; e3enj OngJIKTLXDMOG6FOTOKYL AN ELECTRONI C ASSEMBLY HAVI NG A HEAT PI PE THAT
CONDUCTS HEAT FROM A SEM CONDUCTOR DIE 5 BACKGROUND OF THE | NVENTI ON 1)/ /
Fiel d of tW@OPMASKIIR i on (0001] This invention relates to anp@kﬁgh{,[mgf: (1]
assenbly having a heat pipe for 10 cooling of a sem conductor die. 2).

Di scussion of Related Art (0002] Integrated circuits are manufactured on
sen conduct AN SLBCTRONEC ASSEMBDY HAVENG 2 HEAT PIPE THAT CONDUCTS

i ndi vi dual sem conductor dies. Such a die is then nounted to a package
substrate which is then HE&REROMASEMIGENIJICTOR DIEconput er. j 0003] Wen
el ectrical currents flow through the sem conductor die, the sem conductor

di e generates heat. An evaporator end portion of a heat pipe nay 20 be

1 ocated agai nst the semiconductor die and a condenser end portion of the
heat pipe may be | ocated distant fromthe die. Heat can be conducted from
the se@co%@gom@mwﬁ@b@r end portion so that a fluid in the
evapor at or . The evaporated fluid may then flow
to the condenser end portion where the evaporated fluid is again
condensed. The condensed fluid can then flow through the w cking | ayer back
to the evaporator end portion, and again be evaporated. [0004] Many

el ectroniclh n prior art do not provide for efficient 5
transfer of heat, especially froma condenser end portion of a heat pipe.
Sui tabl e structural integrity of a heat pipe is also not provided for in
prior art electronic assenblies. Prior art systens also tend to create

el ect rom%ﬁﬁf&if I adidd inQBnficyheMted'd dnf Q%nﬂ%&exﬂb Zheat fof
DESCRI PTI THE DRAW NGS , [0005] The inventi o escri bed by way of

exanpl g,w Egoﬁn%fo?raesgﬁﬁcgn%&cgﬁ die.

2). Discussion of Related Art

[0002] Integrated circuits are manufactured on semiconductor substrates
15  which are subsequently singulated into individual semiconductor dies. Such a die
is then mounted to a package substrate which is then mounted to a motherboard

of a computer.

[0003] When electrical currents flow through the semiconductor die, the
semiconductor die generates heat. An evaporator end portion of a heat pipe may
20 belocated against the semiconductor die and a condenser end portion of the heat
pipe may be located distant from the die. Heat can be conducted from the
semiconductor die to the evaporator end portion so that a fluid in the evaporator

end portion is evaporated. The evaporated fluid may then flow to the condenser
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acconpanyi ng drawi ngs wherein: 5 [0006] Figure 1 is a perspective view of
an el ectronic assenbly according to an enbodi nent of the invention; [0007J
Fi gure 2 iWO#2/088438 oded perspective view of a portion of t%?ﬁ{s‘ﬁ?/ﬁag‘i'i C
assenbly; [0008] Figure 3 is an end view of a sheet of material used for
formng fins of 10 the electronic assenbly, the sheet being welded to a
heat pipe end pBficH whbfehie eva}ﬁmg&hfuﬁd{smlg@ﬂicomﬁwe@ AhbSoRdefisedvflsaidr | ar to
Figure 3 after partial assenbly; [0010] Figure 5 is a cross-sectional side

view on 5-5. 1 [ . 11 Hadd ' [ i ew on
o6 of i goorheh i Shedugfe 4RO cHER e R I R U T
Figure 1 of the acco ing drawings illustrates an electronic assenbly 10
accor di ng ?@mﬁﬁe€ﬁﬁﬂggﬁgﬁt of the invention including a 5 notherboard 12, a
socket 14, a package substrate 16, a sem conductor die 20, a netal heat

i pe 22, a heat pipe-to-die clanping arrangenent 24, five heat pipe-to

not her boar ghoad} achrMahy deétedtgensRBindlidSof the baibr &g JoHMt praddde fieffidian 30.
j 0013] The socket 14 i's nmounted to the notherboard 22. The die 20 is

tedgt .1 ted t
R 0 e e v R
to th therboard 12.. | 0014] The .heat pj 20 fl at t. pi. havi
(W SRECHEGRRTS) o) SR PaR e oo B Bosiaerhiee fiRRE W ER el ght b1

is about 20. The heat pipe 22 extends from an evaporator end portion 34

t her eof t oaggerthlige nBeer askaysieims alem tend tosTeateelegromagnetip gadiatigthe 22 has an
"L"-shape having an el bow 38 between the evaporator end portion 34 and the
condenser emtlatiog frooma Béat pipee evaporator end portion 34 is | ocated agai nst
the die 20 and cl anped agai nst the die 20 with the arrangenent 24. The

el bow 38 and the condenser end portion 36 are |ocated distant fromthe die
20 and are secured to the notherboard 12 with the 20 arrangenents 26.

[ 0015] §'s shown in Figure 2, each one of the arrangenents 26 includes a 4
respecfive netal heat pipe standoff and groundi ng conponent 42, a
respective upper netal heat pipe fastener screw 44, and a respective | ower
nmet al heat pipe fastener screw 46. The conponent 42 has an upper ground
termnal end 44, a




| ower ground term nal end 46, and a conductive portion 48 through which 5
current can conduct between the ground term nal ends 44 and 46. A threaded
openi ng 50VQ 82/488i¥ed t hr ough the conponent 42 fromthe gropofukensgeal end
44 to the ground term nal end 46. Each fastener screw 44 or 46 includes a
respective head 54 and a respective shank 56 attached to the head 54.

Thr ead 58 BRIEFOERSRIPAIONOE AZHKDBAWINGS 0016] The not herboard 12 incl udes
a ground plane 60 sandw ched between other |ayers 62. A plurality of heat
pi pe ground pads 64 are fornmed on the notherboard 12. Each heat pipe ground
pad 64 is aligned with a respective arrangenent 26. Each heat pipe ground
pad 64 is ect e : : & {pe 22 is
fornmed fro gg!ﬂl owe?h%la vf‘eaggﬂgbﬁ%&gﬁwupgerﬁﬁgff 7 .Q%gl%gﬁgﬁ&ﬁglﬂ& 72 and the
| ower half 70 are welded.to one another edges 74. The upper half 72 and the
| ower hal faC‘f%mPB’i*WPSﬁaw&fré”O%efﬁ’&at pi pe cavity 76. [0018] The |ower half
70 has a seat portion 74 that is recessed towards the upper half 72 and the
upper half 72 has a seat portion 76 recessed towards the 20 | ower half 70.
The sead ppobéjons Figuaed is'dpespé@nt viowlof asélecgniinadsembly fuaoidieg to The seat
portion 74 has a |lower surface formng a ground contact and seat 80 and 5
the seat pPY LhBSUiARNIBEHRINYERRN, surface formng a seat 82. A pair of
fastener openings 84 i's formed through the seat portions 74 and 76. In a
simlar manner, a plurality of seats 80 and 82 are fornmed along a | ength of
the heat pipe 22, a respective pair being aligned with a respective one of
t he arrancidfeAt s ZBi.guseng?xﬂmd‘p%@%wg?@w@rmﬂﬁﬂ@ﬁﬂ@GEQ\‘@@DICQO of
nmetal. The sheet 90 has a plurality of adjacent strips 92. The strips 92
are fan fodsd@dblnt o one another. A respective gap 94 is defined between

adj acent ones of the strips 92. A respective pair of the strips 92 forma
respective fin 30. [0020] As shown in Figure 3, the sheet 90 is | ocated

agai nst a r surface_of 10 the | que al.f 70 .qf t ondenser end
portion 46f.08‘\ﬁe sh W?é‘%%%‘i\%ﬁégatshe?qﬁé@a&% it for Mf‘ﬁh‘i"& urality
of solder joints 96. [0021] Figure 4 illustrates the conponents here in

Fi gur ellt otherlegtronicassembly, $esheetbeingsugided to aheatpipr efcdthe elegreric end 46 of
t he conponent 42 is located on top of the heat pipe ground pad 64. The seat
80 of the Asgwmblyhal f 70 is |ocated on 15 top of the ground termi nal end 44
of the component 42. The shank 56 of the upper heat pipe fastener 44 is
inserted through the fastener openings 84 and the

[0009] Figure 4 is a view similar to Figure 3 after partial assembly;

[0010] Figure 5 is a cross-sectional side view on 5-5 in Figure 1; and

[0011] Figure 6 is a sectioned plan view on 6-6 of Figure 5.

15



thread 58 of is threadably engaged with an upper portion of the threaded
openi ng 50. The head 54 thereof seats on the seat 82. The upper and | ower
hal fs 72 aM@020588% prevented from col | apsi ng towards one paeiRRGi9shen the
fastener screw 44 is 20 screwed into the threaded opening 50 because the
seat portions 74 and 76 already contact one another. Danmage to the heat

pi pe 22 Wh®ETAREDISESTRIPTIONCF 23HE BNVENTIONScrewed into the threaded
opening 50 is thereby prevented. [0022] The shank 56 of the | ower fastener
screw 46 is inserted through an opening 100 in the notherboard 12, and the
thread 58 thereof is threadably engaged with a | ower portion of the

t hreaded o hg 5@ 5. | I r face of the
ot her boar WZP Th(eih%";e!;g{q %?%%aégﬁpgﬁg%gﬁlgﬂ%%?@aﬁ%ﬁeﬁ%% 12 utilizing
t he conponent d the fastene crews .44 and 46., rrent can conduct

bet ween thyﬁgﬁyié]%oé“&ﬁ%a?ﬁ@%ﬂa%ﬁﬂoﬁﬁﬁﬁvﬁ@wn YAMER ng a path from
the heat pipe 22 through the conponent 42 and the heat pipe ground pad 64.
10 [0028] Rusfthenboang Rgaseckebl4iagrackage subsizate fl6,dwenziconsdvgboratie 20,26 i s

| ocated through the fins 30. Two nore of the arrangenments 26 are |l ocated in
the condensstaldiedt Pipe R,rhead piepwsdio glasising agrhngdiferiti2d SfivdOhea®pgpecfo- t he
arrangenents 26 is [ocated at the el bow 38. One nore of the arrangenents 26
is |located Sﬁ}é@ i i gth of the
heat pipe 22 |§%§%sﬁo;e}ﬁa e gﬁ%\ er#%éqgﬁﬁagﬁgn%%%%ggn el evat ed
positi on above the notherboard 12. j0024] The fan assenbly 28 includes a
fan housing 102 and a fan 104 rotatably nounted within the fan housing 102.
The fan hol{@1Ah 10X hesocket 14 is mounied to the mathethdaed 12.08he &et28ti$ on of the fan
104 causes air to be drawn into the inlet 106 and to be expelled out of the

outl et 7. Ogaoublied forthe Eﬁd&igaguﬂﬁfaté $6.MhenpaltagosubBtrhted 6D irivRimeRibtodthd 2 i n a
position wherein air being expelled out of the outlet 108 passes through

the fing 3ro1<%£14, tﬁ&%ﬂm@ﬁﬁﬁ%%@fa&ﬁgé‘%sﬁ@QQ6taﬂdﬁhgﬁfeezojtoQﬁ Figure 5 for

further describing t arrang nt 247 The arrangenent 24 includes four

cl anp st andof Q ents 112, a plate clanp 114, four upper danp fastener
e PR

screws 116™ ower clanp fastener screws 118 (one | ower clanp

fastener screw 118 is 5 shown in Figure 5). [0026J Each cl anp standof f
conmponent 112 has a base 222, and a standoff portion 224 opposi ng one
anot her. AJgoiapadedhepest pige 22 a flatffleatpipe hanigigtastidth (W) ahdradiegghtt he cl anp

st andof f conponent 112. A surface on top of
(H) wherein a ratio of the width W to the height H is about 20. The heat pipe 22
extends from an evaporator end portion 34 thereof to a condenser end portion 36
15 thereof. The heat pipe 22 has an “L”-shape having an elbow 38 between the
evaporator end portion 34 and the condenser end portion 36. The evaporator end
portion 34 is located against the die 20 and clamped against the die 20 with the
arrangement 24. The elbow 38 and the condenser end portion 36 are located

distant from the die 20 and are secured to the motherboard 12 with the

20 arrangements 26.

[0015] As shown in Figure 2, each one of the arrangements 26 includes a

4



the standoff portion fornms an upper ground term nal 128. A bottom surface
of the 10 base 12Z forns a | ower ground term nal 130. [0027] Four clanmp

ground pad®o 83@ss8idse forned on an upper surface of the not hpep@gsdoger Each
clanp ground pad 132 is connected to the ground plane 60. The cl anp ground
pads 132 are | ocated next to corners of the socket 14. Each clanp standoff
conponent re@pedtive inmatalthedt pipe ktantloffaad grotndiag comwponentd@ralrebpedtiveni nal 130
onto a respective clanp ground pad 132. [002S] A |l ower el ectromagnetic

radi ati on gpeInfetdBiteat pipedastts sa@™ A5 and alre¥fREtvdIoWas thetdl HepipRt her boar d
112 and a respective |lower clanp fastener screw 112 is inserted through

openi ngs i . Shl 4 ﬁﬁﬁ% &’}1}1{5‘1%[1 t hr eaded
‘openi ng 12%§@§e3%?rgﬁvﬁ%5e!riﬁenc éﬁﬂggggspéerg?ﬁéerg ovvedr) C anpegg%’zhf ew 118 is
secured tq a respective. cla tandoff .c onent is sin.l.ar to the
manner inqﬂh’ieﬁﬁr‘?"}fg'iemai?lﬁ%bzﬁﬂ a§8ng091 R"r{g%‘é%ﬁ?o'égﬁyﬁgbur ed to the 8
‘conponent 42. [0029] The plate clanp 104 has a center region with a dinple

form ng a EEant g eondyst betiveen the greund dermipalpands Al andA6.aAtthegadaings 141 are
formed through the plate clanp 104, each at a respective corner of the

pl at e cl ampebixg Sis[faad thibueghpthatcemploaamt 420om thd groahddermninhl éritbdheat pi pe
contact 140 agai nst an upper surface of the heat pipe 22 directly above the

die 20. A toqhegfdinttefififalénd 45 KdchTistehc? $RAWeABrallin@R8dy H@spddivel S
aligned with a“respective threaded opening 126 in a respective clanp

st andof f Cl%gﬁ%g?l[tdeaéﬂeg%ecévé ﬁﬁaﬂ&%ia c@&figq%xﬁgggq Hggﬁ#ﬁ@g{a&ff)ﬁi&& ner screws

126 is thenIns rough a respectrv np ground

cont act openingﬁ 4% A head of the upper clanp fastener screw 116 is

| ocat ed alfBv¥*© E&% bt e clanp 114 and a shank of the upper clanp fastener
screw 116 is threadably engaged with an upper portion of the threaded
opening 126. The plate clanp 114 is so secured to the clanp standoff

conpon@nt Jodde]. t hehéRRerbaitanehclagéLyBrobihfl plakie d0RBRdichld bRtviden Cl amp
114, the upper fastener screws 116, and tThe clanp standoff conponents 112

are all I d . CO [ f onduct between
t he pl at gaogﬁ %‘%Y%%Qaﬁ?igﬂ%‘%éﬁ%gf’%feaﬁgﬁ%'f’égs ?%Hegﬁ;%%fgﬂpa h fromthe
plate cla 14 t hrqug e upper cla tener screw 116, .t he cl anp
st andof f ggﬂ%’@ﬁ@?ﬂ'd%zﬁa‘%ﬂ?afﬁ W&%@?@ﬁ&%&&eiw&%wmﬁ A degree of
play is provided between a | ower surface of the plate 9

arrangement 26, Each heat pipe ground pad 64 is connected to the ground plane

60.

15 [0017] The heat pipe 22 is formed from a lower half 70 and an upper half 72.
The upper half 72 and the lower half 70 are welded to one another edges 74. The

upper half 72 and the lower half 70 jointly define a heat pipe cavity 76.

[0018] The lower half 70 has a seat portion 74 that is recessed towards the
upper half 72 and the upper half 72 has a seat portion 76 recessed towards the

20 lower half 70. The seat portions 76 and 74 contact and rest against one another.
The seat portion 74 has a lower surface forming a ground contact and seat 80 and

5



clanp 114 and the ground term nals 128 so that, when the upper clanp
fastener screws 116 are screwed into the clanp standoff conponents 112, the
corners ofWO2/0§8138 e cl anp 114 are defl ected downward. TheP@%h)lsﬁf/H of
the plate clanp 114 is against a clanping spring force F1 exercl seg y the
heat pi pe contact 140 onto an 5 upper surface of the heat pipe 22. An equal
and opposi thg skatrmetiba 76 hae ar uppecnirfage fdrening e s24t 8antAopair offastenaur f ace of

t he heat pipe 22. The force F1 ensures good el ectrical contact between the

heat pipe gpatiings 84lidomnell REugiede sPAtRrdcnst 4tiPr6. OH B sERflaCARNGRNglUCt
bet ween the heal pipe 22 and the plate clanp 114. [0033] The forces F1 and

F2 tend to | r I . L Qor educe the

di nensi onsp%?h%t&gﬁg%%/tlgggQﬁtgg%&eﬁﬁgﬁﬁ%g#ggiaggﬁ%%?%h{]%ea%gg’ﬁ%ha of the die 20
and t he heat Bi e con‘gact 40. A’E‘Ei nsert 142 is Jocated in the cavity 76 of
the heat pissRedvepaitbeing afigned with paespective pe.otshe arangementa2l i pe cont act
140. The insert 142 has an upper surface against the upper half 72 of the
heat pipe 22 and a | ower surface against the lower half 70 of the heat pipe

22. Thesi npo19] 142 The B0 formed &Rk shdet DD of HiRRR! Thésheel Phdsoivar ds the
| ower half 174, and as such maintains the di nensions of the cavity 76. .

[0034] As ?Méfgyig@ afjalttitSuins 47 THe REEd 0244 LA N dAPSineh OHE afiOABATAC ©1 erTent s

144. The efon el ements a conmon I'ocati on 146
and extend fromthe mmn,. | ocati on 146 to for Cros he heat pipe 22
20 ext endsteRete g at BoReELe YT Adjacnf one & the SEPs 2.40 TRPerBEa e
substantially centrally between opposi n% edges 150 of the heat pipe 22

ext endi ng Pﬁrpﬁﬁle@lﬂéﬁgéz@fﬁi%@@@c@ﬁem@. A fluid can flow entirely around
the insert 142. The insert 10 142 is made of a thermally conductive
netal. Relatively large areas of the die 20 are not covered by the insert

142, [ 0035j00hf) Uoe Adibuilif Ffla 81 3hER o0 PlockBa R BV SRR bhide o

t her et hrou The heat 1s co to the evaporatfor end portion 34 of the

heat pjpe 22.. The at..evaporates fluid on.a W cki | ayer, (npt shown)
on int i‘?na eéﬁWF’alaéé %PE ﬁ‘?&oﬁ‘g‘éﬁse orsio qlet ﬁ@egﬁ”%eg&@ggweﬁg %Jﬁ?i on 34.
The evaporated fluid then flows fromthe evaporator end portion 34 to the
condenser lomeer heHt70aritlss pluzplityref selder jqirfs 9.s conducted from the condenser
end portion 36 to the fins 30. Air blowing fromthe fan assenbly 78 over
the fins 30 convect the heat to anbient.

f0021] Figure 4 illustrates the components here in Figure 4 of Figure 2 after

partial assembly. The ground terminal end 46 of the component 42 is located on
top of the heat pipe ground pad 64. The seat 80 of the lower half 70 is located on
15  top of the ground terminal end 44 of the component 42. The shank 56 of the
upper heat pipe fastener 44 is inserted through the fastener openings 84 and the
thread 58 of is threadably engaged with an upper portion of the threaded opening
50. The head 54 thereof seats on the seat 82. The upper and lower halfs 72 and 70
are prevented from collapsing towards one another when the fastener screw 44 is
20 screwed into the threaded opening 50 because the seat portions 74 and 76 already

contact one another. Damage to the heat pipe 22 when the fastener screw 44 is

6



10 [0036j Transfer of heat away fromthe condenser end portion 36 causes
condensation of the evaporated fluid onto the w cking |ayer. The condensed
fluid theW®DP20E8138r om t he condenser end portion 36 back topg¢hgsey@pe at or
end portion 34, whereafter the condensed fluid is again evaporated. [0037]
Operation of the die 20 al so causes el ectromagnetic radiation to 15 radi ate
t her ef r om scTé¢wedinte thedhrepdet iopeningi5atis terebyymeverded.er nati ng currents within
t he heat pipe 22. Wthout grounding the heat pipe 22, the alternating
currents therein can cause el ectronagnetic radiation fromthe heat pipe 22

_ | c radiation fr cat pipe 22
wout o b U, o Ge ik O REh QRS ork kel bEed RTGhefabt b by
[ ts, and b I I . AT 0038] _Th | t ti
CurTonts. ; oPeewEE PR 1 B tastbamd Thotel B (a8 Caarent EReadatiting pl anc 60

which, in turn, may be connected to a ground socket (not shown). Because
t he heat péngagedwith alowenoution ofthe threadesk opeming50. theshedd 460este ause

el ectromagnetic radi ation fromthe heat pipe 22. The evaporator end 5
porti orb 34againsgh deweleghirfate ofite thoihefboat 12 | Bighehi pipetd2qs sdcasad witaadof f
conponents 112, and the clanp ground pads 132. Other portions of the heat
pi pe 22, 'ﬁ%%%dﬁﬁ%ﬁ%§§omﬁ%&ﬁ§aﬁ&’%‘?@ﬁgﬁéﬁf Wold 4Rfye3d are

grounded thr a respecti've one of the arrang S 26 to a respective
one of the-he i roun a 4 (Fi es. 1., 2 ng 4),...10 [0039] It
can thus b%ursrglitncg{l%%'&?%é eg‘fgeéﬁﬁsﬁfe%t(pégg%%/&‘fcgrﬁ?%@?g@g %P "cool i ng of
the die 20 ﬁtil_izing heat pipe 22, Structural integtrity of the heat pipe
22 is ensuf® BWH}g%H%thih%‘Brﬂﬂe Q?IPW%J;E%E&'@‘FH@“‘?@&@“ #ernddheheat and 76

contact one another. Alternating currents on the heat pipe 22 are conducted
to ground pipegarirdusad @ati ons of the heat pipe 22 to nmininize
el ectromagnetic radiation. 15 j0040] Wile certain exenplary enbodi nents

have been described and shown in the acconpanying drawings, it is to be

under o] t su pbodi nent s. are nere illustratjve.and naot
r est risic |3186%$ theﬁ%ﬁﬁp&?gﬂg%ﬁﬁ%en,’ °£ﬁak ﬁﬁaﬁ"%ﬁ‘?tﬁéﬁf ro(‘}?\teﬁs not
restricted to the specifjic constructions and arrangenents shown and
descri bed @%*ﬁs%?@-ﬂw&wwﬁ%ﬁ@&@%&@@ @redindhe |y skilled in
the art. 12 CLAI V5

condenser end portion on opposing sides of the fins 30. One of the arrangements

26 is located at the elbow 38. One more of the arrangements 26 is located between
the elbow 38 and the die 20. An entire length of the heat pipe 22 is suspended by

15 the five arrangements 26 in an elevated position above the motherboard 12.

[0024] The fan assembly 28 includes a fan housing 102 and a fan 104
rotatably mounted within the fan housing 102. The fan housing 102 has an inlet
106 and an outlet 108. Rotation of the fan 104 causes air to be drawn into the inlet
106 and to be expelled out of the outlet 108. The fan housing 102 is mounted to
20  the motherboard 12 in a position wherein air being expelled out of the outlet 108

passes through the fins 30.



What is clainmed: 5 1. An electronic assenbly conprising: a notherboard
formed froma plurality of layers including a ground plane; a first heat

pi pe gr ouND PeP8a8 t he not herboard and el ectrical ly connecpegutdi/fofe 9r ound
pl ane; a sem conductor die nounted to the notherboard; 10 a heat pipe

havi ng an evaporator portion adjacent the die, a condenser portion distant
fromthe doe25]and Referengé isgronwin@de o Figuire Uand Riguré 5 fon fubthesldescribing a first
heat pi pe groundi ng conponent having one ground term nal electrically

connect ed the aiﬁaﬁﬁéﬁléﬁttmhqﬁa altaRSerflbAAANARAE Aoy daﬂ%tshﬁ{d&f ound terni nal
el ectrically connected to the first heat pipe ground pad, and a conductive

15 portio C e 'Bﬁp ] of . 2. The
‘el ect roni c% ng&sogl%gﬁgylﬁ%‘fa@% Jf:flaldr?ﬁiﬂl‘B ? E&?ﬁ@r‘&éﬁeﬁ% I%a%eﬁéf%c@%&%%iﬂgé pi pe
ground pad, on the t her board and ctrical connected to _the ground

o oo, ndoREiawes GRRRoTeRG S Sut bIHOgE I QN BEHETSb GRS HRE f Lom t he
die; and a second heat pipe grounding conponent having one ground term nal
el ect r Bcalshpweoinfiagured).t o t he second heat pi pe ground contact, another

ground term nal electrically connected to the second heat pipe ground pad,
and a 13 conductive portion to conduct current between the ground

termnal s eof . he i | r

conpri si ng}b@cl an%gcshtJa-" ? *af‘géﬁ%giﬁ‘i’ﬁﬁ 3%:1\'?/["9 r&fés gg%%s%b’a Jda%: Etea%&?% t he

not herboard 5 and, a standoff portion.disfant from.the, notherboard; and a
cl anp haviﬂﬁhﬁngg%%m?ﬂsf% ofhery &ty %ewﬁtﬁéﬂﬁfgﬁwe heat pi pe
contact electrically connected to the heat pipe, the clanp standoff
conponent langitadinally thrpuglothetdlamp staniatf componentil1di Asusiage on tepmef y
connected to the die. 10 4. The electronic assenbly of claim3 wherein the
clanp is eheefandeffipoyticipfonee afdipper plvaindriotitialil 28N béittont Barfatecstttheni c
assenbly of claim4 further conprising: a first clanp ground pad on the
not hery Oarﬂseﬁf@fo%mmb&i@%uﬁh@%m%y 15 connected through the clanp
standoff conponent to the Tirst clanp ground pad. 6. The el ectronic
assenbly of claim5 wherein the clanp has a first clanmp ground contact and

the clanp standoff conponent has one ground term nal
[0027] Four clamp ground pads 132 are formed on an upper surface of the

motherboard 12. Each clamp ground pad 132 is connected to the ground plane 60.
The clamp ground pads 132 are located next to corners of the socket 14. Each
clamp standoff component 112 is located with its respective lower ground

15 terminal 130 onto a respective clamp ground pad 132.

[0028] A lower electromagnetic radiation shield 134 is located against a
lower surface of the motherboard 112 and a respective lower clamp fastener screw
112 is inserted through openings in the shield 134 and secured to a lower portion
of the threaded opening 126. The manner in which a respective lower clamp

20 screw 118 is secured to a respective clamp standoff component 112 is similar to

the manner in which the lower fastener screw 46 in Figure 2 is secured to the
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el ectrically connected to the first clanp ground contact, another ground
termnal 20 electrically connected to the first clanp ground pad, and a
conduct i v8vQOR/038838 t 0 conduct current between the ground t ek fgéher eof .
7. The electronic assenbly of claim3 further conprising: 14 an insert
i nside the evaporator portion, the insert being |ocated between the heat

pi pe cont aeémponeritd2. di e and preventing col | apse of the heat pipe due to a
cl anping force on the heat pipe. 5 8. The electronic assenbly of claim?7
wherein the heat pipe has opposing edges extending in an elongate direction
t her eof an e insert .is |oca substantially md bet ween t he edges.

9. The el e&w&&wi c M;?@P@%%ﬁf%é?%ﬁlﬂn%ﬂ@q ?FQIHH‘&E at 10 at

| east three elongate el enents, the elenents having ends that are connected
at a conmmopipeseatich ki ivue clampigioynd weptart epanings 148 arafiormed shiough 10. The
el ectronic assenbly of claim9 wherein fine insert has at |east four of the
el ement s f thenplaty dlamp d64, eadlbathlrespdetive baxtier ofthe plats elabipy10af cl ai m 7 wherein
the clanping force is a spring force exercised by at |east one of the clanp
and the clanp standoff conponent. 12. The el ectronic assenbly of claiml
wherein.th t pipe i.nclydes: 20 oppqgsing.halves, a firsg, of the hal ves
havi ng f&ogﬁas eatﬂ'\eﬁ’z}‘{&eFtanfpe{:oé’s‘%@&g%mg‘eg‘?%%d’oﬁ?qiﬁg 38ahs t he
other half, the first heat pipe groundi ng conponent being a first heat pipe
st andof f af® UPPSLFIEF Oémﬁgmeﬁa@mgﬂm@‘@rthe diet2e Herpspectiveoneiof st seat
and another end attached to the notherboard. 15 13. The el ectronic
assenbl y ofheadl@nmgt@umnd eoretadt operiihgs142ie atignat withna redpettiee fhresiedhal f on
which the first seat is formed rests against a first portion of the second

hal f. 5 14gpdiifig@b6 6t & AipEctRe SRITY taffoff bethPbreht MET Rirésgebvesitosd hal f has

a first seat that is recessed towards the first seat of "the first half. 15.
The el ectrgpi I . rqlﬁ f i se rtion of the
first 10 ha f&pﬁléaﬁa%éts%eﬁc%{@%ﬁ/ﬂﬁ? er?eﬁ%@gfl{laalrgglf%%f%roﬂ% iarests
against _a first seat rtion of the second half on which the first seat of
t he sei%ndﬂwagi}mpgr? ‘ﬁ@ﬂ‘.‘aciel’el’iiﬁ&s %‘fleér‘%ffd] &@Eé‘?ﬁ%‘l%?f%ﬂfﬁ}% 12 wherein
first fastener openings are

screw 116 is located above the plate clamp 114 and a shank of the upper clamp

fastener screw 116 is threadably engaged with an upper portion of the threaded

opening 126. The plate clamp 114 is so secured to the clamp standoff components

112, the upper fastener screws 116.

15 [0031] The plate clamp 114, the upper fastener screws 116, and the clamp
standoff components 112 are all made of metal and therefore conductive. Current
can conduct between the plate clamp 114 and the ground plane 60 by following a
path from the plate clamp 114 through the upper clamp fastener screw 116, the

clamp standoff coinponent 112, and the clamp ground pad 132.

20 [0032] A degree of play is provided between a lower surface of the plate



formed through the first seat and through the second half, further
conprising: 15 a first fastener having a head and a shank, the shank being
i nserted tWP8UYB1Ie first fastener openings and engaged wetiyukhsokdr St
heat pipe standoff and groundi ng conponent. 17. The el ectronic assenbly of
claim 16 wherein thread on the shank of the first 20 fastener is

t hr eadabl yglalmpdageddhe¢ grovumdeenninals 1B@sd thastwherathepipper dhmpdadténernd

groundi ng conponent. 18. The electronic assenbly of claim1l further

conpri si NGscrekfs 116 are 8cidwétahio! the elhmip stnddIEEdBpdnenePTINEGHRErePs bf e

condenser portion. 19. The el ectronic assenbly of claim 18 wherein the fins

are | ocate i t I ectronic
assenbl y oﬂa %@%ﬁ%&aﬁ%@@%@tﬁ r@%ﬁ%"a?@ﬁ%ﬁ@&% tgeg%ée@an&gq?r%?al havi ng
a plurality of strips. that, are fgl ded .on ne anot her. 21 The el ectronic
Rsbenbly GBI R sAming PpHER s PErviERd o MR heALAE OO fB ! nt
connecting the fins to the condenser portion. 22. The el ectronic assenbly
of cl aiin Ieprensurface efdhphratpige 24 Anrqualsadivpporingiforst Kg isexetgiseddisi ng
having an inlet and an outlet and a fan in the housing to draw air into the
housi ng t htheddgh20 bmetoi ailowter atmdacerab e lidaepiper22] TheddrcoFlehawesigdwt , t he

housi ng being oriented to direct the air over the fins. 23. An electronic

assenbly cQedfitalicBHiacBbéfwebi HRARalpiRIcBR@E T40H tAk Hea! gipy 2040 fhay er S
i ncluding a ground pl ane; a sem conductor die nmounted to the notherboard;

i ncl uding agr ound die | e ot
condensor PR ORY GRS AR pENRRR R e, PRI AR R LRBCI T Cent having a

base attached to the notherboard and a standoff portion distant fromthe
not her board; and 17 a clanmp having a base attached to the standoff
portion arfd038]heat The fercesifit @ut Fxtend to callaipby thedreatpipe@2f theteby téretihg pi pe,
the clanmp standoff conponent and the clanp jointly holding the heat pipe
el ect rigal foYe§RAEE BRSO 6 tHE Bavily!V® JFkROReRPiPRBINARE FdghicH dptheonnect ed

to the ground pl ane.
die 20 and the heat pipe contact 140. An insert 142 is located in the cavity 76 of
the heat pipe 22 in a location between the die 20 and the heat pipe contact 140.
The insert 142 has an upper surface against the upper half 72 of the heat pipe 22
and a lower surface against the lower half 70 of the heat pipe 22. The insert 142

15 prevents movement of the upper half 172 towards the lower half 174, and as such

maintains the dimensions of the cavity 76.

[0034] As shown in Figure 6, the insert 142 includes four elongate elements
144. The elongate elements 144 have ends connected at a common location 146
and extend from the common location 146 to form a cross. The heat pipe 22

20 extendsin an elongate direction 148 and the insert 142 is located substantially
centrally between opposing edges 150 of the heat pipe 22 extending in the

elongate direction 148. A fluid can flow entirely around the insert 142. The insert
10



5 24. The electronic assenbly of claim23 further conprising: a first clanp
ground pad on the notherboard, the clanp being electrically connected

t hrough t wo e/sa38st andof f conponent to the first clanp greewdsq@adse710 25.
The el ectronic assenbly of claim 23 wherein the clanp has a first clanp
ground contact and the clanp standoff conmponent has one ground term nal

el ect ri calltyisanadect ethermallj) eoriductive aletaip Rglatively larpetazeds,of sieodib@0 gr ound
termnal electrically connected to the first clanp ground pad, and a
conduct i vVerdRstdodBrddbye@iadhisert T2l rent bet ween the ground term nals thereof.
25 26. An electronic assenbly conprising: a notherboard; a sem conductor
die nmounted to the notherboard; and a heat pipe having an evaporator
portion ad$acent the die and a condenser 20 portion distant fromthe die;
an insert [9038] de tlmasevigsieddgensstes kgt whenicymsnisflow dreretbemigdnent havi ng
a base attached to the notherboard and a standoff portion distant fromthe
‘not her boarTde hegt is conducted tnthelesuporgton ehd pertadn 34 bftte theatt pipe 82.dFof f porti on
and a heat pipe contact electrically connected to the heat pipe with the

i nsert 5 oGRS apeiNeLA o8 HickRh @Ry EOMoB SOV b iMferfhlturfab® JFRED
standof f conponent and the clanp jointly holding the heat pipe electrically

connect ed . I i r 1 § heat pi pe
due to o SPAPIPEa?pEuRabORy B porBb LR Chapotighl AIREuEH B 0
assenbly qf claim 26 wherein the heat Dpi has opposi n es extending in
o e onya i FHAARFR DT Bk P Hen iR e DBPRSS e PO TP T | al | y

m dway between the edges. 10 28. The el ectronic assenbly of claim 26

wher ei n t fieat issondurted frate she eondenses end Ppéblﬁﬁﬁwh@ﬁneﬁéréﬁtbiqwme el ement s
havi ng ends that are connected at a common | ocation and extendi ng away from
t he comoronofiaifanassehibly 98 oviacthe lfime BO omivecbthe dieht 4 apfibiehtai m 26 wherein the
insert has at |east four of the elenents formng a cross. 30. The

el ectroni c assenbly of claim26 wherein the clanping force is a spring

force exercised by at |east one of the clangp and the ¢l st andof f
comporint 10038 S, TiheteE ot hest Mg croum e oRdmsr end gorton W eatses

condensation of the evaporated fluid onto the wicking layer. The condensed fluid

then flows from the condenser end portion 36 back to the evaporator end portion

34, whereafter the condensed fluid is again evaporated.

[0037] Operation of the die 20 also causes electromagnetic radiation to

15 radiate therefrom. The electromagnetic radiation causes alternating currents
within the heat pipe 22. Without grounding the heat pipe 22, the alternating
currents therein can cause electromagnetic radiation from the heat pipe 22 to a
surrounding area. Such electromagnetic radiation from the heat pipe 22 would be
undesirable because it may interfere with functioning of nearby components, and

20 because of legal reasons.

11



a not herboard; a sem conductor die nmounted to the notherboard; 29 a
heat pi pe having an evaporator portion adjacent the die and a condenser
portion dveQ 82/458138om t he di e, the heat pipe havi ng opposi ngchakygmgeone of
the hal ves having a first seat that is recessed towards the other half; and
a first heat pipe standoff conponent having one end attached to the first 5
seat and d0M8Sher €t aterpatingicurrenthia theheatpipa?2iared@wevhecaidacteddni ¢
assenbly of claim31 wherein a first seat portion of the first half on

whi ch t he thé gund§ihnd 60 WRIGHRE HeS nfaylekadonnbetad b & SHoll JocRét (Rét t he second
hal f. x0 33. The el ectronic assenmbly of claim31 w?(‘arei n the second half

has a fir t S . . eqfl L first half.
34. The el%ielgﬁ'n?%gg%es%%egpé? §?§%@i&%ﬁg&eﬁlf iéérns%s&'ﬁgeg t%;’e(rilélr{&openi ngs are
15 fornmed through the first,seat, and,through second hal f,. further
conpri si ng?4%% %FSP‘?%"S & FrsHiation frhm the %ﬁ@qﬁﬁgmﬁ’ﬁl’?ﬁtﬂ%@hank bei ng

inserted through the first fastener openings and engaged with the first
heat piPpe Portigmids s gapundpdiiviengiytheiate slamp 1idptteslamraandpfict r oni ¢ assenbl y
of claim 31 wherein thread on the shank of the first fastener is threadably
engaged wicompbhemadl2aniithe tlangt gioaad ppdpt32s tthdopdrtons of thetiedi pige
conponent. 20 36. An el ectronic assenbly conprising: a notherboard; a

seni condugbGhclddfhgihe RISV 58, a&xﬁ%@&iﬂ&féﬁﬁ&%&?o@ﬁ@ﬁ% amw'pggsuﬁkféd ng an

evaporat or portion adjacent the die and a condenser 5 rtion distant from

t he die; i i j?ﬁg .portion .and at |east
one sol de?hlj%o h?ﬂgé neﬁg% ?iﬁgggﬁ% |ngélf‘%ﬁ?%§9£%§%‘i’§é%‘}r%°ﬁ‘§r i %I?e 7. The

el ectroni c ,assenbly qf claim 36 ere(n the fins are | ocated between 10 the
heat pipe Pmﬁdmﬁﬁé&@mﬂaﬁhaﬂ#% el ectronic assenbly of claim 36

wherein the fins are forned by a sheet of netal having a plurality of
strips that are folded onto one anot her.

10  [0039] It can thus be seen that the electronic assembly 10 provides for cooling

of the die 20 utilizing a heat pipe 22. Structural integrity of the heat pipe 22 is
ensured by the insert 142 and because the seat portions 74 and 76 contact one
another. Alternating currents on the heat pipe 22 are conducted to ground at

various locations of the heat pipe 22 to minimize electromagnetic radiation.

15 [0040] While certain exemplary embodiments have been described and
shown in the accompanying drawings, it is to be understood that such
embodiments are merely illustrative and not restrictive of the current invention,
and that this invention is not restricted to the specific constructions and
arrangements shown and described since modifications may occur to those

20 ordinarily skilled in the art.

12



15 39. The electronic assenbly of claim36 further conprising: a fan
assenbly including a fan housing having an inlet and an outlet and a fan in
t he housi YJO0H0 1By air into the housing through the inl et pandiseigprdy t he
air out of the outlet, the housing being oriented to direct the air over
the fins. 20 21 . A9. AS& A(9. Af & A(9. A@. A, % A, & A@ & A, (. AN9. A;
& Ay(. A(. A (& ACBAMSE A@ & Af;
9. Ay9. ANOUXY[ W "] cl Szupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal] ca] cRalU] ca]
ca] cal] ca] ca] ca] ca] ca] c”a] ca] ca] ca]c”ha]ca]c”a]calcaUcalUca ;< o b]E

"pm w mhc”Y] ] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] c*al] ca] ca] ca

] ca] ca] ca] ca] C aU] ca] c*al] ca
‘GLMN6~kaMB' , -. }1 vi uoj e i ]\ﬁi ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] calU] calU] ca] ca] ca! v{Z0dTD: " LB

I'{vgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca
‘] ca) ca] ca] ca] ca] ca] ca] cal cal cal caV]ca! , ! ~11"_""#Z#vH{ #| #$$$UFWOR[ &&&@ X' ' (
d(()O TPU) &) d){ &&Wﬁf%@}’@ﬁ]ﬂ@&?@ﬂ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] cal ca] ca] caU] calcalca]calcalca]calcalcalcald)))E***4+++  n,,

-1- N I Hl iloHRGBEAnd fdtped frgirgopleichlity of tayprsaihclafireg] « glomafl pddren] ca] cal]
cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! p223e333

I 4{ 445¢ 5555656 66§t hédt (188 SR pad orith@imotherboard and electrically connected
{vql gb] XU] ] ca] ca] ca] caJ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]'ca] ca] ca] cal] caU

] ca] ca] ca] icgi}hl% g,%@ %] ca] ca] calcal ms; v; ; <N<<KL@==>Y>>>H?x???

@ @A A Al zupj e [ V] ca] ca] ca] caU] ca] ca] ca] c”al] ca] ca] ca] ca] ca]

ca] ca] ca] ca] ca] calca C alca ca cal] ca] ca! LBBB* OwCCDI DDD
D6]EEE]EEE}#F] LFF@M@%&F%&?& a%‘ﬁf‘l@]“ﬁ%‘%? ]ca] (L:J]a] c!a] ca] ca] ca] ca]ca]c
a] ca] ca]lca] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] cal 0JJJJ
PKqKKLARr LLMY eAVIPNNDOTDaD:s POREHP PP oY tonRdjagenbihk]die ajconflenset a] ca] ca] ca]

ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca] ca] ca] caUca]c
a] ca! RgRRSHkfioh Ididthnt it drhiiheldid, apd/ o \firstififeind) cotkackdisthatarothlthedliepafdd a) cal cal ¢
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] cay] caU] caj] ca] ca] ca] ca] ca] ca

I XBYYYY; ’\’\u’;
] ca] ca] cal! g{;z é{‘#’é gﬁ&b\j}ﬂ Jrleh”xav e_ﬁ%ué,] Cazﬂmﬁj‘YU] ] ca] ca] ca]

ca] ca] ca] ca] ca] c cal cal ca]ca] ca] ca] cal ca] ca] ca] ca] ca
ca] cal ca

L awaanaal BREFREDR frrResed fodis R B RIS PR SPUBFERT RS 9P ca cal cal cal

cal] ca] ca] ca] ca] ca] ca] ca] ca] ca cat] ca] cal] cal].ca] ca] ca] ca] ca] ca] ca]hca] cajcalc

a] ca! ffgg |ql¢c trically connected to the first heat pipe ground pad, and a conduc

i ziijhjkjnjBdedddeoeefftffff{vqgl gb] XU]]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]

ca] ca] da] capumn toapodicaicmht bitwape Hegrpund taxinindls Heredfca] cal] caXyw A10% &

()- <Y s10%bVb& ()-K &10%& ()-L@10%& ()-z

"F0%z& ()-SFUO0YR ()-S"j dEl %10%& () -y, #G' 10%&' () -

1:10%& () --10%& ()-yLglovme&' () - 10%0& () c}N?f 8s10%& () -

1@10%0&( - y! HBIQ Y drdic ¥ss¥1%y é&% ing:
' 10%& () - uV?le%&() L109&' ( 0%& -F&109&' ()< 10bb 10bb

R N i gy 0

10y, 8s109%& ()- S 109 ()-< 0 A?bC.10% h& ()-!' @@ ! 10% h hé& () -9l 10%
h& () - 9! K! sermerted(tp thegroymd plane the hegt pipeihaving a seg cpptast 10 hS7s10%
h& ()-S, 10% h& ()-L*10% hé& () -

20 distant from the die; and

a second heat pipe grounding component having one ground terminal
electrically connected to the second heat pipe ground contact, another ground

terminal electrically connected to the second heat pipe ground pad, and a

13



& 10% h&' ()- S#10% h& ()- ]dEYNC @ 109&' ()- :109%&' () -
f109%& ()-"s10%& ()-&10%& ()-F&10%& ()-E  "pdEYNC f 10%&' ()-f &310%&' () -
10%&' () - MOORPBIPBIOYR' () - 10%& () - ndEYNC PCT/US01/49897
ff2109& ()-)109%& ()-nfs' 109& ()- FYA0%& ()-# 109%& ()- 109%&' ()-
G JKLMNbCF10% U&' () -"s10% U& ()- 910% U& ()- 10 10 10y810%&' ()-5&10%& () -
6~kdEbCF 10om wive)portion to cgduct cymert®etween(the Erongsh te@ninals thereof.0% UL () -
F@10% U& () - kadEbCF! 10% U& ()- FI z10% U& ()-F@0% U&' ()-3"10% U& ()-F 10%
u& ()-FL
3. The electronic assembly of claim 1 further comprising:
a clamp standoff component having a base attached to the motherboard
5 and a standoff portion distant from the motherboard; and
a clamp having a base attached to the standoff portion and a heat pipe
contact electrically connected to the heat pipe, the clamp standoff component and

the clamp jointly holding the heat pipe electrically connected to the die.

10 4. The electronic assembly of claim 3 wherein the clamp is electrically

connected to the ground plane.

5. The electronic assembly of claim 4 further comprising:
a first clamp ground pad on the motherboard, the clamp being electrically

15  connected through the clamp standoff component to the first clamp ground pad.

6. The electronic assembly of claim 5 wherein the clamp has a first clamp

ground contact and the clamp standoff component has one ground terminal

electrically connected to the first clamp ground contact, another ground terminal
20 electrically connected to the first clamp ground pad, and a conductive portion to

conduct current between the ground terminals thereof.

7. The electronic assembly of claim 3 further comprising:
14



10% U& ()- MBAEDC3F1s10% U& ()- F/10% U& ()- F+s10% U& ()- 3y)10% U& ()-

L' 110% U& ()-F# 10% U& ()-')*+, -.bC 10%& ()- F&10%& ()- 10 U 10 U 10 UB10%
U8 () - 351090 DROBI3839! 10% U ()- . }i dEDCLIOVR ()- f 10%' prnub@iisdy -
10% ()- @O% ()-10%& ()-ZOddEDC " 10%& ()-110% ()-SI "10% ()-, 10% ()-
|- 109%' ()-yF10%' ()- TDAEbQ ,/10% ()-1-- 10%&' ()-|*410% ()- @ 10%& ()-

| f &109%& () - | Lmingest ippidethin & agiotatvd oxtion, the(ngedt being located between

10S8s10%’ () -1 510%& () - @" 10%& ()- | YL109%& ()- ' LdEnbC 9MLO% & () -

9!'10% & () thelheat pipe contact and the die and preventing collapse of the heat pipe due to a

clamping force on the heat pipe.

5 8. The electronic assembly of claim 7 wherein the heat pipe has opposing
edges extending in an elongate direction thereof and the insert is located

substantially midway between the edges.

9. The electronic assembly of claim 7 wherein the insert includes:
10 atleast three elongate elements, the elements having ends that are

connected at a common location and extending away from the common location.

10.  The electronic assembly of claim 9 wherein the insert has at least four of the

elements forming a cross.

15
11.  The electronic assembly of claim 7 wherein the clamping force is a spring
force exercised by at least one of the clamp and the clamp standoff component.
12,  The electronic assembly of claim 1 wherein the heat pipe includes:

20 opposing halves, a first of the halves having a first seat that is recessed

towards a second of the halves the other half, the first heat pipe grounding
component being a first heat pipe standoff and grounding component having one

end attached to the first seat and another end attached to the motherboard.

15



10% & ()- 10% & ()- sL10% & ()- 1-10% & ()-LB  dEmbCY 10% & ()-Y
10% & ()-Y@10% & ()-110% & ()-Y10% & ()- 1f10% & ()-

L~ GEISBLIBYE & ()Y, 1096 & () - Y*ML0% & ()-9' 10% & (Peliiilpdsn() -

Y 10% & () - " #Z#vEx#y#z#] #] #xnbC&! 1 10988 ()- 10/ 10/ 10/, 7t 10% & () - F52Z
10% & ()-s3s! 10% & ()- YFL10% & ()- | #$$%98REENDCF- 1098& ()- F109B& () -
FMLOYBE () -

Y‘sloc%e&'()-y‘ 1098B& ()-!:110% & () - Y& &&&@ x' dEMHC ' - 1098B& () - F394.098B& () - F

#&109B& ()13 'I'la@‘éﬁ&rbﬁ:c asdke of ¥aim 12 wheremafu‘st seat portion of the first
810988 ()-x ' (d(()O) dEmbCY51098B&’ () - 31 109B& ()- YY11098&' ()- F./109%B& ()-

F- 109B& (3).300*

e10% () (@&ﬁrﬁéﬁ%ﬁfﬁ%@%@%@m"%%&%ﬂm pEshesgeond,

109& ()-1Q9& ()-109& ()- !109& ()- MLOY& ()- 109& ()- ++ ,n,, -1- dEbCF%
109& ()-#I89 ()- 109& ()- 109 ()-S 109 ()-SI 109 ()- 1-}--.j...dEbCS4S
100 ()- 110% ()-@10% ()--10%& ()- *10% ()- @ 10%& ()- ....... H /bd , -
109& ()& Y3109& ()-" 109& ()-3109%& ()- 10 10

14.  The electronic assembly of claim 12 wherein the second half has a first seat

that is recessed towards the first seat of the first half.

15.  The electronic assembly of claim 14 wherein a first seat portion of the first
10  half on which the first seat of the first half is formed rests against a first seat

portion of the second half on which the first seat of the second half is formed.

16.  The electronic assembly of claim 12 wherein first fastener openings are

formed through the first seat and through the second half, further comprising:
15 a first fastener having a head and a shank, the shank being inserted

through the first fastener openings and engaged with the first heat pipe standoff

and grounding component.

17.  The electronic assembly of claim 16 wherein thread on the shank of the first
20 fastener is threadably engaged with thread on the first heat pipe standoff and

grounding component.

18.  The electronic assembly of claim 1 further comprising:

16



10f , 8s109%& () -//=00021x1dEbCYLS10%& ()- Y 109& ()-1:109%& ()- !109%& ()-
Y109&' ()-Yl 10%&' ()-x112p223e3dEbCY#10%& () - V!

109& () - YIEQOUES81I8 Y, 109& ()- @ 109& ()-Y- 109%& ()-e333/ 4&&4&%&9&9722
109%& ()- YOLO%& ()-Y-10%& ()-|+410%& ()- Y (mLO%& ()-, % 10%& (
5c55555556eF3F109B& ()- Y" " 109B& () - 91098& () - 101010Y6 10%& ()--YY410°/«& () -
65666%$7s77dEe Fadfle@dity pf fins thesMally yory@Med 06ES (ondBdRvPartidn. 35 109BE. () -
3@0%B& ()- 78Y888CO{ 9dECF #1098& ()-3 109B& ()- 109B& ()- 10%B& ()-

91098& () - 3mMLOYB& ()-{99: ":::P; dEeF | 1109B& ()- 3@ 109B& ()- 3- 10%3& () -
*109B& ()- ( 109B& ()- 3&SL09B& ()- Pmp:q;r.s:;<A<bCFl MLOYBS& (

SRS Gl SR e P UGB AR he PRRNo ey e E‘ff —

>Y>>>H??7?d 109B&
#S109B&! ()%%6%&9 W‘%ﬁ)%ﬁ'e('y"%églo%& ()-3"1098& ()- ? @ @ A+A, A- AdE: /
10B 10B, 8109B& () - @109B& ()- 0, 1098& ()- -109B& ()- +3109B& ()-
)310%385()--A A1ABAI AgAr AAXY:/ 10B3 @0% ()- "s109%& ()-: 10%& ()-|
109 ()-3 109%& ()- 10%& ()- 10BABBLBBB*CdE:/ 10B3 3
20.  The electronic assembly of claim 18 wherein the fins are formed by a sheet

of metal having a plurality of strips that are folded onto one another.

21.  The electronic assembly of claim 18 further comprising:

10 at least one solder joint connecting the fins to the condenser portion.

22, The electronic assembly of claim 18 further comprising:
a fan assembly including a fan housing having an inlet and an outlet and a
fan in the housing to draw air into the housing through the inlet and expel the air

15  out of the outlet, the housing being oriented to direct the air over the fins.

23.  An electronic assembly comprising:
a motherboard formed from a plurality of layers including a ground plane;
a semiconductor die mounted to the motherboard;
20 a heat pipe having an evaporator portion adjacent the die and a condenser
portion distant from the die;
a clamp standoff component having a base attached to the motherboard

and a standoff portion distant from the motherboard; and
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being electrically connected to the ground plane.

24.  The electronic assembly of claim 23 further comprising:
a first clamp ground pad on the motherboard, the clamp being electrically

connected through the clamp standoff component to the first clamp ground pad.

10 25.  The electronic assembly of claim 23 wherein the clamp has a first clamp
ground contact and the clamp standoff component has one ground terminal
electrically connected to the first clamp ground contact, another ground terminal
electrically connected to the first clamp ground pad, and a conductive portion to
conduct current between the ground terminals thereof.

15
26.  An electronic assembly comprising:

a motherboard;

a semiconductor die mounted to the motherboard; and

a heat pipe having an evaporator portion adjacent the die and a condenser
20 portion distant from the die;

an insert inside the evaporator portion;

a clamp standoff component having a base attached to the motherboard

and a standoff portion distant from the motherboard;
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5 collapse of the heat pipe due to a clamping force of the heat pipe contact.

27.  The electronic assembly of claim 26 wherein the heat pipe has opposing
edges extending in an elongate direction thereof and the insert is located
substantially midway between the edges.
10
28.  The electronic assembly of claim 26 wherein the insert includes:
at least three elongate elements, the elements having ends that are

connected at a common location and extending away from the common location.

15 29. The electronic assembly of claim 26 wherein the insert has at least four of

the elements forming a cross.

30.  The electronic assembly of claim 26 wherein the clamping force is a spring
force exercised by at least one of the clamp and the clamp standoff component.
20
31.  An electronic assembly comprising:
a motherboard; -

a semiconductor die mounted to the motherboard;
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halves having a first seat that is recessed towards the other half; and
a first heat pipe standoff component having one end attached to the first
5 seat and another end attached to the motherboard.
32.  The electronic assembly of claim 31 wherein a first seat portion of the first
half on which the first seat is formed rests against a first portion of the second
half.
10
33.  The electronic assembly of claim 31 wherein the second half has a first seat
that is recessed towards the first seat of the first half.
34.  The electronic assembly of claim 31 wherein first fastener openings are
15 formed through the first seat and through the second half, further comprising:
a first fastener having a head and a shank, the shank being inserted
through the first fastener openings and engaged with the first heat pipe standoff
and grounding component.
20 35. The electronic assembly of claim 31 wherein thread on the shank of the first

fastener is threadably engaged with thread on the first heat pipe standoff and

grounding component.

20
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at least one solder joint connecting the fins to the condenser portion.

37.  The electronic assembly of claim 36 wherein the fins are located between

10  the heat pipe and the motherboard.

38.  The electronic assembly of claim 36 wherein the fins are formed by a sheet

of metal having a plurality of strips that are folded onto one another.
15 39. The electronic assembly of claim 36 further comprising;:
a fan assembly including a fan housing having an inlet and an outlet and a
fan in the housing to draw air into the housing through the inlet and expel the air

out of the outlet, the housing being oriented to direct the air over the fins.
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