2204181 1 HEAT SI NK APPARATUS AND METHCD OF MANUFACTURE This invention
rélates to heat sink apparatus designed to be used wi th sem conduct or
encasenert structures and packages to dissipate thermal energy,geperated by
such. gevices into the surroundi ng environnment and to net hodszz&ilgl
manuf aedring such heat sink apparatus. Many sem conductor devices geferate
heat during operation which nust be dissipatetl to avoid danmage to the
device. Sone such devices have power-handling limtations which are

| argely determined by their ability to | ose internally-generated heat and

t hereby avoid general dEEARCSHINK R ATES AND METEQ

them In some sem conductor devices, the internally-generated heat is

di ssipated sufficiently by the enclosure, header or |eads of the device.
In many seni conduckibks devenkion npabates tpi hept mdnk wpparatus addsighed
di ssi pation of intgs N | ysaPRAIEl sbmEGdndctde &88a HEmERR! sfLREBurbsafl§
vari ety of heat S|nk?desugns gsge geeg enBIo ed for dissipation o? .
i nternal | y- gener aRRFHASRS 1§ I LFEIPRER| Eheztale spangyyenarated g esuch
sem conduct or ‘devidssticdrinte the poseraindirg peestrdonhene ndAh@NtoamBERbds
sink is any body Iﬂgﬂﬂ | Ial _whi Is placed in contact with
an electronic dev?{:fe pac fféaétl#foir%ﬁ{ %@i er?“f%gs’f’pf eﬁ?\&f’f?@%her at ed heat
fromthe sem conductor device contained in the el ectronic device package

and for rapid di sMami ofelcoRAudEerF Nahbyieaner Y&t PeRb R during

at nosphere by conductiqQn, convecti on and/ or_radj at’l on.
phere Dy operé%lon W, fé musg %e dissipated to avoid damage to

k} L . the device. Some such devices have power-handling
~— _ ~ limitations which are largely determined by their

‘ability to lose internally-generated heat and thereby
avoid general or localised thermal degradations or
failures within them.

- In some semiconductor devices, the internally-generated
.. heat is dissipated sufficiently by the enclosure,
‘header or leads of the device. 1In many semiconductor
devices, however, it is necessary to aid the
dissipation of internally-generated heat by the use of
. heat sinks._ A wide variety of heat sink designs have
| been employed for dissipation of internally-generated
\&) o heat from electronic device packages which house
-semiconductor devices. For the purpose of the present
invention, a heat sink is any body of metal or like
‘material which is placed in contact with an electronic
device package for transferring internally-generated
"heat from the semiconductor de_vice' contained in the
electronic device package and for rapid dissipation of
the internally-generated heat to the atmosphere by
_conduction, convection and/or radiation.



2 Generally, he

heat sink to operate efficiently, it must beysecured to and pIaQed
contact with the el ectronic device package. Var i ous; means:
contact. wi.th an electronrc:

t her mal

been used to attach a heat sink in good therma

devi ce package.
heat sink to.a
heat - conducti ve

to electronic d
t he heat sinks

i nto nutual cont

from the el ectronjh-dekbm a%

C
surface treatnen s.to

vari ous

at sinks are constructed of materials, usually netals such
as alum nium alloys, cooper and cooper alloys, having high thernal :
conductivity and-are formed into shapes adapted to convect or radiate heat
at a high rate. - :
generate nore heat, efficient heat sinks nust be devised. [norder féu??he

As el ectronic device pakages beconme nore conpact and .

dénézSaKI!P}’m hea8! Upi s Ohher V‘béﬂséﬁ'ﬁéﬁe&e'd’f apheekials,

pred frn1n surfaCﬁ of thg eleﬁtronl deV|ce ackage H
A & hE9FRK @tnALHBAPLETs 3% om
the electronic dmoper mikoye, habﬁngshmgh ahernhSOcchdhanivatbyandta&bed

adt:a lib,gh atates. endisl eeltemtﬂm'aitc sderktce op
ka":ﬂ& gx edzte HhSfe abl&_ eEEE?.L:%ent

terior surfaces O “heat Slh

surface treat nentheanysinks joest poe deviged-|inited to; anodi zation,
el ectrodeposition, diffusion coating, galvanisation, claddlng sprayed netal
or paint coating

enanel s,

pl astics;

n G5aERT SRS I RALE"Simc S Ueriied (L ERESLISETY, °L
must be secured to and placed in-. good thermal contact
with the electronic device package. Vari _s'means have

been used to attach a heat sink in’ good t _al'contact.

with an ‘eléctronic device package.' It is

Ay GERERS sRdie o iaaaBtod " b, SRS o RRGIEBEORERICS.

el pecomeved

or otherwise adhesively attach a heat sink to a -

predetermined surface of the electronic device package

with heat- conductive epoxy resin or the 1ike which

-allows removal of ‘heat from" the electronic device

 sinks and the electronic ‘device packages into mmtua1=
contact. The clips énable ‘the heat sinks +o be easily'

package. ‘Heat: sinks are also mechanically attached to

electronic device packages such as’ by resilient ‘metal
clips mounted on - the heat sinks which urge the heat

removed from the electronic device packages.'

es’

It is also 'desirable to - apply - various- surface

treatments to the exterior surfaces of heat sinks. .

Such surface treatments may include,_but are "not
limited to, anodization, electrodeposition, diffusion.
”coating, galvanisation, cladding, sprayed metal or
paint coatings and: conversion coatings as well as

various forms of enamels, plastics, rubhe"sEand vacuum-
deposited coatings. These treatments are’beneficial in

that they protect the heat sink from corrosion caused .



deposited coatings. These treatnents are beneficial in that they protect
t he heat sink from corrosion caused 3 by noisture or other materials in
the environment. In addition, certain of the surface treatnments descri bed
above able the heat sink to be selectlveby col oured. Darker colours are

desirab¥€ in that they enhance the 5. ablllty of the heat sink to

radi ate -heat to the atnosphere during use. I's the object of the present
i nvention to proyi h HEN Y d p@ﬁ@tgﬁ 395 epeval wi
heat froma he §¥ HS BeiEl 8‘1- Q’ft ﬁé% %mﬁgs 3 n?‘ he pr| or

3ener ating onent

art defici enci eadditépndi rsgelikﬁﬂrn he&t tthearﬁ%fafé?ftsﬁéﬁwn ﬁdd&ﬁﬁﬂ

mount ijng ary a?ﬁsgsefés enésqar :i'h@ Hea tl fﬁr?f e@@nbet ls@l@?‘th.g%lyt hﬁlfbutﬁé‘d f

provided a nmethod o na facturin uni at,.si,n . _appara or

use in the renoPaFkEF (EICYWESR h&%ﬁlﬁéﬁééagfhgt%%'éﬁﬁﬁt “?‘ﬁé‘cﬁe&%’esi nk

conpri si ngsa unabarmttgpdbfoftheatneatdw:imlng tot erddiabavingat base the face

on a first S|de here f_ad § ga QsRe posi - tloned in thermal ly conducting
Gl

contact with th ﬂggP S ‘conponent and a plurality of paralle
first grooves, whichtdefsn&hid nebgeicdndefig the wardsenh &nstabiioni dw of

the body OppOSigfo§9dEh§ %EEﬁBdSermahﬁ?gE%ﬂfidg dﬂﬂiﬂ%%%?“fd? ﬁéﬁdefB to

the wdth of the _grooves | east he "neth i ncl udi ng, 2

sawi ng into theo§ahgagodrom %eﬁﬁa&orﬁﬁﬁﬁqarﬁi%t%??a?n?ﬁtf UPl*FPhé“é%irctF

first grooygs. many of the prior art deficiencies, including poor heat
‘ tranSfer-efficiency and complicated mounting
‘ arrangements.

A~ According to the present invention there is
provided a method of manufacturing a unitary.heat sink
- 15, apparatus for use in the removal of heat from a heat
genérating component, the heat sink comprising a
- - unitary body of heat conducting material having a base
surface on a first side thereof adapted to be posi-
tioned in thermally conducting contact with the heat
20 generating component and a plurality of parallel first
grooves, which define fins extending outwardly on a
second side of the body opposite to the first side, the
ratio of the height of the fins to the width of the
grooves being at least 6 to 1, the method including
Kg) "' 25, sawing into the said body of heat conducting material

" - to form the said first grooves.

In one embodiment the body is extruded from heat
conducting material, a plurality of grooves being
formed in the body by the extrusion such that the ratio

30. of the depth of the grooves to the width of the fins is
- at least 4 to 1, whereafter the depth of the groove is
increased by sawing to form the first grooves.

In a preferred method, the grooves are formed by



s

I n one enbodi nent the body.is extruded from heat conducting material, a
plurality of grooves being formed in the body by the extrusion such that

the ratio 30. of the depth of the grooves to the width of the fi'ns is at .
| east 4 to 1, whereafter the depth of the groove is |ncreased by sammng,to
formthe first grooves. In a preferred metfhod, the grooves afe: forned‘b?
4 gang-sawi ng the body. The nethod may |nclude form ng a plurabidy..ef
second grooves in .the bodz bybggm ng which . grooves. |nter5e i .the |rst

grooves such tgangrﬁéW#Pﬁs Yedi sconti nuous and conprj aral | ro

of pins, the ratioppl tdr@thodghday)f itﬂceltpﬂmsfpé'f‘iw iR

cﬁ?gfﬁg §%€ond
grooves belng at least 6. to 1. he vqﬁgwi rqmudes gaooVQSy
si npl e met hod ﬁﬁcﬁﬁﬁuf%‘??ﬂ?ﬁg g’hea% Sl nb b? Z}gt’p %9

di ssi pating sugharsect fthe ﬁdrgtve¢Q9%ﬁso§ it I\neat C
generating co nent nW&% %ﬁ fbgﬁpgﬁgesqsﬂram@bfrmsppﬁs Iﬁcﬂﬁ::edtbéol ing .
ai rmay be appl éhy si de

or. be _directed ontq the t h tgp MRBtary =
heat sink appalratum db. the height P Es&he b t%g’n %ﬂggg?put into .

Dol o U g BERSE i g6 aebitrEec Sorcr on b e S e
a s|rrprrp| ified perspé&? V@r\ﬁwgf {E%?Xég.% ?%%%peaér a?wé y: Fsgmp
i ntermediate sipghsd bebmbaatactuningcorbeates orB ARe: ,m,ergitlon
10. heat dissipating surface area for. a given ‘area of
| contact With the heat generating component., When the
‘fins are sawn to define pins forced. cooling awr-may ‘be .‘J
| "'applied ‘from any side or be directed onto the top of B
.the unitary heat sink apparatus..1 .= i.i._.ﬁ.” .
15. v The present invention can. be put -into. pr ctice:in
| .several ways some of which will now be descr' C
of example w1th reference to the accompanying draWings,

in whichs . i : _ L .
Figure' 1 is a. simplified perspective View of hea -

' 26; sink apparatus at an intermediate. stage of'fabrication
' in accordance Wlth the present invention- :

' Figure 2 is a’ simplified. perspective: view of one
embodiment ‘of heat sink apparatus according to the.

' present invention-'and L D S
25. "Figure 3+is ‘a simplified perspective view of f'J
| another embodiment of heat sink apparatus according to :
~ the present invention. ' '

" 30.



Figure 2 is a sinplified perspective view of one enbodi nent of heat

si nk apparatus according to the present invention; and 25. Figure 3
is aisinplified perspective view of another enbodi ment of heat sink
apparatus according to the present invention. 30. Heat sinks for

sem é’fb_ﬁﬁ’UCtor‘.' devi ce packages are usually fornmed by extrusion processes or
by stanping al um niumor al um nium all oys begause these processes are

highly efficient "and:- cost-effective. As sem conductor devi ce packages
beconme nore conpact and generate nore heat, the need arises for nore
ef ficient heat. sink apparatus. At will be appreciated that the efficiency

of the heat. sink ratus,i s kncreased by Jjncreasi ‘he surface area of
the heat di'és-i'patﬁﬁggsu?f’ﬁé‘gs- g?rt h%eﬂggf%g%kt%’f)pa‘f%\’%gearﬁﬁ? ages, are
further increasedushablyofosihed rbyoekitmrgsionusmtb¢esses | orctbynstampihgat
di ssipating surf H@qn [ ol Lk |

di ssi pati ng s‘ur?gag%mil S ?ﬁ%ﬁggﬁ@hgg%aggi %a par a ués&\% pﬁgheﬁges I t
wi |l be appreci at@get hhd by f i @f fdlenthagaduicesref farsdives to AS

mechani cal |y st abbgmfBendherbs HRviRALC qsh Aidds abebBas! o OcdhpdSR4aRY t O
0.080 inch (0.2032 cn}?to al | ow adequate airi| ow across or al ongf_t he

surfaces of the f9¢Rer3temerg-hgage; Lnfi RE§ PRIRES tBPrengf LdfderEans
to increase the ehéati sink @pdaratus) hedt will apapprecistéd phati gdhe

fins Wh_' C_h have--aefﬂéfex%ytg% the heat sink apparatus is increased by
"increasing the surface area of the heat dissipating

.&u N surfaces of the heat sink apparati_z_s and is even further
‘. _ K increased when forced air cooling. is used 1in

conjunction with heat dissipating surfaces.

One method to provide an increase in the heat
_-dissipating surface is to provide the heat sink
- apparatus with fins. It will be appreciated that the
fins should have sufficient thickness to be
mechanically stable and should be spaced apart at least
0.060 (0.1524cm) to 0.080 inch (0.2032 cm) to allow
adequate airflow across or along the surfaces of the
fins., It has been determined by the inventor that one
means to increase the efficiency of fins on heat sink
K . apparatus is to provide fins which have a ratio of the
‘height of the fins to the spacing dimension between the
fins_of.greater than four to one and in fact of at
least six or eight to one. Unfortunately, thin
- closely-spaced fins cannot be successfully extruded
- where the  fin height to spacing ratio exceeds
- .approximately four to one. Similarly, multi-finned
" heat sinks with long parallel fins are extremely
" ‘difficult to manufacture by stamping processes.



hei ght of the fins to the spacing di mension between the fins of greater
than four to one and in fact of at |east six or eight to one. '
Unfprtunately, thin closely-spaced fins cannot be successful ly”’ extruded .
where the fin height to spacing ratio exceeds ap nately four to
one. Simlarly, multi-finned heat sinks with |ong" pa__. “f

extrenely difficult to manufacture by stanp%ng processes..
shows heat sink apparatus 10 in an internediate phase : .
~manufacture or fabrication thereof which conprises a-unltary nenber-“

construct ed fron},r{qﬁtﬁﬁal cagﬂglvps ofy 8L NIsHK ud@% gq;cg '-_'agl_ngoa Ringh 5 Aleat
transfer coefficlé Hhe eat sink appar at 8 S é

constructed froniatennedhats urhASEm Q o?@n"bﬁ%)‘b ".'-%gFgfétjd?‘E he'

by “ext T st on vnSHEraBen dlien Laciprless Secta Bembssaseimerisress

- Inthe fi ei cign IS a

four to one. fh‘@meﬂﬁw Fét?ggé ﬁpgﬁia rﬁ’é‘ g 55 ?éb'ﬁ'g'ea/
manufacture in Mawnaﬂ‘a/msﬂrercelefzfdcbbentess wHeat hednki nk
apparatus 10 co rlses a_bage #ﬁ’é*gﬁergbfgt@oﬁs E%E DREE Blih & :

fins 14 projecti A§PF ﬁ&l"&ht por on_'-o 2 d DASE portlon

12 and at -an angaaumunaumaadnarsa;annper»:spppenra 81 @¥F ckheglike |

igbodlregts ths angle is. apprOX|nater ni-nety, degrees..;Thé base. portlon
i ncl udes a base surface 16which is smoth | at. :

preferred enbodmhgnpgat|§ink apparatus 10 aségggc{“ar ;,Fléﬁ§£e1 has.

C _ :_n_height to

'been formed by extrusion wherein ‘€

- spacing’ ratio is approximately fou
extru31on process 'is ‘used during “th

manufacture - in order to ‘conserve : ma' _
time. The heat sink apparatus 10 comprises a base
portion 12 “with a first number of parallel fins 14
rprojecting a: height P from the uppe tion of said
" base: portion 12 and at an angle from saidmb
12. -In the preferred embodiments, this angle is
approximately ninety degrees.x'i" ENE TR :

_éfialwhidh.is_
Ldiments,'is

- The base portion 12 includes a base sur
smooth and flat and, in- the - preferred
rectangular or square 4in shape.' Th base'surface,

" however, may ‘be of any shape or ‘dimen ires
mate with the- required surface ‘of - the
The parallel fins 14 are- separated by ‘pa:
-18 which are of a width f as measured-nh
parallel ‘fins 14 and are ‘of a  width d
*appreciated, the depth of the parall
equalntc*the,height”p of“thé??arallelﬁ ‘14 from base
portion 12. ~The height of the b po; tion 12 is -

- measured from ‘the base surface 16 to*the-bottom surface'
20 of the parallel grooves 18. The bottom of surface

ce package.
lel grooves
,,en adjacent
~"As will be
grooves 18: is




rect,angul ar ‘or square in shape. The base surface however, may be of any
shape or dinmensions required to nmate with:: the - required surface of the
Jdevi.ce package. The parallel fins 14 are separated by parallel grooves 18
which are of a wdth f as neasured between adjacent parallel fins 14 and

are OT™sa.wi dth d.

As will be appreciated the depth of the parallel

“grooves 18 is equal to the height p of thes parallel fins 14 from base

portion 12. The

hei ght of the base portion 12 is neasured fromthe base

surface 16 to the bottom surface 20 of the parallel grooves 18. The bottom
of surface . 7 20 iis iint Rhesasdng| pIEnas ashethwpappper tpsrt Xin t BE hdfe

portion 12. One

net hod of increasing the efficiency of the heat sink
apparatus’ 10:j s PaanBngéentﬁé-

ratio of fin height to spacing di nension

between the fins to a value greater than approximately four to one. This

I ncrease in effiglenc he che | p tu

acconpl i shed by (li}ﬁgrg%esﬂﬂit ﬁg dgﬁ?ﬁé%%i&ﬂe%égr a??%}ocgér%g 2183%58‘.&}‘%2‘% hod
of increasing theinkptapparataspatl isl e odneyrasses the saatde wth fdm
appropriate saw HgyhRe ¥Bi §Badihly BiA¥hESAABALFRMNENE falls P PYAE!

grooves 18 sinultaneously,to the sane

e depth and lch wll result in a
ratio of -fin hei GRPAFETGEY e333ﬁ9¥%ﬂégé¥Xe£éﬁrs R PBeoneTQﬁﬁ garsass v
of at |east eighintefépeieht@UBE Bhehheathednksappazppasatios o0 FEGURMR 1f i n

hei ght to groov

&mJ

?ﬁ&&QEglé%égm%ﬁfghéfag§ %ﬁ%é&agggg-tﬁé depth of the
parallel grooves 18. One method of increasing the

depth_of_the parallel grooves 18 is by sawing with an
appropriate saw device which will provide gang sawing

.of all the parallel grooves 18 simultaneously to the

-same depth and which will result in a ratio of fin

g heighﬁ to groove width of at least six to one and
... preferably of at least eight to one.

FIGURE 2 shoes heat sink apparatus 10 with a fin height

to groove width ratio of at least six to one. 2
specific embodiment of the heat sink 10 of FIGURE 2
which is to be used with a gate array semiconductor

-, device has a base surface approximately one and one-
_half inches (3.81 cms) square with parallel fins 14

approximately 0.80 inch (2.032 cms) in height and

. approximately 0.07 inch (0.1778 cm) wide. It will be

appreciated that this ratio of fin height to groove
width may be provided for and with a great variety of

. _base surface dimensions for various semiconductor

device packages. The base surface 16 will be

positioned against the heat transfer surface of the

semiconductor device package and held in contact with
the same for good thermal transfer between the two
-surfaces. The preferred method to maintain good



specific enbodi nrent of the heat sink 10 of FIGURE 2 which is to be used
with a gate array sem conductor device has a base surface approximtely one °
and one- half inches (3.81 cns) square with parallel fins 14 appr oxi,mat el y e
0.80 inch (2.032 cnms) in height and approximately 0.07-inch-(0.1778 «cm

wide. It will be appremated that this ratio of fin height “te. groove"‘{ﬁdth
may be provided for and with a great vari et¥ of base surface dlnens-;_ons for
vari ous sem conduct or device packages. he base surface: 16 "wll:

positi oned agai nst the heat transfer surface of the sem cond ict or deV| ce.

package and hel d, hg cogt act Wi th t%&%%ge?ﬁgn%l 8ogulﬁ§r [ its"?& ndegpeen

the two’ surfaces ntarn go rmal

contact between bbherwmseuaahesiveé.yt atdiagh dhepttvsy \ﬂ%msﬁ%ﬁt‘;}‘%ﬁt ach
the two surfaces together. Wth further reference to FIGURE: 2. it WI||
be appreciated that another nethod. may be used to . row de heat 5|
appar atus 10 wi t Witthe' §agither mefershce ntRei ERGURE glzcsove“'m 61 e

method includes hprsbenten’ o HHY 4l geher bheslion! maas o .._om:ééﬁded .
mat eri al and then“Saw ng the required e{ % I'0PVE, %_ .gre%f{\nﬂg in
the material in hgﬁﬁgl%in%aﬂpa §E§sor léa 8 d %ﬁz A g fl_?l rs
ext rudi ng-a heat h@li Rt e {;B td”i&)éhérwa.rdm al | @h¥s rmethoth c.lud\ss cthe,
of course, nust b raI and. s y e $&rred
provi de the desi ate gviafed ip/ ?D{ig’éﬁaéoérng%?gégd%tbﬁﬁt s_i)%t het hods -
provi de: essent | atnh}:etrlial and ‘then sawing the required number of grooves _-

: of desired width ‘in the’ material ‘in" sing aw passes

. or with' ganged saws without first extruding _heat sink-.q
. with- the shorter parallel fins. - The™! _'_c_utzs, of :

course, . must be parallel and separated by_ _____e _:cor.re_ct_

_ distance to provide the desired ‘fin width{ ‘It will be
appreciated that both methods provide ess -ially the |
same heat sink apparatus 20 as shown in FIGURE 2. In
both processes of fabrication of the heat 'sink-

--apparatus 10, the-: heat sink is anodised or otherWise._
treated for’ protection against corrosion ‘and” to enhance

" the heat dissipation characteristics thereof.

To further improve the overall efficienc_.__
'sink 10 may be rotated (preferably thr"_l .
- degrees) prior to anodising and gang sawed to form a \vj _

determined
s 18, thus

gh ' 'n"i';’n’ety'

-

second - number of parallel grooves 22 of
width at an angle to the parallel gro
providing a dense pin’ heat sink apparatus ,4tas_shown.-7
in FIGURE 3. This method converts the_dontinuous__
parallel fins 14 into a plurality of dis?ontinuouse7"

 fins, each " of which comprises a- multiplicity“of pins 26
extending in a’‘row and thus" inoreases “the' _'rface area
of the’ heat dissipating surfaces (previousiy provided .
by the parallel fins) for given dimensions of base




‘same heat sink apparatus 20 as shown in FIGURE 2. In both processes of
fabrication of the heat sink apparatus 10, the heat sink is anodi sed
,Oor dtherw se treated for protection against corrosion and to enhance the
heat di ssipation characteristics thereof. To further inprove the overal
effi@?&ﬁcytwj“the heat sink 10 nmay be rotated (preferably through ninety
degrees) priorto anodising and gang sawed 20 form a second number of
paral | el grooves 22 of predeterm ned width: at an angle to the parall el

grooves 18, thus proyviding_ a dense pin, heat sink apparatus 24 as shown_in
FIGURE 3. - This - %%oﬂ%rtsfm 13791 tipna u@ﬁ‘é’a%gﬁaﬁq etSf itlll’?tl4§?ﬁ?8da
plurality of gi Scglinpusiti nanhebﬁ;:i'apjljl&ﬂ Cﬂrcnrran'yss%id& rof tii:lpé}@érhSeOf
pi ns 26 extendi ngj 1 row and thus_ingcrea t he urfac rea o e

Poar arser patt no R Beal" @ik | sHRREARERES R AE) vl TAS SRl SkplfEs
gi ven di mensi ons &ifrdiisky dovn somtacthébtop off e pimsal26advakit agill sbe hat
forced cooling aily ' L ed,] ay S) f. e i ty i Nk
apparatus 24 as'-m‘fe?%ég-‘s’gge?%gégpq’ll{éergmé?‘raec%§8‘é§m‘$%%%% ﬁ% n?%élp (Q)’ t%@é
pins 26. It will sawiggsdn apthdingeiiong i aperexinately nequal tacthe

SaWic ng in bOt? .difﬁgt?ﬂﬂ@hi{stﬁ&orfﬁ n&&ﬁf&céqaétbalt C(v:ﬂé%é;d' rﬁﬁ&ndtihet’ﬁé?i’i n
surface area (viewed fromthe top) is approxjnmtely twenty-five perce
(259 of the”swﬁ%&eagﬂ§9ﬁlhﬁte sx$§ﬁ$£&§§lvﬁbﬁéﬁﬁ%n%aéﬁ%ﬁh R&w the
presents four vergurficewifaoed the thesat suspdes e Roweves| paachnpbh heat .

However, when the, UO0ME Y8hP Wirtical surfaces to the atmosphere for

. | dissipation_of heat. However, when the groove width is
L/ _ less than the fin width, converting the parallel fins

" to pins increases both the density in number of pins

per unit of area and the surface area of pins exposed

. to the enviromment. Thus the invention permits the

 _formation or heat sihks with a very high ratio of
| exposed surface afea to baée surface area.



L .l

| ess than the fin w dth, cbnverting ‘the parallel fins to pins increases
both the density in nunber of pins per unit of area and the surface area of
plns exposed to Thus . t |nvent|on pernmits the formation >

heat sinks with a ver i o of exposed surface area.to base\ ,
surface ar ea. Hmmﬁm “ﬂﬂe,m CLAIMS 1. A net hod“of "e(: _
‘manuf acturing a u appabﬁhgﬁsfor use in the rer =-0f . he
froma heat generating conponent, the fieat sink conprising’ It
of heat conducting naterial having a base surface .on_a “fi

thereof - adaptqd top hespRSl! idNeanudetunihyg caonulncittlar:gw _. a_aactsiwtt'h
t he heat generatlng conponent and plyral_i fy paga M I RENES.,
_whi ch defi ne f iappazataifi oH‘F\ﬁarﬁT tﬁ e@é’)é;o%r:l"d %fdieléo#' tfh- £

e é opposi te
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8. A method as claimed in claim 7 including anodising'
the external surface of the heat sink apparatus.

9. A method as claimed in any preceding claim
including sawing the grooves such that the width of
each groove is at least 0.06 inch (0.1524 cm).

10. A method of making a unitary heat sink apparatus
substantially as specifically described herein with
reference to Figures 1 and 2, optionally as modified by
'Figure 3, of the accompanying drawings.




