Secondary Storage
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Variations

e Hard disk (HDD)

® Flash (SSD)




Basic Concepts

Rotating platters

Moving heads on
arms

Uniform magnetic
surface

Data written as
magnetic spots




Structure

Cover Mounting Holes
(Cover not shown)

Base Casting
Spindle
Slider (and Head)
Actuator Arm

Actuator Axis
Case

Mounting

Actuator By | G s . ’ Holes

Platters

Ribbon Cable
L // (attaches heads
SCSI Interface o to Logic Board)
Connector —
Jumper Pins

Jumper Tape Seal

Connector

Data organized in tracks and cylinders



Zoned Bit Recording

® Jextbooks refer to tracks
with fixed number of
sectors

® Modern disks use variable
size sectors

® Pack more data on outer,
faster-moving tracks

® Disk controller performs
logical mapping of fixed
sectors to ZBR



Low-level Formatting

® Done at factory -- not changeable

® Patterns tracks, sectors, servo marks

® Bad sectors identified




Error Correction

® Read errors are common
® Sectors include error correcting code

® Read and check for error -- if none, good
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Parameters

® Typically | to 10 platters
® 525,35,25 1.8, 1.3, 1.0 inches in diameter

® Smaller platters: Easier to make, lighter,
more rigid, less noise and vibration, faster




Coating

® FEarly disks used iron
oxide or similar coating

Disk Technology

® Relatively thick, easily
damaged, low data

Lubricant

Carbon Overcoat
CoPtCrB Magnetic Layer
6 A Ruthenium Layer
CoPtCrB Magnetic Layer

Cr Underlayer

Glass
Substrate



Thin Film

® Thinner enables denser storage -- domains
annot spread out as far

® Grains must be very small




Antiferromagnetic
Coupling

Coupling layer

between magnetic
layers

Effectively makes
magnetization
layer as thin as
coupling layer (a
few atoms)
Allows thicker : L
magnetic layers e v e TS
Extends life Figures from Hitachi Global Storage Technologies




Longitudinal Recording

® Spots with same =
magnetic orientation = 0

® VWhen orientation
changes within spot = |
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Inductive Write Element

magnetic
transition

recorded
data track




Perpendicular Recording

Carbon overcoat

New film layering with
soft underlayer

Growth underlayers
Seedlayers

Soft magnetic underlayer

New form of write head O ———
Soft magnetic underlayer '
Increases density without Sl el ST

reaching thermal limit

Shield 1

Density will eventually >

reach point that adjacent
domains flip each other




Patterned Recording
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textu re su rface fo r i ) o0 O - magnetization
application of film

Separates domains to
avoid interference

Creates rough surface

More fab rication single elevated magnetic Islano
StePS é i magnetic film

l

disk substrate




Thermally Assisted
Recording

® Use more stable material

® Heat with laser to make
temporarily unstable

® Use perpendicular
recording to control
magnetization before the
spot cools




Read Head

® Flies above spinning
surface

® Disk creates
airflow

® |ifts head against
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What is this thing called Fly Height?

- Mean disk surface

Fly height: The distance from the ABS surface to the mean disk surface.
In the ABS code, the disk is idealized as a perfectly flat surface at 0 fly height.

Take Off Height: The flying height at which contact with highest
asperities occurs.

Glide Height: The flying height at which asperities are detected with a slider
equipped with a PZT sensor. (Glide Height > TOH)

Magnetic Element

ABS TOH
coc

I
1 T |
FHT Mag Spacing

A4
o bt ——— |
Substrate |

Active layer

IBM Almaden Research Center




Slider

® Aerodynamic shape etched into underside of
head to create proper lift and angle

® Flectromagnet head attached to edge

The anatomy of a typical negative pressure type air bearing is shown below. Magnetic Head/Slider/Air Bearing Design

Shallow Etch (Typically 0.2 to 0.3um) B 200 s Cornunkc Wafer

004 (typically 1 to 2 um) 0.30 mm Completed Pico

R Slider

>

N\ :

I Magnetic Element

O
> \jgmoo nm
3%

“Negative” Pressure

Pocket

Row slicing and lapping

047 062 078 083 109 125 RIE milled air bearing

Length{(mm)

ABS Pads (in green) -
IBM Almaden Research center e IBM Almaden Research Center




Thin Film Head
Construction

insulation layers overcoat alumina

[ _ C re ated With top yoke gold pad

cu coils copper stud
write gap copper lead

lithographic
processes

® Copper coils to
induce field

:— "zero" throat undercoat alumina

® Yoke to concentrate bottom yoke

first read gap insulator
leads

second read gap insulator

| C onn eCti ons to top shield / bottom yoke
outside

mr sensor




Future

® Projected growth in density of 50% per year
(down from 100% per year 10 years ago)

® Superparamagnetic limit probably about 2019




Disk Power

® Rotational power proportional to P * R28 * D46

P = platter count




Seeking

Time depends on weight of arm, strength of
voice coil, distance to seek

Speedup phase, coasting phase, slowdown phase,
settling phase (servo guidance)

Moving a few tracks is mostly resettling (more
common for smaller platters)

Moving |0s of tracks is speedup/slowdown
Moving long distance is mainly coasting

Controller keeps table of seek impulse
quantities



Special Cases

® VWhen moving one track (e.g., data continues on
next track), essentially same as settle time

® Does not read from cylinder in parallel -- minor
track misalignment. Switch to reading same trac




Reading

® Signal is weak and noisy

® Must be amplified, converted from analog to
digital at higher frequency than data bit rate




Disk Controller
Caching

e RAM, NVRAM buffer for data going to/from
disk

® Helps hide latency

® On reading, prefetch extra sectors




Reliability Factors

® Vibration

® Rotation speed, mass of platter assembly

® Jemperature (15°C increase = 50% lower
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SS (Flash) Drives

® Solid state, like RAM (10X slower read,
|00X slower write)

® Uses a double-layer transistor with a
suspended gate




NAND Organization

Bit Line

Ground Bit Line
Select Word Word Word Word Word Word Word Select
Transistor Line 0 Line 1 Line 2 Line 3 Line 4 Line 5 Line 6 Line 7 Transisto

£ L L L L L L L L L

Source: Wikipedia




Flash Organization

Arranged in planes, with blocks of pages (typically
blocks contain 64 to 128 pages at, 2KB to 8KB per
page). Planes can operate in parallel

Whole pages are written at once by setting Is to Os

Can rewrite pages, so data can effectively be stored in
smaller units, though there are limits

Erasure is by whole blocks only (reset to |s), slower

Reads are for whole pages



Flash Translation Layer
(FTL)

® |ndirection table that maps logical to
physical addresses

® Hides wear leveling and layout policies




SLC vs. MLC

® Single Level Cell holds a single bit

® Multi Level Cell holds two to four bits

® MLC stores multiple levels of charge




Hybrids

® Flash/Hard drive hybrid

® Most files are written once, rarely accessed

® Flash caches active files, HD spins less




Future

® OS file system built on disk concepts

® [lash has different characteristics

® Page write, block erase, fast read, slow



Demo Day

® VWednesday during class time
o CS I50/151, will be open | hour earlier

® Will have |/2 table to share with someone

® Provide a |-page description to post on the




Kit Check-In

® At end of demo, restore kit to original
condition




Final Exam

® Monday, December 17, 3:30 - 5:30, CS 142

® Basically like sample




Course Evaluation

http://owl.umass.edu/partners/courseEvalSurvey/uma/

Suggestions for how to improve the course are most useful

Please be as specific as possible in terms of topics, materials,



http://owl.umass.edu/partners/courseEvalSurvey/uma/

