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Shingled Magnetic Recording Technologies for Large-Capacity Hard Disk Drives
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The information infrastructure society has been undergoing further major changes in recent years. Whereas most digital data were formerly created
by individuals using PCs, the progress of social networks has led to the generation of huge volumes of data on a daily basis from smartphones and
other portable terminals. Furthermore, the data produced by various sensors in the Internet of Things (IoT) has also been rapidly increasing. The total
volume of data generated in the world in 2020 is projected to reach 44 zettabytes (ZB; 1 ZB = 10?' bytes), 10 times the volume in 2013. Larger capacity
hard disk drives (HDDs) are therefore required in the market to store these huge volumes of data.

To address this demand, Toshiba has been developing shingled magnetic recording (SMR) technologies. SMR HDD record data in a narrower track
pitch than conventional HDDs by overwriting a part of the adjacent track that has been recorded, like shingling a roof, using a write head of conven-
tional size. We are working to realize new technologies for SMR that strengthen its advantages and compensate for its weak points.
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Schematic diagram of data tracks, write head, and read head of conven-
tional magnetic recording (CMR) HDD
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Schematic diagram of data tracks, write head, and read head of high
tracks per inch (TPI) CMR HDD
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Schematic diagram of data tracks, write head, and read head of high-TPI
SMR HDD
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Data writing procedure in SMR HDD
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Comparison of sequential data writing performance of CMR and SMR HDDs
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Track pitch design with emphasis on reliability

TP LT, W TPIET 5I2IE, Do Z/NEL T HLEN
Hbo TDO—NT, FUBICDyZ/NELT 5 ERLERMEILADH
L, PO T =< VAN EAL TS, BihiZ T —~
VAREALZ ST, WhDHE TP LA EBT572®, SMR
HROEREZENP L2 TRZEYAAT VS,

6 FWARATERKBIL

SMR A RUZ, F—7 D4k 5>Tid, CMR R E KL
T, LFLBNT 4 —VANRVERER LT EDH 575
SMR R4 % DOHDD ORERLOHELZIESTNHI LD
HETHD, WHICLTSMRAROHDD 223 h &
W B TOMGTAS, HDD A—H =721 Th{, AL =T
ATADA—H =R, KRBT =5ty —D k) ha—¥—%
O, WA V7 T ROEERTHFT->TV 5,

WatiE, AL EBICSMR R OB E DTV S,
THHASEAMTHAL E B Z H % (INCITS : International Commit-
tee for Information Technology Standards) ® T &ZRHL#kIC
SAS (Serial Attached SCSI (Small Computer System Inter-
face) BB % ) T10 % SATA (Serial Advanced Tech-
nology Attachment) Z#AE D T1325H 0, £hZhi, ZBC
(Zone Block Command) % ZAC (Zone-device ATA Com-
mand) £V 572 SMREFO I~ FHEEBILE I TV S,

SMR I :RDOFW %4 7121, DM (Drive Managed), HA
(Host Aware), HM (Host Managed) D=2MD %1 7% %,
DMZBEAFDT 7 AN VAT ACTEMET R 2 2RO N 5 574
TTHbo RAMIASIZCMREFROHDD & AT 2
ENTEDY, N7+ =<V ARKRANPS DT 7L A5
FoTZEALL, FUMAEHEL V. —F, FAMHSMR I A0 fE
RIGHELZ-HDD O#fE2 322 LT, WELIZ/ ST+ —
RVAEMFEFTEDL LT EIA4 TV HM TH S, HM %R

32

*1. SMRARXRDOFW &R
SMR firmware categories

| 5 O#

AZAME, CMREROHDD DELSIZSMRARDHDD Z|/DZE
WTEB. 72720, NTF—I VR, RASDOSDTIEARME
ILKWEBHAEN. CMRARDHDD EO TR ERMED DB,

ARAME, SMREROYY NREZFERLT, RBMEEZRELT
Z%. SMRERIAVVNOMAHERDPH>TH, SMREXD
HDDIEOY>Y N &EZ I, AL IEZITD. NI+ -V
&, RAMDPEDTIEARKICKVEBHAEL LD BENHS.
CMRAXDOHDD EDTMIE MDD B

AANME, SMRERIYYNREZFEALT, RBWIFEZREIL
T&%. SMRINZ1 73t HERDSMREA IV NEZ(ITER
5K\, NTF—IVADHERHBEEFETHS. CMRA
KDOHDD EOTR AR

DM &+~

HA 17

HM &1 7

JHTHERAPNTIE, Z7ANVTATLRA—FWVIZSMR T RD
HDD # BV EB Y ICEIE S 57200 7Bl I bt A
TWwWhb, DMEHMOH I ETADNPHAYL T TH 5
(F&1).

7T HEHE

L, BE=—ART7 7)) r—> a2 LT, HDD DK%
FALAINH S5 25T, SMR I ROHDD 131 2T 5,

W BHELOM, CMRAXD ) ZTHY > TE 7z
HDDIZ, SMRAEFRZBEFLTWLZET, F—#hDAy R
RATA T OEAIRA  MIHEALPHEZY, N7+ —< 2 2%
WRBBICHIEMT720DFAMIOT 74V T AT 2 R a# b
ENTWLTH A,

SMR G XOHDDIX, HDDH 754 ¥ —%1ZL 0, VAT
ARA=T—=RI—F =% HDT, FALRIENTINITALY T &
L, WARRERITRNDIERA ¥ 7 T4 ZOFITHEITIA
ATWEEZBN S,

WitiL, kDO KRERHDDIS, ThETHBELTEL
SMR 5 RDEAZ i LT <,

X Wk

(1) Turner, V. et al. "IDC's Digital Universe, The Digital Universe of
Opportunities: Rich Data and the Increasing Value of the Internet of
Things, Sponsored by EMC (2014-04)". IDC White paper #IDC_1672.
IDC Homepage. <http://idcdocserv.com/1678>, (accessed 2015-05-25).

T+ #A SHIMOMURA Kazuhito
YIAVETIY— &AM =TVt AL =TTy R
HDD #4755 — 8 29, HDD O # ik shiI e g,
Storage Products Div.

RZ L E21—Vol.70 No.8 (2015)



