o 1 "#%e3e A 1 t>>t AGATAy TITLE OF THE | NVENTI ON APPARATUS CCNTRCLLING
VR TE CURRENT SUPPLI ED TO HEAD AND METHOD FOR THE APPARATUS BIiiiHii:
THE I NVENTION 5 The present invention relates to a di sk storag# HEb
that uses a head to wite data to and read it froma di sk-shaped F‘@‘GOFdI ng
medi um (that is, a disk nmedium), and in particular, to an app

controlling a wri te current supplied to-the head, in 10 accor%ﬁﬂ@ﬂ%‘“ m“m‘“\
wite data, as well as a method for the apparatus. Hard disk

known to typify disk storage apparatuses using a disk (disk nedi uFF)OO"a’s a
storage nedium In recent years,riAEe @Gy rerpNta e 15 equi pnent in
which a hard disk drive is nounted has been comrercially available. Thus, a
power voltage sumpphreduico congrRoanrd Ndi $iR 1dHE CRTRRENEX PR d B hidEAD rom
about 12 or 5V to a |l ower voltage of 3.3 or 1.8V (that is, the power

vol tage wi || beanNedwzadi oD FORFIHENAPPARATUSCENt years, the recording
density in the hard disk drive has been increasing. The recordi ng density
is expected to continuously iR8FBE&BEUNA OReTHEt UINEENAIGNi te el ement in a
head is used to wite data 25 to a disk. The wite elenent is generally
conposed &f an i nductlihfe ruAserf |invardrien T Hearl 1T g Hblatk aviPeigeuit)
varies the polarity of a wite current flow n through athin-film
el ement on the B&$ATadUDithaty Uhss & daad t@y“&rktt%fﬁéﬂ@ thfe &% 683%n of
the current flow.n throu the thin-filme|]enent, at h h speed, the
recordi ng densi thf sd%tsa}ﬁarp%rrc?é'dnélw R Y Kk thkatl mptoved.

However , thethlnfllmel t has, a coil ctur s that ahl her
frequency hi ndefs dtlﬁ& \Xfﬁcfléi ur raéhjt l(nefg‘ erctt C\}gtacrw (rateonté)n fem ovmgng

snoothly thr ougt& tnhcer thllQ1 i I mr@t%@&rr%e@rsg%ﬁg_ Igﬁaegehé reﬂyl red to |

prevent 10 thi s phenoneno o "I'ncr ease en5|ty 0 the har d

di Sk dr i y@. IpN.a RalaARRl i HOKAL RURLIGAL i) Mo S 314idesscribes a
techni que (prior art) to boost the power voltage of the hard di sk drive and
supply the boostred Lypwidtage to the head IC. Wth this prior art, even
with a decrease in the power voltage of the hard disk drive, it is possi bl e
to prevent the mal funedi®ndiwk ddrives are known to typify disk storage

apparatuses using a disk (disk medium) as a storage
medium. In reeent years, more and more portable

15 equipment in which a hard disk drive is mounted has
been commercially available. Thus, a power voitage
supplied to the hard disk drive is expected to shift
from about 12 or 5V to a lower voltage ef 3.3 or 1.8V
(that is, the power voltage will be reduced).

20 Further, in recent years, the recording density in the
hard disk drive has been increasing. ‘The recording
density is expected to continuously increase in the
future.

A write element in a head is used to write data

25 to a disk. The write element is generally composed of
an inductive thin-film element. A head IC (head amp

circuit) varies the polarity of a write current



ithe drive to easily obtain good read/ wite characteristics. It is thus
contenplated that this prior art 20 may be applied to a reduction in the
power voltage of the hard disk drive (disk storage apparatus) to reduce the
power consunption of the drive. However, with the above prior art, the
boost ed power voltages is supplied to and consuned in the 25 head IC. This
i ncreases the power consunption. That is, pn the prior art, there is a
conflict between a reduction in the power consunption of the - 3 hard
di sk drive and an increase in recording density. Thus, an attenpt to
increase the re is i f _ j i '

reduction in'po%g?%gg%égﬁgﬁpgﬁ,%WEﬁgﬁ ?gﬂgkgg%%g%ﬁ{ggbgﬁg%ﬁ#%%géC%; 5
reduci ng the powekr vl {ag@c0fialthe hand fiisherdin v &h BRI B SUMYARYE G THE

| NVENTI ON According to an enbodi nent "of the présent invention, there is
provi ded a di skcstr@eage fappanat 4h raighh thses i rhemid i @ reach gnd v t¢h dat a
fromand to 10 a disk. The head includes a thin-filmelenent for witing.
The thin-film ekerent, hae fracstrddmd) second it erfiminalaryt alard fecmmddd ch a
wite current is input and output. The di sk storage apparatus conprises a
booster, & headonhCthand iz kpdwerimpnmeedlhe Hyowstar, Hheaddsirs- finlan power

vol tage of the disk storage apparatus. The head IC includes a wite driver
and a read anpl efliegentThaswei tc@idr iskerudtsingi vien Wat e Ipaksr vol t age
obtai ned by the boosting by the booster. The wite driver supplies a wite
current to 20 tHA&SAwERSY Mhrdlediveith o e HaHD §H aorEnceE with wite
data. The wite current is supplied fromone of the first and second
terminals of th&YERERS) 15ho@) éfpr?‘é’r‘i‘[lr’tgo IR Wt hert gl dap a‘?rhﬂr?'ffje]rmi S

driven by the power voltage.af .the disk storage apparatus, 25 The read
ampl i 11 of anpl | FLESH i gRal A Bad P T N8 HEE rom THe kO e fober 11 ne

is used supply. .th i (o AT the qgg j y the

- 4 boog?ing b§%fﬁéﬁg%%§%§¥gﬁgw§{5¥%é§é%éht%§§¥¥%$6%$ﬁ3 ‘%gggﬁgfg%f. BRI EF
DESCRI PTI ON OF THE $EVERAL W BME & THE DRAW NG The acconpanyi ng draw ngs,
whi ch are incorporated 5 1n.and constitute a part of the specification,

illustrate enbodi mentgpf ddte, i}(%tﬁlﬂ{.! xRN §9Det el oM 11d, t he3 gener al
description given above and the detail ed description of the enbodi nents

gi ven bel ow, seresdrdelaitedHid qid NGples Oft it he ivvent i te dOvELG 1 is
a bl ock diagram showi ng the configure tion of a hard di sk drive (HDD)
according to a fiolgtagenodditienthaofd tdies rdasiend amyenipwhy the boosted
15 voltage to the head IC. With this prior art, even
with a decrease in the power voltage of the hard disk
drive, it is possible to prevent the malfunctioning of
the drive to easily obtain good read/write character-
istics. It is thus contemplated that this prior art
20 may be applied to‘a reduction in the power voltage of
the hard disk drive (disk storage apparatus) to reduce
the power consumption of the drive.
However, with the above prior art, the boosted
power voltages is supplied to and consumed in the
25 head IC. This increases the power consumption.

That is, in the prior art, there is a conflict

between a reduction in the power consumption of the




‘FIG :2 is a diagram show ng the configuration of a circuit in a wite
driver 116b in FIG 1; 15 FIG 3 is a diagram show ng the waveform of
voltage applied to a coil and the waveform of current flow ng through the
coil; FIG 4 is a graph showing the relationship between wite current and
overwite characteristic 20 FIGS. 5A and 5B are di agrans show ng the

wavef oons of control signals WD1 and WD2 sgpplied to the wite driver 116b;
FI GS. 5C and 5D are diagrans showi ng the waveforns of potentials of
termnals HY and HX of 25 a thin-filmelenent 112a included in a thin-film

el ement 112a; Fh&rd6disia 3@ ams hewing the svavelidpfing demsithpl tage
applied to the thin-filmelenent 112a upon switching of polarity, in

associ ation withniRe wavefremoef 1o iine reldeenine |auWaia ity ugts the of
thin-filmelement 112a; 5 FIG 7 is a graph showi ng the relationship

bet ween the wi t@eCuenenidiand driiercoverwhitrRledhar acidictisid d ratpdweam
tenperature and at | ow tenperature; FIG 8 is a block diagram show ng the
configura tion ebnammdbioaccoeidiang itso expeededd termediavdnitewdd thhe 10 present
invention; and FIG 9 is a block diagram showi ng the configuration of an
HDD accor 8i ng t ¢ealuctiinngd téreb spiweantvadft adee qif ddenthadnel et bordr iDETAI LED
DESCRI PTI ON OF THE | NVENTI ON 15 [ First Enbodi rrent} FIG 1 is a block

di agr am showi ng t he confi gurBRtBorP BEER A0 THEKINYFNBI@Ecording to a
first embodiment of the present invention, The hard disk drive (HDD) in
FTG 1 is roughly cofg&¥d 619 dhed %Qﬁ%‘ﬂ@%"ss‘éﬁbﬁﬁ Ui $S¢Her ei naf t er

f dt HDA t) .11 and t board t
(her ol naf L or 1 oR PG 0 0l B T5CR UL L2 0 The hEA TR S THRATAIR a di sk

(magnetic di sk) w%]i ch %seesa% (hrr%gfeél Gd eaada?nA JV/\?I'l Scpaﬂqadliero%tﬂd to

10 a disk. The head includes a thin-film element for
writing. The thin-film element has first and second
terminals to and from which a write current is input
and output. The disk storage apparatus comprises
a'booster, a head IC, and a power line. The booster

15 boosts the power voltage of the disk storage
apparatus. The head IC includes a write driver and
a read amplifier. The write driver is driven by
the power voltage obtained by the boosting by the

" booster. The write driver supplies a write current to

20 the thin-film element of the head in accordance with
write data. The write current is supplied from one
of the first and second terminals of the thin-film
eleﬁent to the other. The read amplifier is driven
by the power voltage of the disk storage apparatus.

25 The read amplifier amplifies a signal read by the head
from the disk. The power line is used to aupply the

write driver with the power voltage obtained by the



25 (SPM 113, an actuator 114, a voice coil motor (VCM 115, and a head IC
116. The disk |11 has two disk surfaces, a top surface and a bottom
surface. 0000000000000000000000000000000000 - 6 At |east one of the - two
di sk surfaces of the disk 111 constitutes a recording surface on which data
is magnetically recorded. The head 112 is placed in association with one of
the disk surfaces of the disk 5 111. The hgad_112 is a conposite head
conposed of, for exanple, a magneto-resistive (MR) el enent (not shown) and
an inductive thin-filmelenent 112a (see FIG 2). The MR elenent is used as
a read el enent : jducti ve thinsfd I t as 10 a
coil structure %&éﬁsﬁﬁz?g z;C-sHé: eri terlelagsrreahntﬂb(vjvé]% ﬁa&hea%g .foéérztaht{e

conveni ence of graw@riklde. 1 shows only the one head 112. However, in
general, both disk surfaces of the disk 111 constitute recording surfaces,
with two heads aprangedrsORAPIIONALFOMHW SRVERALhG IEGSPOCt iTve ORI ING
surfaces. Further, FIG 1 assunes the HDD conprising the single disk |11.
However, the HDD may Tonmadcemmap)indldtawiigst adkech disksidddrpdhet dead

| 12 is used to read and wite data fromand to the disk 111. The SPM 113
rotates the di sknlEhRCaatsthitgitespequhrtThef hded dd-ifSiatttiaohed to a

| eading end of the actuator |14. The actuator 114 is driven by a VCM 115
that is a drivindlseiired s amhdinanttimior thet imtetiohe ad vendsthig? noves
the head 112 in a radial direction of the disk 111. The SPM 113 25 and the
VCM 114 are dri vertbyEhf i980RF clurdessftsl RS cirrentakeie VA cire ent )
supplied by a notor driver 1C 12l. The head 112 is connected to the head IC
(head detailed description of the embodiments given below,
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T oo a0o0200000 PP PO R AORICEOTO0LEIR EhOGHRS ) bt Ceqfbialend 1€
anplifier 116a anpli fies, shd8adysdigndli veatihy) w@c@%@%g}% 2 E_:g.r/esil;:)_CB uni t

12 includes the followng elenments: a notor driver , a read/wite IC

(read/wite chani@odildht &LAHd Pt edtC 1ddn@ncha booster 124. These
el enents are nounted on a PCB (not shown). The notor driver 1C 121 supplies

the SPM 113 with an Ifreumoainis of SPM€arr smdwspgcthéedohyiheaconhrokler 1C
123 to rotate the SPM 113 at a rated speed. The notor driver I1C 121 al so
supplies the VCM Xlisanitth ian aanminte afr Mt clx élenin speei fied by the
controller 1C 123 to position the head 112 at a target position on the disk
15 11. THe read/ witefI1& 1221 $ sa adsagrah phocesgi hige deaveormhetfread/ wite

| C 122 executes various signal processes including anal og-to-digital
conversi on of afddr%ds gt liehcei hCotl viid ettt da vekeiraeebdrwgrortr ead
data. 20 The controller I C 123 is a majn controller of an HDD. The

control ler | C 123 ¥oMt% HEIHE niotorcdr i ver
FIG. 4 is a graph showing the relationship

between write current and overwrite characteristic;
20 FIGS. 5A and 5B are diagrams showing the
waveforms of control signals WDl and WD2 supplied to
the write driver 116b;
FIGS. 5C and 5D are diagrams showing the
waveforms of potentials of terminals HY and HX of
25 a thin-film element 112a included in a thin-film
element 112a;

FIG. 6 is a diagram showing the waveform of



| C 121 and the other elenents in the HDD except the notor driver 1C 121 in
a tinme division manner. The notor driver IC 121 is controlled in order to
position 25 the head 112 at the target position on the disk 111. The
control provided by the controller 1C 123 includes read/wite control
performed in accordance with a read _ g _ comand or a wite command
froma host. The host is electro is typLfied by a personal conputer. The
controller 1C 123 includes a storage device, for exanple, a flash 5 ROM
(FROM 123a. The FROM 123a is a rewitable nonvolatile nmenory in which

programs (contr elo 1R a1 il he exrcutad, -y trhe ool 1 &5a 1 d23 are
stored. The booster 124 boosts a power voltage Vcc (for 10 the HDD)

suppl i ed by theshasichitng &MPPMAIanial,ader Wesoc e owertvoiiage Vec' is
supplied to the wite driver 116b in the head I1C 116 via a power |ine 124a.
The power voltagavwdern 1 s tessetimcserst piwes il dlagaadortidie wite driver
116b. On the other hand, the 15 power voltage Vcc is used for the circuit
in the head | C Iih8reXddpt flemertte Mrdae driver 116b. The circuit except for
the wite driver 116b includes the read anplifier 116a. That is, the power
vol tage Véc is used fIOiGt he ¥ead aimph fslkeowindathdhee poweensoirage 20 Vec
is also used for the I1Cs included in a set 125 of 1 Cs (hereinafter referred
as an | C set 12¥ptwearhdsDmotiferctHant i hedr 1V amwe: 1 Thechar aeten2s

i ncludes the notor driver 121, the read/wite I C 122, and the controller IC

123. That is, tHEPSWE" VFATRGETRE 31958 GREF T orOR iR T2 HE bt or dri ver
| C 121, read/wite I%%J%Z,zgand cqbn]ﬁé Iler 1C 123. In the HDD shown in FIG
1, a nagnetized layer is ° 5 ° %ﬁeﬁaz%]aarﬁys O"f‘rh@%eﬁ"% FPt t99kRer at ed
wh it .ent is all . t thi.n-fil | 112
(se6 F1G 5y of il miad™ ¥ Bl fre MY HE H Mhe S Drs e G e e o

is variedowi th Sl regidan of t wite current flow ng through the
thin-filmelenment 112na. l'?he nmagne't igzlfdng direction causes binary digitalized

data to be recorded amdhe digk WilocdWSagtd® $REAMEHCYNROT cONEIYALLE
current flowng through the thin-filmelenent 112a is very 10 inportant as

an el ement that tdefrelofi nes HOE dearding wensityi e deodiDindher Wwhée
driver 116b in the head I C 116 supplies the wite current flow ng through

the thin-fil m elpererintl i2eveoftitdre. head 112. FIG 2 shows the 15
configuration of the wite driver 116b. The wite '
DETAILED DESCRIPTION OF THE INVENTION
15 [First Embodiment]

FIG. 1 is a block diagram showing the configura-
tion of a hard disk drive according to a first
embodiment of the present invention. The hard disk
drive (HDD) in FIG. 1 is roughly composed of a head

20 disk assembly unit (hereinafter referred to as an HDA
unit) 11 and a printed circuit board unit (hereinafter
referred to as a PCB unit) 12.

The HDA unit 11 includes a disk (magnetic disk)

111, a head (magnetic head) 112, a spindle motor
25 (SPM) 113, an actuator 114, a voice coil motor

(VCM) 115, and a head IC 116. The disk 111 has two

disk surfaces, a top surface and a bottom surface.



'driver 116b includes a constant current source 21 and an H bridge circuit
22. The constant current source 21 generates a wite current supplied to
the thin-filmelenent 112a. The wite current generated by the 20 constant
current source 21 is limted to a constant current value Iwin a steady
state. The value Iw can be varied in accordance with a specification
provided by the controller IC 123. The wige driver 116b uses the H bridge
circuit 22 to switch the direction of 25 a wite current | flow ng through
the thin-filmelenent 112a, in accordance with a control signal WD1 (first
control signal) Ar 1Lt S el WP disecand races 10 cantgaly signal ).
The state of the signals WD1 and WD2 is determned by binary wite data

sent by the readfoMddiadteslZ? ddtdddangl sudfrane @f drhesionad siD1 and W2
is at high level (first state), the other 5is at a |low level (second

state). Both si ghajretaresliot micdvidit | evele ateddhel sanEs tpTecedhen Wi te data
is, for exanple, non-return to zero inverse (NRZI) data. The thin-film

el enent 112a i nclasdes ag ipal rwidfh teeramiafalthdHX iarid sy £l sSThef He o i dligek
circuit 22 includes a four bridged transistors QL, @, @B, and 4. The
transistobs Ql, 132,. (Fhearday % ised v ittohihepd| @mgrtsed T, power

vol tage Vcc' is applied to collectors of the transistors QL and 2. The
power voltage VE®T isxa® lsyppl iRt aHee Diodsives MR & kemdret povet | i ne
124a. An emtter of the transistor %& and a collector of the transistor B

are connected t FHF@)t &0 B IBAUFE I T gl fenent thi%R 1 (998 el enent
Gt ar e conneot od Kb Tile « TR Al SHPTRIEC o (e T3 14 (R THRL i m
coor dance ni th G BORTDI o el VBE T O tHE T HERT Rer ot her {7 aret St or s
S gnal MBS The X ranel Stors O Gl S Erned” on her T RATR eSS gnal

WDL is at high hgu)).. | mdhighEagmvddientd I drawildy, cefgent dndhows
through the thin-filmelement 112a fromtermnal HX to termnal HY (first

direction). On tdigother dranthedd e 17 ansistorsr QR mngk(Br a1 £ hoedi o when
the control signal WD2 is at the high 5 level. In this case, the wite
current | flows suhrfeugts tdfe tthe rdifdid gl ereidt ilthdee fremi@imgnal HY to
term nal HX (second direction). Here, the state of
surfaces, with two heads arranged in association with
15 the respective disk surfaces. Further, FIG. 1 assumes
the HDD comprising the single disk 111. However, the
HDD may comprise a plurality of stacked disks 111.
The head 112 is used to read and write data from
and to the disk 111. The SPM 113 rotates the disk 111
20 at high speed. The head 112 is attached to a leading
end of the actuator 114. The actuator 114 is driven
by a VCM 115 that is a driving source for the actuator
114. Thus, the actuator 114 moves the head 112 in
a radial direction of the disk 111. The SPM 113
25 and the VCM 114 are driven by driving currents (SPM

current and VCM current) supplied by a motor driver IC

121. The head 112 is connected to the head IC (head



'the control signals WD1 and WD2 is determned by the binary wite data as
descri bed above. Specifically, 10 the wite driver 116b swtches the
direction (polarity) of the wite current flowing through the thin-film

el enent 112a on the basis of the binary wite data. Since both control
signals Wbl and WD2 are not at high |level at the sane tine, the pair of 15
transistors Q and 4 and the pair of transistors 2 and (B are not turned
on at the sane tinme. The recording density. of binary data recorded on the
di sk 111 is inproved by switching the polarity of the wite current flow ng

through the thindd lan:20, &herery 133a. 1ala @ f ohee Sy tehing, speed. Thus,

in the recent HDDs, the signals WD1L and WD2 are sw ed at a frequency of,

for exanple, up dn1300 d¥Hz 1 dEhenrsnvid Ghv NG speprk i+ S1 eapect ek toe fairt her
increase in the future. However, the thin-film25 el enent 112a has a coil

structure as deseddluetdeabavicsa Emisl i fised he saMd o dWga I resensy tmer eases at
which the polarity of the wite current flow ng through the - 12
thin-filmel ememtealll2 i switched, it beconmes nore and nore difficult to
cause the wite current (effective current) to flow through the thin-film
el enent 152. In generBie RO wurteld indlosesgthér buhhowhegSetenéntsri ng a
transi ent response is expressed as follows: | = (VR * (1- ~ -(RL)t) (1)
where V denot es 8 MA31atadge iaf1 i d lekross temd/oviite R@efioead/ white esi st ance
of the coil, L denotes the 10 inductance of_the coil, and t denotes tine.
Equation (1) i ndilGAREs )t Hed? 1t e GaTthic@aiitte 1€ ahif r eardtankeerser - coil
determ ne the transient. response speed of the currenénégflomjn? t hrough the
h

coil. A sinple ext E3619 éife%é?‘?%ﬁf%e‘?’bv@ﬁqlsi STt hat 15 a
current of 40 mﬁ,hles c%uosreddr_tiové‘g Q. Et%fuﬁq#epa]c%% lif}\é\‘e a%%\%:%g@ C@}@Qd R=10S2.

In this case, since e resistance g%nof 400

My g oappl | ek ARKOSSE [y GAlLe o HOVEYEL: £ (U9 L0 LAnsk enL, T gsponse,

the current | flow ng oug vari es 1n accordance w

Equat ion (1), assheun idtREerd S 1 shows Hhe.yayslonm i, 0fnar ¥ol tage

V applied across the coil and the waveform 32 of the current oW ng

through the coildrifetalie cal leka digel constatydy i 51 sIsedeh caeXPresstt he
time required 25 before the current | reaches a desired current val ue

during the transifeiCM esparse. sPd G finedirdy ofhd | d@Ent SoBwal ¢ ol abous triple
the time constant T (3T).
position the head 112 at a target position on the disk
15 11. The read/write IC 122 is a signal processing
device. The read/write IC 122 executes various signal
processes including analog-to-digital conversion of
a read signal, encoding of write data, and decoding of
read data.
20 The controller IC 123 is a main controller of an
HDD. The controller IC 123 controls the motor driver
IC 121 and the other elements in the HDD except the
motor driver IC 121 in a time division manner. The
motor driver IC 121 is controlled in order to position
25 the head 112 at the target position on the disk 111.
The control provided by the controller IC 123 includes

read/write control performed in accordance with a read



‘- 13 Here, for the above coil with L=10 nH and R=10~, T=L/R=10[nH]/10[~] =1
ns. In this case, an anmount of tine equal to about 3T=3 ns is required
before the current flow ng through the coil reaches 40 mA. Such 5 a
characteristic of the current flow ng through the coil during the transient
response also applies to the wite current flowing through the thin-film

el ement 112a of the coil structure. Howeveg, with HDDs, for an increased
recording density, it is necessary to 10 switch the polarity of the wite
current flow ng through the thin-filmelenent of the coil structure, at a

frequency of, foiExamls HRtid S MFa s 4 he det hog, of, yol tage

application showmn in FIG 3 nmay switch the polarity of the wite current

before the 15 desidcedoMild & fLirdniit alile 4ihd eaehashp T spimy degiade the
recording characteristics. Now, description wll be given of the relation

ship between thes egoridiirgl ¢tharacderd@tdlc @fnddteHDD Bl ddecwsliter current.
In general, data is witten 20 to the disk in the HDD by witing new data
over previously 3 titnen wdtsa.a Eius;a g devaros,i tiochataagiles i sd i £1ash an

i nportant index of the recording characteristic of the HDD. The overwite
charact erbs tic ROMi GRS tI¥saanolite GFR@hat2 Jmarits of tdvwer oralgienal 25 data
to be overwitten which remains wthout being conpletely erased (that is,
the anount of r &PEVNLRF Idenprentys)in T gy raondes olervikiak
characteristic, - 14 first, a data signal is witten to the disk at a

certain frequen&FPFalfie Yreff IKREEET PY ddtf tIRN YR WG t1eh 3Fe t he

di sk. Then, the :%Z)ad dout puts a read signal having a peak (V1) only at a
frequency 5 f1. NEXt=a dat a signal with a higher frequency f2 is witten

in an area of the di i i t i gn has_al read een itten at the
| ow frequency fl. Thzﬁ}sél g%noggg\% h %ZA% g er® fl?%é]eu%n‘é%lgig? s\%%aé???om t he
head. Then, th i t put d i I k
ea eq etm%a%nﬁj)gr;fdpp%ew qébytﬁéﬁ%&a 490 4 3&%@5%@%@@ y a pea

at the frequency f2 but als6 a peak at the Tfr'equenc ich has a

lower |evel. Thaicd's, eyRn Rrd gl %@?%@%Mﬁéd‘”ﬁét@{b%fﬁt%?e |

signal with the frequency 2, the original signal with the frequency

remai ns. 15 The qavefes ittieskchal atietedd ad QMM i acphwed iimaccorgdance
wi th the equati on shown below, using the ratio of the remai ni ng conponent

V2 to the peak Vihe @Mer 2QNagkH W2/V/1)idBhR2)uded axges p@hae FOYtide
overwite characteristic 20 indicates a | arger anount of remaining
conponents of tHerprde cusibe wriitvtesn ldedka. I0n tiiies adse; hewkpected si gnal
conponents may be contained in the read signal. Consequently, a |arger

val ue foRSthe oPeMWR tVe@ ldtegieaciast ilst iusachdicdatidre tdierdukel ithode diead
erroneous 25 data being read. That is, there is a strong correlation

bet ween the overiw it &F&eRt Akt aHd & rdald $ait ek ratle circuis Fig
4 shows the relationship between the ywite current (1) flow ng through the
thin-filmel errer?txcff}a f%ﬁd%’r?e YWer Tt e Chard elrr?éﬂt‘i)‘%e?dﬁﬁ reRdj g
appar ent fronlF%%pr%fféyanggywifﬁ%éﬁggfﬂgﬁgiﬁg&é% voltage Vcc is
used for the read amplifier 116a. The power voltage
20 Vce is also used for the ICs included in a set 125 of
ICs (hereinafter referred as an IC set 125) in the HDD
other than the head IC 116. The IC set 125 includes
the motor driver 121, the read/write IC 122, and the
controller IC 123. That is, the power voltage Vcc is
25 used for each of the motor driver IC 121, read/write

IC 122, and controller IC 123.

In the HDD shown in FIG. 1, a magnetized layer is



'5 varies significantly with the wite current. The value for the overwite
characteristic increases with decreasing wite current. This indicates that
a smaller wite current reduces the value for the overwite characteristic
to increase the read failure 10 rate. Further, to ensure that the HDD has a
sufficient overwite characteristic, a certain wite current is required.
In the exanple in FIG 4, a wite current gf about 30 to 40 mA is suitable
inrealizing the sufficient overwite characteristic. 15 As previously
descri bed, when a voltage is applied to the thin-filmelenent 112a with the
coil structure usigngttihedmgihed rghowt i FldGg eﬁé?%%ﬁ?QJ % write
characteristic may be degraded. Specifically, the nethod of vol tage

appl i cation shownr2@nith il Gl 13dwEkes i1l ffHrGHdh ttheswHich #ihe, f requency
at a high frequency while allowing a wite current of the desired value to
fl ow t hrough thelihientf illimael @m@ntribl2e) Brushd aledde MDD imfdar,l, to
prevent the degradation of the recording characteristic, the 25 wite
driver 116b in the héaddtCohl® fafpld esmometdldaagert a4 haatikidh-Wfidimtglenent
112a using a new nethod (nethod of voltage application) different fromthe
one - 18 sho@ rieg tEoG, oF. thiee wadwer argirteade Mool ingbthaiowerh byhe he
booster 1'24 by boosting the voltage Vcc, is used for the wite driver 116.
Wth reference thipr&slnsglegents@lzand She Hadesdriizitionlividdtism gi ven of
operations of the wite driver 116a, to which the new nethod of voltage
application is SBPSEEdPIASTYr Vit 26 GatFed O tdfe BAGArslasirerithy

fl ow ng throughdt.h% gly n-film el %g)ient 112a is controlled by the H bridge
circuit 22, 10 PA&fuditdg t HEUSrardiss iR IUGPCYoRt ddie Afd t& . cuntest 5A and

5B show t he wavef of, ontrol,_ si l,s 1 _an supplied to the
wite driver 11%%3&4@'%&&%%%”3 ts%ﬁ@\%r}?lhl@ %\?&e&%&l dn{)grﬁﬁyal s of the
term nal ggHY and £ atehe o hin-fil I 3. the contr ol
signal WDl shi ftglgérrgr?] l;tO\%/SI té]:l\?elelteﬁﬁ%ﬁ%ae%%%%%ceosmﬁo %cé)(r:lraoﬂr\%

shifts from hi ghchevel & kow lgyel . In this case, the terminal HY of the
thin-filmelenent 112a is switched froma flowin end for the wite current

to a flow out 20 end They wrie emdrtierGUrriedy -inThel wedd ylack & ag@ae: 4
attributed to the coil structure of the thin-filmelenment 112a i's generated

at the termnal tH¥ (vatitiee cuurmeent fillowineuttherd)sh SpecitHicaldiim in the
transient state in which the direction of the wite current | is 25
swi t ched from HegieXent BX2jaHYft ¢hewihteald t1He .polFard.t 2, sheevd IgHeack vol t age
Vf is generated at the termnal HY of the thin-filmelenment 112a:
Simlarly? whencphéiguration of the write driver 116b. The write
driver 116b includes a constant current source 21 and
an H bridge circuit 22. The constant current source
21 generates a write current supplied to the thin-film
element 112a. The write current generated by the
20 constant current source 21 is limited to a constant
current value Iw in a steady state. The value Iw can
be varied in accordance with a specification provided
by the controller IC 123. The write driver 116b uses
the H bridge circuit 22 to switch the direction of
25 a write current I flowing through the thin-film

element 112a, in accordance with a control signal WDl

(first control signal) or a control signal WD2 (second



rcontrol signal WD2 shifts fromlow level to high level, the control signal
WD1 shifts fromhigh level to lowlevel. In this case, the term nal HX of
the thin-filmelenent 112a is switched fromthe flowin 5 end for the wite
current to the flowout end for the wite current. Then, the flyback
voltage Vf is generated at the terminal HX (wite current flow out end) of
the thin-filmelenent 112a. Specifically, i;m the transient state in which
the direction of the 10 wite current | is switched fromHX-SHY to HY-->HX
to switch the polarity, the flyback voltage Vf is generated at the term nal

HX of the thin-fddrm.@ienBnnahl2a. dfe thefd wback,yal tage Myps nog
restricted, the transistors Q to Q4 in the Hbridge circuit 22 15 may be

destroyed. Thuswohe smdet raiined Bl rsrprpvidediadd heen€lgpprigd rcui t 23
that restricts the flyback voltage Vf. The clanp circuit 23 includes a pair

of switching trarsictwarit Q8 Gk AB.n THESs cant r ol f sdrghad 5 MY @igh 20s WD2 are
input to bases of the transistors b and Q6, respectively. The bases of the
transi stors b &id @dMdXdmect ddidlo lmmsels ofitdte dtrams) stiois dhand B,
respectively, in the Hbridge circuit 22. The power voltage Vcc' is applied
to a coll &ctor d&fs edcln dfows avrdl t rsamimst Rt andBoh véagnabs saoes Rl and
R2, respectively. The power voltage Vcc' is supplied by the booster 124 via
the power |ine T®faatrihdoh lempl radsitdiarrsam® Gt R2 Haw eviahtegiata

resi stance value. The resistance value of the resistors Rl and R2 is
defined as Rc. e d&Y &% Of HHE 1§HEHS tOree s HWEEHe al¥Rebhnected to

t he bases of the, transistors 5 @ and respectively, in the H bridge
circuit 22. Thattd¥- t ecoﬁ%%b_t%]én SH R 1 s s%lb?gu‘éﬁs ahPTH provi de

potentials to t %SE% of rransi stors 2 and QL, respectively. Wen

t he control sig%:%s Sar%g%%ﬁs}ﬁ}l]ﬂ to the 10 high level, the transistors

Q@ and Qg respectivehy, @ne-{srded: o0, ; hj i fe-0n ; control
He i #Fgﬁpiérb% iﬁ%fﬁégﬁeé £O0F Q%%?QSd

signals Wbo1 and WD2 shifts to the hi evel, then 't ot her S'to the

low I evel . That dysngshananeof dhe dj,arh%{&t%s @ &ner £06 1 St HE ﬂ@ﬁ,t on. the

15 other is turned off. Wien the transistor or Q@ 1s turned on,

constant currenigsowse adl A4 e SN AW BR8N 4 CehOnfd oW through the
collector of the transistor @ or Q6. At.this time, the potential of the

col l ector of thé&he gnsiest orolPrgy e 203 sapfele! ed GdRecco Thecpotendfal of the
collector of the transistor @ or Q6 determ nes a clanp voltage VO anp~ The
clanp circuit 23her dvades sthoer lGInEdIQ2age Mod aquday e binpieagicc' is
(restricting) the flay back voltage Vf, generated at the term nal HY or HX
of the tRPn-fil MUZPldlashint thdoomfen dlddesvia il Rver el preskésted to
provi de such potentials (low potentials) as prevents the collector

potential of thért FHeddn af dhs siangsstor Q1 and a collector of the

transistor Q3 are connected to the terminal HX (fifst
terminal) of the thin-film element 112a. An emitter
of the transistor Q2 and a collector of the transistor
20 Q4 are connected to the terminal HY (second terminal)
of the thin-film element 112a. The transistors Q1
and Q4 are controllably switched in accordance with
the control signal WD1. O©On the other hand, the
transistors Q2 and Q3 are controllably switched
25 in accordance with the control signal WD2. The
transistors Q1 and Q4 are turned on when the control

signal WDl is at high level. In this case, the write



- 19 or @ fromturning on the transistor @ or QL in the H bridge circuit
22. In the transient state in which the polarity of the wite current | is

swi tched, operations of 5 the above clanp circuit set the potentials of the
termnals HX and HY of the thin filmelenent 112a as descri bed bel ow. Here,
as the switching of polarity of the wite current |, it is assuned that the
pair of the transistors QL and 4 in the Hpridge circuit 22 10 shifts from
an OFF state to an ON state. First, the potential of the termnal HX of the
thin-filmtermnal 112a is the difference (Vcc' -Vbe) in potential between

the power voltagg McG + and:the ol t d\@ﬁ]ﬁ%&&#%#ﬁ&@ |§ésn tter of

the transistor 2. On the other 15 han vol tage

generated at the vt idalidd afx the ddvnddl meel ﬁfﬂ_ef%t 1d2fc oM g Lo the
coil structure of the thin-filmtermnal 112a. The value of the flyback

vol tage Vf depergs tofe tdthdpoweinyoldrage ddrs idiSr£age, angchl Hfethe wite
driver 116b. 20 However, the clanp circuit 23 restricts the flyback vol tage
Vf to the cl anp twohiteaaeorVoittaarp tdse sdvinrd In FHlha bNDThiks, at hehpati egit i al  of
the termnal HX of the thin-filmelenment 112a is stable at Vcl anp~
Consequentd y, wheavealhe pol arfity afsa hethr ivel 25 current 1 fbkowsi t ched, the
vol tage between the termnals HX and HY of the thin-filmelenment 112a is
(Vce' - Vbe- Vel anhraguh HeheottHem ainkn ¢ remeit skledalyfrom Perminal dldfter the
swtching of the polarity, provided that the thin-filmelenment 112a has a
resi stance val udeFHinHe Kol tsrfeobtdideariirnt er g s He antrHy 95 | *RH
(I=lw). In this case, (Vcc'-Vbe-\cl anigéﬂw*RH as, 5 shown in FIGS. 5C and
5D. Speci fi cal | y\R&BHdidy 3E1TS gk ditrodt et S S TpbRed Y sWir€ chi ng

f th larity, the flyback yolt f ted at t t i HY HY
of the {hi mTilREE A A0 TS e B LT T T o 10" Sppl SE5C UbT 1A0b 1o
bet t 10 t i najl ] 112a, th

vgl }LNZSE blteb?_ng hiﬁ%r%aen%%tﬁﬁa%e%ﬁﬁ%% é%éea%yﬁés%?%{l Fur?her , esi nce
the clanp circui @pc?l%fi@.%f)“&ﬁ St d16yH vdack Vol agfowing OtﬁP&ﬁglllaEﬁPeYO' tage

Vcl anp~ a stably "high voltage can be applied to 15 between the term nals HX

and HY. This enalfies- @imn nCraese: iniderspaed wsihieh the maseycurrent |
flowi ng through the thin-filmelenment 112a rises. FIG 6 indicates a

conparison of the ik hixtof Winegeoappldaatton g4 ds gDt cahdiewpe esent 20
enbodi mrent wth the nmethod of voltage application showmm in FIG 3. FIG 6
shows the wavef arma Glotofata hiodh ageval applited $amd heimd) nefiéel paetesent 112a
upon the switching of the polarity (that is, during a transient response),
in associldtion Witansiet@ss velvefodt b2amd the meiteofurransistdéronwdhg
through the thin-filmelenment 112a. This figure indicates that the clanp
circuit 23 in tHRGwI a5k iver TuEEdts ahethe same yneage applied to the
thin-film el enent 1125&’éat t he st ablg hi gh vol tage (Vcce' - Vbe- Vel anp) only
during the transient Te2pbRSRIrRY sIBRFHtVoPt dgerprEYdeRERNFREATAERNI Yy by

th | tage Voc! the cl |tage 5 Vclanp, (that is,.the volt

roet TToti ng 1 ho 1 yBSt KTV ol 1A TS SRt RGa~t LGBt Aok SpBPF AL Fin
h in FIG 6 ' [ h ich_a.wi t

estricted by (R 1T onst anttaasy noydeEnd PP By O R P

in the f Faquency o ST o T ecbrect I The. o Sk 11 %1 e e posiBre 1o obta

in the frequency o . he dis I'S possible to obtain
the desired wit# otHd epdcdnhayhng, aNal ¥eqh hes WBEt snhhRpovaEwrite

characteristic, thus increasing the recording density of data.
switched at a frequency of, for example, up to
300 MHz. The switching speed is expected to further
increase in the future. However, the thin-film
25 element 112a has a coil structure as described above.

Thus, as the switching frequency increases at which

the polarity of the write current flowing through the



*15 I n recent years, nuch effort has been directed to a reduction in the
power consunption of HDDs and hosts utilizing the HDDs. Correspondingly,

t he power voltage supplied to the HOD is likely to shift froma voltage of
about 12 or 5V to a |l ower voltage of 3.3 20 or 1.8V. Wth a reduced power
voltage for the HDD, the method of voltage application showm in FIG 3
contributes to reducing the rise speed of {he wite current |. This
prevents an increase in the record frequency of data. However, in the
present 25 enbodi nent, the wite driver 116b sets the voltage applied to

the thin-film elementshl2a @indhe Stably 4 @@l ve: (VeComddenyel gfsgga onl'y

during the - 22 transient response. Further, the power voltage

obt ai ned by the phaastars 24y Roashidg dhe Wol tade; Megnt i e #8686 {94 the

wite driver 116b; the power voltage Vcc' is one of the elenents

determ ning thi sdrdirgh W tAgs (eoudbe-ne | aimm =+ ThiSe 1 dfien ©r esent

enbodi nent nakes it possible to increase the rise speed of the wite
current | and thus the resosch hg thequencynof I del ewifgrthesughnthée present
enbodi ment, the power voltage Vcc', obtained by the 10 booster 124 by
boosti ng he powerilvaurEgey \icdrarss imed medpordios iheewpid¢esediaer 116b in
the head I C 116, which requires a high voltage for the above descri bed
reason. The powdiohddwsage Vcc, supplied by the host, is directly used for
the circuits in the head 1C 116 15 except Lf)ch the wite driver 166b (that
is, the circuits of the he&R1 ¢ [hekudiHg a)read anplifier 1164) excl uding
the wite driver 166b)vha d for the Ics in the HDD except for the head |IC
116 (that is, |C8RSEE éﬂir@fseeft 3 PO RIUATRL 19 FotoFS driverotib 20 121,

t he read/writeIdC 2 d the cantrolle hi s, case, the output

1 |.C 123, I
vol t age Vcc' frorﬁr}%eésogtg%‘? eﬁ'esljzs?ltal‘%c%soe% I yc‘%\%]e'h Qh CREPEF Der i or ms a
it ti . { t_ e di .M t | ti
wite opgla Ionffy]#ﬁcatrhee%. & i%oejrzﬁsbo 1 ent Jlér%ﬁésipfmgpp &G54 PO, range

of the booster ' |1 t-ation mninMzes antincrease in

pover consunption,) USidig-4ies ROysr Eﬁ%t%ﬁg&é@%ﬁc?ﬁgtgﬁ@eg%gysﬁgﬁcQ?QSter

124 by boosting the power voltage Vcc. presen

enbodi ment makeg A trHROSS 0l 1t AN QYL den@n: HOR WA D Be BhGNs & €698 8l NG
density without sacrificing power consunption. [Second Enbodinment) 5 Now, a

second enbodi merdheofcuhertt esefliowitvenihesugh | thdecsescrihedimfFl& 7 shows
the rel ationship between the wite current (1) and overwite character
istics (OWW) 81 exathB2 whhel dwerdesdelloddiracleri stitc 84 sebahed tlhathe
wite current at roomtenperature 10 (25C). This figure indicates that the
overw it ébSchar act enirstand 8AF i 40 inpriovethwded focfkasi Ngremgheacooiént. The

figure also indicates that the overwite characteristic 81 is saturated at
a certain wite Wil dritl & ditearshRT 50 £hen Ifo Ghdmgeragarpraoveee difenh 15 with a

further increase in the wite current. In the
resistance R of the coil is 10Q, a voltage of 400 mV

‘may be applied across the coil. However, during the
transient response, the current I flowing through the
20 coil varies in accordance with Equation (1), as shown
in FIG. 3. FIG. 3 shows the waveform 31 of a voltage
V applied across the coil and the waveform 32 of the
current I flowing through the coil. A value called a
time constant T is used to express the time required
25 before the current I reaches a desired current value
during the transient response. This amount of time

is equal to about triple the time constant T (3T).



rexanpl e shown in FIG 7, the overwite characteristic is saturated with a
wite current of about 40 mA. On the other hand, the overwite
characteristic 82 relates to the wite current at |low tenperature (0C). 20
This figure indicates that a larger current is required to saturate the
overwite characteristic 82, conpared to the overwite characteristic 81 at
roomtenperature. In the exanple shownin HG.-7, a wite current of about
50 M is required to saturate the 25 overwite characteristic 82. The
dependence of the overwite characteristic on tenperature is attributed to
the tenper at ur e ehar actsr itstd Grfvd e i skidil k=10 ni2%ndhe- o bf er ence
between the overwite characteristics 81 and 82 shown in FIG 7 neans that
at | ow tenper at urg,/re=1l0ArgA M [| R =quUhieNt 1AUSH ke ceauvsedt arfdew ¥ ough
the thin-filmelenent 112a in order to 5 intensify a magnetic field
generated from tthend iqufdll meelaymt A™2A. nsThies ird@nistdd ek fgmethe field is
required in order to nagnetize the magneti zed | ayer of the disk 111. Thus,
t he second enbodivmrntusesva reprifhigurgt itdre b thateadrees4 @ e wr i $eclour rent
flow ng through the thin-filmelenment 112a, depending on the tenperature of
t he envirennent a ehaiagt e tHoD 4% tUsedzurment i Slovheg seeonaolenbloeli ment
increases the wite current so that the read failure rate of the HDD w ||
not be 15 af f ect®d by He Hddradataoh St tHRSRAETSWE +E° cilp hEe s ef ¢ sthe
caused by a decrease in the environnental tenperature of the HDD. The di sk

111, used in th&HHS [ FREGBE L1 g by it a2t il ¥ieient of 40
mA at t d it t f 50 mMA 20 at. | t t

Her e, the transt e 1o Jaifs Gt hes Tt HE Sor | LSRG Fone <P | OHRRet Taf | ow
t t . Th - 4.in t i n Fl boost the
bownr vol t age vl Ao Koty Rl R e e 1o

current (0 M), W GD i&fﬂ%i%ﬁéhi%i%ﬁéﬁ@ ANdy a

sufficient transient response speed. In this case, e power voftage Vcc',

obt ai ned by boostHmgidrhe Mol tiage- MGy ererdent a0 @pplbeth abt LMt ure,
tenperature, is applied to the wite driver 116b in the HOD in FIG 1 even

at room tenperataf & fHewRMAIGY 1A, WdH eexcanip Bt (O0:a3 00 equi I edri@hs f oom
tenperature has a shorter transient 5 response tinme than that required at
IQM/tenperaturethe method of voltage application shown in FIG. 3 may
switch the polarity of the write current before the
15 desired wiite current value is reached. This may
degrade the recording characteristics.
Now, description will be given of the relation-
ship between the recording characteristic of the HDD
and the write current. In general, data is written
20 to the disk in the HDD by writing new data over
previously written data. Thus, an overwrite
characteristic is an important index of the recording
characteristic of the HDD. The overwrite characteris-
tic indicates the amount of that part of the original
25 data to be overwritten which remains without being

completely erased (that is, the amount of remaining

components). To acquire the overwrite characteristic,



‘Thus, at roomtenperature, the wite driver 116b can be adequately operated
with a power voltage | ower than the boosted voltage Vcc', conformng to | ow
tenperature, for exanple, the power voltage Vcc, 10 supplied by the host.
This indicates that in the HDD in FIG 1 (that is, the HDD according to the
first enbodi ment), an excessive power voltage is applied to the wite
driver 116b at room tenperature, thus consum ng nore power than required.
15 The second enbodi nent can further reduce the power consunption of the
HDD conpared to the first enbodi ment, utilizing the dependence of the

overwrite charagtierdtst iz 4 Al W wiilGerB ok g ey iguration of
an HDD according to the second Z0 enbodi nrent of the present Invention. In

FIG 8, conmponenfestsiim Ifatedueridios®l i n TG hdadries danot ed byeddegane
reference nunerals. The HDD in FIG 8 is characterized in that the power
vol tage appl i ed stigntaie wariittteerdriinvethel ks i s sMidichethd mectandanae wWith the
25 environnental tenperature TM of the HDD. Thus, a tenperature sensor |26
is provided in, af greaskaigna]l theerIPEB aumpdakl2(MIn tdrel HRR ian fddGudhdyo
neasure the ai - 26 environnmental tenperature TM Further, reference

t enper at uPe i nf ditmat Ne /s prdadteorsddirial aiprtedetlergtiared mraekd8E 0f t he
FROM 123a in the controller IC 123. The reference tenperature information

i ndicates 5 a réffefErndd Penperdt e aTR Lddr td detisr mhdech Heralbvvand ow
tenperature. Furthermore,, a.conparator 123c is provided in the controller

| C 123. The compParatfor Sf29c PEGTpared en dipdhit e EMamEifed by t he

t enperat ure sensQr 6_w.th .the reference t erature 10 TR. The_ conparator
123c outputs a ?glr?t Esélc-msailgr‘f’eﬁthctihr‘ie glc]&q} arﬁg)q/\ﬁeﬂ?thez res %2 ff Bpari son

of the tenperatuyie. h%%]‘ijféti ?E%In:byégh%-igeoa%.sliﬂ?nua}lput%t\é&;tt g&eeﬁ% Cetf%{y 127 is

provided in, for exanp uni't e vo ¢ sel ects
v

ei ther the power LS Rl age VGG .o %Ce% f e | 6h, i
accordance wt hltnheucor?t rol si gr¥gla ' ﬁeao%u%k%ut% Jj‘fehe voﬁabéét se é;oct or

127 i's connected peakhatpewrr dridgceda.ril nihe KRR G, 8.0 fQr exanple,

at fixed 20 tinme intervals, the conparator 123c conpares the tenperature TM

measur ed by theleerper atiivae sensevel?Ghduidh the refsar enge deyperature TR,
i ndicated by the reference tenperature information stored in the area 123b

of the FROM 123avelfwrINKER, wtilid corpariatrer]l 123t Zhoutraduseridie ontrol
signal C at high level, which indicates that the environnment in which the
HDD is used is &hel owigdmper stignel @i ttthéhst Heredwndyy ifl remahs TM> TR,
the conmparator 123c outputs the control signal C at |ow |level, which
i ndi cat e$>t hat Thé EN@ILM&rifkenChiar agiiegh atHe HODM)s s edbdust ratd rigom
tenperature. The control si %nal Cis supplied to the voltage 5 sel ector
127. - accordance with the equation shown below, using the
ratio of the remaining component V2 to the peak V1.
OWM = 20logiq(V2/V1) [dB] (2)
A larger value for the overwrite characteristic
20 indicates a larger amount of remaining components of
the previously written data. 1In this case, unexpected
signal components may be contained in the read signal.
Consequently, a larger value for the overwrite
characteristic indicates the likelihood of erroneous
25 data being read. That is, there is a strong

correlation between the overwrite characteristic and

a read failure rate.



‘I'n the description below, it is assuned that since TWTR (that is, the
environnent in which the HOD is used is at | ow tenperature), the conparator
123c outputs the control signal C at high level to the 10 vol tage sel ector
127. While the control signal Cis at high level, the voltage selector 127
sel ects the power voltage Vcc' (obtained by the booster 124 by boosting the
power voltage Vcc) instead of the power-voj4age Vcc. The power voltage
Vcc', selected by the 15 voltage selector 127, is applied to the wite
driver 116b via the power line 124a as a power voltage for the wite driver
116b, included in thehead |4 A6 crlhuse 1 d s dihe, sea00d, eqbodioept s of the
present invention, at roomtenperature, at which the wite 20 driver 116b
does not requireuaingh Mol tragss ity alerald (Nan-diowtenperatdgestate), the
power voltage Vcc, supplied by the host, 1s applied to the driver 116b.
This makes it pas<iblagid ahey everttwrtite WHa e cbrd mest i1d 6fpWMom wastef ul |y
consum ng power at room 25 tenperature. Further, in the second enbodi nent,
at | ow t enper at wpearantwfircn tHeS wd t eclhdy | onerrwidifle rarraesem st gh vol t age
to operate, the power voltage - 28 Vcc', obtained by the booster 124 by
boosti ng Hhe poweries tsdge Mdcants appltitedhe wihe erdwerenttl6b. THéus, it is
possible to allow a wite current which is larger than the one required at
room t enper at ur &adm @ Fokhitdte eae v sidTe | dlamcigmmsti entinespoise speed to
flow through the thin-filmelenent 112a. That is, the second enbodi nent
acconpl i shes st A& FEGFEAT 1% CBridi FHH I suppHes sityt GG hckease i n

power consunption nore thorouyghly than in the first 10 enbodi nent. The
ref erence t enpefat® %'Fﬁ Yifs'edf t rd’é?nﬁ'rﬁﬁf%"mt% YHe'e Fgﬁﬁ%nt in

whi ch the HDD i I.s at. |l ow.tenperature .or at roomtenperature; varies
dependi ng on thzwéétsr?\%clttt?r é%hé"lnrc?chaeterelrS&a © chardtter” 1% T a%f%?%guﬁ? sk

111, usedqnin th ) , e Se onfiguration in
B, A oA TR TR e U888

whi ch information indicating the r uni que to the

disk 111, used igh e A J shaned dihthe SRV 1238, a&%ﬂ%tﬂtéhe
controller 1C 123. 20 Consequently, even i1f the state of the disk 111, used
in the HDD, is changed, ild resnpass bl erd ocrleadxfasid yin thet he, change in
the disk 111 by rewiting the reference tenperature information stored in
t he FROM 123a. 25wrihiag duzmzadi rehtdodNow, 3@ tdi 4@ reobiodi aentalefe the present
invention will be described. As previously described, the - 29 transient
response speed afeatlhe iwg: ttéhec lguriehitc haartl esvalepeindd nthared her vat Lie. of t he
wite current. Further, for the HDD, the wite current is preferably varied
dependi ngoon the envifxomusitiusehpescuiked Atwhew & vehpagat ise, the wite
current needs to be large. Then, in the third enbodi nent, the value of the
wite current, &é’tpéflrﬁ%gd’ 5 e EnAi ohrfite Rl T ehperhtlurEngreasured by
the tenperature sensor. 126, is used tqQ switch the power voltage applied to
the wite driveFCio PIEBCHY mssl%itﬁ}e, R i FRPEHOLRI Rt $5 di fferent
fromthe second enbadi nent., whi.ch uses the result of te rature

t%b?y rtehceorto{ (AR st § FEY ob%vﬁl‘?%ﬁg&% * power vol t age.

measur enent nade

FIG 9is a blo i.agr owi ! t] 0 ordi ng
to the third en%@f?&e%ﬁlﬂoﬂl%{lhgﬂﬁégeﬁ&?%%%é%%%é%o%%le%?gf%gﬁg&ﬁhi rd
enbodi menty si m |4 thosgidy Rl i e nce
nuner al s? In théLErl{HgtDIQ% n FFI%H%S, JLt gdlgfo%ére% ggél%%%ﬁhhggégﬁ?%ﬁgéﬁg to
determne the 2Quwd trﬁngfr@%uérvw Wi e S3 ERSY1 194 af ewi N 8CEQF HaAEEoW th
the tenperature TM neasured by the tenperature sensor 126. The controller

I C 123 al so has theceigidded urglhiodntd of cawsehitheghvthe driyerildbb to all ow
a wite current of the determned value to flow through 25 the thin-film
el ement 112a. Teleorsmrtoll tde wites cufsenthe tHeD comt FOGL er, | €o123eusas a
wite current specification signal 128 to specify the determ ned - 30
wite current (lule fdggnavatrdn eodrilverrddebdidhecharacteristic, the

25 write driver 116b in the head IC 116 applies a voltage
to the thin-film element 112a using a new method

(method of voltage application) different from the one



‘reference current information indicating the reference current value IR is
prestored in the predeterm ned area 123d of the FROM 123a in the controller
IC 123. 5 If the environnental tenperature of the HDD is equal to the
reference tenperature TR, applied in the second enbodi nent, a wite current
specified by the controller ID 123 is used as the reference current IR A
conparator 123e is provided in the controli{er 1C 10 123. The conparator
123e conpares the wite current value | Wspecified by the wite current
specification signal 128, with the reference current IR If IwsIR the

conparat or 123e QiRutis, t#e; cont r oy Sighal Q@iitgljegh,écewelobmrgéh it cat es

that the environnent in 15 which the HDD is used 1s at owterrperature On

the other hand, de dRerd O LUPHAM A R IKOUPH Sgd heceom g abssqgnal C

at low | evel, whi ch indicates that the environment in which the HOD is used
is at roomterrpe?ro&tm whhiececadtirdr silghal C is supplied to the 20 vol tage
sel ector 127. The subsequent operations are simlar to those in the second
enbodi ment. That is, With wd R rdihee viod t BOES sebect OB, 127, seh@chB, t he power
vol tage Vcc', obtained by the booster |24 by boosting the power voltage
Vcc, in accor darfses apitdt itdre wiontt et Pivesi grialor@ it inngh devidie Whist@ower
voltage Vcc' is then applied to the wite driver 116b. On the other hand,

if lw<-1R the Blivege Kdactior Wipichkdihe ey feethed 3f wolkzdwol t age Ve,
supplied by the host, in accordance with the control_signal C at |ow | evel
The power vol t ag@RICatsl Ihers PR € 0 AP T I HY vEFSAIBRSAThERS the

third enmbodi nent pr.oduces effects simlar to ose_of the second

embodi ment . Wi I"E e OOt elg ?llct‘f’ﬁ%aqbre% %bttqb%t%nt IR EURERE wite
current specificat i 12 t.h o) rat 123e _out t he control
signal C gt I ow‘a1aleév‘—’lellSS Cqmat]iineﬁéc(%isbe“?Itcn JOCEC-i[en ?%%C%%guéffl rst tothird

embodi ment, the 1%1%&@ el V@réﬂm drss d &5, aQéjl S‘!ﬁ'[‘(ét(?i age devi ce.

However, the pr esent ention is app |cab € to any dis or age

appar at uses suchr@sg Megiel Qs ot | by sk WJVESHH Yhi ehle acheagd,incl uding a
thin-filmelement 15 for witing reads and wites data fromand to a disk.

Addi tional advandiages ambiodid ivsd | ofgopi1dd resdihy wects dpivdpse skilled
in the art. Therefore, the invention in its broader aspects is not limted

to the specific daai | SR reprasemmtsivey ertbodiaredt srmd shown and
descri bed herein. Accordingly, various nodifications may be nade w t hout
departing from tdweespiials orf stopet exfmineel gahieratd i ¥iX evf | viee contepf i &s
defined by the appended clains and their equival ents. - 32
15 element 112a. When the control signal WDl shifts from
low level to high level, the control signal WD2 shifts
from high level to low level. In this case, the
terminal HY of the thin-~film element 112a is switched
from a flow-in end for the write current to a flow-out
20 end for the write current. Then, a flyback voltage V£
attributed to the coil structure of the thin-film
element 112a is generated at the terminal HY (write
current flow-out end). Specifically, in the transient
state in which the direction of the write current I is
25 switched from HY—HX to HX—HY to switch the polarity,
the flyback voltage Vf is generated at the terminal HY

of the thin-film element 112a. Similarly, when the



"WHAT IS CLAIMED I'S: 1. A disk storage apparatus which uses a head to read
and wite data fromand to a disk, the head including a thin-film el enent
for witing, the 5 thin-filmelenent having first and second termnals to
and fromwhich a wite current is input and output, the disk storage
apparatus conprising: a booster which boosts the power voltage of the disk
storage apparatus; 10 a head IC including gwywite driver and a read
anplifier, the wite driver being driven by the power voltage obtai ned by
t he boosting by the booster to supply a wite current to the thin-film

el ement of the head if ageerdang® Wil W ide,data, the wide cyrrent 15

bei ng supplied fromone of the first anegsecond termnals of the thin-film

el enent ‘to the agtRern, te read WIdifdrer el Nt i vens iy tiie povese vol t age
of the disk storage apparatus to anplify a signal read by the head fromthe

di sk; and 20 a powaow ilrR&rashi chin sHisedddr S Yed el tiex dif wete Wi th the
power voltage obtained by the boosting by the booster as a power voltage
for the wite drthier.fi2m Blendirak 1SitZor aige safipartaddist mme ortee Nl dvo-25 ¢l ai m
1, wherein only the wite driver in the head 1Cis driven by the power

vol t age s@pplieednd £arhehpowsritle meirrent 3> e Thieowh skt sdrot afjer appar at us
according to claiml1, further conprising: a tenperature sensor which
measur es an envithenmerttdl auarmsertat urdhiest, tite di sloatloregetalzsiCe;1% and a

sel ector which selects one of the power voltaazt.of t he di sk storage
apparat us and t KENSGRELY A% dde @ imadl B t e Hoostingeny Fhavtosst er as

a power voltage for the ite driver in accordance with a 10 result of the
t enperature neaftﬂdéné% tvr?\%dé:%dﬁ‘_tfﬁgw Stlurk! SensorPethet Gt £t or

i ncludi ng an out.put_.term nal. nnect.ed to the r Line.. 4. Th i sk

st or age appar at ulgl :}1_'(%1(?0rt(r;giar?(gj;s'J’teg)1 clHims, u"mlhcekfotcv}ﬁ%‘pé]irs?%bjtoriSog @f‘%r age
devi ce ihch st r it ' j I ndi catl, f a
r ef eren\(I:\AéQLOt eme%@ﬁreegﬁt?%?c%ﬁpr%%@o%ﬁ# Q%Io%gﬁ%pxa%glg ?Ehe%ﬁlesﬁﬁt 98f t he

tenperature measyyiem@Nt BRIy te tePeraiid & 20 seflsorve W i h reference
tenperature information. stored

generated at the terminal HX of the thin-film element
112a. TIf the flyback voltage Vf is not restricted,
the tfansistors Q1 to Q4 in the H bridge circuit 22

15 may be destroyed. Thus, the write driver 116b is
provided with a clamp circuit 23 that restricts the
flyback ﬁoltage VE.

The clamp circuit 23 includes a pair of switching

transistors Q5 and Q6. The control signals WDl and

20 WD2 are input to bases of the transistors Q5 and 06,
respectively. The bases of the transistors Q5 and Q6
are connected to bases of the transistors Q4 and Q3,
respectively, in the H bridge circuit 22. The power
voltage Vcc' is applied to a collector of each of

25 the transistors Q5 and Q6 via resistors R1 and R2,
respectively. The power voltage Vcc' is supplied

by the booster 124 via the power line 124a. The



‘in the storage device, and wherein the selector selects the power voltage
obt ai ned by the boosting by the booster if a result of the conparison nade
by the conparator 25 indicates that the tenperature neasured by the
tenperature sensor is lower than the reference tenperature, and ot herw se
sel ects the power voltage - 34 of the disk storage device. 5. The disk
st orage apparatus according to claiml1,-furg her conprising: a tenperature
sensor which nmeasures an 5 environnental tenperature of the disk storage
devi ce nmeans for specifying a value of the wite current supplied by the

wite driver toyhe dehidy Rl el eeMawf dhedigad.rddi aegrdapca.vith a
result of the tenperature neasurenent nmade by the tenperature 10 sensor;

and a sel ector wiheChesglsgcinscORe 10fe (dTe fanare i tdage rof drve Rl sks st or age
apparatus and the power voltage obtained by the boosting by the booster as

a power vol tage dediintchle awr iRice driiheercdln eateordantechvd titr drivel tome 1%
current value specified by the specifying neans, the selector including an
out put term nal agohi¥ctaed tconmees tpovdro |thee bagesThel dilsk tstarsigetappar at us
according to claim5, further conprising: 20 a storage device which stores
a referenfe wi 2 el it VASRECtdit lay .copdr dF hhidde coipatieds 2he wite
current val ue specified t’%@t he specifying nmeans, with a reference wite

current val ue stiordd lisn tHhe SUlEFE IS dvitde DS hH @hea I @t or

sel ects the power_ val t age .obtai ned b he boostin t he booster if - 35
a result of thePdfGYI&S g’&&%@% tt%etﬂ?orﬁ?asreaﬁ @rgitﬂ%;‘? CRESAHATIHE write
current val ue spec'f'led r\t%y trg: is"\ngLCifyi ng neans is |arger than the
reference write CUr rert Valrue, - aid Yot her wi se sel ects the power 5 voltage of

t he di sk storage deViV\F}leen 7theTil?or¥iérsé<1 sél(r)]i%gf r%gswﬁcgﬁgkggtéot%ai m

.. S
1, further conprising: a tenperature se r which nmeasures an environnent al

temperatype of theyfiigk et orage Wem Lest b adraify ont rfggﬁécﬁ:p\péi}?ur ed to

specify a value of the wite current supplied by the wite driver o the
thin-film el ementreoftihchend, imh agtey danee W e resWie adod ol

t enper at ure neasurenment made by the tenperature sensor; and 15 a sel ector
whi ch sel ects ond gfaltsheimiowerd Wila ageifts to the high level, then
| the other shifts to the low level. That is, when
one of the transistors Q5 and Q6 is turned on, the
15 other is turned off. When the transistor Q5 or Q6
is turned on, the constant current source 24 allows
a constant current I. to flow through the collector
of the transistor Q5 or Q6. At this time, the
potential of the collector of the transistor Q5 or Q6
20 is Vecc'-I-*Rs. The potential of the collector of the
transistor Q5 or Q6 determines a clamp voltage Voiayp-
The clamp circuit 23 provides the clamp voltage Vciamp
by clamping (restricting) the flay back voltage V£,
generated at the terminal HY or HX of the thin-film
25 element 112a. The values I, and R, are preselected to

provide such potentials (low potentials) as prevents

the collector potential of the turned-on transistor Q5



‘of the disk storage apparatus and the power voltage obtained by the
boosting by the booster as a power voltage for the wite driver in
accordance with the wite current val ue specified by the main controller,
20 the selector including an output term nal connected to the power I|ine.
8. The di sk storage apparatus according to claim7, further conprising: a
storage device which stores a reference wijdge 25 current value; and a
conpar at or whi ch conpares the wite current val ue specified by the nain
controller, with a - 36 reference wite current value stored in the
storage device, candemreioal ke nselectofe S8l 8EiSdd1e growsr (rolitpgs, ot ai ned
by the boosting by the booster if 5 a result of the conparison nade by the
conpar at or i ndi patielget katrduie write current val ue specified by the main
controller is larger than the reference wite current val ue, and otherw se
sel ects the power vollragéeoft taves idhirsk stareagien davicre.the ¥b1%rikhe di sk
storage apparatus according to claim1l, wherein the wite driver includes:
a bridge circuiofi Ableudirig ea cpairmendf If iirsstswarcthset ongararisingt @S and a
pair of third and fourth transistors, the pair of the first and second 15
transi st oPs bei [ ScBRPVGUICE@MPo & Auirtn e tork Hen podspdrisd & o fa threansi ti on of
a first control signal to a first state corresponding to the wite data to
supply the wit&CEOiRedt B ang HYt odi rtdet itdvinf fgmm ied eiendt tl@eniamal
toward the second term aib, the pair of 20 the third and fourth transistors
bei ng configure etsffrﬁglegu fd@%on FRTCespdndd e 64 thdmsi tifomdRrd tsecond
control signal 5? Eﬁe first state corresponding to the wite data to supply
[

the wite curren neawgel(%(?n&uﬁirteél iIo_anc am é%@oﬁ@atte_rtrﬁenéﬁalt%\ﬁdﬁrd t he
first 25 term nal, %rg%rigirglgrgo?rlc%n\%mggg,igg{)c%;ea%_‘le)s%t&%\%&m%;ggu% r;zi nt; and

- 37 aclanp circuit con uredto ¢ st

flyback yoltagesgerecatredyat it be el ishSt ot grm_palyof t hin-fil m.el ement
and a second fbeackSvoI tgggngenergt egea'?:ot ﬁgl soé\lggrilc t%t%e'r mFHé:IStdf tglet he

thin-film el emepbrehbeali bst thhybackivaht age feing &%Q%f—g_‘ﬂ% we e

direction of the wite current is switched to the first direction in
response to theltpansit toe afi fifbechicest(veentngl,)siignabtiatibe Heisleett at e,
t he second flyback voltage bei ng generated when 10 the direction of the
wite current ishswobekedvbdtihe FYeeondndi teet ivon tiaker F3ROBSE Wl e
transition of the second control signal to the first state. 10. The disk
st orage appar at 88sgacevddengttercbdi the, twheseistorh@2cl agp ¢ihecwitthdmcl udes:
15 a fifth transistor which clanps the first flyback voltage at the fixed
vol tage and whi BANRs E£henddvbacknvedspars¥ ft ¢ st Weneratsidt iadn tofe t he first

control signal to the first state; and a sixth transistor which clanps the
second erminal HY of the thin-film element 112a owing to the

coil structure of the thin-film terminal 112a. The
value of the flyback voltage Vf depends on the power
voltage (in this case, Vcc') of the write driver 116b.

20 However, the clamp circuit 23 restricts the flyback
voltage Vf to the clamp voltage Velamp @s shown in
FIG. 5D. Thus, the potential of the terminal HX of
the thin-film element 112a is stable at Velamp-

Consequently, when the polarity of the write

25 current I is switched, the voltage between the

terminals HX and HY of the thin-film element 112a is

(Vee'-Vpe=Velamp) - On the other hand, in the steady



‘20 fl'yback voltage at the fixed voltage and which is turned on in response
to the transition of the second control signal to the first state. 11. A
met hod of controlling a wite current supplied to a thin-filmelenent for
witing included 25 in a head, the head being used to read and wite data
fromand to a disk in a disk storage apparatus, the thin-film el enent
having first and second termnals to - 38 and fromwhich the wite
current is input and output, the method conprising: boosting the power

vol tage of the disk storage apparatus, using a booster; and 5 applying the

power vol tage ohtairned fy t he bagstdng Ry &mr@%g}ﬁ.{rmdy gn%ﬁ#%% t ® e

driver in a head ICincluding the wite driver a area

wite driver beitpgtdrineen iy -the rrdldRe Povers Wild age-do Uty damidte
current to the 10 thin-filmelenment of the head in accordance with wite

data, the witeReyr tert vioditRges ephieath furamaneniofa thend isred @ndi second
termnals of the thin-filmelenment to the other, the read anplifier
amplifying a sigri&H ri@advy. tHe hedds faeera,t hiera 'skiy, H57 12, el urer i ogls
according to claim 11, further conprising nmeasuring an environnental

t enper at ube of thewd sk dtiGSageCappar dilus, Isiqid ixdleperataredsensior, and
wherei n the appl gli ng i ncl udes %Ejgil ying the power voltage of the disk

st orage appar at $et @ HFETI0 aRuadd g tverufan ttHe e r@nimehtaf themper ature
nmeasured by the tenperature sensor is higher than a preset reference

tenperature. 13POHRE Lt hddeaddoidialy i [@%e Mt 9giptaead conprhsi ng
clanping a flay, back val e er in.25 the thin-filmelement, and
wherein the fl yggfﬁlﬁi%gqrg%eﬁﬁ ;Fgﬁdqiﬂlrb* B 1 kil Ly second
term nal s of th%a%hibré- fuitli iezleedrr%ré)t from whi_c i t.e current

i ch the, he, o 39
flows out durinG?d transient” Fesporsed at dnich ife i rettToH of "¢ he write

current lie : t Rjn-f I 1,S. .SW & .
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a voltage V applied to the thin-film element 112a
upon the switching of the polarity (that is, during
a transient response), in association with the
25 waveform 62 of the write current I flowing through the
thin-film element 112a. This figure indicates that

the clamp circuit 23 in the write driver 116b sets the
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hosts utilizing the HDDs. Correspondingly, the power
. voltage supplied to the HDD is likely to shift from
a voltage of about 12 or 5V to a lower voltage of 3.3
20 or 1.8V. With a reduced power voltage for the HDD,
the method of voltage application shown in FIG. 3
contributes to reducing the rise speed of the write
current I. This prevents an increase in the record
frequency of data. However, in the present
25 embodiment, the write driver 116b sets the voltage

applied to the thin-film element 112a at the stably

large value (Vec'-Vpe~Velamp) only during the
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transient response. Further, the power voltage Vcc',
obtained by the booster 124 by boosting the voltage
Vcc, 1s used for the write driver 116b; the power
voltage Vcc' is one of the elements determining this

5 high voltage (Vec'-Vpe-Velamp). Thus, the present
embodiment makes it possible to increase the rise
speed of the write current I and thus the recording
frequency of data. Further, in the present
embodiment, the power voltage Vcc', obtained by the

10 » booster 124 by boosting the power voltage Vecc, is used
only forvthe write driver 116b in the head IC 116,
which requires a high voltage for the above described
reason. The power voltage Vcc, supplied by the host,
is directly used for the circuits in the head IC 116

15 except for the write driver 166b (that is, the
circuits of the head IC, including a read amplifier
l16a, excluding the write driver 166b) and for the
Ics in the HDD except for the head IC 116 (that is,
ICs in the IC set 125 including the motor driver IC

20 121, the read/write IC 122, and the controller IC
123). In this case, the output voltage Vcc' from the
booster 124 is used only when the HDD performs a write
operation. Thus, the present embodiment limits the
application range of the booster 124 in the HDD. This

25 limitation minimizes an increase in power consumption,
using the power voltage Vcc', obtained by the booster

124 by boosting the power voltage Vcc. That is, the
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present embodiment makes it possible to provide an HDD
with a high recording density without sacrificing
power consumption.

[Second Embodiment]

5 Now, a second embodiment of the present invention
will be described. FIG. 7 shows the relationship
between the write current (I) and overwrite character-
istics (OWM) 81 and 82. The overwrite characteristic
81 relates to the write current at room temperature

10 (25°C). This figure indicates that the overwrite
characteristic 81 is improved with increasing write
current. The figure also indicates that the overwrite
characteristic 81 is saturated at a certain write
current value and is then no longer improved even

15 with a further increase in the write current. In the
example shown in FIG. 7, the overwrite characteristic
is saturated with a write current of about 40 mA.

On the other hand, the overwrite éharacteristic 82
relates to the write current at low temperature (0°C).

20 This figure indicates that a larger current is
required to saturate the overwrite characteristic 82,
compared to the overwrite characteristic 81 at room
temperature. In the example shown in FIG. 7, a write
current of about 50 mA is required to saturate the

25 overwrite characteristic 82. The dependence of the
overwrite characteristic on temperature is attributed

to the temperature characteristic of the disk 111.
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81 and 82 shown in FIG. 7 means that at low
temperature, a larger write current must be caused to
flow through the thin-film element 112a in order to
5 intensify a magnetic field generated from the thin-
film element 112a. The intensified magnetic field is
required in order to magnetize the magnetized layer of
the disk 111.
Thus, the second embodiment uses a configuration
10 that varies the write current flowing through the
thin-film element liZa, depending on the temperature
of the environment in which the HDD is used. That 1is,
the second embodiment increases the write current so
that the read failure rate of the HDD will not be
15 affected by the degradation of the overwrite charac-
teristic caused by a decrease in the environmental
temperature of the HDD. The disk 111, gsed in the HDD
in fIG. 1, is assumed to require a write current of
40 mA at room temperature and a write current of 50 mA
20 at low temperature. Here, the transient respoﬁse time
of the write current is longest at low temperature.
Thus, the booster 124 in the HDD in FIG. 1 needs to
boost the power voltage Vcc to the value Vcc', which
is enough to provide the write current (50 mA), which
25 is required at low temperature and has a sufficient
transient response speed. In this case, the power

voltage Vecc', obtained by boosting the voltage Vcc
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temperature. However, the write current (40 mA)
required at room temperature has a shorter transient

5 response time than that required at low temperature.

Thus, at room temperature, the write driver 116b can
be adequately operated with a power voltage lower
than the boosted voltage Vcc', conforming to low
temperature, for example, the power voltage Vcg,

10 supplied by the host. This indicates that in the HDD
in FIG. 1 (that is, the HDD according to the first
embodiment), an excessive power voltage is applied to
the write driver 116b at room temperature, thus
consuming more power than required.

15 The second embodiment can further reduce the
power consumption of the HDD compared to the first
embodiment, utilizing the dependence of the overwrite
characteristic on temperature. FIG. 8 shows the
configuration of an HDD according to the second

20 embodiment of the present invention. In FIG. 8,
components similar to those in FIG. 1 are denoted by
the same reference numerals. The HDD in FIG. 8 is
characterized in that the power voltage applied to the
write driver 116b is switched in accordance with the

25 environmental temperature TM of the HDD. Thus, a
temperature sensor 126 is provided in, for example,

the PCB unit 12 in the HDD in FIG. 8 to measure the
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temperature information is prestored in a predeter-
'minéd area 123b of the FROM 123a in the controller IC
123. The reference temperature information indicates
5 - a reference temperature TR used to determine the above
low temperature. Furthermore, a comparator 123c is-
provided in the controller IC 123. The comparator
123¢c compares a temperature TM measured by the
temperature sensor 126 with the reference temperature
10 TR. The comparator 123c outputs a control signal C
in accordance with the result of comparison of the
temperature. Additionally, 2-input l-output voltage
selector 127 is provided in, for example, the PCB unit
12. The voltage selector 127 selects either the power
15 voltage Vcc or Vecc' for the write driver 1l6b in
accordance with the control signal C. The output of
the voltage selector 127 is connected to the power
line 124a.
In the HDD in FIG. 8, for example, at fixed
20 time intervals, the comparator 123c compares the
temperature TM measured by the temperature sensor 126
with the reference temperature TR, indicated by the
reference temperature information stored in the area
123b of the FROM 123a. If TM<TR, the comparator 123c
25 outputs the contrcl signal C at high level, which
indicates that the environment in which the HDD is

used is at low temperature. On the other hand, if
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C at low level, which indicates that the environment
in which the HDD is used is at room temperature.
The control signal C is supplied to the voltage

5 selector 127.

In the description below, it is assumed that
since TM<TR (that is, the environment in which the HDD
is used is at low temperature), the comparator 123c
outputs the control signal C at high level to the

10 voltage selector 127. While the control signal C is
at high level, the voltage selector 127 selects the
power voltage Vcc' (obtained by the booster 124 by
boosting the power voltage Vcc) instead of the power
voltage Vcc. The power voltage Vcc', selected by the

15 voltage selector 127, is applied to the write driver
lléb via the power line 124a as a power voltage for
the write driver 116b, included in the head IC 116.

Thus, in the second embodiment of the present
invention, at room temperature, at which the write

20 driver 116b does not require a high voltage to operate
(non-low-temperature state), the power voltage Vcc,
supplied by the host, is applied to the driver 116b.
This makes it possible to prevent the write driver
116b from wastefully consuming power at room

25 temperature. Further, in the second embodiment, at
low temperature, at which the write driver 116b

requires a high voltage to operate, the power voltage
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power voltage Vcc, is applied to the driver 116b.
Thus, it is possible to allow a write current which is
larger than the one required at room temperature and

5 which has a sufficient transient response speed to
flow through the thin-film element 112a. That is,
the second embodiment accomplishes stable magnetic
recording while suppressing an increase in power

- consumption more thoroughly than in the first

10 embodiment.

The reference temperature TR, used to determine
whether the environment in which the HDD is used is
at low temperature or at room temperature, varies
depending on the structure and material character-

15 istics of the disk 111, used in the HDD. Thus, the
second embodiment uses a configuration in which
information indicating the reference temperature TR
unique to the disk 111, used in the HDD, is stored in
the FROM 123a, included in the controller IC 123.

20 Consequently, even if the state of the disk 111, used
in the HDD, is changed, it is possible to deal easily
with the change in the disk 111 by rewriting the
reference temperature information stored in the
FROM 123a.

25 [Third Embodiment]

Now, a third embodiment of the present invention

will be described. As previously described, the
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transient response speed of the write current varies
depending on the value of the write current. Further,
for the HDD, the write current is preferably varied
depending on the environmental temperature. At low
temperature, the write current needs to be large.
Then, in fhe third embodiment, the value of the write
current, determined from the environmental temperature
measured by the temperature sensor 126, is used to
switch the power voltage applied to the write driver
116b. In this point, the third embodiment is
different from the second embodiment, which uses
the result of temperature measurement made by the
temperature sensor 126 to switch the power voltage.
FIG. 9 is a block diagram showing the configura-
tion of an HDD according to the third embodiment of
the present invention. Components of the third
embodiment similar to those in FIG. 8 are denoted by
the same reference numerals. In the HDD in FIG. 9,
the controller IC 123 has a function to determine the
write current Iw in the steady state in accordance
with the temperature TM, Measured by the temperature
sensor 126. The controller IC 123 also has a control
function to cause the write driver 116b to allow a
write current of the determined value to flow through
the thin-film element 112a. To control the write
current, the controller IC 123 uses a write current

specification signal 128 to specify the determined
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reference current information indicating the reference
current value IR 1s prestored in the predetermined
area 123d of the FROM 123a in the controller IC 123.
5 If the environmental temperature of the HDD is equal
to the reference temperature TR, applied in the
second embodiment, a write current specified by the
controller ID 123 is used as the reference current IR.
A comparator 123e is provided in the controller IC
10 123. The comparator 123e compares the write current
value IW specified by the write current specification
signal 128, with the reference current IR. If Iw>IR,
the comparator 123e outputs the control signal C at
high level, which indicates that the environment in
15 which the HDD is used is at low temperature. On the
other hand, If IwsSIR, the comparator 123e outputs:the
control signal C at low level, which indicates that
the environment in which the HDD is used is at room
temperature. The control signal C is supplied to the
20 voltage selector 127. The subsequent operations are
similar to those in the second embodiment. That is,
if Iw>IR, the voltage selector 127 selects the power
voltage Vcc', obtained by the booster 124 by boosting
the power voltage Vcc, in accordance with the control
25 signal C at high level. The power voltage Vcc' is
then applied to the write driver 116b. On the other

hand, if Iw<IR, the voltage selector 127 selects the
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voltage Vcc is then applied to the write driver 11l6b.

Thus, the third embodiment produces effects similar to

5 those of the second embodiment. While the controller

IC 123 does not output the effective write current

specification signal 128, the comparator 123e

outputs the control signal C at low level as in the

case Iw<IR.

10 In the above first to third embodiment, the hard
disk drive (HDD) is used as a disk storage device.
However, the present invention is applicable to any
disk storage apparatuses such as magneto-optical disk
drives in which a head including a thin-film element

15 for writing reads and writes data from and to a disk.

- Additional advantages and modifications will.
readily occur to those skilled in the art. Therefore,
the invéntion in its broader aspects is not limited to
the specific details and representative embodiments

20 shown and described herein. Accordingly, various
modifications may be made without departing from the
spirit or scope of the general inventive concept as

defined by the appended claims and their equivalents.
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WHAT IS CLAIMED IS:

1. A disk storage apparatus which uses a head
to read and write data from and to a disk, the head
including a thin-film element for writing, the

5 thin-film element having first and second terminals to

and from which a write current is input and ouﬁput,
the disk storage apparatus comprising:

a booster which boosts the power voltage of the
disk storage apparatus;

10 a head IC including a write driver and a read
amplifier, the write driver being driven by the power
voltage obtained by the boosting by the booster to
supply a write current to the thin-film element of the
head in accordance with write data, the write current

15 being supplied from one of the first and second
terminals of the thin-film element to the other, the
read amplifier being driven by the power voltage of
the disk storage apparatus to amplify a signal read by
the head from the disk; and

20 a power line which is used to supply the write
driver with the power voltage obtained by the boosting
by the booster as a power voltage for the write
driver.

2. The disk storage apparatus according to

25 claim 1, wherein only the write driver in the head IC

is driven by the power voltage supplied via the power

line.
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3. The disk storage apparatus according to
claim 1, further comprising:
a temperature sensor which measures an
environmental temperature of the disk storage device;
5 and
a selector which selects one of the power voltage
of the disk storage apparatus and the power voltage
obtained by the boosting by the booster as a power
voltage for the write driver in accordance with a
10 result of the temperature measurement made by the
temperature sensor, the selector including an output
terminal connected to the power line.
4.' The disk storage apparatus according to
claim 3, further comprising: | |
15 a storage device which stores reference
temperature information indicative of a reference
temperature; and
a comparator which compares the result of the
temperature measurement made by the temperature
20 sensor, with reference temperature information. stored
in the storage device,
and wherein the selector selects the power
voltage obtained by the boosting by the booster if
a result of the comparison made by the comparator
25 indicates that the temperature measured by the
temperature sensor 1is lower than the reference

temperature, and otherwise selects the power voltage
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SGLO%& () -ysnlO%& ()-5.10 The disk storage apparatus according to
claim 1, further comprising:
a temperature sensor which measures an
5 environmental temperature of the disk storage device;
means for specifying a value of the write current
supplied by the write driver to the thin-film element
of the head, in accordance with a result of the
temperature measurement made by the temperature
10 sensor; and
a selector which selects one of the power voltage
of the disk storage apparatus and the power voltage
obtained by the boosting by the booster as a power
voltage for the write driver in accordance with the
15 write current value specified by the specifying means,
the selector including an output terminal connected to
the power line.
6. The disk storage apparatus according to
claim 5, further comprising:
20 a storage device which stores a reference write
current value; and
a comparator which compares the write current
value specified by the specifying means, with a
reference write current value stored in the storage
25 device,

and wherein the selector selects the power

voltage obtained by the boosting by the booster if
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indicates that the write current value specified by
the specifying means is larger than the reference
write current value, and otherwise selects the power
) voltage of the disk storage device.
7. The disk storage apparatus according to
claim 1, further comprising:
a temperature sensor which measures an
environmental temperature of the disk storage device;
10 a main controller configured to specify a value
of the write current supplied by the write driver to
the thin-film element of the head, in accordance with
a result of the temperature measurement made by the
temperature sensor; and
15 a seiector which selects one of the power voltage
of the disk storage apparatus and the power voltage
obtained by the boosting by the booster as a power
voltage for the write driver in accordance with the
write current value specified by the main controller,
20 the selector including an output terminal connected to
the power line.
8. The disk storage apparatus according to
claim 7, further comprising:
a storage device which stores a reference write
25 current value; and

a comparator which compares the write current

value specified by the main controller, with a
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device,

and wherein the selector selects the power
voltage obtained by the boosting by the booster if

5 a result of the comparison made by the comparator
indicates that the write current value specified by
the main controller is larger than the reference write
current value, and otherwise selects the powér voltage
of the disk storage device.

10 9. The disk storage apparatus according to
claim 1, wherein the write driver includes:

a bridge circuit including a pair of first and
second transistors and a pair of third and fourth
transistors, the pair of the first and second

15 transistors being configured to be turned on in
response to a transition of a first control signal to
a first state corresponding to the write data to
supply the write current in a first direction from the
first terminal toward the second terminal, the pair of

20 the third and fourth transistors being configured to
be turned on in response to a transition of a second
control signal to the first state corresponding to the
write data to supply the write current in a second
direction from the second terminal toward the first

25 terminal;

a current source which generates the write

current; and
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ﬁt a fixed

flyback voltage generated at the second terminal of

5 the thin-film element, the first flyback voltage being
‘generated when the direction of the write curreht is
switched to the first direction in response to the
transition of the first control signal to the first
state, the second flyback voltage being generated when

10 the direction of the write current is switched to the
second direction in response to the transition of the
second control signal to the first state.

10. The disk storage apparatus according to
claim 9, wherein‘the clamp circuit includes:

15 a fifth transistor which clamps the first flyback
voltage at the fixed voltage and which'is turned on in
response to the transition of the first control signal
to the first state; and

a sixth transistor which clamps the second

20 flyback voltage at the fixed voltage and which is
turned on in response to the transition of the second
control signal to the first state.

11. A method of controlling a write current
supplied to a thin-film element for writing included

25 in a head, the head being used to read and write data
from and to a disk in a disk storage apparatus, the

thin-film element having first and second terminals to
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apparatus, using a booster; and
5 applying the power voltage obtained by the
boosting by the booster only to a write driver in
a head IC including the write driver and a read
amplifier, the write driver being driven by the
applied power voltage to supply a write current to the

10 thin-film element of the head in accordance With write
data, the write current being supplied from one of the
first and second terminals of the thin-film element to
the other, the read amplifier amplifying a signal read
by the head from the disk.

15 : 12. The method accerding to claim 11, further
comprising measuring an environmental temperature of
the disk storage apparatus, using a temperature
sensor, and wherein the applying includes applying the
power voltage of the disk storage apparatus to the

20 write driver if the environmental temperature measured
by the temperature sensor is higher than a preset
reference temperature.

13. The method according to claim 11, further
comprising clamping a flay back voltage generated in

25 the thin-film element, and wherein the flyback voltage
is generated at one of the first and second terminals

of the thin-film element from which the write current
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flows out during a transient response at which
the direction of the write current supplied to the

thin-film element is switched.



