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Quick Review over the Last Lecture

Smooth base film
(PET, PEN or PA)

70 ~ 80 % thickness

Back coating

Bottom non-magnetic layer

Top ferromagnetic layer

Servo-band
Servo-signal

320

320

320

320

1280

Track width : 
8.1 µm

LTO Storage :
• 12.65 mm wide tape /             tracks 

• Track width :       µm

• Length :        m

• <     µm left / right distributions

• <     nm surface roughness

* http://home.jeita.or.jp/



04  Development of Hard Disk Drives

• Design

•Write / read operation

•MR / GMR heads

• Longitudinal / perpendicular recording

• Recording media

• Bit size

• Areal density

• Tri-lemma

Video game

Where Can We Find a Hard Disk Drive (HDD) ?

Most popular recording media now :

・ ・
・ ・
・ ・

PC

Hard disc recorder

Data storage PDA

Mobile phone
mp3 player

GPS navigation

Digital camera Video camera



How to Access HDD ?

Open your computer …

This is a HDD !

HDD Shipments

* http://www.kayoo.info/jyouhou-kiki/sozai/1504/index.html

Worldwide unit shipments of hard disk drives (HDD) from 1976 to 2025 (in millions) : *

2020/09/20 19'59• Global shipments hard disk drives (HDD) 1976-2025 | Statista

1 / 2 ページhttps://www.statista.com/statistics/398951/global-shipment-figures-for-hard-disk-drives/

Source: https://www.statista.com/statistics/398951/global-shipment-figures-for-hard-disk-drives/

Global hard disk drive (HDD) shipments 1976-2025
Published by Thomas Alsop, Jul 10, 2020

In 2019, global unit shipments of hard disk drives (HDDs) fell to 316.3 million units, with
forecasts for 2020 predicting shipments will fall once more to 296.22 million units.
Looking ahead, as per sources, high-capacity enterprise HDD shipments are expected to
grow, although at a slower rate than previously forecast. Consumer drives and external
hard disk drive shipments are both expected to decline.

Worldwide unit shipments of hard disk drives (HDD) from 1976 to 2025
(in millions)

! Additional Information

© Statista 2020 "

Show source !
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Do NOT Try This at Home !
Open a metal frame of HDD …

・Arm is operated by a linear motor
with a very strong permanent magnet.

- Arm moves ~ 100 times/sec.
- Platter records data.
- Platter rotates 5400 ~ 15000 rpm.

Platter

Magnet

Arm

HDD Operation

* http://www.kayoo.info/jyouhou-kiki/sozai/1504/index.html



HDD Writing / Reading Operation
HDD writing operation : * HDD reading operation : *

* http://www.kayoo.info/jyouhou-kiki/sozai/1504/index.html

HDD Writing / Reading Operation
HDD writing operation : * HDD reading operation : *

* http://www.kayoo.info/jyouhou-kiki/sozai/1504/index.html



Write / Read Head
Recording media … Recording head …

Read / write head

Lubricant ~   1 nm 
Carbon coating < 15 nm 
Magnetic media ~ 30 nm 

Chromium buffer ~ 50 nm 
Nickel buffer ~ 10 µm 

Metalic/glass substrate 

Arm

Recording head

Disc rotation

Configurations of a platter :

0.15 mm
0.5 mm

1 mm

If the head is a jumbo jet (B 747) ...

Height 1.5 mm
NS

Increase in Recording Density of Hard Disk Drives
Similar to Moore’s law : *

* http://dspace.wul.waseda.ac.jp/dspace/bitstream/2065/28765/6/Honbun-4557_03.pdf



Anisotropic Magnetoresistive Head
Anisotropic magnetoresistance (AMR) : *

* http://www.hitachigst.com/

Mainly permalloy (Ni80Fe20) 
alloys have been used as a 
sensing layer since 1991 by 
replacing ferrite bulk heads.

Areal density in a HDD increased 
60 % per year (from 25 % per 
year).

Discovery of Giant Magnetoresistance

* M. N. Baibich et al., Phys. Rev. Lett. 61, 2472 (1988); P. Grünberg et al., Phys. Rev. Lett. 57, 2442 (1986).

Giant magnetoresistance ( GMR ) :
[ 3 nm Fe / 0.9 nm Cr ] ´ 60 *

M
R
 R

at
io

50 % resistance change at 4.2 K

MR
H = 0

H =
Saturation

Spin-valve
“      ”

Spin-valve
“      ”



Giant Magnetoresistive Head
Giant magnetoresistance (GMR) : *

* http://www.hitachigst.com/

After GMR implementation 
by IBM and Toshiba 
independently,  areal 
density increased 100 % 
per year (1998 ~).

Miniaturisation in Head Design
Size evolution of a recording head in HDD :



Longitudinal Recording Technology
Longitudinal recording : *

* http://www.hitachigst.com/

~ 2005.

Perpendicular Recording Technology
Perpendicular recording : *

* http://www.hitachigst.com/

Toshiba 
introduced in

.

Originally proposed by Shun-ichi
Iwasaki in                .



Development of HDD

First HDD in the world :
RAMMAC 305 (1956, IBM)

60 cm platter × 50 = 4.4 MB
10 Mbit / inch2

Recording density increases at 100% / year :

×18,000

Current HDD :
MK2035GSS (2006, Toshiba)

6.4 cm platter × 2 = 200 GB
178.8 Gbit / inch2

Recording Media
Polycrystalline recording media : *

* http://dspace.wul.waseda.ac.jp/dspace/bitstream/2065/28765/6/Honbun-4557_03.pdf



Bit Sizes of Recording Media
Required bit sizes for higher-density recording : *

* http://dspace.wul.waseda.ac.jp/dspace/bitstream/2065/28765/6/Honbun-4557_03.pdf

Aerial Density Increase by GMR Introduction
Aerial density growth of hard disk drives : *

* J.-G. Zhu et al., Mater. Today 7-8, 22 (2003).

25 % / yr. with thin-film heads

1990 ~ : 60 % / yr. with AMR heads

Superparamagnetic limit

2007 ~ : 25 % / yr. with TMR heads

1992 ~ : 100 % / yr. with GMR heads

2005 ~ : 40 % / yr. with perpendicular recording



Advantages of TMR Junctions
Comparison between AMR, GMR and TMR : *

* https://product.tdk.com/ja/techlibrary/productoverview/tmr-angle-sensors.html

AMR GMR TMR

MR ratios [%] 3 12 100

Output [mV] 150 560 3300
Temperature 
dependence [%/K] - 0.29 - 0.23 - 0.13
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Tri-Lemma in HDD
Requirements for higher-density recording :

Writability of bits
Hwrite

Signal-to-noise ratio
∝ (number of grains) 1/2

Thermal stability of bits
KuV ≈ 60 kBT

Small Hwrite
to reduce noise

Larger Ku to reduce V

Large noise 
by a stray fields
to increase Hwrite

Small Ku
to reduce Hwrite

Large Hwrite
to increase Ku

Larger V to reduce Ku


