
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2001/0006453 A1 

Glorioso et al. 

US 20010006453A1 

(43) Pub. Date: Jul. 5, 2001 

(54) 

(76) 

(21) 

(22) 

(62) 

(51) 

(52> 

DISK DRIVE ENCLOSURE 

Inventors: Scott R. Glorioso, Littelton, MA (US); 
Daniel H. Kass, Maynard, MA (US); 
Cli?'ord G. Westland, Chelmsford, MA 
(US); Erica M. J ehu, Andover, MA 
(US); Morton H. Tarr, Bolton, MA 
(Us) 

Correspondence Address: 
AVID TECHNOLOGY, INC. 
AVID TECHNOLOGY PARK, ONE PARK 
WEST 
ATTENTION: CATHY J. SAMRA 
TEWKSBURY, MA 01876 (US) 

Appl. No.: 09/779,262 

Filed: Feb. 8, 2001 

Related US. Application Data 

Division of application No. 09/170,386, ?led on Oct. 
13, 1998. 

Publication Classi?cation 

Int. Cl.7 ............................ .. G06F 1/16; H05K 5/00; 
H05K 7/00 

US. Cl. .......................................... .. 361/685; 361/687 

104 

(57) ABSTRACT 

Noise is reduced in a disk drive enclosure by using vibration 
damping materials on the inside surface of the enclosure. 
These materials and their placement on the inside surface of 
the enclosure reduce noise Without thermally insulating the 
disk drive. A temperature controlled fan may be used to 
remove heat by convection While generating a minimum 
amount of noise. The connection betWeen the disk drive and 
the external connector of the disk drive enclosure is made 
more reliable by using a printed circuit board instead of a 
cable. Because a printed circuit board has a ?xed location 
and ?xed layout, variability among disk drive enclosures can 
be minimized. Also, errors in manufacturing of the disk 
drive enclosure can be reduced. To facilitate the use of the 
disk drive in a stripe set, the disk drive enclosure has a set 
of mechanical interlocks that permit the enclosures to be 
stacked vertically. In one embodiment, the mechanical inter 
locks are constructed in a manner that permits stacking in 
unlocked and locked con?gurations. The locked con?gura 
tion may be made permanent using an additional locking 
mechanism. These mechanical interlocks also may be used 
to support the enclosure on a desktop. The mechanical 
interlocks also may be constructed so that they can slide on 
a rail, permitting the enclosure to be used in a rack mount. 
The rack mount also may be provided With a quick-release 
mechanism that interacts With the mechanical interlocks to 
hold the disk drive enclosure in the rack mount. 
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DISK DRIVE ENCLOSURE 

[0001] This is a divisional of patent application Ser. No. 
09/170,386, ?led Oct. 13, 1998, pending. 

BACKGROUND 

[0002] Adisk drive for a computer commonly is placed in 
an enclosure in order to, for example, protect or cool the disk 
drive. An enclosure commonly includes one or more exter 
nal electrical connectors that are connected inside the enclo 
sure by a cable to the disk drive. An enclosure may be 
constructed to be placed in rack equipment or may be 
constructed to be placed on a desktop. 

[0003] Advances in disk drive technology that provide 
greater storage density and access speeds also are accom 
panied by problems caused by higher poWer consumption 
and revolutions per minute of the disk drive. These problems 
include increased heat and increased noise. Techniques for 
reducing noise tend to be thermally insulating and thus 
increase heat around a disk drive. Techniques for reducing 
heat by convection, such as rotating fans, tend to create 
noise. The use of conduction to dissipate heat, such as by a 
heat sink, often is ineffective to adequately cool the disk 
drive, because integrated circuits in a disk drive generally do 
not have a heat conduction path from Within the disk drive 
to a heat sink. 

[0004] Other reliability problems are associated With the 
cable that connects the disk drive to the external connector 
of the enclosure. For example, the impedance of a cable is 
affected by its proximity to both devices Within the enclosure 
and the enclosure itself. Because a cable may be placed in 
many locations Within an enclosure, the impedance of the 
cable can vary signi?cantly from enclosure to enclosure. 
Single-ended small computer systems interface (SCSI) sig 
nals and loW voltage differential (LVD) signals are particu 
larly sensitive to such variations in impedance. The cable 
also can become loose after manufacturing, or can be 
installed incorrectly. 

[0005] Another reliability problem arises When data is 
striped, i.e., a data Word is divided and Written in parallel, to 
a set of disk drives. Such a set of disk drives is called a stripe 
set. After data is stored on a stripe set, the order of the disks 
in the stripe set must be maintained in order to maintain data 
integrity. The exact physical arrangement of the disk drive 
enclosures for the stripe set, for example in a stack, ideally 
Would be maintained in order to ensure data integrity. Some 
users actually resort to using adhesive tape or other physical 
measures to bind the set of disk drive enclosures together. 

[0006] These problems are particularly undesirable in 
computing environments Where high reliability and loW 
noise are expected, such as in professional multimedia 
authoring studios. Computer systems in such environments 
typically use a large amount of disk capacity, particularly if 
the disks are used for storing audio and video information. 
The large number of disks both creates a signi?cant amount 
of noise and increases concern for reliability. 

SUMMARY 

[0007] Noise is reduced in a disk drive enclosure by using 
vibration damping materials on the inside surface of the 
enclosure. These materials and their placement on the inside 
surface of the enclosure reduce noise Without thermally 
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insulating the disk drive. A temperature controlled fan may 
be used to remove heat by convection While generating a 
minimum amount of noise. 

[0008] The connection betWeen the disk drive and the 
external connector of the disk drive enclosure is made more 
reliable by using a printed circuit board instead of a cable. 
Because a printed circuit board has a ?xed location and ?xed 
layout, variability among disk drive enclosures can be 
minimiZed. Also, errors in manufacturing of the disk drive 
enclosure can be reduced. 

[0009] To facilitate the use of the disk drive in a stripe set, 
the disk drive enclosure has a set of mechanical interlocks 
that permit the enclosures to be stacked vertically. In one 
embodiment, the mechanical interlocks are constructed in a 
manner that permits stacking in unlocked and locked con 
?gurations. The locked con?guration may be made perma 
nent using an additional locking mechanism. These 
mechanical interlocks also may be used to support the 
enclosure on a desktop. The mechanical interlocks also may 
be constructed to slide on a rail, permitting the enclosure to 
be used in a rack mount. A rack mount con?guration also 
may be provided With a quick-release mechanism that 
interacts With the mechanical interlocks to hold the disk 
drive enclosure in the rack mount. 

[0010] Accordingly, in one aspect, a disk drive enclosure 
has a housing for enclosing a disk drive. A vibration damp 
ening material is applied to the inside surface of the housing. 
Atemperature sensor is mounted inside the housing adjacent 
to the disk drive. The temperature sensor has an output to 
provide an electrical signal indicative of ambient tempera 
ture in the housing. A control circuit has an input connected 
to the output of the temperature sensor and an output to 
provide a control signal as a function of the temperature 
sensor. Afan has an input connected to the control signal and 
is responsive to the control signal to rotate at a speed 
corresponding to the control signal. In one embodiment, the 
control signal varies according to the temperature in the 
housing Within a range of temperatures, Whereby the speed 
of the fan is variable according to the control signal. In 
another embodiment, a threshold circuit has an input con 
nected to the output of the temperature sensor and an output 
to provide an alarm signal indicating one of a plurality of 
ranges in Which the temperature is sensed. An indicator has 
an input connected to the output of the threshold circuit and 
is responsive thereto to provide a visual indication of the 
range in Which the temperature is sensed. 

[0011] In another aspect, the disk drive enclosure has a 
housing for enclosing a disk drive. A ?rst plurality of 
mechanical interlocks is mounted on a ?rst side of the 
housing. A second plurality of mechanical interlocks is 
mounted on a second side of the housing opposite the ?rst 
side of the housing. Each of the ?rst and second plurality of 
mechanical interlocks has a top portion having a surface 
complementary to a surface of a bottom portion of the 
mechanical interlock, such that the top portion of a ?rst 
mechanical interlock and the bottom portion of a second 
mechanical interlock are slidably connectable in a ?rst 
direction. When connected, the mechanical interlocks pro 
hibit movement of the mechanical interlocks With respect to 
each other in second and third directions orthogonal to the 
?rst direction. In one embodiment, the top portion has top 
face and the bottom portion has a bottom face such that the 
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top face of the top portion of a ?rst mechanical interlock 
supports the bottom face of the bottom portion of a second 
mechanical interlock When enclosures on Which the ?rst and 
second mechanical interlocks are attached are vertically 
aligned and stacked. In another embodiment, each of the ?rst 
and second plurality of mechanical interlocks has portion 
having a surface complementary to a surface of a support in 
a rack, such that the portion of the mechanical interlock and 
the support in the rack are slidably connectable in a ?rst 
direction and When connected prohibit movement of the 
mechanical interlock With respect to support in second and 
third directions orthogonal to the ?rst direction. In still 
another embodiment, a locking mechanism has a ?rst mov 
able member and is mounted on the ?rst side of the housing. 
In another aspect, a disk drive enclosure, for mounting in a 
rack having a support, has a housing for enclosing a disk 
drive. A ?rst plurality of mechanical interlocks is mounted 
on a ?rst side of the housing. A second plurality of mechani 
cal interlocks is mounted on a second side of the housing 
opposite the ?rst side of the housing. Each of the ?rst and 
second plurality of mechanical interlocks has portion having 
a surface complementary to a surface of the support in the 
rack, such that the portion of the mechanical interlock and 
the support in the rack are slidably connectable in a ?rst 
direction and When connected prohibit movement of the 
mechanical interlock With respect to support in second and 
third directions orthogonal to the ?rst direction. 

[0012] In another aspect, a printed circuit board is con 
structed for use in connecting a ?rst connector on a disk 
drive to a second and third connectors on a disk drive 

enclosure, Wherein the ?rst connector has a plurality of pins 
providing a plurality of corresponding signals, and Wherein 
the second and third connectors each receive the plurality of 
corresponding signals, The printed circuit board includes a 
plurality of layers of material. Aplurality of traces are placed 
in a layout on the layers of material, Wherein each trace 
corresponds to one of the plurality of signals from the ?rst 
connector, Wherein the plurality of signals includes an 
acknoWledge signal and a request signal, and Wherein the 
trace for the acknoWledge signal and the trace for the request 
signal are the same length. In one embodiment, the plurality 
of signals includes a termination poWer signal, and Wherein 
the trace for the termination poWer signal is thicker than the 
traces for the other signals. In another embodiment, the 
impedance of the traces for the acknoWledge and request 
signals is 90i6 Ohms. In still another embodiment, the 
impedance of the traces for the plurality of signals is 90i10 
Ohms. In yet another embodiment, a ?rst connector is 
attached to a ?rst surface of the printed circuit board and a 
second connector is attached to the printed circuit board on 
a second surface opposite the ?rst surface. In yet another 
embodiment, a ?rst connector is attached to a ?rst surface of 
the printed circuit board, and a second connector is attached 
to the ?rst surface of the printed circuit board. A temperature 
sensor also may be mounted on the printed circuit board, 
Which has an output to provide an electrical signal indicative 
of ambient temperature around the temperature sensor. A 
control circuit may be mounted on the printed circuit board 
Which has an input connected to the output of the tempera 
ture sensor and an output to provide a control signal as a 
function of the temperature sensor. 

[0013] In another aspect, a mechanical interlock for use 
With a disk drive enclosure has a top portion, a bottom 
portion and a section connecting the top portion to the 
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bottom portion, Wherein the top portion has a surface 
complementary to a surface of the bottom portion, such that 
the top portion of a ?rst mechanical interlock and the bottom 
portion of a second mechanical interlock are slidably con 
nectable in a ?rst direction and When connected prohibit 
movement of the mechanical interlocks With respect to each 
other in a second and directions orthogonal to the ?rst 
direction. The top portion has top face and the bottom 
portion has a bottom face such that the top face of the top 
portion of a ?rst mechanical interlock supports the bottom 
face of the bottom portion of a second mechanical interlock 
When enclosures on Which the ?rst and second mechanical 
interlocks are attached are vertically aligned and stacked. 

[0014] Another aspect is a rack mount for a disk drive 
enclosure having at least one bay for receiving the disk drive 
enclosure. The rack mount has a support mechanism having 
edges shaped to engage an interlock on the disk drive 
enclosure to guide the disk drive enclosure into the bay. One 
or more spring loaded blocks, shaped to engage the interlock 
on the disk drive enclosure, permit the interlock to pass the 
blocks in a ?rst direction and prohibit passage of the 
interlock in a second direction opposite the ?rst direction. A 
user-operable member is constructed to move the spring 
loaded block to permit passage of the interlock in the second 
direction to permit removal of the disk drive enclosure from 
the rack mount. 

[0015] In other aspects, the printed circuit board connec 
tor, and its various embodiments, are combined With the heat 
and noise reduction techniques. In another aspect, the 
mechanical interlocks for making and stacking the enclo 
sures and its various embodiments are combined With the 
heat and noise reduction techniques. The heat and noise 
reduction techniques also may be used in combination With 
both the printed circuit board connector and the mechanical 
interlocks for stacking and racking the enclosures. 

BRIEF DESCRIPTION OF THE DRAWING 

[0016] 
[0017] FIG. 1 is an eXploded perspective vieW of a disk 
drive in an enclosure; 

[0018] FIG. 2 is a block diagram of thermal sensing and 
fan control circuit; 

[0019] FIG. 3 is a more detailed circuit diagram of one 
embodiment of the thermal sensing and fan control circuit of 
FIG. 2; 

[0020] FIG. 4 is a block diagram of the circuit of FIG. 2 
further including a temperature indicator; 

[0021] FIG. 5 is a more detailed circuit diagram of the 
circuit of FIG. 4; 

[0022] FIG. 6 is a graph of a typical transfer function for 
the circuits of FIGS. 3 and 5; 

[0023] FIG. 7 is a circuit diagram of one embodiment of 
the printed circuit board connector; 

[0024] FIGS. 8A-E are a layout diagram for one embodi 
ment of the printed circuit board connector of FIG. 7 and 
including the control circuit of FIG. 6; 

In the draWing, 

[0025] FIG. 9 is a perspective vieW of a mechanical 
interlock for stacking enclosures; 
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[0026] FIG. 10 is a side elevational vieW of a mechanical 
interlock for stacking enclosures; 

[0027] FIG. 11 is a cross-sectional side vieW of a 
mechanical interlock for stacking enclosures; 

[0028] FIG. 12 is a perspective vieW of tWo unconnected 
drive enclosures; 

[0029] FIG. 13 is a perspective vieW of tWo connected 
drive enclosures; 

[0030] FIG. 14 is a perspective vieW of a rack for mount 
ing an enclosure; 

[0031] FIG. 15 is a perspective vieW of a rack With an 
enclosure mounted therein; and 

[0032] FIG. 16 is a top vieW of a mechanism permitting 
quick release of the enclosure from a rack. 

DETAILED DESCRIPTION 

[0033] The following detailed description should be read 
in conjunction With the attached draWing in Which similar 
reference numbers indicate similar structures. 

[0034] Noise is reduced in a disk drive enclosure by using 
vibration damping materials on the inside surface of the 
enclosure. These materials and their placement on the inside 
surface of the enclosure reduce noise Without thermally 
insulating the disk drive. A temperature controlled fan may 
be used to remove heat by convection While generating a 
minimum amount of noise. One embodiment of an enclosure 
With such noise and heat reduction Will be ?rst described in 
connection With FIGS. 1-6. 

[0035] FIG. 1 is an exploded perspective vieW of a disk 
drive enclosure in one embodiment. The enclosure has a 
housing Which, in this embodiment, is in four pieces. The 
housing pieces may be made of any material that is suffi 
ciently hard and impact resistant for the environment in 
Which the enclosure is used. Example materials include 
sheet metal, such as aluminum or steel, or hard plastic. The 
housing includes a base 100. Atop portion 104 formed in “c” 
shape connects to the base 100. A front 108 and back 106 
complete the enclosure. The base 100, front 108 and back 
106 may be one piece. The front 108 has an air inlet 118. 
Back 106 has an air outlet 116. 

[0036] A disk drive 102 is connected to the base 100 
through a bracket 111 that has mounts 110 and 112. The 
bracket 111 is attached to the base 100. ApoWer supply 124 
also is mounted to the base 100 and also is a source of heat 
in the enclosure. The disk drive produces heat and noise, 
Which are generally related to the poWer consumption and 
revolutions per minute of the disk drive motor. The disk 
drive 102 may be, for example, a Cheetah 9 or Cheetah 18 
disk drive from Seagate Technology, Inc., of Scotts Valley, 
Calif. Such a disk drive complies With the small computer 
systems interface (SCSI) standard, and uses a loW voltage 
differential (LVD) signal. This disk drive has a capacity of 
9 to 18 gigabytes (GB) and a rotation speed of 7200 to 10000 
revolutions per minute. It should be understood that many 
other types of disk drive may be used, and the invention is 
not limited to the type of interconnect, capacity of the disk 
drive, or other characteristics of the disk drive. 

[0037] The base 100, When made of heat conducting 
material such as metal, acts a heat sink for the disk drive. In 
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particular, the tWo mounting bracket 111 that connects to the 
disk drive at opposite ends along the sides of the disk drive 
through mounts 110 and 112 dissipates heat from the disk 
drive by conduction to the enclosure. 

[0038] Heat also may be dissipated by convection, Which 
should be used because integrated circuits Within the disk 
drive often do not have a heat conduction path from the 
circuit to the housing of the disk drive itself. Heat convec 
tion is provided by a fan 114 Which is shoWn located at the 
front 108 of the enclosure, betWeen the disk drive 102 and 
the front 108 of the enclosure. The fan 114 also is mounted 
to the base 100 of the enclosure. To minimiZe the amount of 
noise produced by the fan While maximiZing air ?oW, the fan 
should be selected so that its siZe is the maximum alloWable 
to ?t Within the enclosure. Using a ball-bearing type fan or 
brushless DC motor also minimiZes the amount of noise 
generated by the fan, reduces poWer consumption and 
increases reliability. A fan that meets these characteristics is 
available from Comair Rotron of San Ysidro, Calif., under 
the product name Flight 60 LT. This fan is rated at 23.2 CFM 
at 12 volts. It should be understood that the invention is not 
limited to the use of a particular fan, fan dimensions, fan 
type, or fan speci?cations. 

[0039] The fan motor rotates about an axis to move blades 
that in turn cause air to ?oW. The direction of rotation and 
the orientation of the blades controls the direction of air?oW. 
The fan may be positioned to draW air through an inlet, over 
the disk drive, through the fan and out an outlet in the 
enclosure. Alternatively, the fan may draW air through an 
inlet, through the fan, over the disk drive and out the outlet 
in the enclosure. In the former con?guration, the tempera 
ture sensor should be placed betWeen the disk drive and the 
fan. In that latter con?guration, the temperature sensors 
should be placed betWeen the disk drive and the outlet. In 
general, the temperature sensor should be adjacent to the 
disk drive and adjacent to the side of the disk drive that is 
closest to the outlet. 

[0040] The fan is controlled by a circuit (not shoWn) that 
may be mounted on a printed circuit board 120. The fan may 
be controlled according to temperature sensed adjacent the 
disk drive. A temperature sensor 122, such as a thermistor, 
is mounted adjacent the disk drive and in the path of air?oW 
that comes in a direction from the disk drive, rather than 
toWards the disk drive. The fan may be controlled to operate 
at a loWer speed at loWer temperatures, thus reducing the 
amount of noise generated by the fan. In this manner, the 
temperature sensor detects the approximate ambient tem 
perature of the disk drive. 

[0041] The control circuit for the fan Will be described in 
more detail beloW in connection With FIGS. 2-6. 

[0042] Referring noW to FIG. 2, the temperature sensing 
control circuit for the fan Will noW be described. FIG. 2 is 
a block diagram of such a circuit. The temperature sensor 
130 reacts to ambient temperature to generate an output 
signal 132 that is a function of the detected temperature. 
Different temperature sensors are selected for temperatures 
in different ranges. Ideally, the temperature sensor should 
have an operating range betWeen 10° C. and 70° C. In the 
embodiment described beloW, a thermistor is used as the 
temperature sensor. 

[0043] The output of the temperature sensor is received by 
an input to a voltage control circuit 134. The voltage control 
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circuit 134 also has an input for receiving a certain minimum 
value 136, indicative of a minimum voltage Which it should 
provide as an output. The output 138 of the voltage control 
circuit is dependent upon the speci?ed minimum voltage and 
the temperature sensed by the temperature sensor. The 
output of the voltage control circuit is then applied to the fan. 

[0044] Referring noW to FIG. 3, a detailed circuit diagram 
of one embodiment of the temperature control signal of FIG. 
2 Will noW be described. In FIG. 3, the temperature sensor 
is a thermistor 200, or thermally sensitive resistor, Which is 
connected to a source voltage 202 (e.g., 12 volts). An 
example thermistor is a negative temperature coef?cient 
(NTC) thermistor Part No. LM5001-5, available from Dale 
Electronics, Inc. of Columbus, Nebr., Which has a nominal 
impedance of about 5000 (5K) ohms, but Which varies from 
8375K ohms to 0.5K ohms over a temperature range of 10° 
C. to 70° C. A positive temperature coef?cient (PTC) 
thermistor also could be used, With appropriate changes to 
the control circuit. It should be understood that the invention 
is not limited to any particular thermistor. 

[0045] The thermistor is connected to a common voltage 
204 through an RC circuit 206 having a resistor 208 (eg 
100K ohms) and a capacitor 210 (e.g., 0.1 pF) connected 
electrically in parallel. The voltage (Vt) at node 212 betWeen 
thermistor 200 and RC circuit 206 is applied to the positive 
input of an operational ampli?er 214. Example commer 
cially available operational ampli?ers include the TL082, 
LM358 or LM1558 operational ampli?ers available from 
several sources, such as National Semiconductor Corpora 
tion of Santa Clara, Calif. The negative input of the opera 
tional ampli?er is the voltage (Vo) from a voltage divider 
216, having tWo resistors 218 (With impedance R2) and 220 
(With impedance R3) connected in serial betWeen the source 
voltage 202 and common voltage 204. A feedback connec 
tion from the output of the operational ampli?er 214 to its 
negative terminal is provided by an RC circuit 222 including 
a resistor 224 (With impedance R4) and capacitor 226 (e.g., 
0.1 pF) connected electrically in parallel. The output of 
operational ampli?er 214 also is connected to a voltage 
regulator 228. A suitable voltage regulator is Part No. 
LM1117T, available from National Semiconductor Corpo 
ration of Santa Clara, Calif., or other sources. The input of 
the voltage regulator 228 is connected to the source voltage 
202 and a terminal of a resistor 230 (e.g., 100K ohms) 
connected betWeen the output of operational ampli?er 214 
and the source voltage 202. Its output voltage (Vf) is 
provided to the fan. 

[0046] In the circuit shoWn in FIG. 3, the output voltage 
Vf of the voltage regulator is described by the folloWing 
equations: 

[0047] Given the temperature-to-voltage characteristics of 
the thermistor, the voltage Vo may be set by selecting 
impedances for resistors R2, R3 and R4 such that the desired 
output voltage Vf is obtained from the voltage regulator 228. 
The maximum output voltage Vf should be set to occur at a 
temperature loWer than the maximum temperature speci?ed 
for reliable operation of the disk drive. 

[0048] FIG. 4 illustrates another embodiment of the con 
trol circuit for the fan that also provides a high temperature 
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indicator signal 144. This signal may be used to signal an 
alarm to a user or to the computer system. For example, the 
signal may be used to illuminate a light emitting diode 
(LED) 142 on the enclosure to indicate that the recom 
mended operating temperature of the disk drive has been 
exceeded. The high temperature indicator signal is generated 
as a function of the temperature signal 132 or 132‘ by a 
threshold circuit 140. The temperature signal may come 
from the thermistor as indicated at 132 or from the fan 
control circuit as indicated at 132‘. The threshold circuit 140 
receives a signal 148 indicative of the threshold temperature 
indicate the operating range of the disk drive. 

[0049] Referring noW to FIG. 5, a detailed circuit diagram 
of one embodiment of the temperature control signal of FIG. 
4 Will noW be described. FIG. 5 adds to the circuit of FIG. 
3 a second operation ampli?er 232 With a positive input that 
connects to the output of operational ampli?er 214 through 
resistor 234 and to the output of operational ampli?er 232 
through resistor 236, to provide hysteresis. The negative 
input of operational ampli?er 232 is connected to node 238 
betWeen a resistor 240 and RC circuit 242 connected in 
serial betWeen source 202 and common 204. The RC circuit 
242 includes resistor 244 and capacitor 246 (e.g., 0.1 pF). 
The output of operational ampli?er 232 controls a light 
emitting diode (not shoWn) through a control circuit 248 
Which provides an LED output 250. The control circuit 248 
includes three NAND Schmitt triggers 252, 254 and 256 of 
Which the combined outputs provide the current to drive the 
output LED 250. The input to the Schmitt triggers 252 
through 256 is provided by the output of a NAND Schmitt 
trigger 258, Which is con?gured to be an oscillator. The ?rst 
input of Schmitt trigger 258 is connected to a node 260 
betWeen resistors 262 and 264 connected in serial betWeen 
the output of operational ampli?er 232 and common 204, 
Which implements a voltage divider. The second input of 
Schmitt trigger 258 is provided by a feedback circuit 
through resistor 266, and is also connected to common 204 
via capacitor 268 (e.g., 0.33 pF). The resistors 234, 236, 240, 
244, 260, 264 and 266 may have an impedance, for example 
of 100K ohms. 

[0050] Characteristics of the circuits shoWn in FIGS. 3 
and 5 are illustrated by the graph of FIG. 6. As temperature 
of the disk drive increases up to temperature t1, the fan is off. 
As the temperature increases above t1, the fan is turned on, 
but at a loW speed. Ultimately, the top speed of the fan is 
reached by temperature t2. If the ambient temperature near 
the disk drive continues to increase, the temperature ulti 
mately reaches temperature t3 that indicates the limit of the 
desired operating range of the disk drive. At this tempera 
ture, the threshold circuit 140 in FIG. 4 generated the high 
temperature signal. Using such a fan control circuit, the fan 
is used on When the detected ambient temperature is such 
that heat should be dissipated. If the fan is operating at its 
maximum speed and the temperature continues to increase, 
the user or computer system is alerted to the excessive 
temperature. The temperatures t1, t2 and t3 vary With the fan 
and disk drive used. As a result, the selection of various 
components for use in the circuits shoWn in FIGS. 3 and 5 
is application dependent. 

[0051] Having noW described the heat dissipation in the 
enclosure, noise reduction Will noW be described again in 
reference to FIG. 1. Noise Within the disk drive enclosure is 
created by vibrations from the disk drive and fan. By using 








