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IN-SITU PRESSURE SENSOR BASED ON READ HEAD RESISTANCE 

BACKGROUND OF 11IB INVENTION 

1. Field of the Invention . 

This invention relates in general to storage devices and more particularly to the 

detection of the pressure in hard disk drives: 

2. Description ofRefated Art 

Hard disk drives are. magnetic storage device5 that contain at least one rotatable 

·magnetic disk, a magnetic recording head for readiilg data and/or writing data, a slider for 

supportmg the magnetic recording head in pro~:i.nllty to the disk, a suspension assembly 
. . . 

. . . . . 
for IC$iliently supporting and biasing the slider against the disk, ~d a positioning 

actuator coupled to ~e recording.head/slider/suspension assembly for moving tJ:te 
. . 

recording head over the·surface of.the disk. In. some of the conventional magnetic disk . . 

drives, the slider rides on a bearing of air above the dis_k surface when the disk is rotating 

at its operationa~ speed. The bearing of air is affected by the atmosp~eric pressure within 

" the hard disk drive ~4 can v~ dep~ding on the operating enviromiient conditions. F~r 

example, tlte development of the laptop has resulted in the use· of computers in higher and .. . 

lowc:r pressure locations. Hard disk drives may be placed· in service ~h~e they are 

. . 
· subjected to pressure, temperature, and humidity changes. J\t low pressure the lift 

capacity of the slider is. reduced, which reduces the air b~~g height b~tween th~ head. 

~d disk.. This aetio~ increases the chances .of a hard driv.e head crash, .. which is a 

. . 

.catastrophical event. for the disk driv(! becaus~ it renders it useless. 
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Prior attempts were ~a4e to compensate for changes in the _operating atmospheric 

pressure. Typically, separate sensors have been used.- to detect changes in different 

parameters arising from environmental changes to the hard disk drive. U.S. Patent No. 

6,011,666 disclosed the use of different sens_ors to detect different enviroµmental 

parameters. The detected information is used for adjusting the rotational speed of the 

. disk_ and/or controlling the head to carry out seek operations. Assignee's Patent No. 

6,067,203 disclosed a method that involved using a dedicated pressure sensor for 
. . 

detecting ·the operating atmosphcmc· pressure in a hard di~ c4ive to control the rotational 

·velocity of the diSk to one e>f the appropriate .discrete disk velocities when the 

atmospheric pressure reaches a predefined threshold. 

There are several disadvantages 3:SSOcia~ed with using a -dedicated.atm.?spheric 
. . .. 

· pressure sensor in a hard disk drive practiced in prior art.• The dedicated pres~e sensor · . . . . " . 

adds to the co~popent cost, requireS int.ernal space for mountin&· increases risk of 

comp~nent failure, and adds additi9nal electronic circuitry. ~t ~s needed is a disk 

drive Wi~ a pressure sen5oring_capability_that does not have any_ofthe disadvantages of 

prior art disk drives that use a conventional pressure s_ensor. 
. . 
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SUM:MARY OF 11.IE INVENTION . 

The present invention overcom.es the drawbacks.ofthe prior art by applying the . . . . , 

changes in thermal characteristics of a ~gnetic head to determine the operating pressl.Jre 

-in an enclosed storage ~t In one particular eml?odiment, the ptes~t invention 

measures the internal pressure of a hard disk drive, based on the thermoresistive 

characieristic of a magnetoresisitive (MR) head. A relationship exists between the :hdR. 
. . 

head temperature, internal pres~ and in!emal operating temperature, with the pressure 
.· , 

inversely dependent on head temperature at a given ope,:ating temperature . 

... . 
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. BRIEF DESCRIPTION OF TIIB PRA WINGS 

Fig. 1 is a simplified schematic/block diagram of a magnetic disk storage system 

th~t incorporates the pressUre measurement concept; . 

Fig. 2 is a schematic sectional view of a (OM:R) giant magnetoresisitive head iI_i 

relation to a di~ in a system incorporating the present invention; 

Fig. 3 is a graph of OMR head temperature versus file base .temperature at three 

different internal 'pressures; · 

Fig. 4 is a ~ph sh~wing the corre~tion between measurements from the 
. . 

i:hermore,sis~ve characteristic of the OMR heruf. in ~ordance with the.present invention 

. and p~imre m~ents using a· pressure sensor. 
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DETAILED DESCRIPITION OF THE PREFERRED EMBODIMENT 

This invention is described in a preferred embodiment in the following 

. description with references to the following .figures. While this invention is described in 

terms oftlie best mode of.achieving this invention's objectives, it will be appreciated by 

.those skilled ·in the art that variation may be accomplished. in view of these teachings 

without deviating from the spirit or scope of tlie iri.vention. . 

Fig. l illustrates a simplified schematic block diagram of a magnetic disk storage 

system embodying the present invention. The magnetic disk storage system comprises at 

·least one rotatable magnetic disk 22 which is supported on a spindle 26 and rotated by a 

<lisk drive motor· 30, and at least one slid~ 24 positioned in clos~' proximity to the 

magnetic disk 2i at the disk ·surface _36. Data is stored on each disk 22 in .the form of an 

. . . •. . 
annular pattern of concentric data tracks .(not shown). Ea.Ch slider 24 co~tains one or 

. . . 

more magnetic heads 34 and is attached to a positioner arm 32 by means of an integrated 
. . 

suspensiop. a8sembly 28. Each posi:tioner arm 32 is attached to ~-actuator 42 me~. 
' 

The ac~tor ~eans as shown in Fig~ 1 may be a voice coil motor (VCM) .. As ~e disk 22 

rotates, the slider 24 is controlled to move across the disk surface 36 by the actuator 42 so 

. that the slider 24 may access different portioI,l.S of the disk surface 36 where· desired data 
. . . . . 

is recorded or read. The slider 24 flies in. close proximity _over the rotating disk si.Jrface 

3.6, riding on an air b~g 48 formed between the magnetic heads 34 and the rotating 

disk sUrra~f? 36. The integrated suspension assembiy 28 proVides a slight spring force 

·which biases the slider 2.4 against the disk slllface 36 and controls flexibility in slight 
. . 

vertical as well as roll ~d pitc'1 movements of the slider 24 relative to the.rotating disk· 
. . .. . 

_surface 36. Line 50 provides feedback 9fchangC$ in thennoresistiyicy of the head 34, 
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representing head temperarure. to the control unit 46. The various components of the 

magnetic disk storage system are controlled in operation by control signals generated by 

the control unit 46, such as drive motor signals of line 38, head position and seek control 

signals on line 44. The <?Ontrol unit also determines the internal air pressure of a disk 

· drive based on thermal conductivity of the head, in accordance with the present invention 

. . . . 
as discussed below. Read and write signals are communicated to and from magnetic 

heads ·34 by means of a recording channel 40. All of the components of the magnetic 
' . . 

·disk storage system are ~~losed in _housing 45. 

Fig. 2 ill~trates a sectional view of a portion of the disk 10, GMR. read/write 

. head 21, and slider 13. MR head technology is Qne of the preferred read/write head 
. . . 

technologies used in high track density hard di~k driv~ tod~y because ofits high 
. . . ~ . . 

sensitivity~ The sli,~er 13 contains a write head 70 and a~ read head 60 formed as ·a 
. . 

. . 

thin film head along the shield 62, which is a substrate for the deposition of the film. The 

MR read hea~l 60 is commonly ref~ to as a "stripe'~ of magnetoresisitive material and 

"is l<:>~ted between.the deposition shield 62 and a second s~eld 63. The write head 70 . 

has an inductj.~e coil 7~ and a recor4ing gap. 75: The recording gap 75 is defined by pole 

tip 76 ~d shield 63. The MR read head end 61 and the recording gap 75 are oriented 

towards ·the disk surf.ace 11 for reading and writing. In operation, ~ air bearing exists 

· between the MR read/Write.head 21 ·and the rotating surface of the disk 11. 

. The general operation of the :MR read/write head.21 is_ similar to that described Qi 
. . ' 

U.S. patent no. 5,777,815,.entitled "D~sk Drive with Shock Detection Ba5ed.o~ · 

· · thennoresistive Sign.at from Magnetoresisitive Head~' wJlich "is fully incorporated_ herein 

. by reference.: Generally, the resistance.ofthe_MR read head 60 vatjes with changes in the 
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magnetic field of data recorded on the disk 10. A constant bias current is applied by the 

control unit 46 for determining the resistance changes in the read head 60. 

The :rvJR.. read head 60 temperature (T5) is at a nominal. temperature which is 

greater than the hard disk.drive internal ambient operating temperature (T.), because of 

Joul~ heating ~used by the co~stant bias" current supplied to the JvfR read head 60. The 

temperature Ts is determined by the electrical power dissipated in the :rvIR. read h~ad 60 

and the thermal conductance from the MR read head 60 to its surroundings inside of the . . 

hard disk drive. The. pressure in the hard disk drive 84 affects the thermal conductance 

froni the :rvIR. read head 60 to the surrounding air. When the ambient operating 

temperature Ta js held consta:D.t, an inverse relationship exists between the MR; he~ 
. . . 

temperature Ts.and internal air pressure 84 wi$.in the drive housing, res"Qlting from 
' . . 

changes in the thermal condu~vitY of the air. For example, at~ given operating 
. . . . . 

t~~pmb:Jre· ! a, th~ Jv!R. semor ~empentture Ts. will decrease a8 the ~temal .air pre~ure 84 

iri.creases·~ resulting froID: an increa8e in·th~ conductivity. The ~act relationship 
. . . 

betwc;:en temperature Ts and the internal air pressure may be calibrated. 

The fluctuations in tempera~e Ts result in corresponding fluctuations in the I\!IR 

. . 

·read head 60 resistance, which gives rise to.modulation of the b~eline signal from the . . . . 

MR read head 60 at constant bias cmrent. Unlike the readback data signai from the :MR: . 

read head 60, which is due to th~ magnetoresisitive·effect, ibis baseline signal modulation 

· is due to a thennoresistive effect Thus.the signal froin the lvfR..read head 60 include$ 

· both a magnetoresisitive sigruu and a thermoresistive signal. 

In ·accordance with·the pres~nt invention, the tpermoresistive·signal from the 1vfR. 

"' I • I 

read head 6Q is used to detect intern~ air pres.sure 84 in the hard disk drive. The 
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thennoresistive signal from the MR read head 60 is fed through line 50 to an operating. 

logic function in the controller 46, shown in Fig. 1. The control ~~ 46 determines 

internal pressure based on predetennined calibration data correlating Ts or read head 

thermoresistance, internal pressure and internal operating temperature .. Depending on the 

way the calibration data is correlate~. the· control unit 46 may first determine temperature 

Ts based on the thermoresistive signal ·before applying the calibration data. Separate 

calibration data may be obtained for different hard drives to account for variation in the 

internal pressure sensitivity of different lMR read heads 60. These sepm:ate calibration · 

. values include corresponding sensor temperature Ts at various internal air pressure and 

ope~ting. teniperature .Ta, which are stored in the co~trol ~t 46. 

Fig. 3 shows the relationship between ~e :MR read head temperature, intenial 
. . ... . 

operating temperature, and internal pressure o~taitied from calibration. The intemal 

operating temperature is repres~ted on the abscissa _and th_e MR read head .temperature 
. . . 

. (or in the. alternative, any signal _that repr~en~ the read head temperature, such as the . 

. . 

.thermo~esistance of the ~ read head) is represented on the ordinate. The MR read ·head 

·temperature is the temperature above the iritemal operating temperature. The behavior of : . 

MR read head tempera~e versus operatiiig tempe~-at three sel~ted pressures·were 

. plotted. The internal hard drive pressure was set_ using a mano~~ter during tlie . 

experiment and labeled on the graph next to the slope Qf each senes of ~ta poin~. For 

. example," in one group of data poirits the internal pressure was set_ to 0.8 atin and ~ 

head temperature measurements w~ recorded for an internal operating temperature in 
' . . 

. . 
the range of approximately 43°C to 47°C. A line of best fit was 'detennined by linear 

regression, an_d the slope ~as calculated to be 0.46, as sho_~ iii the graph. ;MR. head 
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temperatures for two additioruil internal pressures of 0.5 attn and 1.0 atin were plotted on 

the graph and the re$ults show a similar correlation to the preyious internal pressure. 

Extrapolation of the resultS can pfC?vide correlation values for additionai internal pressure 

values beyond the three ~own on the graph. Accordingly, the internal pressure can be · 

derived from knowing .the in~emal op~ting temperature and reading the therm.oresistive 

signal. . 

Fig. 4 shows the correlation between pressure measurements frQm a manometer. 

and a MR r~ head thermoresistive signal. The thermoresistive sig:r_ial is converted to an 

equivalent pressure value·and is tracked along with· the corresponding pressure readings· 
. . 

from th¢ manometer for apprQxim.ately 300 minutes, with·the operating temperature of 

the hard disk drive held constant. Relative ch3!1-ges in ~e :MR, read head resistance are 

.· · A·NffiR 
also plotted on the graph and are exJ>ressed as a ratio: MRR 

.. whete fl. _MRR is the change"in the MR ieacl"h~ resistance above th~ MRR read head 

base resistance (MRR). Tue·pressure readings from th~ manometer follow· the MR read 

head: resistance changes consistently within a range of approximately 12 KPa. With ·the . . 

mtemal operating .tempera~e known, the ·:rvm _read head resistance signal can be us~d 

measure the internal pressure in the hard disk drive. 

In.summary, the present invention provides a method of deriving internal press~e 

information from ;;i thermoresistan~e signal 1.inder the con4ition that the internal op~ting 
. . . . . 

temp~ture is lmown. The intei:nal pressure of the hard disk drive can be measlu'"ed 

regardless of whether the :MR head is operating over the disk surface or parked in a 

landing zone. By having the ability to measure the int~al pressure with the MR head 
. $ . 

. . 
. parked, problems su~h as variations in the air bearing height can be addressed befor~ the 

9 



'MR. head makes contact with the dis~ resulting in a possible hard drive crash. Although 
\ 

the invention has been descn'bed. with reference to a b.3rd drive with a :MR. head, the 

invention is also applicable to other fonris of storage units· in which the internal pressure 

may be determined from a device capable of measuring thenno~ce. 

· While the present invention ha$ been desCribed wi~ respect to the preferred 

embodiments in accordance therewi~ it will be apparent to those in the skilled art that 

various modifications and improvements may be made without departing from the scope 

and spirit of the inven~on. Accormngly, the disclosed invention is to be considered 

merely as i~lustrative and limited in scope·only as specified in the appended claims. 
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I ~fl~ I~ llM/ Ul/I U Ill/ . 
" s * CLAIMS 

We Claim: 

· 1. A storage ~evice, comprising: 

a storage .medium .operating in an internal environment; 

a motor drive for moving tlie storage· medium; 

a transducer mounted to access the storage medi~; an.d 
. . 

a control unit, coupled to receive a temperature dependent signal from the 

tiansducer ~dicati.ve of a pressure of the internal environmcmt in which the storage 

device is operating, wherein the control unit is configured to de~e the ·pressure based 

on the t~perature depende~t signal. 

2. · A storage device as in claim 1~ wh~in: 

· the tranSducer has a thermoresisti.ve characteristic, 

tlie temperature dependent sigii~. represents. therm<:>resistance 9f the transducer~ 

and 
the control uiiit is configured to de~ermine the pressur~ based on the · 

thermoresiSti.ve s~gnal. 

3. A st~rage device as m claim 2, wherein the·control unit is coDflgured to 

determine the pressure based on calibration data that correlates thermoresistance of the 
,.. 

transducer, temperature of the internal environment, and pressure of the int~ 

environment. 
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4. A storage deVice as in claim 2, wherein the control uD.it is corifigured to 

determine the pressure ~ased on calibration data that correlates temperature of the 

tranSducer, temperature of the internal environment, and pressure of the intern.al 

enVirOnment. 

5. A storage device as in claim 3, wherein thermoresistance of the transducer 

is dependent in part on heat dissipation to the internal environment of the storage device. 
. . 

6. A storage device as in claim l, where~ the control unit is configured to. 

control one or more operating parameters Qf the Storage device based on the pressure. 

- -· . 7. A.storage device as in claim I, wherein the sto~e dev_ice is a mag:i:ietic 

diSk drive .system. 

8. A storage deyi_ce· as in claim 7, ~herein the transducer is a 

magn~toresistive trmis~ucer. 

9. A storage device as in claim 8, wherein the control unit applies a bi~ 
. . 

current to .the transducer~ which .fluctuates depending on. therinoresistance of the 

transducer~ 

10. A magnetic-disk drive system, compris~g: 
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a housing; 

a magnetic storage medium with a data surface of concen~c data tracks 

positioned in the housing; 

a motor drive for rotating the magnetic storage medium; 

a slider including a read/write t:ranSducer .maintained in operative relationship 

· . with the d3.ta surface when ~e magnetic storage medium is rotating; 

·an actuator assembly coupled to the slider for pivotally positioning .said slider 

relative. to the magnetic storage medium to· selected trackS on the data surface; and 

a control unit for controllmg the operations of the motor drive and actuator 

assembly and processing data read from and written to the data surface, said· control unit . . 

coupled to receive a temp~ture dependent si~ from the ~ducer indicative of a 
- . f . . 

pressure:in the housing and con.figured to detei'mine the pressure based on the 

temperature dependent si~. 

11. · For a storage device coi;np:rising ~ st~rage medium and a transducer 

mounted to acc~ss the storage medium, a method of determining pressure of an internal 

environment of the _storage ~evi.ce comprising the steps of: · · 

. pro Viding a temperature dependent signal from the transducer indicative of _a · · 

pressure of the. internal environment in w~ch the storage deVice is operating;. and 

detemiining the pressure based on the temp~ture dependent signal. 

12. A me~od as in claim 11, further ~om.prising the step of providing 

~ibration ~ta tha~ correlates therinoresistance of the trmisducer, ieinperatur~ of the · 
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internal environment, and pressure of the internal environment, wherein the determining 

step determines pressure based oil the calibration data. 

. . 

13. A meth~. as in claim 11, further comprising the step of providing 
. . . 

calibration data.that correlates tempe:ra:tlli"e of the transducer, temperature of the internal 

environment, and pressure of the internal environment, wherein the determining step 

determines pressme based on the calibratfon data. 

14. ·A method as in claim 12, further comprising the step of applying a bias 

current to the transducei, wherein the determining step determines preSsure based on 

fluctuations in the bias current .as affected by ~ermoresistance of the tnmS<iucer. 
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