DESCRIPTION OF HARD DRIVE COMPONENTS

ThePlatters: The platters are the actual disks inside the dhaéstore the magnetized data.
Traditionally platters are made of a light aluminahoy and coated with a magnetizable
material such as a ferrite compound that is apphiddjuid form and spun evenly across the
platter or thin metal film plating that is appliezthe platter through electroplating, the same
way that chrome is produced. Newer technology gkess and/or ceramic platters because
they can be made thinner and also because theyaeeefficient at resisting heat. The
magnetic layer on the platters has tiny domainmadnetization that are oriented to store
information that is transferred through the readdvneads. Most drives have at least two
platters and the larger the storage capacity ofitive, the more platters there are. Each
platter is magnetized on each side, so a drive vjtlatters has 4 sides to store data.
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The Spindle and Spindle Motor  The platters in a drive are separated by diskesgasnd

are clamped to a rotating spindle that turns @lglatters in unison. The spindle motor is built
right into the spindle or mounted directly belovaitd spins the platters at a constant set rate
ranging from 3,600 to 7,200 RPM. The motor is dtéatto a feedback loop to ensure that it
spins at precisely the speed it is supposed to.

The photo is the inside of the Hard drive showimg lHeads in a park position or loading
zone, the platters, the Spindle, and Spindle Massembly. The HDD's spindle system relies
on air pressure inside the enclosure to suppottiéiaes at their proper flying height while the
disk rotates. Hard disk drives require a certangeaof air pressures in order to operate



properly. The connection to the external environhagr pressure occurs through a small
hole in the enclosure (about 0.5 mm in diametex)aily with a carbon filter on the inside
(the breather filter, see below). If the air presss too low, then there is not enough lift for
the flying head, so the head gets too close tdlisie and there is a risk of head crashes and
data loss.

TheRead/WriteHeads:  The read/write heads read and write data to thiégps. There is
typically one head per platter side, and each eattached to a single actuator shaft so that
all the heads move in unison. When one head is@Weack, all the other heads are at the
same location over their respective surfaces. Bfyiconly one of the heads is active at a
time, i.e., reading or writing data. When not ire uthe heads rest on the stationary platters,
but when in motion the spinning of the plattersateeair pressure that lifts the heads off the
platters. The space between the platter and thetibes®»o minute that even one dust particle or
a fingerprint could disable the spin. This necessg that hard drive assembly be done in a
clean room. When the platters cease spinning tadsheome to rest, or park, at a
predetermined position on the heads, called thdirigrzone.

The read write heads HD heads are kept from ctintathe

platter surface by the air that is extremely clwsthe platter; that air moves at, or close to, the
platter speed. The record and playback head arat@on a block called a slider, and the
surface next to the platter is shaped to keesitharely out of contact. The write head
magnetizes a region by generating a strong locghets field, the read and write elements
are separate, but in close proximity, on the heatign of an actuator arm. The read element
is typically magneto-resistive while the write elemhis typically thin-film inductive. Due to
the extremely close spacing between the headshendisk surface, any contamination of the
read-write heads or platters can lead to a heastheraa failure of the disk in which the head
scrapes across the platter surface, often griraivayy the thin magnetic film and causing data
loss. Head crashes can be caused by electronicefad sudden power failure, physical shock,
wear and tear, corrosion, or poorly manufacturettg@is and heads.

Here is a close-up of the read/write heads en th
disk platters. These ride on a thin layer of aimeyated by the rotating platters. . The platters
are made from a non-magnetic material, usually adisim alloy or glass, and are coated with
a thin layer of magnetic material. The read-andennead is used to detect and modify the



magnetization of the material immediately undeTitere is one head for each magnetic
platter surface on the spindle, mounted on a comanmn

The Head Actuator: All the heads are attached to a single head actuatactuator arm, that
moves the heads around the platters. Older havdgused a stepper motor actuator, which
moved the heads based on a motor reacting to stppfses. Each pulse moved the actuator
over the platters in predefined steps. Stepper namttniators are not used in modern drives
because they are prone to alignment problems anldigily sensitive to heat. Modern hard
drives use a voice coil actuator, which controksitiovement of a coil toward or away from a
permanent magnet based on the amount of curreminfijothrough it. This guidance system is
called a servo.

The platters, spindle, spindle motor, head actumtdrthe read/write heads are all contained
in a chamber called the head disk assembly (HDAjsi@e of the HDA is the logic board
that controls the movements of the internal parts@ntrols the movement of data into and
out of the drive.

The hard drive's electronics control the
movement of the actuator and the rotation of tis&,dind perform reads and writes on
demand from the disk controller. Feedback of theedelectronics is accomplished by means
of special segments of the disk dedicated to siermdback. These are either complete
concentric circles (in the case of dedicated s&rebnology), or segments interspersed with
real data (in the case of embedded servo technpldbg servo feedback optimizes the signal
to noise ratio of the GMR sensors by adjustingvitiee-coil of the actuated arm. The
spinning of the disk also uses a servo motor. Modéesk firmware is capable of scheduling
reads and writes efficiently on the platter surféaaed remapping sectors of the media which
have failed. . An actuator arm (or access arm) mdlve heads on an arc (roughly radically)
across the platters as they spin, allowing eacH teaccess almost the entire surface of the
platter as it spins. The arm is moved using a vo@keactuator or (in older designs) a stepper
motor. As data density increased, read heads nsagmeto resistance (MR) came into use;
the electrical resistance of the head changed dicepto the strength of the magnetism from
the platter.

Thelanding zone: Is an area of the platter usually near its inn@meter (ID), where no
data is stored. This area is called the Contact/Stap (CSS) zone. Disks are designed such
that either a spring or, more recently, rotatianattia in the platters is used to park the heads
in the case of unexpected power loss. In this ¢dhsespindle motor temporarily acts as a
generator, providing power to the actuator.

Spring tension from the head mounting constantshps the heads towards the platter. While
the disk is spinning, the heads are supported kairdrearing and experience no physical



contact or wear. In CSS drives the sliders carryireghead sensors (often also just called
heads) are designed to survive a number of landinggsakeoffs from the media surface,
though wear and tear on these microscopic compsmeeintually takes its toll. Most
manufacturers design the sliders to survive 50dabact cycles before the chance of damage
on startup rises above 50%. However, the decaygaiet linear: when a disk is younger and
has had fewer start-stop cycles, it has a bettnahof surviving the next startup than an
older, higher-mileage disk (as the head literatggs along the disk's surface until the air
bearing is established). For example, the Seagatea®ida 7200.10 series of desktop hard
disks are rated to 50,000 start-stop cycles, isrotlords no failures attributed to the head-
platter interface were seen before at least 50s08®-stop cycles during testing.

L oad/Unload technology relies on the heads being lifted oéf phatters into a safe location,
thus eliminating the risks of wear and stictiorogéther. The first HDD RAMAC and most
early disk drives used complex mechanisms to loadumload the heads. Modern HDDs use
ramp loading, first introduced by Memorex in 1988]|, to load/unload onto plastic "ramps"
near the outer disk edge.

All HDDs today still use one of these two technaésgisted above. Each has a list of
advantages and drawbacks in terms of loss of staegp on the disk, relative difficulty of
mechanical tolerance control, non-operating shobkistness, cost of implementation, etc.
Addressing shock robustness, IBM also createdratdogy for their ThinkPad line of laptop
computers called the Active Protection System. Wdneandden, sharp movement is detected
by the built-in accelerometer in the Thinkpad, intd hard disk heads automatically unload
themselves to reduce the risk of any potential bes or scratch defects. Apple later also
utilized this technology in their PowerBook, iBodkacBook Pro, and MacBook line, known
as the Sudden Motion Sensor. Sony [37], HP witir tiE 3D DriveGuard [38] and Toshiba
[39] have released similar technology in their botek computers.

This accelerometer based shock sensor has alsaibedrior building cheap earthquake
sensor networks.

Architecture: The motor has an external rotor; the stator wigsliare copper-colored. The
spindle bearing is in the center. To the left ofteeis the actuator with a read-write head
under the tip of its very end (near center); thenge stripe along the side of the arm, a thin
printed-circuit cable, connects the read-write hieaithe hub of the actuator. The flexible,
somewhat 'U'-shaped, ribbon cable barely visiblevb@nd to the left of the actuator arm is
the flexible section, one end on the hub that cos the connection from the head to the
controller board on the opposite side.

The head support arm is very light, but also rigidnodern drives, acceleration at the head
reaches 250 gs.
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A hard disk drive with the platters and spindletono
hub removed showing the copper colored motor cnifsounding a bearing at the center of
the spindle motor. The silver-colored structuréhatupper left is the top plate of the
permanent-magnet and moving coil "motor" that switige heads to the desired position.



Removing the platter motor is tricky - you have

to give the spindle sticking out underneath theela tap using a hammer and a center punch.
Beneath this plate is the moving coil, attacheth&actuator hub, and beneath that is a thin
neodymiume-iron-boron (NIB) high-flux magnet. Thaagmet is mounted on the bottom plate
of the "motor".

Here is the platter motor removed from the drive
casing.

Here is a close-up of the platter motor coilse Th
coil, itself, is shaped rather like an arrowheat| emade of doubly-coated copper magnet
wire. The inner layer is insulation, and the ousethermoplastic, which bonds the coill
together after it's wound on a form, making it-selpporting. Much of the coil, sides of the
arrowhead, which points to the actuator bearingezemteracts with the magnetic field to
develop a tangential force to rotate the actu&onsidering that current flows (at a given
time) radially outward along one side of the arreath, and radially inward on the other, the
surface of the magnet is half N pole, half S ptile;dividing line is midway, and radial.



This is a particle catcher. It's purpose it to
catch any small particles tossed off the disk agt#tes. On a good drive this will be clean but
sometimes you find small metal particles on it whendrive has suffered a head crash.

. This is the actuator that controls the
read/write heads and moves them across the drive.

' To unto the actuator you undo the screw
holding it. However, you also need to undo thetptatat the same time.



Un-doing the platter screws. These are TORX
No. 6 too.

'

read/write heads.

Platters removed along with the actuator and

Here's a close-up of the bit that makes a hard
drive work. This is the read/write head that writlesa to the platters and reads it off - these
are an amazing feat of engineering. These headsthki surface of the platters incredibly
close as it goes about reading and writing dat#éhely touch the platters when operating they
will smash the delicate magnetic coating or evemitelves, rendering the drive scrap.



This is the ultra-strong magnet powering the

motor for the actuator arm

_44 Here is a filter that cleans the air entering

the drive. A drive isn't airtight, instead it allskhe pressure to be equalized in the drive but
the air coming into the drive has to be clean.

Here is the vent hole on the exterior of the

drive.



Finally, here's a look at all the parts that o i

a drive.

Deter mining the capacity or L BA of a Hard drive: The capacity of an HDD can be
calculated by multiplying the number of cylindegsthe number of heads by the number of
sectors by the number of bytes/sector (most comyriait2). Drives with the ATA interface
and a capacity of eight gigabytes or more behavktlasy were structured into 16383
cylinders, 16 heads, and 63 sectors, for compiyilwvith older operating systems. Unlike in
the 1980s, the cylinder, head, sector (C/H/S) oraported to the CPU by a modern ATA
drive are no longer actual physical parametersesiine reported numbers are constrained by
historic operating-system interfaces and with Zioibeecording the actual number of sectors
varies by zone. Disks with SCSI interface addresh sector with a unique integer number;
the operating system remains ignorant of their lewaxylinder count.

Hard disk drive manufacturers specify disk capaggiyng the Sl prefixes mega-, giga- and
tera-, and their abbreviations M, G and T. Bytetgpécally abbreviated B.

Most operating-system tools report capacity usigstame abbreviations but actually use
binary prefixes. For instance, the prefix mega-iclwmormally means 106 (1,000,000), in the
context of data storage can mean 220 (1,048,5%6¢hws nearly 5% more. Similar usage
has been applied to prefixes of greater magnitlidis. results in a discrepancy between the
disk manufacturer's stated capacity and the appeagacity of the drive when examined
through most operating-system tools. The differdra@mes even more noticeable for a
gigabyte (7%), and again for a terabyte (9%). Foetabyte there is a 11% difference
between the SI (10005) and binary (10245) defingid-or example, Microsoft Windows
reports disk capacity both in decimal-based uwits2 or more significant digits and with
binary-based units to three significant digits. $laudisk specified by a disk manufacturer as a
30 GB disk might have its capacity reported by Véiwd 2000 both as "30,065,098,568
bytes" and "28.0 GB". The disk manufacturer use@d3hdefinition of "giga", 109 to arrive at
30 GB; however, because Microsoft Windows, Mac @& some Linux distributions use
"gigabyte" for 1,073,741,824 bytes (230 bytes),dperating system reports capacity of the
disk drive as (only) 28.0 GB.



