 
components used. 

It is known in the art to construct a disk drive that 
uses a rotary actuator arm which accesses the removable 

10 cartridge and carries read/write transducer heads over the 
surf ace of the disk contained in the cartridge. 
Traditionally, the heads have been loaded onto the disk. 
or unloaded. off of it, by means. of .a movable. ramp .. 
Although use of a fixed ramp is desirable from a 

15 manufacturing sta~dpoint, it has proven necessary to use 
a movable ramp for the following reasons. If the ramp 
were fixed, it would either have to be made extremely thin 
so as to fit between the head and the surface of the disk, 
which would render the ramp too fragile, or have to be 

20 constructed with a forked end to encompass the perimeter 
of the disk, which would add to manufacturing cost. 

For the foregoing reasons, there is a need for a disk 
drive that minimizes the number of parts utilized in 
receiving, holding, accessing, and ejecting a removable 

25 cartridge; allows a fixed ramp to be used for loading and 
unloading the read/write transducer heads; and frees the 
actuator arm to rotate far enough to place the heads 
outside the cartridge and beyond the perimeter of the 
disk. 

30 Summarv of the Invention 
The present invention is directed to a removable 

cartridge disk drive and a removable cartridge disk drive 
system. 

A first, separate aspect of the present invention is 
35 a removable cartridge disk drive that receives cartridges 

at an angle relative to the base of the drive. 

.; 
.! 



W097/18553 PCT/US96/17544 

3 

A second, separate aspect of the present invention is 

a removable cartridge disk drive that ejects cartridges at 

an angle relative to the base of the drive such that the 
cartridge opens the disk drive door. 

5 A third, separate aspect of the present invention is 

a removable cartridge multi-platter disk drive that 

receives cartridges at an angle relative to the base of 

the drive and is configured to conform to a 3.5 inch form 
factor while maintaining a drive height of l inch or less. 

10 A fourth, separate aspect of the present invention is 

a removable cartridge disk drive that has a bent wire 

mounted to a suspension on the actuator such that the bent 
wire engages a head load/unload ramp while a head is .over 

the disk. 
15 A fifth, separate aspect of the present invention is 

a removable cartridge disk drive that has a stationary 

head load/unload ramp which does not protrude into an 

opening of the cartridge. 
Another separate aspect of the present invention is 

20 a disk drive having circuitry that ignores servo errors 
unless the servo error occurred during a data sector which 

is to be read from or written to and unless the servo 

error is a certain type of servo error. 
Yet another separate aspect of the present invention 

25 is a disk drive having a servo burst in range mode that 
identifies the data sector during which a servo error was 

detected. 
Still another separate aspect of the present 

invention is a removable cartridge having an anti-rattle 
30 feature that is deactivated when the cartridge door is 

opened. 
Additional advantages and separate aspects of the 

present invention will be set forth in the description 
that follows and in part will be obvious from that 

35 description or can be learned by practicing the invention. 
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Brief Description .·of the Drawings 
The various aspects, features and advantages of the 

present invention will be better understood by examining 
the Detailed Description found below,r together with the . -

s attached Drawings,· wherein: 
FIG. 1 shows a top interior plan view of an 

embodiment of a disk drive and removable cartridge 
incorporating aspects of the present invention, with the 
actuator in the unloaded position. 

10 FIG. 2 shows a top interior plan view of an 
embodiment of a disk drive and removable cartridge 
incorporating aspects of the present invention, with the 
actuator in the lo~ded position. 

15 door; 
FIG. 3 shows a front plaI.l view of the disk drive 

FIG. 4 shows a top down view of the drive door. 
FIG. 5 shows an end view of the drive door. 
FIG. 6 shows a top plan view of the slide used in the 

insertion and ejection of a removable cartridge from an 
20 embodiment of a disk drive incorporating aspects of the 

present invention. 
FIG. 7 shows a left side view of the slide used in 

the insertion and ejection of a removable cartridge from 
an embodiment of a disk drive incorporating aspects of the 

25 present invention. 
FIG. a shows a right side view of the slide used in 

the insertion and ejection of a removable cartridge from 
an embodiment of a disk drive incorporating aspects of the 
present invention. 

30 FIG. 9 shows a back end view of the slide used in the 
insertion and ejection of a removable cartridge from an 
embodiment of a disk drive incorporating aspects of the 
present invention. 

FIG. 10 shows a top plan view of the grooves formed 
35 in the drive base to define the traveling motion of the 

slide, slide arms, catch and slide spring. 

,. 
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FIGs. llA-llF are right side plan views showing the 
progression of parts in a disk drive embodying aspects of 
the present invention as a cartridge is initially inserted 
into the disk drive (FIG. llA) and moved to its fully 

s inserted position (FIG. llE) • 

FIG. 12 shows a top plan view of a catch. 
FIG. 13 shows a side edge view of the catch in FIG. 

12. 
FIG. 14 shows a top plan view of a release link. 

10 FIG. 15 shows a side edge view of the release link as 
taken along line A-A in FIG. 14. 

FIG. 16 shows an end view of the release link in FIG. 
14. 

FIG. 1 7. shows a top view of a solenoid link·. 
15 FIG •. 1a shows a side view of the solenoid link in 

FIG. 17. 
FIG. 19 shows a see-through view of the back end of 

a disk drive embodying aspects of the present invention 
when the cartridge is in its fully inserted position. 

20 FIG. 20 shows a see-through view of the back end of 
a disk drive embodying aspect~ of the present invention 
when the cartridge is being ejected out of the disk drive. 

FIG. 21 shows a top plan view of a retract lever used 
to retain the actuator in an unloaded position. 

25 FIG. 22 shows a side view of a retract lever used to 
retain the actuator in an unloaded position. 

FIG. 23 shows a top view of an actuator with a bent 
wire for an embodiment of a disk drive incorporating 
aspects of the present invention. 

30 FIG. 24 shows a perspective view of an actuator with 
bent wires for an embodiment of a two-disk disk drive 
incorporating aspects of the present invention. 

FIG. 25 shows a side view of an actuator with bent 
wires for an embodiment of a two-disk disk drive 

35 incorporating aspects of the present invention. 
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FIG. 26 shows a top plan view of a fixed ramp used to 
load and unload read/write heads in an embodiment of the 
present invention. 

FIG. 27 is a side view of the head load/unload ramp 
of FIG. 26 as taken along the line marked A-A in FIG. 26. 

FIG. 28 is a view of the head load/unload ramp of 
FIG. 27 as taken along the line marked B-B in FIG. 27. 

FIG. 29 shows < .. ..,p plan view of the actuator with 
its read/write heads .:aded onto a disk in a removable 

10 cartridge. 
FIG. 30 shows a top plan view of the actuator with 

its read/write heads parked on the head load/unload ramp. 
FIG. 31 shows a closeup cross-sectional side view of • 

the actuator of FIG. 30 in its.unloaded position~ 
15 FIG. 32 shows a closeup cross-sectional side view of 

the actuator of FIG. 29 in its loaded position. 
FIG. 33 shows a top plan view of a retaining wire 

used to restrain a propelled slide incorporating aspects 
of the present invention. 

20 FIGs. 34A-34F are right side plan views showing the 
progression of parts in an embodiment of a disk drive 
incorporating aspects of the present invention as the 
process of ·ejecting a removable cartridge starts (FIG. 
34A) and finishes (FIG. 34F). 

25 FIG. 35 shows a top interior plan view of a removable 
cartridge with the cartridge door in a closed position. 

FIG. 36 shows a top interior plan view of a removable 
cartridge with the cartridge door in a partially opened 

position. 
30 FIG. 37 shows a top interior plan view of a removable 

cartridge with the cartridge door in a completely opened 
position. 

FIG. 38 shows a top plan.view of a cartridge plunger 
used in the anti-rattle feature of the removable 

35 cartridge. 
FIG. 39 shows a side view of the cartridge plunger of 

FIG. 38. 

.. 
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FIG. 40 is a cross-sectional side view of the 

cartridge plunger as taken across the section A-A marked 
in FIG. 38. 

FIG. 41 shows a perspective view ~f a cartridge hub 

5 used in the anti-rattle feature ·of the removable 
cartridge. 

FIG. 42 is a side view of the cartridge hub used in 

the anti-rattle feature of the removable cartridge shown 
in FIG. 41. 

10 FIG. 43 is a cross-sectional side view of the 
cartridge hub used in the anti-rattle feature of the 
removable cartridge shown in FIG. 41. 

FIG. 44 is a top plan view showing the interaction 
. . 

between the cartridge hub of FIG. 41 and the cartridge 

15 plunger of FIG. 38 as used in the anti-rattle feature of 

a removable cartridge. 
FIG. 45 is a see-through cross-sectional.side view of 

the removable cartridge and depicts the interaction 
between the cartridge plunger, cartridge hub and the rest 

20 of the cartridge when the anti-rattle mode is activated. 
FIG. 46 is a simplified block diagram of circuitry 

that conceptually illustrates a servo error register, mask 

circuit and drive interface status register as used in an 
embodiment of a disk drive with a servo burst in range 

25 mode. 
FIG. 47 is a detailed block diagram of circuitry'that 

illustrates a servo error register, mask circuit and drive 

interface status register as used in an embodiment of a 
disk drive with a servo burst in range mode. 

30 FIG. 48 illustrates a representation of a portion of 

35 

a track on the disk having servo sectors that comprise 

servo fields and data sectors as well as a timing diagram 

with four waveforms depicting the behavior of an 

embodiment of a disk drive that maintains a history of 
error conditions. 

FIG. 49 is a timing diagram showing the 
various signals and registers during the 

states of 

cycle of 



W097/18553 PCT/US96/17544 

8 

initializing a Burst In Range mode, entering the Burst In 
Range mode, and detecting error .. conditions during the 
Burst In Range mode in a disk drive embodying the present 
invention. 

. . 
5 FIG. so illustrates a representation of a portion of 

a track on the disk and a timing diagram depicting the 
operation of the Special Data Sector mode. The timing 
diagram has four waveforms showing servo synchronization 
mark pulses, sector mark pulses, the contents of the Last 

10 Data Sector Number register (LDSEC register) and the 
contents of the Burst Data Sector Number register (BDSEC 
register) . 

FIG. 51 is a top l~vel diagram of ·major constit~ent 
components in the ASIC used to implement a Burst. In Range 

15 mode. and a Special Data Sector mode in·a disk drive. 
FIG·. 52 is a detailed circuit diagram of circuitry 

contained within the SECTPEQ2 block of FIG. 51. 
FIG. 53 is a detailed circuit diagram of circuitry 

contained in the SECTOR2 block of FIG. 52. 
20 FIG. 54 is a detailed circuit diagram of circuitry 

contained in the Burst In Range (BRSTRNG) circuit block of 
FIG. 53. 

FIG. 55 is a detailed circuit diagram of circuitry 
contained in the K21INT block of FIG. 51. 

25 FIG. 56 is a detailed circuit diagram of circuitry 
contained in the INTERPT block of FIG. 55 which implements 
a servo error status register, drive interface status 
register and associated logic circuitry. 

FIG. 57 is a detailed circuit diagram of circuitry 
30 contained in the INTERPT block of FIG. 55 which implements 

a mask count register. 
FIG. 58 is a detailed circuit diagram of circuitry 

contained in the INTERPT block of FIG. 55 which implements 
mask counters. 

35 FIG. 59 is a detailed circuit diagram of circuitry 
contained in the INTERPT block of FIG. 55 which implements 
a ::.ast Data Sector Number (LDSEC) register. 
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FIG. 60 '!~ .. ,a detailed circuit ·d'.iagram of circuitry 

contained in the INTERPT block of FIG. 55 which implements 
a Burst Data Sector Number (BDSEC) register. 

FIGs. 61-63 are detailed circui:t diagrams of the 
5 three-bit and two-bit counters which are used to implement 

mask counters in FIG. 58. 

10 

FIGs. 64A-64B are software flowcharts for 
implementing a Burst In Range mode and a Special Data 
Sector mode in a disk drive embodying the present 
invention. 

Detailed Description of the Pref erred Embodiment 
FIG. l illust~ates an internal top plan view of a 

preferred embodiment of a removable cartridge disk drive 
utilizing aspects of the present invention. The disk 

15 drive 100, shown with a removable cartridge 101 fully 
inserted therein, has an outer housing comprising a drive 
front end 102, drive back end 103, left side wall 104 and 
right side wall 105, all of which are mounted to a drive 
base 106 and support a top plate {not shown}. The top 

20 plate is not shown in order to highlight the internal 
mechanisms of the disk drive 100. In a preferred 
embodiment, the drive front end 102, drive back end 103, 
left side wall 104, right side wall 105 and drive base 106 
are manufactured of a metal such as aluminum, which may be 

25 extruded, casted or formed. Mounted to the drive base 106 
is a spindle motor 107 (under the disk 108 and cartridge 
101) that serves to rotate at least one disk 108 contained 
in the cartridge 101. In a preferred embodiment, the 
cartridge 101 has two disk platters 108. Also mounted to 

30 the drive base 106 is a voice coil motor 109 that controls 
the angular rotation of a rotary actuator 110 . The planar 
surf aces of the disk 108 may contain one or more 
calibration tracks with alternating servo burst patterns 
for removing of £set caused by magnetic distortion as 

35 disclosed in U.S. Patent No. 5, 400, 201 assigned to the 
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assignee of the present invention and fully incorporated 
herein by reference. 

FIG. 3 is a front plan view of the disk drive door 
120 that is mounted by hinges 122 ~t th~ bottom corners of 

s the drive door 120 to the drive front end 102. FIG. 4 
depicts a top down view of the drive door 120 and FIG. s 
shows an end view of the drive door 120. The disk drive 
door 120 covers a cartridge receiver opening 124 through 
which the disk drive 100 receives the cartridge 101. The 

10 drive door 120 further includes a handle 126 for a user to 
manually open the drive door 120, a stop bar 128 for 
controlling the extent of the 'drive door 12 O opening 
motio~, a recess 130 for placement of a l~bel and. an'LED 
opening 134 f~r LEDs. th~t indicate. the status of .the disk 

15 drive 100. Integrally formed and extending from the back 
surface of the drive door 120 are two rub rails 132. As 
will be explained, an ejecting cartridge impacts these two 
rub ::c:ails 132 to open the drive door 120 and protrude 
sufficiently from the cartridge receiver opening 124 so 

2 o that a user can manually grasp and remove the ejected 
cartridge. 

The insertion and ejection of the cartridge 101 into 
and from the disk drive 100 are described next. FIG. 1 
illustrates an internal top plan view of a preferred 

25 embodiment of a disk drive 100 and a removable cartridge 
101 with a disk 108 incorporating aspects of the present 
invention. FIG. 2 depicts the disk drive 100 and 
removable cartridge 101 with the read/write transducer 
heads 140 loaded onto the disk 108. As is apparent in 

30 FIG. 1, the disk drive 100 includes a slide 142 located 
between the spindle motor 107 and the right side wall 105. 
The slide 142 is preferably manufactured as a unitary 
structure and made of a relatively slick plastic having a 
low friction coefficient such as delrin. 

35 

9. 

The slide 142 is shown in greater detail in FIGs. 6-
FIGs. 6-9 illustrate a top plan view, a left side 

view, a right side view and a back end view of the slide 
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142. The slide 142 has a body 144, a cam nose end 145 and 
a pair of slide arms 146, 148. The slide arm 148 located 
closest to the right side wall 105 has a tab 150 uprising 
from one end of the slide arm 148. : The tab 150 has a 

5 protrusion 152 extending outwardly towards the right side 
wall 105. The right slide arm 148 further has a hole 153 
for receiving a pivot pin 155. The pivot pin 155 can be 
seen in FIG. llA. 

The slide 142 rides in a groove 154 formed in the 
10 drive base 106. This groove 154 is illustrated in FIG. 10 

and comprises several groove portions: slide groove 156, 
arm grooves 158, spring groove 160 and catch groove 162. 
Arm grooves 158 slope downward relative to the sur.face of 
the drive base 106, where the deepest portions ~f the ·arm 

15 grooves 158 are located nearest the drive back end 103 and 
the shallowest portions of the arm grooves 158 are located 
nearest the drive front end 102. Thus, as the slide 142 

. 
and its slide arms 146, 148 travel in their respective 
grooves toward the drive back end 103, the slide 142 moves 

20 at a downward angle relative to the drive base 106 until 
the top surface of the slide 142 is flush with the top 
surface of the drive base 106. 

Referring to FIG. 1, a slide spring 164 rests in the 
spring groove 160 and has a first end 168 that is 

25 connected to a pin 170 on the body of the slide 142 and a 
second end 172 that is connected to a drive base post 174 
uprising from and integrally formed with the drive base 
106-. The slide spring 164 biases the slide 142 to ride in 
the groove 154 toward the drive front end 102. 

30 The right slide arm 148 further has a cavity 176, 
shown in FIG. 6, that holds one end of a catch spring 178. 
The second end of the patch spring 178 attaches to a catch 
180, as illustrated in the plan views of the right side of 
the disk drive 100 in FIGs. llA-llE. 

35 The catch 180 has a first end 182, a second end 184, 
a stop member 186 and a pivot hole 188, as shown in the 
top plan view of the catch in FIG. 12. A pin 155 threads 
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through the pivot hole 188 of the catch 180 and the pivot 
hole 153 of the slide 142 to cause the catch 180 to be 
pivotally mounted to the slide 142. The first end 182 of 
the catch 180 is for contacting by the forward end 190 of 

5 the cartridge 101 while the second end 184 of the catch 
180 is for engaging a release link 192. 

The release link 192 pivots about pin 155 that is 
mounted to the right side wall 105 of the disk drive 100. 
FIGs. 14-16 depict the release link 192 in a top plan 

10 view, a side edge view and an end view respectively. FIG. 
15 is a view taken along the line·A-A of FIG. 14. As 
illustrated, the release link 192 has a lift plate 194, a 
safety post 196 and a tail end 198. Returning to FIGs. 1· 
and llA-llE, the tail end 198 of the release link 192 is 

15 pivotally attached by a pivot pin 199 to a solenoid link 
200 which in turn is pivotally connected to the plunger 
202 of the solenoid 204. The pivot pin 199 attaches the 
tail end 198 of the release link 192 to the solenoid link 
~oo by the first pivot hole 206 of the solenoid link 200, 

20 as shown in the top and side views of the solenoid link 
200 in FIGS. 17 and 18. 

FIGs. 19 and 20 show various drive components as seen 
through the drive back end 103. The solenoid link 200 has 
a cam surface 208 that engages a camming pin 210 located 

25 on the plunger 202. The solenoid link 200 has a second 
pivot hole 212 that engages a pivot pin 214 mounted to the 
drive back end 103, thereby allowing the solenoid link 200 
to pivot between two positions. A spring 216 has one end 
attached to a spring post 218 formed on the solenoid link 

30 200 and the other end connected to the drive base 106, 
thereby biasing the solenoid link 200 to its rest 
position, shown in FIGs. 19 · and 20 as a horizontal 
position. Although the rest position of the solenoid link 
200 is shown to be a horizontal position, the rest 

35 position may be any position. 
The operation of these disk drive components during 

insertion of a cartridge 101 into the disk drive 100 is as 

-
·~ 
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follows. FIGs. llA-llE are right side plan views showing 
the progression of parts in the disk drive 100 as a 
cartridge 101 is initially inserted into the disk drive 
100 (FIG. llA) and moved to its .fully inserted position 

5 (FIG. llE) . 
Referring to FIG. llA, a cartridge 101 has been 

partially inserted into the disk drive 100. A pair of 
bias springs 220 (one of which is illustrated} is mounted 
to and extends downwardly from the bottom surface of the 

10 disk drive top cover 222. The pair of bias springs 220 
applies pressure to the top surface of the cartridge 101 
and guides the cartridge 101 such that the cartridge 101 
inserts at a angle relative to the drive base 106 .. In 

. . . 
FIG. llA, the cartridge 101 has been inserted ·into the 

15 disk drive 100 such that the forward end 190 of the 
cartridge 100 rests on the slide 142 and has just 
c·ontacted but not moved the first end 182 of the catch 
180. The forward end 190 of the cartridge 101 does not 
contact the tab 150 of the slide 142 because the first end 

20 182 of the catch 180 keeps the forward end 190 of the 
cartridge 101 from contacting the tab 150. The corner of 
the cartridge's forward end 190 is kept away from the tab 
150 by a distance approximately equal to the length of the 
first end 182 of the catch 180. 

25 At this stage, the catch 180 is biased by the catch 
spring 178 to its initial and rest position. When the 
catch 180 is in this rest position, the stop member 186 of 
the catch 180 is pressed against the protrusion 152 that 
extends outwardly from the tab 150 of the slide 142. 

30 Further, the first end 182 of the catch 180 is in a 
position that is ready to engage the forward end 190 of 
the cartridge 101. Although this ready position of the 
first end 182 of the catch 180 is shown to be angled 
upward toward the drive front end 102, the ready position 

35 may be any position that contacts a portion of the 
cartridge 101. The second end 184 of the catch 180 does 
not contact the release link 192 yet. 
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The slide 142 is also in its rest position since the 
slide spring 164 that biases the slide 142 to this rest 
position is in a relaxed state. That is, the end of the 
slide 142 closest to the drive front end 102 rests on top 

5 of the drive base 106 and out of the groove 156. 
Referring now to FIGs. 19 and 20, the solenoid 204 

can be in one of two states: an electronically picked 
state and a non-picked state. The solenoid 204 is picked 
when the user ejects a cartridge. When the solenoid 204 

10 is picked, the plunger 202 moves from its extended 
position out of the solenoid 204, shown in FIG. 19, to its 
retracted position, shown in FIG. 20. During the entire 
cartridge insertion.process, the solenoid 20~ is in a non-. . 
picked state because there is . no _cartridge to eject. 

15 Thus,· during the entire process of inserting a cartridge 
101 into the disk drive 100, the solenoid link 200 is in· 
its rest position as biased by spring 216 and the plunger 
202 is extended out of solenoid 204. 

After the cartridge 101 has progressed to the state 
20 of partial insertion illustrated in FIG. llB, the forward 

end 190 of the cartridge 101 has contacted the first end 
182 of the catch 180 and has pushed the catch 180 toward 

· the drive back end 103 but not to the point where the 
second end 184 of the catch 180 contacts the release link 

25 192. Because the catch 180 is pivotally mounted to the 
slide 142, the slide 142 is also moved toward the drive 
back end 103. As the slide 142 travels toward the drive 
back e~d 103, the slide spring 164 attached to the slide 
142 is increasingly stretched. Additionally, more of the 

30 slide 142 now lies in the groove 154 in the drive base 
106, but the cam nose end 145 of the slide 142 still 
resides out of the groove 156. 

In FIG. llC, the cartridge 101 has been inserted to 
the point where the cam nose end 145 of the slide 142 is 

35 about to glide down a cam surface 224 which is depicted as 
a ramp. The cam surface 224 is preferably made of a slick 
plastic with a low friction coefficient such as delrin. 
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The cam surf ace 224 is mounted inside the groove 156 and 
at ·the end of the groove 156 closest to the drive front 
end 102. 

Turning to FIG. llD, the cartridge 101 has been 
5 inserted far enough into the disk drive 100 as to cause 

the cam nose end 145 of the slide 142 to glide down the 
cam surface 224 and to lie entirely in the groove 156. 
The top surf ace of the slide 142 is now flush with the 
surface of the drive base 106. 

10 

15 

Referring to FIG. llE, the cartridge 101 is in its 
fully inserted and locked position within the disk drive 
100. The cartridge back end 226 of the cartridge 101 has 
dropped into the disk drive 100 and the cartridge 101 . . . . 

rests completely within the confines of the disk drive 
100. The cartridge 101 rests on the slide 142 parallel to 
the surface of the.drive base 106 such that the disk hub 
of the cartridge lQl properly engages the spindle motor 
107 (which is visible in FIG. llD) . The cartridge 101 has 
now pushed the catch 180 and the slide 142 even closer 

20 towards the drive back end 103. The second end 184 of the 
catch 180 has now engaged the release link 192 and rests 
between the lift plate 194 and the safety post 196 of the 
release link 192. The safety post 196 prevents the catch 
180 from inadvertently pivoting counterclockwise due to 

25 shock or other trauma to the disk drive 101.. Such an 
undesired pivoting of the catch 180 may cause the 
accidental ejection of the cartridge 101, as will be 
described later. 

The cartridge 101 is locked in this fully inserted 
30 position by the interaction of the catch 180 and the drive 

front end 102 on the cartridge 101. As previously 
described, the slide 142 and the catch 180 are urged by 
the slide spring 164 toward the drive front end 102. 
However, the slide 142 and the catch 180 cannot move 

35 toward the drive front end 102 because the cartridge 101 
is sandwiched between the first end 182 of the catch 180 
and the drive front end 102. Furthermore, the pair of 
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bias springs 220 extending-from the bottom surface-of the 
drive top cover 222 keeps the cartridge 101 resting on the-­
drive base 106. 

FIGs. 21 and 22 illustrate a top plan view-and a side 
s view respectively of a retrace-- lever 228. The retract 

lever 228 has a leg 230, a screw hole -232 and a post 234. 
Turning to FIG. 1, a -screw 236 mounts the -retract lever 
228 through its screw hole 2-32 to the top plate -of the 
voice coil motor 109. A spring 238- has one end attached 

10 to the retract lever 228 and the other end connected to 
the post 234. The spring -238 biases the retract lever 228 
to rotate clockwise so that the -leg 230 of the retract 
lever 228 presses a· retract pin 240 that is upstanding 
from the actuator 110, thereby forcing the actuator 110 to 

15 its unloaded position. 
When the cartridge 101 is fully inserted (see e.g., 

FIG. 2), the tab 150 of the slide 142 engages the post 234 
on the retract lever 228, which causes the retract lever 
228 to rotate counterclockwise.--- The counterclockwise 

20 rotation of the retract lever 228 causes the leg 230 of 
the retract lever 228 -to release the retract -pin 240 on 
the actuator 110. The heads- 140 on the end of- the 

.actuator 110 are now· free to be rotated by the voice coil 
motor 109 into the opening of the cartridge--101 and onto 

25 the disk 108. 
Rotary actuator 110 and its components are more 

elaborately described in FIGs. 23-25. FIGs. 23-25 are a 
top plan view, a perspective view and a -side view 
respectively of the actuator i1-o-. As illustrated in -FIG. 

30 23, the actuator 110 has a coil 242, a suspension 244, a 
bent wire 246 and a s~ider with a read/write transducer 
head 140. The bent wire 24~-has a leg 248 with-a foot 
250. The leg 248 of the bent wire 246 is affixed to the­
suspension 244. In a preferred embodimen~, the foot 250 

35 of the bent wire 246 angles away from the leg 248 at a 150 
degree angle. The heads 140 on-the actuator 110 transmit 
and receive signals from the flexible-circuit 252. 

\ 
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In an embodiment of a disk drive that utilizes a two­
disk stack, the' actuator 110 has three ac~uator arms 254, 
256 and 258. Actuator arms 254 and 258 have one suspension 
244 each, while the middle actu~tor !arm 256 has two 

s suspensions 244. Each suspension 244 has a slider with a 
read/write head 140 mounted thereto. Thus, the actuator 
110 is shown with a total of four heads, one for each 
surface of the two disks. 

Since there are four heads, the head load/unload ramp 
10 must have multiple ramp surfaces, one to load/unload each 

head. A ramp 260 with four ramp surfaces 262 is described 
next. FIG. 26 illustrates a top plan view of a fixed ramp 
260 that is mounted to the drive base 106 by two screws. . . 
The ramp 260 has a blade segment 264, a rest segnient 266 

15 and a ·ramp surface 262 which has a tip 268. FIG. 27 is a 
side view of the ramp 260 as taken along the line marked 
A-A in FIG. 26. FIG. 28 is a view of the ramp 260 taken 
along the line marked B-B in FIG. 27. Both FIGs. 27 and 
28 illustrate the four ramp surfaces 262 for loading and 

20 unloading the heads. 
The operation of the head unloading process is now 

described. FIG. 29 shows a top plan view of the actuator 
110 with its heads 140 loaded onto the disk 108. When 
unloading the heads 140 from a disk 108, the voice coil 

25 motor 109 (not shown in FIG. 29) rotates the actuator 110 

clockwise, causing the foot 250 of the bent wire 246 to 
contact the ramp surface 262 of the ramp 260. It is 
noteworthy that although the heads 140 are still loaded 
onto the disk 108, the foot 250 of the bent wire 246 has 

30 already slid onto the ramp surface 262 of the ramp 260, 
thereby starting the unloading process and the lifting of 
the heads off the disk 108. Because the foot 250 of the 
bent wire 246 protrudes beyond the radius of the disk 108, 
the bent wire 246 can communicate with the fixed ramp 260 

35 while the head 140 is still loaded onto the disk. As the 
actuator 110 continues to rotate clockwise, the foot 250 
slides up the ramp surface 262 and the rest segment 266 
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until the actuator 110 and bent wire 246 reach the 

position illustrated in FIG. 30. 

At the point shown in FIG. 30, the actuator 110 is 

unloaded (as further illustrated .in t~e closeup cross-

5 sectional side view of FIG. 31) . Since the actuator 110 

has three arms in a preferred embodiment of a disk drive 

utilizing a two-disk stack, the bent wire 246 of each one 

of the four suspensions 244 rides up a ramp surface 1 262 

and a rest segment 266. 

10 By way of contrast, the prior art removable cartridge 

disk drives unloaded heads by moving a non-stationary ramp 

toward .the disk such that a portion of the ramp resides 
over the disk. The heads can then ride· up the .ramp to 

their parked position. Finally, the ramp moves away from 

15 the disk to allow the cartridge to be ejected. A moving 
ramp is required in the prior art removable cartridge disk 
drive systems to handle two conflicting needs. On the one 

hand, a ramp must be close enough to the disk to allow the 

heads to be unloaded onto it before the heads reach the 
20 outer diameter of the disk. The clearance tolerances 

required between the ramp and the disk must be very tight. 

On the other hand, the ramp must be kept a safe distance 

·away from the disk until a cartridge has been inserted and 

the disk in the cartridge has settled to a stable 
25 position. Otherwise, a bouncing disk could collide with 

the ramp, thereby damaging the disk and compromising the 

data and servo information on the disk. As a result, the 
prior art used a moving ramp which adds cost and 

complexity to a disk drive. T~us, the bent wire 246 of 

30 the present invention advantageously allows the use of a 

fixed ramp 260 to unload the heads 140 in a removable 

cartridge disk drive system. 
To load the actuator 110 in a pref erred embodiment of 

the present invention, the actuator 110 and the bent wire 

35 246 are rotated counterclockwise from their position in 

FIG. 30 to their position in FIG. 29. When unloading the 
heads 140, the voice coil motor 109 rotates the actuator 
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110 counterclockwise, causing the foot 250 of the bent 
wire 246 to slide down the rest segment 266 and then the 
ramp surface 262 of the ramp 260. A closeup cross-
sectional side view of this loaded position is further 

5 shown in FIG. 32. 
The operation of these disk drive components during 

ejection of a cartridge 101 from the disk drive 100 is as 
follows. FIGs. 34A-34F illustrate the right side plan 
view of the progression of parts in the disk drive 100 as 

10 the ejection process starts (FIG. 34A) and finishes (FIG. 
34F) . 

Referring to FIG. 34A, the cartridge 101 is in its 
fully inserted position within the disk drive 100 and the 
disk drive 100 has not yet commenced the cartridge 

15 ejection process. The solenoid 204 is in a non-picked 
state since the disk drive 101 has not yet started the 
ejection process, as shown in FIG. 19. Consequently, the 
plunger 202 is extended out of the solenoid 204 and the 
solenoid link 200 is in its rest position, as biased by 

20 the spring 216. 
Referring back to FIG. 34A, the release link 192 is 

in its non-eject position, here shown as a position 
parallel to the drive base 106. Accordingly, the release 
link 192 traps the second end 184 of the catch 180 between 

25 the lift plate 194 and safety post 196 of the release link 
192. The catch 180 is biased by spring 178 to the 
position shown in FIG. 34A. Additionally, the slide 
spring 164 which biases the slide 142 and catch 180 to 
move toward the drive front end 102 causes the first end 

30 182 of the catch 180 to press against the forward end 190 
of the cartridge 101. As explained before, the first end 
182 of the catch 180 presses the cartridge 101 against the 
drive front end 102, thereby locking the cartridge 101 
into this fully inserted position. Additionally, the pair 

35 of bias springs 220 extending down from the bottom surface 
of the drive top cover 222 keeps the cartridge 101 resting 
on the slide 142 and the drive base 106. 
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When the disk drive 100 is commanded to eject the 
cartridge, i.e., by a user depressing an eject button on 
the disk drive 100, the solenoid 204 is electronically 
picked, resulting in the configura~ion _shown in FIG. 20. 

5 The picking of the solenoid 204 retracts the plunger 202, 
which in turn causes the camming pin 210 to slide in the 
cam surface 208 of the solenoid link 200. This 

10 

interaction between the 
surface 208 pulls the 
solenoid 204 and rotates 

camming pin 210 and the 
solenoid link 200 toward 
the solenoid link 200 about 

cam 
the 
its 

pivot pin 214 in a counterclockwise fashion. The 
counterclockwise rotation of the solenoid link 200 
compresses the. spr~ng 21~ between the solenoid link 200 
and the drive base 106. 

15 At this point, the right side view of the disk drive 
100 is as depicted in FIG. 34B. The pivoted solenoid link 
200 causes the release link 192 to rotate clockwise about 
its pivot 270 such that the lift plate 194 of the ~elease 
link 192 engages and carries the second end 184 of the 

20 catch 180 upward toward the drive top cover 222. Since 
the catch 180 is pivotally attached to the slide 142, this 
upward motion of the second end 184 of the catch 180 
causes the catch 180 to rotate counterclockwise so that 
the first end 182 of the catch 180 dips downward, dropping 

25 underneath the forward end 190 of the cartridge 101. 
Because the first end 182 of the catch 180 no longer 
prevents the slide 142 from traveling toward the drive 
front end 102 (as biased by slide spring 164), the slide 
142 is free to move toward the drive front end 102. 

30 Referring now to FIG. 34C, the cartridge 101 remains 
in its fully inserted position. However, since the catch 
180 no longer presses against the cartridge 101, the slide 
142 and the catch 180 are propelled in their grooves 156, 
158 under the cartridge 101 toward the drive front end 102 

35 due to the biasing force created by the stretched slide 
spring 164 (Fig. 1). At this point in time, the cam nose 
e~d 145 of the slide 142 has reached the cam surface 224 
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in the groove 156. The second end 184 of the catch 180 is 
no longer retained between the lift plate 194 and safety 
post 196 of the release link 192. The upward biasing 
force created by the spring 216 on the ·solenoid link 200 

5 rotates the solenoid link 200 clockwise to return to the 
state shown in FIG. 19. The clockwise rotation of the 
solenoid link 200 rotates the release link 192 
counterclockwise about pivot 270, as illustrated in FIG. 
34C. 

10 In FIG. 340, the slide spring 164 has pulled the cam 
nose end 145 of the slide 142 up the cam surface 224 and 
out of the groove 156. Since the cartridge 101 rests on 
the slide 142, the cam nose end 145 of th~ slide 142.lifts 
the back end 22~ of the cartridge 101 upward toward the 

15 cartridge receiver opening 124 in the drive front end 102. 
At this point in time, the tab 150 of the slide 142 has 
not yet contacted the forward end 190 of the cartridge 
101. 

In FIG. 34E, the cartridge 101 is seen reclining at 
20 an angle relative to the drive base 106. The slide 142 

has now progressed toward the drive front end 102 to the 
point where the tab 15 O of the slide 142 impacts the 
forward end 190 of the cartridge 101. The impact has 
sufficient force to launch the cartridge 101 into the 

25 interior side of the drive door 120 in the drive front end 
102. As shown in FIG. 4, the interior of the drive door 
120 has rub rails 132 for the ejecting cartridge 101 to 
hit. The rub rails 132 prevent the ejecting cartridge 101 
from damaging the drive door 120 or any gasket on the 

30 drive door 120. Thus, the back end 226 of the ejecting 
cartridge 101 opens the drive door 120. 

The final resting .position of the ejected cartridge 
101 is as illustrated in FIG. 34F. The impact of the tab 
150 on the cartridge 101 is sufficient to eject the 

35 cartridge 101 out of the cartridge receiver opening 124 of 
the drive front end 102, ready to be manually grasped and 
removed by the user. The slide 142 comes to rest as the 
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slide spring 164 reaches its relaxed state. Further, a 

retaining wire 272 shown in FIG. 33 rides in the groove 

274 formed in the slide 142. Thi-s ·-retaining wire 272 

urges the slide 142 toward the drive base 106 and also 

5 helps stop the propelled motion of the slide 142 when the 

retaining wire 272 reaches the end of the groove 274. 

Other alternative embodiments of a removable disk 

drive system involving the insertion and ejection of a 

cartridge at an angle relative to the drive base are 

10 disclosed in a patent application filed concurrently 

herewith on March 13, 1996 entitled "REMOVABLE CARTRIDGE 

DISK DRIVE FOR RECEIVING A CARTRIDGE AND METHOD OF 

INSERTING THE. CARTRIDGE_, II which is fully incorporated -

herein by reference. 
15 FIGs. ·35-37 illustrate top plan views of the 

removable cartridge 101 as the cartridge door opens. The 

cartridge 101 has a rounded cartridge forward end 190, a 

cartridge back end 226, a left wall 276 and a right wall 

278, all of which are mounted to a cartridge bottom cover 

20 280 and to a cartridge top cover 282 (not shown in FIGs. 

35-37) . The cartridge top cover 282 is not been shown in 

FIGs. 35-37 in order to better highlight the interior 

.features of the cartridge 101. The cartridge forward end 

190 is rounded at its corners in accordance with prior art 

25 removable cartridge teachings, so that the actuator 110 in 

the disk drive 100 need not extend as far into the 

cartridge 101 to load the read/write transducer heads 140. 

In particular, by removing the corner portions of a 

cartridge housing as taught in U.S. Patent No. 4,864,452, 

30 assigned to SyQuest Technology, Inc., the insertion of an 

actuator into the cartridge housing is facilitated~ 

The cartridge 101 preferably encloses a two-disk 

stack 284 within its confines. The cartridge 101 further 

has a cartridge door 286 to protect the disk stack 284 

35 from dirt, dust and other contamination. The cartridge 

door 286 may be a solid vectored or pie-slice shaped door, 

or a vectored door perpendicularly attached to a band 
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which covers the opening of the cartridge. The cartridge 
door 286 has a cartridge door handle 288 having a hooked 
shape and located at the left forward corner of the 
cartridge door 2 8 6 . A cartridge do9r opening lever 2 9 o of 

S the type well known to those of ordinary skill in the art 
is pivotally mounted to the bottom surface of the drive 
top cover 222 (not shown) by a pivot 292. A hooked catch 
294 is integrally formed and protruding from the cartridge 
door opening lever 290. The shape of the hooked catch 294 

10 securely captures the cartridge door handle 288. A spring 
296 has one end 297 fixed to the bottom surface of the 
drive top cover 222. The second end 298 of the spring 296 
is ho~ked around a post 300 extending from. the cart~idge 

. . . . 
door opening lever 290. 0 

15 When the forward end 190 of the cartridge 101 has 
been inserted sufficiently into the disk drive 100, the 
hooked catch 294 of the cartridge door opening lever 290 
grasps. the cartridge door handle 288. As the cartridge 
101 is inserted further into the disk drive 100, the 

20 cartridge door opening lever 290 rotates clockwise about 
its pivot 302, shown in FIG. 36, and compresses the spring 
296. The clockwise rotation of the cartridge door opening 
lever 290 causes the hooked catch 294 to pull the 
cartridge door handle 288 along the same rotation, thereby 

25 opening the cartridge door 286 in a clockwise manner (FIG. 
36) • 

When the cartridge 101 is ejected out of the disk 
drive 100, the progression of components occurs in 
reverse. The compressed spring 296 urges the cartridge 

30 door 286 to close by rotating counterclockwise. As the 
cartridge 101 is propelled away from the drive back end 
103, the cartridge door opening lever 290 rotates 
counterclockwise and permits the spring 296 to rotate the 
cartridge door 286 closed. By the time the cartridge 101 

35 ejects out of the disk drive 100, the cartridge door 286 
is fully closed. 
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The cartridge 101 further has an anti-rattle feature 

whereby the disk 108 is kept from rattling inside the 

cartridge 101 when the cartridge door 28~ is closed, i.e., 

when the cartridge 101 is not b.eing- used. When the 

5 cartridge 101 resides inside the disk drive 100 and the 

cartridge door 286 is open, the disk 108 is released. Two 

anti-rotation pins 304 are mounted to and extend 

downwardly from the bottom surface of the cartridge top 

cover 282 {shown in FIG. 45). Preferably, the anti-

10 rotation pins 304 are formed integrally with the cartridge 
top cover 282. 

The two anti-rotation pins 304 are received by mating 
holes. 306 formed in ·a cartridge plunger 202 ·as described 

. in FI Gs . 3 8-4 0 . FIG. 3 8 depicts a. top plan view of the 
15 cartridge plunger 308; FIG. 39 illustrates a side view of 

the cartridge plunger 308; and FIG. 40 is a cross­
sectional side view of the cartridge plunger as taken 

across the section A-A marked in FIG. 38. As is apparent, 

the cartridge plunger 308 is a circular ring further 

20 comprising a top surface 310, a bottom surface 312, a 

beveled surface 314 and a body 316. The two anti-rotation 

pin holes 306 for receiving the anti-rotation pins 304 

extending down from the bottom surface of the cartridge 
top cover 282 are formed in the top surface 310 of the 

25 cartridge plunger 308. Further, embedded into the 
interior of the body 316 of the cartridge plunger 308 are 

three cam riding pins 318 for engaging cam surfaces 320 on 

a cartridge hub 322 illustrated in FIG. 41. 
As shown in the perspective view of the cartridge hub 

30 322 in FIG. 41, the cart~~idge hub 322 has cam surfaces 320 
commencing from the bo<.: :::om 324 of the cartridge hub 322 

and inclining toward the top 326 of the cartridge hub 322. 

The cam surf aces 320 are also shown in the side view of 

FIG. 42 and the cross-sectional side view of FIG. 43. The 

35 top 326 of the cartridge hub 322 has three mounting prongs 

325 for affixing the cartridge hub 322 to the cartridge 

door 286, the combination of which is shown in FIGs. 35-



W097/18553 PCT/US96/l 7544 

25 

37. Thus, the cartridge hub 322 rotates with the 
cartridge door 286. A torsional spring (not shown) may 
connect the inside surface of the cartridge hub 322 to a 
post extending downwardly from the bottom surface of the 

5 top cover 282 of the removable cartridge. Rotation of the 
cartridge hub 322 to the rattle position winds up the 
torsional spring so that the spring biases the cartridge 
hub 322 toward the anti-rattle position. 

The interaction between the cartridge hub 322 and the 
10 cartridge plunger 308 is depicted in the top plan view of 

FIG. 44 . FIG. 44 shows that' the bot tom 3 24 of the 
cartridge hub 322 mates with the top surface 310 of the 
cartridge plunger 308. The cam riding pins 318 of the 
cartridge plunger 308 ride the cam surfaces 320·of the 

15 cartridge hub 322. As the cam riding pins · 318 ride 
further up the cam surfaces 320 toward the top 326 of the 
cartridge hub 322, the cartridge plunger 308 fits more 
snugly against the cartridge hub 322. When the cam riding 
pins 318 are descending the cam surfaces 320 away from the 

20 top 326 of the cartridge hub 322, the gap between the 
cartridge plunger 308 and cartridge hub increases. Thus, 
as will be discussed in greater detail later, the overall 
height of the combination of the cartridge plunger 308 and 
the cartridge hub 322 decreases when the cam riding pins 

25 318 travels up the cam surfaces 320 and increases when the 
cam riding pins 318 rides down the cam surfaces 320. 

FIG. 45 is a see-through cross-sectional side view.of 
the cartridge 101 and depicts the interaction between the 
cartridge plunger 308, cartridge hub 322 and the rest of 

30 the cartridge 101. The cartridge 101 has a disk pack 327 
which comprises two disks 108, a cartridge disk hub 328 
for mounting to the disk drive spindle motor 107, a spacer 
330 for separating the two disks 108, a flexure 332 which 
acts as a spring between the disk 108 and the cartridge 

35 bottom cover 280, an armature plate 334 which acts as a 
magnetic chuck to engage the disk drive motor 107, and 
rivets 336 to hold various cartridge components together. 
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FIG. 45 shows the position of these cartridge 
components when the anti-rattle mode is activated. The 
cartridge top cover 282 has descending therefrom two anti-
rotation pins 3 04. These two ai:iti-rotation pins 304 

5 extend into the two anti-rotation pin holes 306 formed in 
the cartridge plunger 308. As the cam riding pins 318 of 
the cartridge plunger 308 ride down the cam surfaces 320 
of the cartridge hub 322 (i.e., towards the cartridge 
bottom cover 280), the cartridge plunger 308 moves further 

10 from the cartridge hub 322 (and the cartridge top cover 
282) because the anti-rotation pins 304 serve to translate 
the rotational force generated by the camming motion into 
vertical movement o~·the cartridge plunger 308 relative to 
the cartridge hub 322. The movement of the cartridge 

15 plunger 308 away from the cartridge hub 322 and closer 
toward the cartridge bottom cover 280 eventually causes 
the beveled surfaces 314 of the cartridge plunger 308 to 
engage and press upon the cartridge disk hub 328 at the 
contact radius 338. Furthermore, the flexure 332 is 

20 compressed between the disks 108 and the cartridge bottom 
cover 280. Thus, the downwardly biased cartridge plunger 
308 presses the disk pack 327 against the cartridge bottom 
cover 280 at contact radiuses 338 and 340, thereby 
preventing the rattling of the disks 108. 

25 The release of the anti-rattling mode of the 
cartridge 101 is described next. In FIG. 45, as the cam 
riding pins 318 of the cartridge plunger 308 ride up the 
cam surfaces 320 of the cartridge hub 322 (i.e., towards 
the cartridge top cover 282), the cartridge plunger 308 

30 travels closer to the cartridge hub 322 (and cartridge top 
cover 282) and the anti-rotation pins 304 extend further 
into the two anti-rotation pin holes 306 of the cartridge 
plunger 308. The upward motion of the cartridge plunger 
308 toward the cartridge top cover creates gaps at contact 

35 radiuses 338 and 340, thereby allowing the disk pack 327 
to rattle inside the cartridge 101. 
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The anti-rattle mode is desirable when the cartridge 
101 is not in use since rattling of the disks when a user 
is transporting the cartridge 101 may damage the disks' 
surfaces (or at least instill fear in tthe user that such 

s damage is occurring). By contrast, tne anti-rattle mode 
must be disengaged when the cartridge 101 is in use so 
that the disk pack 327 can spin freely at high 
revolutional speed. This selective engagement and 
disengagement of the cartridge's anti-rattle feature is 

10 accomplished by the position of the cartridge door 286, as 
is illustrated in the sequence of FIGs. 35-37. 

As previously stated, the cartridge door 286 is 
mounted to the top 326 of the cartridge hub 322. Thus, 
when ·the cartridge door 286 is closed (FIG. ·35),·the cam 

15 riding pins 318 of the cartridge.plunger 308 are oriented 
such that they reside at the bottom of the cam surf aces 
320 of the cartridge hub 322. As a result, the cartridge 
plunger 308 is at its furthest position from the cartridge 
hub 322, thereby compressing the disk pack 327 against the 

20 cartridge bottom cover 280 (i.e., the anti-rattle mode). 
When the cartridge door 286 is opened by the 

cartridge door opening lever 290 of the disk drive 100, 
the cam riding pins 318 of the cartridge plunger 308 
travel up the cam surfaces 320 of the cartridge hub 322, 

25 pulling the cartridge plunger 308 up toward the cartridge 
top cover 282. When the cartridge door 286 is fully 
opened (or near fully opened), the cartridge plunger 308 
releases the disk pack 327. 

Burst In Range and Special Data Sector Modes 
3 o The disk drive uses a Burst In Range mode and a 

Special Data Sector mode to enhance the drive' s servo 
error handling, as discussed in greater detail below. The 
Burst In Range mode and the Special Data Sector mode 
enable the drive to perform read, write and disk 

35 formatting functions more advantageously, accurately and 
efficiently. 



WO 97/18553 PCT/US96/17544 

28 

Formatting is that process during which information 
such as headers are written to the disk so that data 
sectors are identifiable and usable by :the disk drive's 
read and write software which in. turn are employed as 

5 logical data storage entities by the host computer .. The 
formatting process must deal with concerns that are not 
usually faced by ordinary writing to a disk. For example, 
the formatting process writes headers to a disk having 
prerecorded servo fields and thus, must be sure of the 

10 location of servo fields so as to not overwrite any part 
of the servo fields. Ordinary writing to a formatted disk 
is simpler in that the disk has headers and other 
info~ation that;: help the drive more accurately: locatle 
servo fields and data sectors. The inve~tion permits the 

15 formatting process, the error handling process, and their 
implementations in software and/ or hardware to be more 
efficient, accurate and faster executing. 

The implementation of these modes involves the use of 
the disk drive's microprocessor, software executed by the 

20 microprocessor, an ASIC (Application Specific Integrated 
Circuit}, and a sequencer or interface controller chip 
made by Adaptec, Inc. which is an AIC-8321 for IDE­

. interfaced disk drives and an AIC-8371 chip for SCSI 
interfaced disk drives. The ASIC has circuitry that 

25 performs four functions of particular interest: (1) dual 
interrupt status registers, (2) interrupt mask, (3) burst 
in range mode hardware and (4) special data sector mode 
hardware. 

The disk drive software that is executed by the 
30 microprocessor is composed of multiple sub-programs that 

run as independent software processes that are time sliced 
to execute concurrently. The two major processes of 
particular interest are the "drive interface process" and 
the 11 servo process. " Both of these processes need to read 

35 error statuses from the ASIC. 
The drive interface process is concerned with the 

formatting of, writing to and reading from the disk and 
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requires error statuses because the process must know 
whether it is unsafe to proceed with these activities. 
Thus, the drive interface process needs to acquire error 
statuses relative to specific dat~ sectors but does not 

s need to acquire error statuses after every servo field. 
The drive interface process is also selective about which 
error statuses are to be reported to the microprocessor 
because some error conditions may be deemed 
inconsequential during certain circumstances. 

10 The servo process requires information about the head 
position error relative to the track centerline (i.e., the 
off track error shown in FIG. 47) so that the servo 
process can correct the head position as needed. Hence, 
the servo process requires error statuses to be·updated 

15 subsequent to every sample of a servo field. 
Burst In Range Mode 

During the formatting of a disk, it is desirable for 
the drive to stop writing to the disk upon the occurrence 
of certain error conditions. Thus, the disk drive of the 

20 present invention enters a Burst In Range mode just before 
formatting a disk. While the invention may be used during 
ordinary writing to the disk, the invention is 
particularly advantageous for formatting processes. The 
Burst In Range mode causes the drive to inhibit writing to 

25 the disk if (1) the position of the read-write head is 
within the desired range of data sectors to be written to 
and (2) an error condition is detected and that error 
condition is a type of error allowed to pass through a 
mask circuit. The Burst In Range mode operates 

30 structurally and functionally as follows: 
The ASIC contains two interrupt status registers, one 

for the servo process {the "servo error status register") 
and the other for the drive interface process (the "drive 
interface status register") . FIG. 46 is a simplified 

35 block diagram that shows conceptually the servo error 
status register 400, a mask circuit 402 (which may be 
implemented as a register) , the drive interface status 
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register 404 and logic circuitry blocks 406 which are used 
to implement a Burst In Range mode in a disk drive. These 
circuits are located in the ASIC. 

A servo error detection circuitry which may be one of 
5 the various servo error detection circuitries known in the 

art detects servo errors as the read/write transducer 
heads 140 fly over servo sectors on the disk 108. Upon 
the detection of error conditions, the servo error 
detection circuit generates an error status bit 401 for 

10 each error condition found. Each error status bit 401 
represents a type of error condition. Examples of these 
types of error conditions include·but are not limited to: 
preamplifier write unsafe, write unsafe, cylinder error, 
shock error, missed servo synchronization mark, off track 

15 error, spin speed error, bad grey code and missing servo 
burst. Each error status bit 401 is passed from the servo 
error detection circuitry to a servo error status register 
400. ~detected error condition causes at least one error 
status bit 401 to be written into the servo error status 

20 register 400. 
The servo error status register 400 passes its error 

status bits to the mask circuit 402. The mask circuit 402 
masks out certain error status bits, thereby preventing 
masked error status bits from passing through the mask 

25 circuit 402 to the drive interface status register 404, 
while permitting unmasked error status bits 403 to pass 
through to the drive interface status register 404. In 
actual implementation, the unmasked error status bits are 
converted into count values which are then sent to the 

30 drive interface status register 404. The count values 
permit the disk drive to have an error history feature as 
will be described in greater detail below. Reference 
numeral 403 thus refers to either unmasked error status 
bits or unmasked error statuses that have been converted 

35 into count values, depending if an error history feature 
is implemented or not. Therefore, not every error status 
bit 401 is necessarily sent to the drive interface status 
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register 404 (although every bit could be sent) . Whether 
a particular error status bit corresponding to an error 
condition is masked out depends on the contents of the 
mask circuit 402 corresponding to ~hat error condition. 

5 An error status bit 401 is pas·sed to the drive 
interface status register 404 (during the Burst In Range 
and Special Data Sector modes) if and only if the error 
status bit 401 satisfies two conditions: (1) the error 
condition corresponding to that bit occurred during the 

10 access of a data sector that was to be read from or 
written to, and (2) the type of error condition was one 
should trigger the disk drive to interrupt the read/write 
operation of a data sector. Hence, the presence o~ one or 
more· error status bits 403 in the drive interface status 

15 register 404 indicates to the disk drive that an error 
condition has occurred, that the error condition was not 
masked out by the mask circuit 402 and that a data sector 
may need to be re-accessed in order to assure the 
integrity of the attempted process. 

2 O The disk drive uses an interrupt system to convey 
error statuses from the drive interface status register 
404 to the microprocessor. The ASIC periodically sends an 

. interrupt signal to the microprocessor so that error 
statuses can be reported to the microprocessor. For 

25 example, in response to the interrupt signal, the 
microprocessor may read the error status relating to head 
position error from the ASIC and act upon the information 
to correct the error. 

FIG. 47 illustrates in greater detail an 
30 implementation of the conceptual, simplified circuitry 

shown in FIG. 46. The servo error status register 500 is 
illustrated as a column·of flip flops 502-508. These flip 
flops 502-508 may be any kind of flip flops such as D flip 
flops or Set-Reset (SR) flip flops. The drive interface 

35 status register 510 is shown as a column of D flip flops 
512-519. In the middle of FIG. 47, a mask circuit 520, 
which is comprised of a column of mask counters 522-528, 
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resides between the servo error status register 500 and 
the drive interface status register 510. 

The flip flops 502-508 of the servo error status 
register 500 receive error status bits 4'.0l from the servo 

5 error detection circuit about error conditions and pass 
those error status bits 401 to the mask circuit 520. The 
microprocessor uses the Read Servo Status signal 530 to 
read the contents of the servo error status register 500 
and then clear the register. 

10 When the mask circuit 520 receives an error status 
bit 401 from the servo error status register 500, the mask 
circuit 520 loads a particular count value that the 
microprocesso~ transferred to the mask count. register 532. 
over line 533. Each type of error condition is assigned 

15 to a certain count yalue by the software. An error status 
bit 401 causes a corresponding mask counter 522-528 of the 
mask circuit 520 to load the count value corresponding to 
the error condition (and as stored in the mask count 
r~gister 532) into the mask counter. 

20 The detection of a servo synchronization mark in each 
servo field causes the Servo Interval line 534 to 
decrement each mask counter 522-528 by one. If a mask 
counter 522-528 has already been decremented to zero, the 
counter does not decrement any further. Thus, the loading 

25 of a count value into the mask counter coupled with the 
decrementing of the mask counter when a servo sector is 
detected provides the disk drive with a recent history of 
error conditions. Each applicable type of error condition 
is allotted a 2-bit or 3-bit count value to count the 

30 number of servo sectors that have passed since the last 
occurrence of that error. From the drive interface status 
register SlO's point of view, a particular error condition 
is active not only during the servo sector of its 
occurrence, but also during subsequent servo sectors 

35 during which time the respective mask counter contains a 
non-zero value. Thus, each error condition is 
"remembered" for the time period it takes a read-write 

i 



W097/18SS3 PCT/US96/17S44 

·.'.·: 

33 

head to pass over the number of consecutive servo sectors 
equal to the count value. As can be seen by the input 
lines to mask counters 527 and 528 in FIG. 47, off-track 
errors and spin speed errors are g~ven a three bit count 

5 value, while the other errors are assigned only a two bit 
count value. The three bit count values enable the disk 
drive to remember off-track errors and spin speed errors 
for a longer amount of time so that the drive has more 
time to take corrective measures such as to wait a 

10 settling time for the error conditions to dissipate. 
These relative count values are shown for illustrative 
purposes only and are not intended·to limit which types of 
error ?onditions are 11 remembered" longer th~n other types 
of error conditions. 

15 The ma.sk circuit 520 continues to pass an error 
status bit 401 to the logic gates 536-549 until the count 
value associated with that error condition has been 
decremented to zero. When a mask counter reaches a value 
of zero, it stays at zero for each subsequently detected 

20 servo sector. The only way for a mask counter to acquire 
a non-zero value is to be loaded in response to a detected 
error condition. A mask counter that contains a zero 

. value presents no error status to the drive interface 
status register 510 because the time duration that the 

25 error condition was to be remembered has expired. 
If the count value to be loaded into a mask counter 

522-528 from the mask count register 532 is already zero, 
the zero value means that the masking circuit 520 has 
masked out (or ignored) the existence of that error 

30 condition because the error condition will be remembered 
for a zero length of time. For example, the micro­
processor can write a count value of zero into mask count 
register 53 2 in order to ignore bad grey code error 
conditions. 

35 If a count value is loaded into a mask counter 522-
528 and the same error is detected again during the next 
servo sector, the procedure repeats, meaning that the 
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count value is re-loaded into the mask counter and the 
mask counter is not decremented. Thus, the length of time 
that an error condition is remembered ~Y a mask counter 
522-528 is based on the last time that the error condition 

5 occurred during a consecutive series of detection of the 
same error. 

FIG. 48 illustrates a (not to scale) representation 
of a portion of a track 558 on a disk having servo sectors 
560 that comprise servo fields 562 and data sectors 564 

10 (which may include split data sectors 566) . Each servo 
field 562 has a servo burst pattern that includes a servo 
synchronization mark at the beginning of the servo field 
562. . Servo synchronization mark pulses 568 J::epres.ent the 
presence of these servo synchronization marks. A servo 

15 sector is the interval on the disk lying between two 
consecutive servo synchronization marks. A data sector is 
that part of a track which contains the minimum unit of 
user data, for example, 512 bytes. The servo fields 562 
are conceptually illustrated as small vertical blocks and 

20 the data sectors 564 as the large horizontal blocks. 
Servo sectors 560 and data sectors 564 are assigned 

identifying numbers relative to the index mark on the 
track. The particular numbers chosen for FIG. 48 were 
selected arbitrarily, but lie within the range of numbers 

25 actually encountered on a disk track. Servo sectors 560 
are identified by a unique number assigned to the servo 
sector 560 which is a number equal to the sector's offset 
from the index mark on the track. Thus, servo sectors 560 
are identified by a number ranging from O to some maximum 

30 number which is one less than the number of servo sectors 
on a track. In the act_ual implementation, servo sector 
numbers range from O to 59, and data sector numbers are 
variable depending on the radial distance of the track 
from the center of the disk. As shown, servo fields 562 

35 (servo field numbers 5-9) are interspersed in data sectors 
564 (data sector numbers 14-26) . Some data sectors 566 
(i.e., data sector numbers 17, 22 and 24) are split by 
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servo fields 562 (servo field numbers 6, 8 and 9 
respectively) and handled by the sequencer chip. 

Servo fields 562 are detected by a servo demodulator 
circuit in the ASIC which may be of.any type well known to 

5 those of ordinary skill in the art. The disk drive 
determines the location of data sectors 564 by first 
detecting the relevant servo field 562, finding the servo 
synchronization mark 568 in the servo field 562, and 
determining the offset at which the data sector 564 is 

10 located from the servo synchronization mark 568. The 
of £sets are determined by a software algorithm well known 
to those skilled in the art. 

FIG. 48 further has a timing diagram with four . . 

waveforms that depict how the mask counter circuitry 
15 enables the· disk drive to remember an error condition for 

a programmable number of servo sectors after the passing 
of the servo sector with the error condition. 

The first waveform illustrates servo synchronization 
mark pulses 568 over time; the second waveform depicts the 

20 contents of the servo error status register 500; the third 
waveform shows the contents of the count value stored in 
the relevant mask counter 522-528; and the fourth waveform 
illustrates whether the error condition is reported to the 
drive interface status register 510. 

25 FIG. 48 presents an example operation of an error 
condition being detected during servo sector number 6 . 
Prior to servo sector number 6, no error status bits have 
been set in the servo error status register 500 as 
indicated by the term 11 clear1t in the second waveform of 

30 FIG. 48. The error condition detected in servo sector 
number 6 by the servo error detection circuitry is latched 
into the servo status register 500 as an error status bit 
401. At the same time, the mask count register 532 loads 
a count value of "3" into the mask counter corresponding 

35 to the error condition as shown in the third waveform. 
Thus, the disk drive is to remember the detected error 
condition for three servo sectors. If multiple error 
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conditions were detected during servo sector number 6, a 
multiplicity of mask counters would be loaded with count 
values simultaneously. 

Prior to the occurrence of servo se~tor number 7, the 
5 microprocessor clears the error status bit(s) 401 latched 

in the servo error status register 500. The 
microprocessor clears the servo error status register 500 
when the microprocessor u~es the Read Servo Status line 
530 to read the contents of the servo error status 

10 register 500. 
As shown in FIG. 48, the mask counter is decremented 

relative to the servo synchronization mark 568 found in 
each of servo sector numbers 7, 8 and 9 . The fourth 
waveform shows that the detected error condition is 

15 reported to the drive interface status register 510 for 
three servo sector times. The fourth waveform further 
shows that the detected error condition is sent to the 
drive interface status register 510 during servo sector 
numbers 6, 7 and 8 even though the error condition is no 

20 longer asserted in the servo error status register 500 
during servo sector numbers 7 and 8 . When the count value 
has been decremented to zero (i.e. , after servo sector 

.number 9), the error condition is no longer reported to 
the drive interface status register 510. Once the mask 

25 counter has been decremented to zero, it remains at zero 
until the mask count register loads another count value 
into the mask counter. 

Returning to FIG. 47, not all error conditions 
detected during the Burst In Range mode are reported to 

30 the drive interface status register 510 for three reasons. 
First, error conditions detected during data sectors not 
of interest may not be relevant. The state of a Burst In 
Range ("BIR") bit 408 indicates whether data sectors being 
accessed are data sectors of interest. Thus, a reset BIR 

35 bit 408 instructs the logic gates of FIG. 47 to ignore any 
error status bits 401 received from the mask circuit 520 
since the error conditions relate to data sectors that are 
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not of interest. A set BIR bit 408 tells the logic gates 
536-549 that the detected error condition relate to data 
sectors of interest. Second, some error conditions or 
combinations of error conditions ·may be deemed 

s inconseque.ntial under certain circumstances . The mask 
circuit 520 in conjunction with the mask count register 
532 select which error statuses to report to the drive 
interface status register 510, which in turn, reports 
error statuses to the microprocessor. Inconsequential 

10 error statuses are masked out, as described above. Third, 
the drive interface process is interested in the first 
servo error condition to be passed through the mask 
circuit 520 to the drive interface status register 510 and . . 
ignores successive errors in time since the occurrence of 

15 a single error triggers error handling regardless of how 
many other errors also occur. -

Therefore, whether the drive interface status 
register 510 is updated with new error statuses (or their 
corre$ponding count values) depends on the state of the 

20 BIR bit 408 and whether the register 510 already indicates 
the existence of an error condition {i.e., presence of one 
or more asserted error status bits in the register). 
Logic gates 536-549 receive count values corresponding to 
error statuses from the mask circuit 520 and pass the 

25 count values to the drive interface status register 510 if 
the BIR bit 408 is set. The drive interface status 
register 510 may be updated with new error statuses if the 
BIR bit 408 is enabled and if the register 510 does not 
already indicate the existence of an error condition. 

30 The NOR gate 552 in FIG. 47 disables the logic gates 
536-549 from sending error status bits (or their 
corresponding count value bits) 403 to the drive interface 
status register 510 if at least one error status bit has 
already been set in the register 510. The register 510 

35 may not be updated if the BIR bit 408 is disabled, or when 
the register 510 already indicates that an error condition 
exists regardless of the state of the BIR bit 408. 
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Therefore, during the Burst In Range mode, only the first 
error condition that is not masked out by the mask circuit 
520 is saved in the drive interface status register 510. 
Once the drive interface status z:egis~er 510 indicates 

5 that an unmasked error condition has been detected during 
Burst In Range mode, subsequent error conditions are 
ignored. 

FIG. 49 has timing diagrams that illustrate the 
operation of the Burst In Range mode. Timing diagrams are 

10 provided for the Sequencer Input/Output ("SEQ I/0") line 
570, Unsafe Enable Bit 572 and BIR bit 408 and the 
content~ of the drive interface status register 510 before 
and during the Burst In R~nge mode. Points A-F indica~e 
events of particular interest. 

15 Before activating the Burst In Range mode, the 
following initialization must occur. First, the SEQ I/O 
line 570 from the sequencer to the ASIC is cleared to o, 
as shown in Event A of FIG. 49. The sequencer sends a 
signal on its SEQ I/O line 570 to notify the ASIC whether 

20 the data sectors being accessed currently by the read­
write heads 140 are within a certain range of the target 
data sectors, or in other words, "data sectors of 
-interest." The cleared SEQ I/O signal 570 indicates that 
the data sector under the read-write head is not within a 

25 certain range of the target data sector. 
Event B of FIG. 49 shows the software resetting an 

Unsafe Enable Bit 572 which is a bit residing in a 
microcontroller-addressable register space in the ASIC. 
The resetting of the Unsafe Enable Bit 572 to 11 0 11 causes 

30 the ASIC to reset the BIR bit 408 to 11 0. 11 

Event c of FIG. 49 shows the software setting the 
Unsafe Enable Bit 572 back to 11 1." The high-going 
transition of the Unsafe Enable Bit 572 from O to 1 causes 
the drive interface status register 510 to be cleared of 

35 error statuses (as shown in the third waveform) so that no 
error conditions are deemed to exist at the start of the 
Burst In Range mode. Now that the BIR bit 408 and the 

. ; 
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drive interface status register 510 have both been 
initialized (i.e., cleared), the Burst In Range mode is 
ready to start, though not yet activated. 

The Burst In Range mode is activated when the 
5 sequencer determines that the data sectors being accessed 

currently by the read-write heads 140 are within a certain 
range of the target data sector to be formatted. Although 
the ASIC knows which servo sector has passed under the 
read-write head, the ASIC relies on the sequencer to 

10 determine whether a target data sector has passed under or 
within a particular range of the read-write head. The 
sequencer determines if the read-write head is within 
range of the target data sector by using an algorithm well 
known in the art to count off data sectors as tliey pass 

15 under ·the read-write head. 
Turning to Event D of FIG. 49, the sequencer sends a 

1 signal on its SEQ I/O line 570 to the ASIC when the 
read-write head is within range of the target data sector. 
The transition from o to 1 on the SEQ I/O line 570 

20 signifies to the ASIC that the read-write heads 140 are 
now within a certain range of the target data sectors. 
When the ASIC detects this transition on the SEQ I/O line 

. 570, the ASIC activates the Burst In Range mode by setting 
the BIR bit 408 inside the ASIC. The BIR bit 408 

25 propagates to the logic gates 536-549 in FIG. 47 (or the 
logic circuitry 406 in FIG. 46} to permit detected error 
status bits 403 to pass from the mask counters 522-528 to 
the drive interface status register 510. 

Event E of FIG. 49 depicts the detection of the first 
30 error condition. Assuming that this first error condition 

is not masked out by the mask circuit 520, the error 
condition is reported to the drive interface status 
register 510 because the BIR bit 408 is set and the drive 
interface status register 510 contains no error status 

35 bits. 
Event F of FIG. 49 shows that subsequently detected 

error conditions are ignored and not reported to the drive 
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interface status register 510. Error conditions are 
ignored uritil Events A-C are repeated. 

Once the Burst In Range mode is activated; the drive 
may write to the disk until an error condition that is not 

5 masked out by the mask circuit 520 is detected. The 
detection of the first unmasked error condition signals a 
safety circuit 574 (FIG. 51) to turn off the write current 
to the read-write head, thereby inhibiting writing to the 
disk. The safety circuit 574 may be a circuit well known 

10 in the art to turn on and off write current. If a servo 
error condition is detected while the ASIC is in Burst In 
Range mode, the safety circuit 574 continues to inhibit 
writing to the_disk.u~til_the software re-starts the Burst 
In Range mode by re-executing the requisite series of 

15 steps described above. 
Special Data Sector Mode 

When the drive interface status register 510 
indicates the existence of an error condition, the disk 
drive needs to identify the data sector during which the 

20 error occurred and re-access the potentially compromised 
data sector (s) . The data sectors preceding the servo 
error can be transmitted to the final destination (the 

. host computer or the disk) as these data sectors are 
error-free (as far as the relevant types of error 

25 conditions are concerned). Prior art disk drives, 
however, could not pinpoint exactly which data sector had 
the servo error and thus, had to back up to some selected 
data sector beyond the actual data sector having the error 
condition in order to ensure that the data sectors being 

30 read or written are valid. 
FIG. SO illustrates a representation of a portion of 

a track on the disk and four waveforms showing the 
operation of the Special Data Sector mode. When a drive 
is ready to format a disk, the drive must spin the disk 

35 and read the servo fields 562 as they pass under the read­
write head until the drive finds the servo sector 
containing the target data sectors. That servo sector is 
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the target servo sector. During reading or writing to the 
target data sectors,. error conditions may be detected and 
recorded into the drive interface status register 510. At 
this point, prior art disk drives were unable to determine 

5 the precise data sector during which the error condition 
occurred and resorted to backing up beyond the actual data 
sector having the error. The disk drive of the present 
invention, on the other hand, can determine the exact data 
sector during which the error arose and thus, simply and 

10 efficiently reprocesses from that data sector forward. To 
do so, the disk drive invokes a Special Data Sector mode 
to locate the precise data sector during which an error 
condition arose. 

·The example represented by FIG. so assumes that the 
15 initialization phase of the Special Oat~ Sector mode has 

been executed and that the target servo sector is servo 
sector number 6 such that when the system detects the 
servo field 562 corresponding to the number 6, the system 
activates the Special Data Sector mode. 

20 The ASIC has a sector pulse generation logic 578 
(shown in block diagram form in FIG. 52) of a design well 
known in the art. The sector pulse generator 578 in FIG. 
so generates a sector mark pulse 580 for eveIY. data sector 
of interest 564 detected under the read-write head. The 

25 data sectors of interest in FIG. SO are shown to 
arbitrarily start at data sector number 18. Each sector 
mark pulse 580 is actually generated relative to a 
specific off set added to the location of the servo 
synchronization mark 568. As can be seen in FIG. so, 

30 these offsets cause the sector mark pulses 580 to line up 
with the occurrence of data sectors 564. 

The Special Data Sector mode controls whether the 
sector pulse generator 578 generates sector mark pulses 
580 upon the detection of each data sector 564. If the 

35 Special Data Sector mode is enabled, the sector pulse 
generator 578 issues a sector mark pulse 580 for every 
data sector 564. If the Special Data Sector mode is 
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disabled, the sector pulse generator 578 does not generate 
sector mark pulses 580. In operation, the drive disables 
the Special Data Sector Mode to inhibit sector mark pulse 
generation until the target servo sector passes under the 

5 read-write head. In the example of FIG. so, the target 
servo sector is servo sector number 6. Thereafter, the 
Special Data Sector mode is enabled so that sector mark 
pulses 580 are generated until an error condition passed 
through the masking circuit 520 is detected. 

10 To execute the Special Data Sector mode, the system 
must perform the following steps: (1) inhibit the 
generation of sector mark pulses 580, (2) determine the 
identifying number of the target servo sector 560, and (3). 

activate the Special Data Sector Mode. To accomplish the 
15 first step," the microprocessor sets an inhibit_sector_ 

pulse register bit 582 in the ASIC which inhibits the 
sector pulse generator 578 from generating sector mark 
pulses 580. To accomplish the second step, the 
microprocessor writes the identifying number associated 

20 with the target servo sector 560 into a target_servo_ 
sector register 586 (shown on FIG. 55) in the ASIC. The 
identifying number of the first target data sector is 
written into two registers in the ASIC: the Last Data 
Sector Number (LDSEC) register 583 and the Burst Data 

25 Sector Number (BDSEC} register 584. The ASIC has a 
BRSTNMB counter 588 (FIG. 53) that is cleared upon the 
index mark and counts up for every servo sector 560 that 
passes under the read-write head. A comparator 590 (FIG. 
54) in the ASIC compares the target identifying number on 

30 line 592 from the target_servo_sector register 586 with 
the BRSTNMB counter 588's identifying number of each servo 
sector 560 that passes under the read-write head and 
outputs a control signal when the two values are equal, 
thereby indicating when the read-write head has reached 

35 the target servo sector. At this point in time, the 
Special Data Sector Mode should be activated. The third 
step is accomplished when the microprocessor sets a 
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Special Data Sector mode bit 581 (FIG. 54) which allows 
the control signal from the comparator 590 to activate the 
Special Data Sector mode. Al though one particular circuit 
embodiment is described, numerou~ alternative circuit 

5 configurations may be used. These register bits and 
counters can also be implemented in a variety of ways of 
storing information. 

With the Special Data Sector mode activated, sector 
mark pulses 580 are generated for all data sectors 564 

10 arriving after the servo synchronization mark 568 in the 
target servo sector. In the example of FIG. SO, sector 
mark pulses 580 begin to be generated at data sector 
number 18. Sector pulse generation contin~es as long·as 
no error conditions are detected and r~corded in the' drive 

15 interface status register 510. If an error condition is 
recorded into the drive interface status register 510, an 
error condition was detected during the processing of a 
data sector of interest and the error condition was deemed 
by the mask circuit 520 to be of a type that may 

20 jeopardize writing to the disk. 
Once the read-write head is within range of the 

target data sectors, the LDSEC register 583 maintains the 
.identifying number of the data sector that most recently 
passed under the read-write head. Each sector mark pulse 

25 580 causes the LOSEC register 583 to be updated to the 
identifying number of the next data sector. When a servo 
synchronization mark 568 is detected, the BDSEC register 
584 is updated with the identifying number of the last 
data sector to have passed under the read-write head 

30 (i.e., the number stored in the LDSEC register 583) when 
the servo field was detected. 

An example of the operation of the Special Data 
Sector mode is shown in FIG. 50. The timing diagram with 
four waveforms in the lower half of FIG. 50 represent 

35 significant activities which transpire prior to, during, 
and immediately after the Special Data Sector mode's 
active interval. The waveforms in FIG. 50 show the 
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behavior of sector mark pulses 580 and the contents of the 
LDSEC and BDSEC registers 583, 584 during the Special Data 
Sector mode. The first waveform represents pulses 
generated at detection of servo synchroriization marks 568 

5 that lie at the beginning of each servo field 562. The 
second waveform represents sector mark pulses 580 
generated by the sector pulse generator 578 at locations 
equal to various off sets from the servo synchronization 
marks 568. The third and fourth waveforms show the 

10 contents of the LDSEC register 583 and the BDSEC register 
584 respectively during the passage of the Special Data 
Sector mode. As can be seen, the number stored in the 
LDSEC register 583 ~s th~ identifying numbe~ of the data 
secto·r last detected, and the number stored in the BDSEC 

15 · register 584 is the number in the LDSEC register 583 at 
the moment a servo synchronization mark 568 is detected. 

In particular, when the third servo synchronization 
mark 568 (reading from left to right) is detected, the 
LDSEC register 583 contains "19" and the BDSEC register 

20 584 is updated from "17" to 11 19. 11 When the fourth servo 
synchronization mark 568 is detected, the LDSEC register 
583 contains 11 22 11 and the BDSEC register 584 is updated 
from "19" to 11 22. 11 Lastly, when the fifth servo 
synchronization mark 568 is detected, the LDSEC register 

25 583 contains 11 24" and the BDSEC register 584 is updated 
from "22" to "24." At this point in time, FIG. so assumes 
that an error condition was detected during servo field 
number 9 and recorded into the drive interface status 
register 510. The detection of the error condition 

30 immediately deactivates the Special Data Sector mode, 
which in turn inhibits the generation of sector mark 
pulses 580. Because sector mark pulses 580 are no longer 
generated, the LDSEC register 583 cannot change its 
contents to the identifying numbers of other data sectors 

35 as the LDSEC register 583 has no way of knowing when a 
data sector 564 has been detected without the sector mark 
pulses 580. The content of the BDSEC register 584 which 
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gets its value from the LDSEC register 583 also does not 
change since the LDSEC register 583 is frozen. As a 
result, the two 11 frozen 11 registers 583, 584 contain the 
identifying number of the data se.ctor ·during which the 

5 servo error occurred and the identifying number of the 
last data sector in the servo sector to occur before the 
error occurred, respectively. In this particular example, 
the two values are the same, although they could be 
different. Both the Special Data Sector Mode and the 

10 drive interface status register 510 are reset only after 
execution of the steps described above. 

In summary, the Burst In Range Mode and the Special 
Data Sector M?de provide two services, either sing~y or 
concurrently. The functions performed by each mode are 

15 distinct, yet related, as summarized below. 
The Burst In Range Mode is activated when the 

sequencer issues a timed pulse to the ASIC to indicate 
that the read-write head is within a certain range of the 
target data sectors to be written to. The Burst In Range 

20 mode allows write current to be driven into the read/write 
head and immediately turns off· the write current upon 
occurrence of certain unmasked error conditions . This 
operation prevents writing t? the disk when accurate 
writing cannot be assured. 

25 The Special Data Sector mode is activated when the 
ASIC determines that the target servo sector has passed 
under the read-write head. Activation of the mode allows 
sector mark pulses 580 to be generated which are passed to 
the sequencer to identify data sectors 564 on the disk. 

30 During the Special Data Sector mode, sector mark pulses 
580 are generated until certain unmasked error conditions 
occurs, at which point sector mark pulses 580 are 
immediately inhibited. The contents of the LDSEC and 
BDSEC registers 583, 584 reveal the exact data sector 564 

35 during which the error condition occurred. This mode 
accurately and efficiently locates the precise data sector 
564 that needs to be reprocessed. All data sectors 564 
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accessed starting with this data sector must be re­
accessed. 

FIGs. 51-63 illustrate detailed circuitry which 
performs a variety of tasks, inclu~ing the circuitry used 

s to implement a Burst In Range mode and a Special Data 
Sector mode. While FIGs. 51-63 describe a particular 
embodiment of the invention in greater detail, the 
invention can be implemented in many ways as would be 
apparent to one of ordinary skill in the art . By 

10 convention, inputs to a block of circuitry are shown to 
the left of the block and outputs from a block are drawn 
to the right of the block. FIGs. 51-63 are first 
discussed at a ~igh_level and then the significant signals 
and circuits used to implement the Burst In Range and 

15 Special Data Sector modes will be discussed. 
FIG. 51 depicts a top level diagram of major 

constituent components in the ASIC used to implement a 
Burst In Range mode and a Special Data Sector mode. In 
particular, K21INT block 600 contains the servo error 

20 status register 500, drive interface status register 510 
and mask circuit 520, as well as LDSEC register 583, BDSEC 
register 584, an interrupt circuit 601, an interface to 

. the microprocessor bus and other circuits. 
SECTPEQ2 block 602, safety circuit 574, gray code 

25 decoder 606 and a serial interface circuit 608 are shown 
in block diagram form. SECTPEQ2 block 602 contains the 
Burst In Range (BRSTRNG) logic 610 (shown in FIG. 53), 
sector pulse generator 578 (FIG. 52} and some ancillary 
circuitry. The safety circuit 574 turns on and off write 

30 current to the read-write heads. The gray code decoder 
606 decodes gray codes. The serial interface circuit 608 
permits the ASIC to communicate with other chips through 
a serial communications protocol. 

FIG. 52 illustrates the detailed circuitry within the 
35 SECTPEQ2 block 602 of FIG. 51. SECTPEQ2 block 602 

includes SECTOR2 block 612, MODULON block 614, SEARCHGN 
block 616 and sector pulse generator 578. Sector pulse 
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generator 578 generates sector mark puises 580 for every 
data sector detected during the Special Data Sector mode. 
SECTOR2 block 612 serves as part of the servo error 
detection circuit by detecting certain errors, such as the 

s spin speed error and missed servo synchronization mark 
error. SECTOR2 block 612 further contains a BRSTNMB 
counter 588 (shown in FIG. 53) that provides the 
identifying number of the most recently detected servo 
sector on bus 619 to Burst In Range {BRSTRNG} logic 610 so 

10 that the BRSTRNG logic 610 can activate the Burst In Range 
mode when the read-write head is within range of the 
target data sector. SEARCHGN block 616 defines a window 
during which a servo field is expected to be detected. 
During this window, ·the s'ervo demodulator circuit in the 

· 15 ASIC looks for servo fields. MODULON block 614 contains 
counters used to help servo pulse generator 578 generate 
servo mark pulses 580 on a zone recorded disk. The Burst 
In Range and Special Data Sector modes work with but do 
nqt require zone recording. 

20 FIG. 53 shows the detailed circuitry within SECTOR2 
block 612 of FIG. 52. Of particular interest is Burst In 
Range (BRSTRNG) circuit block 610 which resets the BIR bit 
408 prior to activation of the Burst In Range mode and 
sets the BIR bit 408 when the Burst In Range mode is to be 

25 activated. Comparator 590 on FIG. 54 compares the number 
of the target data sector with the data sector under the 
read-write head as sent over bus 619. When the target has 
been reached, the comparator 590 permits the activation of 
the Burst In Range mode. BRSTCNTA block 62 O measures the 

30 distance between servo fields and based upon the distance 
between detected servo fields, determines the existence of 
spin speed errors and missed servo synchronization mark 
errors. 

FIG. 54 illustrates the detailed circuitry within the 
35 Burst In Range circuit block 610 of FIG. 53. FIG. 55 

depicts circuitry in the K21INT block 600 of FIG. 51 
including INTERPT block 601, target_servo_sector register 
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586 and some ancillary registers. FIGs. 56-63 illustrate 
circuitry inside INTERPT block 601 of FIG. SS. In 
particular, FIG. 56 shows the servo err~r status register 
500, drive interface status regist~r 510 and logic 

5 circuitry 406; FIG. 57 shows the mask count register 532; 
FIG. 58 illustrates the mask counters comprising mask 
circuit 520; FIG. 59 depicts the LDSEC register 583; FIG. 
60 shows the BDSEC register 584; and FIGs. 61-63 
illustrate three-bit and two-bit counters which are used 

10 to implement mask counters 710, 719 and 720 respectively 
in FIG. 58. 

To initialize the system to start the Burst In Range 
mode as previo1:1sly described, the following cc.curs in 
FIGs. 51-61. The sequencer determines whether the read-

15 write.head is within a certain range of the target data 
sector to be formatted and notif i~s the ASIC with a signal 
on the SEQ I/O line 570 which eventually reaches the 
K21INT block 600 of the ASIC in FIG. 51. When the ASIC 
learns from the sequencer that the read-write head is 

20 within range of the target data sector, the K21INT block 
600 passes a "l" signal on its SEQ I/O line 570 to the 
SECTPEQ2 block 602. The SEQ I/O signal 570 passes to the 
SECTOR2 block 612 in FIG. 52. Inside the SECTOR2 block 
612 as illustrated by FIG. 53, the SEQ I/O signal 570 

25 enters the BRSTRNG block 610, which is shown in greater 
detail in FIG. 54. The SEQ I/O signal 570 enters D flip 
flop 624 which generates SEQIOX 626 and its complement 
NSEQIOX 628 as 1 and O respectively if the read-write head 
is within range of the target data sector and as opposite 

30 values if the read-write head is out of range. Prior to 
the Burst In Range mode, the read-write head is assumed to 
be out of range of the target data sector so SEQIOX 626 
and NSEQIOX 628 are o and 1 respectively. 

The ASIC sends a O to the D flip flop 629 via the 
3S Unsafe Enable Bit (12C9) line 572. In response, the D 

flip flop 629 resets UNSAFEN 630 to O and sets its 
complement NUNSAFEN 632 to 1. Having initialized the 
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UNSAFEN 630, the ASIC sends a 1 on Unsafe Enable Bit line 
572 to the D flip flop 629 to set UNSAFEN 630 to 1 and 
NUNSAFEN 632 to o. Logic 634, logic 636 and logic 644 
{which generates Ul 640 and UO 64~) comprise logic that 

5 sequences through the Burst In Range· mode and may be 
implemented in a wide variety of ways. UNSAFEN 630 and 
its complement NUNSAFEN 632 are received by logic 634. As 
discussed above, NSEQIOX 628 is presently o because the 
read-write head is not yet within range of the target data 

10 sector. As a result, the high-going transition of UNSAFEN 
630 from O to l causes logic 634 to switch NCLRBIR 642 
from O to 1. The high-going transition on NCLRBIR 642 
causes logic 636 which includes D flip flop 646 to reset • 
the BIR bit 4oa· to o. NXSU2 648 and NXSUl 650 represent 

15 the next state of the logic controlling the Burst In Range 
mode. BIR bit 408 is an input to logic 636 so that a 
reset BIR bit remains reset until a low to high transition 
on SEQ I/O line 570. Assuming that the drive interface 
status register 510 has already been cleared of error 

20 status bits, the resetting of BIR bit 408 signifies that 
the Burst In Range mode is now ready to be activated. 

The Burst In Range mode is activated when the 
sequencer determines that the read-write head is within 
range of the target data sector. When the ASIC learns 

25 from the sequencer that the read-write head is within 
range of the target data sector, SEQIOX 626 and its 
complement NSEQIOX 628 change to 1 and O respectively. As 
a result, logic 634 changes NCLRBIR 642 from 1 to 0, which 
in turn causes logic 636 to set BIR 408 to 1. The set BIR 

30 bit 408 then triggers logic gates 536-549 in FIG. 47 to 
permit error status bits 403 to pass from the mask 
counters 522-528 to the drive interface status register 
510. Turning to FIG. 55, BIR bit 408 enters INTERPT block 
601. Referring to FIG. 56's illustration of the INTERPT 

35 block 601, BIR bit 408 is inverted by inverter 652 and 
passed to NOR gate 654. NOR gate 654 generates NINHIB 
signal 656 based on the inverted BIR bit 408 and IFERROR 
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signal 658. The IFERROR signal 658 is set to 1 if the 
R0180-R0188 bits indicate that a servo error condition was 
recorded in the drive interface status register 510. 
Thus, NINHIB signal 656 is o if the.BIR.bit 408 is o or if 

5 IFERROR signal 658 indicates an error status bit was set 
in the drive interface status register 510. A zeroed 
NINHIB signal 656 goes to NANDs 659 to inhibit error 
status bits 403 from passing to drive interface status 
register 510. Therefore, the drive interface status 

10 . register 510 is updated with new error statuses if and 
only if the BIR bit 408 is enabled and if the register 510 
does not already indicate the existence of an error 
condition. 

FIG. 56 further shows that the· servo error status 
15 register 500 consists of nine D flip flop circuits 660-668 

and the drive interface status register 510 comprises 
eight D flip flop circuits 670-677. Buses 678 and 680 
permit. the microprocessor to communicate with the servo 
error status register 500 and the drive interface status 

20 register 510 respectively. The microprocessor uses 
CLRSTAT signal 682 to clear the servo error status 
register 500 of error status bits 401 and the CLRDRV 
signal 684 to clear the drive interface status register 
510 of error statuses. 

25 FIG. 57 is the det,ailed circuitry comprising the mask 
count register 532 and circuitry to perform miscellaneous 
functions not immediately related to the masking 
mechanism. The mask count register 532 is a sixteen-bit 
register implemented by sixteen D flip flops 690-705 that 

30 are loaded by the microprocessor over bus 706 with a 
counter value corresponding to the error status when an 
error condition is detected. For each error condition 
detected, the appropriate two or three bits of the sixteen 
bits ROlAO-ROlAlS representing the count value (s} are 

35 loaded into one of the mask counters shown on FIG. 58. 
FIG. 58 illustrates the mask counters 710-720 of the 

mask circuit 520. Each mask counter handles one error 
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condition. When the error condition is detected, a count 
value is loaded into the mask counter from the applicable 
bits R01AO-R01A12 of the mask count register 532 (see FIG. 
57), and concurrent with each succ~ssive servo field 562, 

5 the mask counter is decremented by one if the 
corresponding error status bit 401 is deasserted (i.e., 
the same error eondition has not repeated itself) . If the 
corresponding error status bit 401 is asserted at the 
successive servo field 562, the mask counter is reloaded 

10 with the proper count value. Each time a servo field 562 
is detected, the drive interface status register 510 
receives error status bits 403 from those mask counters 
710-720 that contain non-zero values. . After a mask 
counter has been decremented to zero, it remains· at zero 

15 until reloaded. 
Referring to FIG. 56, once an appropriate servo error 

condition is detected during the Burst In Range mode, the 
drive interface status register 510 sends error statuses 
R0180-R0188 over bus 680 to the safety circuit 574 on FIG. 

20 51. If any of error statuses R0180-R0188 is set to 
indicate the presence of an error condition, safety 
circuit 574 inhibits writing to the disk by setting Rd_Wr 
line 722 high. 

FIGs. 52, 53, 55, 59 and 60 illustrate the detailed 
25 circuitry used to implement the Special Data Sector mode. 

In FIG. 52, the sector pulse generator 578 generates a 
sector mark pulse 580 on SECTOR line 724 for every data 
sector of interest 564 detected under the read-write head. 
These sector mark pulses are indirectly used to increment 

30 LDSEC register 583. 
In FIG. 53, the BRSTNMB register 588 is cleared upon 

the index mark on a track. When the servo demodulator 
circuit (not shown) detects a servo field, INCMOD signal 
726 is triggered to increment the BRSTNMB register 588. 

35 Thus, the BRSTNUM register 588 contains the identifying 
number of the most recently detected servo field and sends 
this number out onto BRSTNUM bus 619. 
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FIG. 54 contains circuitry used to initialize and 
activate the Special Data Sector mode. 
Inhibit_sector_pulse_generation bit 582 is set to inhibit 
sector pulse generation and propaga~es ~s NDSECMODE signal 

5 728 to logic 730 which generates signals NCLRALLOW 732 and 
NSETALLOWl 734. Signals NCLRALLOW 732 and NSETALLOWl 734 
go to logic 736 to generate signal ALLOWSECT 738. Signal 
ALLOWSECT 738 controls whether the sector pulse generator 
578 generates sector mark pulses 580. If ALLOWSECT 738 is 

10 o, sector pulse generation is inhibited. Special Data 
Sector mode bit 581 is set to activate the Special Data 
Sector mode. Logic 740 controls the sequencing through 
the Special Data Sector mode. 

In FIG. SS, INTERPT block 601 receives error status . . 
15 bits 401 and outputs the contents of the LDSEC register 

583 and BDSEC register S84 to the microprocessor. 
FIG. 59 illustrates the LDSEC register 583 which 

contains the number of the most recent data sector since 
the onset of the Burst In Range mode. The register 583 is 

20 initialized by the software pr~or to engagement of the 
Burst In Range mode and, after initiation of the Burst In 
Range mode, loaded with the identifying number of the 

·first target data sector. Load signal LDDSEC 742 causes 
the identifying number to be loaded from lines LDSEC0-

25 LDSEC7 into the LDSEC register 583. CNTDSEC signal 744 is 
triggered whenever a data sector is detected and 
increments the LDSEC register S83 for each data sector 
that passes under the read-write head. If IFERROR signal 
658 indicates that an error condition was sent to the 

30 drive interface status register 510, HLDDSEC signal 746 
freezes the contents of LDSEC register 583. 

35 

FIG. 60 depicts the BDSEC register S84 into which 
bits from the LDSEC register S83 (i.e., LDSECO-LDSEC7) are 
latched whenever a servo field is detected. 
of a servo field is indicated by a signal 
748. The BDSEC register 584 contains the 

The detection 
on BURST line 
number of the 

most recent data sector at the occurrence of each servo 
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field 562. In the event of an error condition allowed by 
the mask circuit 520 as indicated by IFERROR line 658, the 
BDSEC register 584 is frozen with the number of the last 
data sector to be detected prior to ~the error. The 

5 contents of the LDSEC and BDSEC registers 583, 584 reveal 
the exact data sector 564 during which the error condition 
occurred so that the proper data sectors 564 can be re­
accessed. 

FIGs. 64A and 64B are software flowcharts showing how 
10 the Burst In Range mode and the Special Data Sector mode 

may be used together in a disk drive. In step 760, the 
Unsafe Enable Bit 572 is initialized. In step 761, the 
mask count register 532 is loaded with count values for 
each tyPe of error condition. In particula;r;, the sixteen-

15 bit mask count register 532 is loaded with two three-bit 
and five two-bit count values. FIGs. 64A-64B assumes that 
the disk drive is to read, write or format the "N" data 
sectors spanning from target data sector number "X" to 
target data sector number 11 Y. 11 In order to keep track of 

2 o how many of the target data sectors have been read/ 
written, the software can either (1) compare the 
identifying number of the most recently detected data 
sector with the identifying number of the last target data 
sector to be read/written, or (2) compare the number of 

25 data sectors read/written with the number of target data 
sectors to be read/written. To implement the first 
alternative embodiment, the LDSEC register 583 and BDSEC 
register 584 are initially loaded with 11X11 which is 
assumed to be the identifying number of the first target 

30 data sector in step 762. To implement the second 
alternative embodiment, the LDSEC register 583 and BDSEC 
register 584 are initialized to zero instead. In step 
763, the BRSTNMB counter 588 is loaded with "Z" which is 
assumed to be the identifying number of the first target 

35 servo sector. In step 764, the inhibit_sector_pulse 
generation bit 582 is set to inhibit sector pulse 
generation. In step 765, the sequencer is told to read, 
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write or format the N data sectors between data sector 
number X and data sector number Y. At this time, SEQ I/O 
line 570 is low because the read/write head is not yet 
over the target data sectors. In step 766, the 

5 inhibit_sector_pulse generation bit 582 is reset to allow 
sector pulse generation upon servo burst number z. 
Further, Special Data Sector mode bit 581 and the Unsafe 
Enable Bit 572 are activated. At this point, the ASIC is 
waiting for the SEQ I/O line 570 to go high, indicating 

10 that the read/write head has reached the target data 
sectors. In step 767, the sequencer is searching for the 
first target data sector X, during which time the SEQ I/O 
line 570 is low. In . step 768, any de.tected error . . 
conditions that occurred prior to reaching the first 

15 target data sector X are ignored since the errors pertain 
to data sectors not of interest. If no errors have been 
detected so far and the sequencer finds the first target 
data sector X, the sequencer sets the SEQ I/O line 570 
high in step 769 in order to activate the Burst In Range 

20 mode and then proceeds to process the target data sectors. 
Detected error conditions that pass through mask circuit 
520 are reported to the drive interface status register 
510. In step 770, the sequencer stops processing data 
sectors if an error condition is detected in the drive 

25 interface status register 510, or if the sequencer has 
finished processing all N target data sectors. At this 
point, the software must determine how many of the N data 
sectors were in fact processed without error. In step 
771, the software skips the Burst In Range mode if the BIR 

30 bit 408 was not set. If the BIR bit 408 .was set, the 
software checks to see if any errors were reported to the 
drive interface status register 510 (step 772). A zero 
value in the drive interface status register 510 indicates 
that unmasked errors were not detected. If no errors were 

35 detected, the software checks the BDSEC register 584 to 
see if all of the N target data sectors were processed 
(step 773) . If not, the process loops back to step 772 
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until either errors are reported in the drive interface 
status register 510, or all N target data sectors were 
processed without error. In step 772, if an error was 
reported to the drive interface s~atus =register .510, the 

5 BDSEC register 584 is checked to see if the error (s) 
relate to a data sector detected after the last target 
data sector Y of interest (step 774) . Errors relating to 
target data sectors cause the software to proceed to step 
775, where the LDSEC register 583 reveals the exact data 

10 sector during which the error(s) were detected. The 
software then returns to step 760. Thus, the Burst In 
Range mode and Special Data Sector mode can operate singly 
or in combination. 

While the invention is susceptible to various 
15 modifications and alternative forms, specific· examples 

thereof have been shown. by way of example in the drawings 
and are herein described in detail. It should be 
understood, however, that it is not intended to limit the 
invention to the particular forms disclosed, but on the 

20 contrary, the invention is to cover all modifications, 
equivalents, and alternatives falling within the spirit 
and scope of the invention as defined by the following 
claims. 
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Claims 
1. A removable cartridge for a disk drive having a 

spindle motor, said removable cartridge comprising: 
a cartridge housing; 

5 a disk contained within said cartridge housing 
and having a disk hub for mounting to the spindle motor of 
the disk drive; 

a cartridge hub having a camming surface; 
a camming structure having a cam which engages 

10 the camming surface of said cartridge hub to move said 
camming structure between a first position and a second 
position, where said camming structure in the first 
position presses t~e disk hub against said cartridge 
housing so as to prevent rattling of said disk and said 

15 camming structure in the second position does not press 
the disk hub against said cartridge housing; and 

a cartridge door movably mounted to said 
cartridge housing and coupled to said cartridge hub so 
that movement of said cartridge door between a closed 

20 position ~nd an open position rotates said cartridge hub; 
wherein movement of said cartridge door from the 

closed position to the open position rotates said 
.cartridge hub so that the cam of said camming structure 
moves along the camming surf ace of said cartridge hub, 

25 thereby causing said camming structure to move from the 
first position to the second position. 

2 • The removable cartridge of claim 1, wherein 
rotational movement of said cartridge hub causes vertical 
movement of said camming structure from the first position 

30 to the second position. 

3. The removable cartridge of claim 1 wherein 
said cartridge housing has a top, a bottom and 

two side walls; 
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said cartridge door slides along an arcuate path 
f ram one side wall toward the other side wall of said 
cartridge housing. 

4. The removable cartridge of claim 1 wherein said 
5 disk is a multi-platter disk. 

5 . A removable cartridge disk drive system 
comprising a disk drive and a removable cartridge for 
insertion into and ejection out of said disk drive wherein 

said removable cartridge including: 
10 a disk contained within said cartridge housing 

and having a disk hub; 
a cartridge hub having a camming surface; 
a camming structure having a cam which 

cooperates with the camming surface of said cartridge 
15 ·hub to move said camming structure between a first 

position and a second position, where said camming 
structure in the first position presses the disk hub 
against said cartridge housing so as to prevent 
rattling of said disk and said camming structure in 

20 the second position does not press the disk hub 
against said cartridge housing; and 

a cartridge door movably mounted to said 
cartridge housing and coupled to said cartridge hub 
so that movement of said cartridge door between a 

25 closed position and an open position rotates said 
cartridge hub; 
said disk drive including: 

a spindle motor; and 
a door opening mechanism which engages said 

3 O cartridge door during insertion of said removable 
cartridge into said disk drive to open said cartridge 
door, thereby rotating said cartridge hub so that the 
cam of said camming structure cooperates with the 
camming surface of said cartridge hub in order to 

i1iiiii 



W097/18553 PCT/US96/l 7544 

58 f f llf llf llf If f lllll 11111111111 
* C L M S * 

move said camming structure from the first position 
to the second position. 

6. The removable cartridge. disk drive system of 
claim 5 wherein ejection of said removable cartridge out 

s of said disk drive causes said door opening mechanism to 
close said cartridge door, thereby rotating said cartridge 
hub so that the cam of said camming structure cooperates 
with the caroming surface of said cartridge hub in order to 
move said caroming structure from the second position to 

10 the first position. 

7 • The l;'emovable cartridge disk drive system of 
claim 5 wherein 

said cartridge door has a catch; and 
said door opening mechanism is mounted to said 

15 disk drive housing and has an end which engages the catch 
of said cartridge door so that the insertion of said 
removable cartridge into said disk drive causes the end of 
said door opening mechanism to engage the catch of said 
cartridge door and to pull said cartridge door from the 

20 closed position to the open position. 

25 

30 

8 • The removable cartridge disk drive system of 
claim 7 wherein said door opening mechanism is pivotally 
mounted to said disk drive housing so that insertion of 
said removable cartridge into said disk drive pivots said 
door opening mechanism in order to engage the catch of 
said cartridge door and to pull said cartridge door from 
the closed position to the open position. 

9. A removable cartridge for a disk drive having a 
spindle motor, said removable cartridge comprising: 

a cartridge housing having a top, a bottom and 
two side walls; 

an anti-rotation member extending downwardly 
___::_~~~~----=:._____~~ 

from the top of said cartridge housing; 
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a disk contained within said cartridge housing 
and having a disk hub for mounting to the spindle motor of 
the disk drive; 

a cartridge hub having ~ camming ramp surf ace 
5 and rotatably movable between a rattle position and an 

anti-rattle position; 
a camming structure comprising: 
a recess which cooperates with said anti­

rotation member to prevent rotation of said camming 
10 structure relative to said cartridge housing; 

a bevelled surface; and 
at least one camming member which rides along 

the camming ramp surface of said cartridge hub to • 
move said camming structure between a rattle position 

15 and an anti-rattle position, where said bevelled 
surface of said camming surface in the rattle 
position presses the disk hub against said cartridge 
housing so as to prevent rattling of said disk and 
said bevelled surface of said camming structure in 

20 the anti-rattle position does not press the disk hub 
against said cartridge housing; 

a spring coupled between said cartridge hub and 
said cartridge housing to bias said cartridge hub to the 
anti-rattle position; and 

25 a cartridge door pivotally mounted to said 

cartridge housing and affixed to said cartridge hub; 
wherein pi voting of said cartridge door from the 

closed position to the open position rotates said 
cartridge hub from the anti-rattle position to the rattle 

30 position, thereby storing biasing force on said spring and 
moving the camming member of said camming structure along 
the camming surf ace of said cartridge hub in order to move 
said camming structure from the rattle position to the 
anti-rattle position. 

iii iii iii 
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10. A removable cartridge disk drive system 
comprising a disk drive and a removable cartridge for 
insertion into the disk drive, wherein 

said removable cartridge including: 
a cartridge housing having a top and a bottom; 
an anti-rotation member extending downwardly 

from the top of said cartridge housing; 
a disk contained within said cartridge housing 

and having a disk hub; 
10 a cartridge hub having a camming ramp surface, 

15 

20 

25 

30 

said cartridge hub rotatably movable between a rattle 
position and an anti-rattle position; 

a cammin~ ~tru~ture comprising: . 
a recess which cooperates with said anti­
rotation member to prevent rotation of said 
camming structure relative to said cartridge 
housing; 

a bevelled surface; and 
at least one camming member which rides 

along the camming ramp surf ace of said cartridge 
hub to move said camming structure between a 
rattle position and an anti-rattle position, 
where said bevelled surface of said camming 
surface in the rattle position presses the disk 
hub against said cartridge housing so as to 
prevent rattling of said disk and said bevelled 
surface of said camming structure in the anti­
rattle position does not press the disk hub 
against said cartridge housing; 
a spring coupled between said cartridge hub and 

said cartridge housing to bias said cartridge hub to 
the anti-rattle position; and 

a cartridge door pivotally mounted to said 
cartridge housing and affixed to said cartridge hub; 

35 said disk drive including: 
a spindle motor; and 
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a door opening mechanism which engages said 
cartridge door during insertion of said removable 
cartridge into said disk drive; 
wherein insertion of said removable cartridge into 

5 said disk drive causes said door opening mechanism to 
pivot said cartridge door from the closed position to the 
open position, thereby storing biasing force on said 
spring and rotating said cartridge hub from the anti­
rattle position to the rattle position so that said 

10 camming member of said camming structure cooperates with 
the camming surf ace of said cartridge hub in order to move 
said camming structure from the anti-rattle position to 
the rattle pqsition. 

ll. The method of releasing an anti-rattle feature 
15 in a removable cartridge for a disk drive, the removable 

cartridge including a disk, a cartridge door and an anti­
rattle structure which prevents the disk from rattling, 
the method comprising the steps of: 

(a) inserting the removable cartridge into the disk 
20 drive; 

(b) opening the door of the removable cartridge 
during the insertion of the removable cartridge; 
and 

(c} using the movement of the door to release the 
25 anti-rattle structure in the removable cartridge 

so that the disk may rattle. 
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