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 The  1 eat  dissipatioll iu ajunction-up  mou]]ted  1.3-um-wavelength InGaAsP  laser diodelphotodiode  oii  a  flying op-
tical' head  slider is analyzed  by infrared microscopy.  The  temperaturc  risc is reduced  by about  50%  for a  slider  with  a  dia-
mond  film. This T･ eduction  corrcsponds  ro a  27-fold increase {31OC tempcrature  drop)･ in the  lifetime oi' the  laser di'ode
and  confirms  the  possibility of  head  operabili,ty  in multilaser  diodcs on  a  slider.
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gl. Kntroductiosu

  0ptical recording  technology  has been  applied  to
specific areas  such  as <g) decumentlimage file systemsD
for oMce,  medical  and  ethnology  use,  (2) network  fiie
systems2)  and  (3) cards  as portable medgcal  records,3)  It,
however, has net  yet repRaced  magnetic  recording

technology.  The  mairm  reasons  for this are  due to its low
performance in high-eved applications,  high price arad

tiarge size for low-end appEications.  in order  to replace

magnetic  recoiding  devices, opticai  recording  devgces
must  provfide such  specifications  as  high-speed access  for
magnetie  disks, a high data transfer  rate  for magnetic
tapes, and  a  Iow price for fioppy disks,

  One  of  the candidates  for facilitating this change  is the
integrated fiying cptica}  head used  with  a phase-change
recording  medium.4)  We  have already reported  on  its

high-quality readfwrite  and  reliability  characteristics.5}

This supersmall  fiying sptgcal  head eperates  iike a

magnetic  head: air-bearing  techmology  is used  to stabigize
the slider  fiying height at about  1 ptm for autofocusing,
and  a  track-seeking acEuator  eontrolled  by a sampied  ser-

vo  track error  signai  is used  for following the track. The
slider  is agso  used  as  the hcat sink  of  a laser diede. Heat
dissipatien is essential  to the  slider  to increase the  gaser

power,  to prolong the gaser diode lifetime and  to increase
the  bit transfer  rate  by a multibeam  operation,

  The  present work  examines  the feasibility of  a fiying
inead with  a  diamond-film-coated slider for heat disstpa-
tion.  We  exarnine  its cooling  efEect with  air  fiow,
readlwrite  opeTation,  and  20,OOO-cycge centact

start!stop  operatiome.

S2. Lgght Power  Uncgeesse far za Flying Opticaa Hearf

  The  typical constructfisn  of  an  integrated fiying optical
head is shown  in Fig, 1, A  monelithically  integrated aaser

diode!photodiode (L}-PD) chip  with  a wavelength  of

1.3 ptm is mounted  junctgon-up at the tailing edge  of  the
fiying slider, Full widths  at half-maxirna of  a  taper-ridged

waveguide  laser6) in the near  field are  approximately  E ptm
on  the recording  rnedium.  LaseT light output  power  is

iimited by the  temperature  due to  the  heat produced  in

the active  region  of  the laser diode.

  Figure 2 shows  the dependence of  LD-PD  light eutput
cn  the head-rriedium spacing  for aluminum  nitride  (AgN)
and  sapphire  sliders. The Iight output  is higher for the
slider wgth  the  higher therrnal eonductivity  (AIN) than
that with  the lower thermal conductivity  (sapphire). This
figure also  shows  that as the head-medium spacing

decreases the light output  increases due to increased light
feedback, The  spacing  h, set  at  2ptm  to keep the  beam
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Fi'g. 1. Cross-sectional viow  of･ an  integrated fiying optical  head  with  a

 diarnond-fiIm-coatedslider.
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 sapphire  and  AIN  stiders.

 O.32 and  the  refiectivity  ol  the recording  medium  is O.3S.
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Flying head  lighi output  vs  laser diode-rncdium spacing  for

            The  rcfiecLiviLy of  both laser diode facets is
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Table E. Thermal  conductivily  of  slicler materials.
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diameter belew 1 ptm, is the sum  of  slider fiying height ho,
LD-PD  attachment  erTor  hi (facet-to-slider surface  error

due to mismounting),  and  medium  protective-layer
thickness h]. Since ho =-  O.9 ptm and  h2= O.24 ptm  in this ex-

periment, hi must  be <O.9,"m.  We  have  developed  a

high-precision bonding machine  to  satisfy  this require-

ment,*

  Laser power  density on  the  medium  is increased not

only  by the therrnag resistance  and  laser diode attachment
error  decrease but  also  by the thermal  conductivity  in-
crease  of  the  slider  (heat sink), as shown  in Fig. 3. Table I
shows  the  thermai  conductivity  of  slider  materials.  We  ex-

pect the diamond  fiIm on  the slider  te be effectiye  in
dissipating heat,

g3. Feyfing gpticni Head  with  a Diamond  Fgim Coated
    SZidier

3.1 Diamondfilmprqparation
  Figure 4 shows  the slider fabTicated with  a  diamond

film, The diamond film was  evaporated  by  heat filament

chemical  vapor  deposition (CVD)7) using  CH30H  and  H2

gas mixtures  both  on  the  fiying surface  where  air  passes
through  and  at  the trailing edge  where  an  ,LD-PD  (heat
source)  was  attached  (Fig. 1). Note that the tantalum

(Ta) filament temperature  may  reach  20000C and  the

slider surface  temperature  may  be 700-1OOOOC due to the

effect of  radiation.  The diamond film growth  speed  was

about  10 "mlhr.  On  the  surface  of  the  diamond  film, a

good  adhesive  strength  sputtered  metallized  layeT

(Ti!Pt!Au: 1ptm  thick) and  an  evaporated  solder  Iayer
(AuSn: 4 gem thick, melting  point: 280eC) were  prepared
before the LD-PD  was  bonded.

'!!.

 Nakada,  R, Sawada,  Y. Isomura  and  S. Harar Pnoc,  of rsRE
 Autumn  it4be'ing,  H31  C19YO) p. 777 [in Japancsc],

H. UKn'tL et at.149

3,2 Observation ofdiamondfilm sut:fbce

  Figure  5 shows  the diamond  surface  roughness  (a)
before and  (b) after  mechanical  Iappinglpolishing with

diamond powders  of  210.5  pam. The surface  roughness

was  much  improved  by the polishing from 5 ptmRmax  to

O.1 pmRmax,  The  diamond  film thickness was  estimated

to be about  (a) 50 pam  and  (b) 25 ptm, respeetively.

3.3 Qpticaiheadpefi:formance
  Figure 6 shows  (a) the fiying surface  of  the integrated

optical  head and  (b) the reproduced  signals  obtained  by
the  head. The  slider corners  were  not  rectangular  because
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Fig. 4. Fabricatien process ot' a  diamond-film-coated sli'der.
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Fig, 5. 0bservat･ien of  the  sliderlsurt'ace  (a) before and  (b) ut'ter

 mechanical  potLshing.
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Fig. 6. Photograph  or  an  lntcgraLcd opticttl hettd with  u diumond-

 ]11m-coated slider  and  its repreduced  signals,
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ttie slider cdges  were  not  rappcd i" this case.  These  bits
are rcad  out  at l800rpm  with  a  higgi signal-to-moise

ratio,  using  the  opticaT,ly switched  laser diod2, due  to

Tnedium  refiectivfity change.  As for the contact  starrlstop

test using  a d"amond-coated slider  and  silicon

nEtride(SiN)-coated  SbTeCc  recording  fiim- on  a  giass
s"bstratc,  we  obtained  2C,OCO cycles.  From  the. result  olv-

tained  above,  wc  found that the  dgamond-film-coated
sEider  e.an bc applied  to a  fiying optical  head if its .q.urface
'2s

 polished before uzse,

Sag. [ff'keerffgAai Anagysis pmrEt･la mp. Mnfmaredi Mieroscope

  T, kaeoretical therma], anaEysls"''O)  in a  Eascr diode  an.d  ex-

.oergmental tempegatzllre. measurement  in it using  l/aser
Raman  s'pectroscopyii)  wev'e  rmade  1'or an  ordinar,y  heat

si,nk, but neither  vwas per{ormed  for the fiying-type sZidcr

heat sink.  in this sectio:/i, ey.pergffnental thcrmal analyses

for varieus  kinds ef  sliders  arc  carricd  out  u.sing  ill frared
ffncroscopy  to x'emove  tke heat g¢ neratcd  by a lasei
diodc.

4,1 T?igrnvog,rophy

  T, he  ternperature on  u' laser diode facet and  on  a sHider
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surface  was  rneasurcd  with  an  finfrared microscope,  as

shown  in Fig, 7. T'he ffneasuremcnt  was  made  without  con-

tact by collecting  the infrared radiance  at  each  
'point

(painted black) through  raster  scanning.

  Figure 8 sho'ws  an  infrrared rnicroscope  teinperature im-
age  on  a  sapphiFc  slider surface  (a) witbout  air  flow and

(b) with  air ffow at a d[ive current  of  100 mA.  T, he lascr
face{ can  be seen  at  the  lower left portion (cross mark,

point i) in each  figtsrc, and  it has the maxjmum  tempera･

ture  because cf  the h.eat generation at the point.  gt :all  be
seen  from  th,e photograph  that  thc  tempeTature  is greatly
rcduced  and  becomes  agmost  uniform  over  thc entire

slider  surrace  aE  a  result  of  the air fiew,

4.2 ?'en?peratwre pattern analysis

  Figurc 9 shows  a  thermal  profile of  a 1.3-."rn-
wavegength  InGaA.sP  lascr diede t'acet and  of  an  AiN

slider surface  with  a  spatiag  yesolution  of  20 .scm. T, he tem-

peratuTe decrcases rapidly  i'rom the junction-up rnounted

aaser diode active  rcgion  and  reaches  an  agmost  constant

vaEue  over  the entire  slfider surface.  The  temperature

difference betwecn tht' agtive  region  and  the  slider  surl'ace

was  found  t.o be about  2eOC  for the sapphire  slider,  and

aboulACOC  for the AEN slfidcr when  I==100  mA.  IFhese
values  were  almost  thc same  in the respecti've  cascs,

regardless  orLheair  flow (wind veiocity  v).  GreaL tcmpera-
curc  uniformity( ±･ 1･OC) was  obtained  on  the large con-

ductivity heat sink  of  AIN.
  As  for current,  tempcrature  was  a  linear function or
the  laser diode drivc ieurrent

 (Fig. Ie).
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Fig, 10. Temperature  vs  drive current  i'or sapphire  and  AIN  sliders,

4.3 Airflowdiect
  Air fiow occurs  due to the  rotation  of  an  optical  disk.

The temperature  decrease for various  air  fiow velocities  (-
wind  velocity  v)  on  the  Iaser diode  (LD) junction and  on

the slider surface  is shown  in Fig, 11. The  air  flow effect
was  found to be very  etfective  even  for a  slow  wind  veloe-

ity (rapid temperature  decrease occurrenee  at less than  5

m!s),

4.4 USe  of a  diamond:film-coated  sgider

  The  above  experimental  results  provide the following
thermal djssipation image. First of  all,  the heat flux from
the  iaser diode active  region  reaches  the slider (heat sink),

then  spreads  over  the entire  surface  because of  high ther-
mal  conductivity,  and  finally is removed  by the air flow
due  to disk rotation.  The  much-higher-conductivity  dia-
mond  film on  the  surface  of  the  slider  is expectcd  to be
more  efiective  in dissipating heat. It can  be seen  from
Fig. 12 that temperature  is nearly  equal  for diamond-
coated  sliders  with  different thermal  conductivities  of
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Fig,1.1. T:']e efi'ect  oC  air  fiow on  temPerature  decrease on  (a) the  ]aser diode facct and  on  (b) Lhe  slider  surface.
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AIN  anth' SiC. Dia:'nond fiL/ [n pl' #y, s the r･ nain  .role lin r･:r.n:o'v'･
Eng heat.

  Figure 1/,3 shows  the. gaser dicde jurm#tficn (l.D) tempe]ra-

t-uTe versus  
'-vind

 ve13cit}r fom sapphire,  AgN, and  dEa･
rnond-figrn-cLr.',a.ted, AIN  sfi',ders. AbollE a 1/COC ternpera-
ture drn.p o:curs  for es.ch sgi-cier. due ts tEig tlicrmal
ccnductivity  dgbere"ce (ll･'able I)･. Fig'-re 1i 4 shows  the  tenz-

peratuTe dccrease firr. (a)/ t/ lhe ).aser (fiiode jurmction and  
'm

/(b)  thc sHde'r with  /dfiff:rent ]r,.aateria//.s. Th' e notatien  gs

skaowffi  i,z the  upper  r･ igkt pcfftien of  the  figzEre. Ajum/ctio]

r.emperatiire  decreasc olM 3nOC was  obtaineci  when  a  dila-
momd  fiXm was  coated  o/i an  A/i.N slidei' whcrc  s' r-  200 

'fnA

ar･id v'==20  mls.  Accordim･g /to Ari'heRius' :quatio"  for a

S,/.8 eV  aetivatt/on  energy,  tlmig. teynpe:at'sure decrease cor-

'responds
 to a 27-foj･d. in:rgase f/.n tl e lifctimc o:/i th.c laser

diode.
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SS. Casneii",stiezzs

  A  s'lgnificant reci.wctgon in temperature. rise was

achieved  tltrough  tlie spreading  of  heat using  a diamond
fiLlmi on  a  slider  surface.  A  hggh-thermaE-ccndiuctivity dia-
kTnond-coated  sUider  allows  us to opcratc.  th laser diodie on
a  fiying opticaE  kead  at  ress thali 500C  (L'ompar. ed  to 8gOC

Por arm AIN  sHider  
i,;,Jithout

 diiawri･ond film), at  a  c･ 
'trilve

 cur-

rent  of  20C mA,  aRd  at  a  medium  velocity  of  20 ]/n/s,  J,f

s'.perated  at  79 rnA,  rTeore  than  thrcc  lascr diodes can  be

1･ocated on  the  sarrze  sli,der.  Demonstration  ot' thc  dia-

mond-･film-coated  si''/dcr head's readlwrite  opegatisn

sh.ows  the feasi'bility of  amuEtibeam  head for high･ r.erk-ur･･
nance  opti:al'  dfisks.
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