.3 JUN 2005 WO 02/058138 PCT/ US01/ 49897 AN ELECTRONI C ASSEMBLY HAV%N_QJN\ 2005
HEAT Pl PE W02 NBUCTS HEAT FROM A SEM CONDUCTOR DI E 5 BACKGROUND OF THE
I NVENTION 1). Field of the Invention [0001] This invention Pel’Ap&%Y an
el ectroni c assenbly having a heat pipe for 10 cooling of a sem conductor

it actur ed o0 Seat SoRGRe o SabLe P L es AR PR TetALintigre
singulated into indivi dUéﬂiE%ﬁf‘i’l@@ﬂ%%@lﬁméb@ﬁ})U&@k%ﬁi e is then nounted

to a package substrate which is then nounted to a notherboard of a
conputer. [0003] When electrical currents flow through the sem conduct or
die, the sem conductor die generates heat. An evaporator end portion of a
heat pipe may 20 be | ocated agai nst the sem conductor die and a condenser
end portion of the heat pipe may be | ocated distant fromthe die. Heat can
BAEKGRQUND Q& Ik A [

that a fluid in the evaporator end portion is evaporated. The evaporated
fluid may then flowto the condenser 1 3 JUN 2005 WO 112/1138138

PCT/ US01/ 49897 end portion where the evaporated fluid is again condensed.
The condenggdridil b the GARnEPRN flow through the wicking layer back to the
evaporat or end portion, and again be evapor ated.

{0001] This invention relates to an electronic assernbly having a heat pipe for

10 cooling of a semiconductor 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.

[00603] When electrical currents flow through the semiconductor die, the
semiconductor die generates heat. An evz;lporator end portion of a heat pipe may
20 be located 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

1



-[0004] Many el ectronic assenblies of the prior art do not provide #& JUN 2005
efficient Wwolmasgker of heat, especially froma condenser end portion of a
heat pipe. Suitable structural integrity of a heat pipe is &CIPHNYHISI7
provided for in prior art electronic assenblies. Prior art systens al so
tend to cre l.ectromagnetic radi,ati.gn radiatin r a heat pipe, 10 7
3 JUN 2005 g‘%)%’@‘i?%‘é’%%‘fqg‘éﬁ%iﬁ%ﬁa I%WWCBE%%%?&T?@\F@—{F‘WE&) ARk NGs
[0005] The invention is described by way of exanple with reference to the
acconpanyi rg@dreniingstinpegl the wiskingdlesyr ke sheevapomtprerdportioreanilew of
an el ectronic assenbly according to " an enbodi nent of the invention; [0007]
Figure 2 i sagam bapyaphedteder spective view of a portion of the electronic
assenbly; [0008] Figure 3 is an end view of a sheet of material used for
forming fins of 10 the electronic assenbly, the sheet being welded to a

Froure 5 altuEar Mttt RSl e giics of d<inat mip B RIRIR < oo

view on_5-5 in Figure 1; and [00111 Figure 6 is a sectioned plan view on
6-6 of &i glﬂ:aélsge_r o%ﬂ;egt, 8sproRlly dm a condenser end portion of a heat pipe. Suitable

structural integrity of a heat pipe is also not provided for in prior art electronic
assemblies. Prior art systems also tend to create electromagnetic radiation

radiating from a heat pipe.

10
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VD 02/ 058138 PCT/ USO1/ 49397 DETAI LED DESCRI PTI ON OF THE | NVENTI ON TN 2005

Figure 1 ofwobheosmsegpnpanyi ng draw ngs illustrates an el ectropj assenbl y
10 according to an enbodi ment of the invention including a SP@Pﬁ(é'ﬁ%grd

12, a socket 14, a package substrate 16, a sem conductor die 20, a netal

heat pipe 2BRIER DESURIFIION OFAHE ClrefWigsar rangement 24, five heat
pi pe-to- notherboard attachment arrangenments 26, a fan assenbly 28, and

fins 30. [0013] The socket 14 is nmounted to the notherboard 12. The die 20
is mounted to the package substrate 16. The package substrate 16 is

nmounted to 10 socket 14, .there unt i t he package substrate 16 and
the die 20 {b@%ﬂ he ﬁﬂﬁ HE’FBBS’P&SQ F“F‘%bq)g]”aﬂ?g%ﬁ%‘&iﬂep’i"ﬂ@ 1'g§rqn§ego theat heat

pi pe having a width (W and a height (H) wherein a ratio of the width Wto
t he hei ght aFcqmpaiysng dpawirpseviasein: pi pe 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 el bow 38 between the evaporator end portion

34 and the enseaf: r{j Th v at or d grtion 34 is
ocat ecag B g B Y posdicll v o LR RRHANE afEmpnl Frooh gl
arrangement 24 ghe el bow 38 and the condenser end portion 36 are | ocated
di stant fr BAeEWE H?"é“tz‘?ftgﬁ&f“’fl“émg;ecured to the notherboard 12 with the 20
arrangenents 26. [0015] As shown in Figure 2, each one of the arrangenents
26 includes a 4 3 JUN 2005 WD 021053138 PCT/ USOL/ 49897 respective netal

- heat pipe pjogyjdof f Faneker 9 HAGkPRBACE PRAPRALy e nof £5HR8BhI of Ehe electronic

o)
A assembly;

[0008] Figure 3 is an end view of a sheet of material used for forming fins of
10 the electronic assembly, the sheet being welded to a heat pipe of the electronic

assembly;
[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 6isa sectioned plan view on 6-6 of Figure 5.
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.upper netal heat pipe fastener screw 44, and a respective |ower netald Hbbk 2005

pi pe fasteamerpzesdigyy 46. The conponent 42 has an upper ground term nal
44, a lower ground termnal end 46, and a conductive porti oRCHESPHHSUGNh

which 5 current can conduct between the ground term nal ends 44 and 46. A

t hr eaded OWﬁﬂﬂEﬁ)ODE %gfzmgﬁrﬁgggﬁﬁiﬁwonent 42 fromthe ground

term nal end™4% - Each fastener screw 44 or
46 includes a respective head 54 and a respective shank 56 attached to the
head 54. Thread 58 is formed on the shank 56. 10 [0016] The notherboard 12
includes a ground plane 60 sandw ched between other layers 62. A plurality
of heat pi dg’%?]ound Figus 184 the eccoorpatingdtamang millubleatepan @letBonieach heat

pi pe ground pad 64 is aligned with a respective arrangenent 26. Each heat
pi pe gr ouncassamibB41d sconting ¢b ef ehtbotlhtegofuhelineanen ieQidihp a 0017] The heat
pipe 22 is forned froma |lower half 70 and an upper half 72. The upper

hal f 72 sandnbhfrbsirar2habdckéP18h6ARh SR RNg, 20QhH i/l aThe
upper half 72 aFld t he Iovvecr hal faep7a0 | |ntlya%e$|' %e a ﬁ{é‘é‘?&%?%‘ee%éei ty 76.
[ sed .towards the

[ 0018] The |. f as,a.seat ..portian 74 that rece

upper hal f gt\gg%%?q?’ﬁ%e tZJ%6ereaﬁBfﬁe't?Zdlﬁ53”8’%%31“55‘?‘??‘&1’47EV? BE%@EBﬂ‘t?'O\A/ar ds
the 20 lower half 70. The seat portions 76 and 74 contact and rest agai nst
one anot heCHBEPoasd aitadipenfarrangemenss 16 adan assembbe?s: endifig 38 gr ound
contact and seat 80 and 5 - 3 JUN 2005 WO 02/058138 PCT/ USOA/ -19897 the
seat portion 76 has an upper surface formng a seat 82. A pair of fastener

openi ngs 8foqs) f or Mgk doRkOUENs LRRuAERlo MhSRRS0AAd RO Eaid i@ Sim | ar

manner, a

mounted to the package substrate 16. The package substrate 16 is mounted to the
10 socket 14, thereby mounting the package substrate 16 and the die 20 to the

motherboard 12.

[0014] The heat pipe 22 is a flat heat pipe having a width (W) and a height
(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 condense;' end portion 36. The evaporator end
portion 34 is located against the die 20 and clamped against the die 20 with the
_ arl'angement 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



.plurality of seats 80 and 82 are fornmed along a |l ength of the heat 3pi_]gﬁ ?@5
a respectiwg opaigisPei ng aligned with a respective one of the arrangenen
26. 5 [0019] The fins 30 are formed froma sheet 90 of netal PCTYHEMIEREX 90
has a plurality of adjacent strips 92. The strips 92 are fan fol ded onto

T A e R S B A e s R

_strips 92. A 'Trespective e st¥ips Spe

[ 0020] As in Kigure 3, the sheet 90 is |ocated against a | ower
surface of %%ggﬁegaﬁ%%gplﬂ? PR 58‘fe“f%%Wﬂéﬁ%%‘iméﬂffl}”?}&?‘ﬁaéhe@tﬁ?lpq he sheet
is then welded to the lower half 70 with a plurality of solder joints 96.
[0021] Fi gdRtenersrieysff alkacamponesifd hanas uppergionnditeinalierst 44iagur e 2
after partial assenbly. The ground term nal end 46 of the conponent 42 is
| ocat ed onlowepgmstntlterthirat empl 4 agd aunddpeadvSdor tibRaS sRaiug®OvRikcht he | ower
half 70 is |located on } 15 top of the ground term nal end 44 of the

conponeit édrrefh@nsddaidicciferVbed HR ordRRE teNGRA RIRA4T n je | nserted
t hrough the fastener openings l84 agrllrd thee1 thre%éﬁ%agﬁq?é%ﬁlﬁé%da |y

engaged W §he.30-48REERQL f.i1he thre opening -50. The head 54

t her eof sea?es of th:'gfoslfeh(agetCI tb’gﬂlgiﬁ hﬂéé ﬁ%lb‘g?“%{ﬁcd!ﬁ&b%ﬁﬁgﬁﬁﬁuggﬁr%l ?nggétr e
prevented from col | apsi ng .t owards. one anot her when the fastener screw 44 is
20 screwed® tﬁ‘?@?%‘???Wﬁﬁé"&\é@ﬁe%Pﬂg?aﬁéﬁlﬁéé%@’éﬁq*é%eﬁpdw 195pRsiVR4 and 76
already contact one another. Damage to the heat pipe 22 when the fastener
screw 44 ikead 3 ande ppectivachank 56 8itadeR @ thiShdd 498 Thread 58visdfoimbd t he

t hreaded opening 50 is thereby prevented. f [0022] The shank 56 of the

| ower f astogmidie shenke®646 is inserted through an opening 100 in the
not herboard 12, and the thread 58 thereof is threadably

10  [0016] The motherboard 12 includes a ground plane 60 sandwiched between
other layers 62. A plurality of heat pipe ground pads 64 are formed on the
motherboard 12. Each heat pipe ground pad 64 is aligned with a respective
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 loﬁer 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



_engaged with a.lower portion of the threaded opening 50. The head 28 &t 2005

5 against ¢ gus surface of the notherboard 12. The heat pipe 22 is
secured to the notherboard 12 utilizing the conponent 42 antCT/HeMH-&8t%ener

screws 44 and 46. Current can conduct between the heat pipe 22 and the

~ground pla . i a Net . hea i pe_ 22 through the
donponent 45 S Bertiod 7 R4 B0 o Bo B SRR SR e B BBt R IIRG hgain 1o
Figure 1, one of the arra ﬁnents 26 is located through the fins 30. Two
more of th&PEPIEAGETR megghEpuEh BESPUPTHORHE 2 g ccsimiley DKEFEGn on
opposing sides of the fins 30. One of the arrangenents 26 is |ocated at
t he el bow pdirabieofusats ¥¥anchi? arefonyedalong adengidh df dhahed pipe ¥2en  the el bow
38 and the die 20. An entire length of the heat pipe 22 is suspended by 15
the five ardsproerepiis béhgdlighed oigy at@Pefond die0dY thoaMansdienliber board 12.
[0024] The fan assenbly 28 includes a tan housing 102 and a fan 104
rotatably nmounted within the fan housing 102. The fan housing 102 has an

n 104 _causes air to be

i nl et 06 .n%an tlgt 108. Rotation of the f

drawn i tomﬁﬁ i nl gﬂ‘e g forgn 'Qﬁ‘pae?l}eéfélg%ﬁ?l mgfals ke et P haps. The fan
housing 102 is mounted to 20 the notherboard 12 in a position wherein air .
bei ng expepluedityf adjacehestups P2t Thogripp 42 eesfantfoblegivrithent aneth@d. A7 t 3 JUN
2005 WD 112/0 5 8 1 3 8 PCT/USO 1/49397 [0025] Reference is now nmade to
Figure 1 amepddtigergap3dfiodefitied betvedaadfdcbhinghestof eheddtiips R MANYespletivd he
arrangement 24 includes four clanp standoff conponents 112, a plate clanp

114, foursz&hqufﬂ@'sﬂri?s @@ﬁ}rﬁpgfes?ggtg)@sfﬂg(ﬁ, .and four lower clanp fastener
(one | . '

screws 11 ower clanp fastener screw 118 is

[0020] As shown in Figure 3, th_e sheet 90 is located against a lower surface of
10 the lower half 70 of the condenser end pdrtion 46. The sheet is then welded to the

lower half 70 with a plurality of solder joints 96.

[0021] Figure 4 illustrates the components here in Figure 4 of Figure 2 after
partial assembly. 'Il;le ground terminal end 46 of the component 42 is located on
top of the heat pipe ground pad 64. Thé seat 86 of the lower half 70 is located ont
) 15 top of the ground terminal end 44 of the component 42. The shank 56 of the
ﬁ 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



.5 shown in Figure 5). [0026] Each cl anp standoff conponent 112 has g 26@62055
enrng

122, and a‘§gzal;l/ﬁ%]‘]§8 portion 124 opposing one another. A threaded "of
126 is formed “Tongitudinally through the clanp standoff conPeoR&h#IHPEY. A

surface on top of the standoff portion fornms an upper ground term nal 128.

A bottom su of t:he-10 e 122 for | ower ground term nal 130.
[0027] Fourgc{r:%grflpmé?%lﬁ %“%%‘%?swgé&’?ﬁﬁagthevgﬁ per surface of the
not herboard 12. Each clanp ground pad 132 is connected to the ground pl ane
60. The clanmp ground pads 132 are | ocated next to corners of the socket
14. Each dneas st afhebharkaiaithelovdidaitendraentveds iiihbertddSthresglest i ve | ower
ground 15 termnal 130 onto a respective clanp ground pad 132. [0028] A

| ower el ectdeiih Diif théficthd Pz "Ekﬁd i i, | ower
surface of tF%e %gftﬂher board 1é12 gnd a regi%gtg!tl?a\fieﬁlc%\%\g&c arr%ﬁ%agg't ener screw

ortion of bR M AT D BerRAT-t D UkndcH Bnrure o The BRVE A beroct i ve

| omer clLanmp 20 screw 118 is secured to a_ respective clanp standoff
conponenit R§3ISE2 é’i‘”‘fﬁrlsbﬁfaﬁ%d anotherhoard 2. wRheheat pape Zusseswsddpdie screw
46 in Figure 2 is secured to the 8 3 JUN 2005 WD 02/058138 PCT/ U501/ 49897
conponent #kthédo2s] 12Meliphgtthe odmappreld42 had the frsrener saregs dd and b, a di npl e
formng a heat (( pipe contact 140. Four clanp ground contact openings 141

are fornedCubfeatgh cdrliticPbétinteeti|tRéReat Pipe ZB&I Ble %a‘o&ﬁae%{éecﬁb}cor ner of the
plate clanp 104. 5 [0030] The plate clanp 104 is Tocatéd with the heat pipe

Cont act 14@)11%%§§ 1'path from the heat pipe 22 through the component 42 and the heat

pipe ground pad 64.
10 [0023] Referring again to Figure 1, one of the arrangements 26 is located

| through the fins 30. Two more of the arrangements 26 are located in the
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 35 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 dra@ into the inlet
106 and to be expelledlout 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.



.an upper surface of the heat pipe 22 directly above the die 20. A- 3 JUN 2005
respecti ve woa204{g13¢ he clanp ground contact openings 142 is aligned with a
respective threaded opening 126 in a respective clanp stand8FT7USBHpEHENt
112. A respective one of the upper clanp fastener screws 116 is then

inserted t h a g I ) 19 t he, cl round. cont act eni ngs
141 A head®othe heneat iy foRifad e tlebitt) G Ml SR EREy Bt 0B e

pl ate cl anp, 114 and a ?Sé]aﬁl}i of the. upge[ danp fastener screw 116 is

t hr eadabl y @h§HGREEMER s ATEngsaatt & msfudes dowrlampatrndnféni ng 126. The
plate clanp 114 is so secured to the clanp standoff conponents 112, the

upper fast EREIPOSERE L 213 plateldampiid ] foTin@ppkatiempl fastpneristrewheldippér
fastener screws 116, and the clanp standoff conmponents 112 are all nade of

metal and tfterloiver elaagn sty screWs 118 (Une 16wer SaRGURERE! &R 11bes Pl at e
clanp 114 and the ground plane 60 by following a path fromthe plate clanp

114 thrs)uggh(t,‘jqﬁwp%eﬁeg}.arrp fastener screw 116, the clanp standoff
conmponent 112, and the clanp ground pad 132. 20 [0032] A degree of play is
provi ded between a | ower surface of the plate 9 1 3 JUN 2005 WD 02/ 058138

PCT/ USO 1/ 49897 cl anﬁ 114 and the ground termnals 12S so that, when the
upper cl anf¥0R8kt endiach slamypstandeff gpmpooertidd hiant basct2X hadp sardudbf f
conponents 112, the corners. of the plate clanp 114 are defl ected downward.
The def | ecpontiondR4 bippopingloneanather 1 bthréaded etz B6GS SR Spring force
FI exercised by the heat pipe contact 140 onto an 5 upper surface of the

heat pi pe S ; i i rGi y die 20
onto & | oner Bl Sheop RPN Folipoh 1S B Sfackon bJRr

elect r! caling oaGH paRhER Rinld 1 58 HoBRa SOMAS 1A A EOtm rheebe BlPe 22

10  base 112 forms a lower ground terminal 130.

[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 inanner m which a respecﬁve 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

8



.current can conduct between the heat pipe 22 and the plate clanp E13.JUN 2005

[ 0033] The Wwonmessi1§sl and F2 tend to col |l apse the heat pipe 2 ereb _
tending 10 to reduce the dinensions of the cavity 76 of theggglygﬁﬁ'ﬁﬁé 22
in the region of the die 20 and the heat pipe contact 140. An insert 142
is located é¢dmpdeertagity 76 of the heat pipe 22 in a |ocation between the
die 20 and the heat pipe contact 140. The insert 142 has an upper surface
agai nst the upper .half 72 of the heat pipe 22 and a | ower surface agai nst
the lower half 70 of the heat pipe 22. The insert 142 15 prevents novenent
of the uppdPOAIf 17hepiatachsn HY haswerentelrkgivRdyitandimplefochingmhedtai ns

t he di nensions of the cavity 76. [0034] As shown in Figure 6, the insert
142 i ncl udgsipé comtaed 10g Foer eloaipfliotnd diact bperthpualRe ehal@RNSoddid have
ends connected at a common | ocation 146 and extend fromthe combn

| ocati on 14Re bthié oM [ . ' i . h) an el ongate
direction 148band therﬁ%%ggﬁ}l alt}g@?é&ﬁg%g?lgﬁl éﬁ%%%éﬁttéitcgﬁq}im%ent rally

bet ween opposi ng 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 - 3 JUNIGSEE wWo T phidanpdft isslocitedgeith thedeat pipesdatast 140 ageénstal | y
conductive netal. Relatively |large areas of the die 20 are not covered by
the insertaf4ppef 80:F&de dithelhent pipee22iRedtt grrenht o dneat ravperivlbriest s f 1 ow
t heret hrough. The heat is conducted to the evaporator end portion 34 of

the heat piR&IZAp gtBfnd eohBAl o RNARANAR §Sal; eldélgﬂhtg'?e eWif&kifigadayer (not

shown) on internal” surfaces of the heat pipe at the evaporator end
o011 O Sdope i AR Hn LOE I nd Lo BBl e 5
the upper clamp fastener screws 116 is then inserted through a respective one of
10 the clamp ground contact openings 141. A head of the upper clamp fastener
screw 116 is located above the plate clamp 114 and a shank of the upper clamp
fastener screw 116 is threadably engagéd 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 cdmponents 112 are all made of metal and therefore conductive. Current
can conduct between the plate clamp 114 and the ground plane 6.0 by fol-lowing a
path from the plate clamp 114 through the ﬁpper clamp fastener screw 116, the

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

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



. ;
Heat is conducted fromthe condenser end portion 36 to the fins §b3 APN 2005

bl owi ng f Moy jsan assenbly 78 over the fins 30 convect the heat 210
EUYYHP3Gn 36

anbient. 10 [0036] Transfer of heat away fromthe condenser
causes condensation of the evaporated fluid onto the w cking | ayer. The

d d fhui ] i, h
vapor at or P 114 BT iR LRk et ARl i 1T
| so causes electronagqetic

evaporated. [0037] Operatiqn of the die 2

radi ati on % Wf@%&% 3?8eraéﬁ“8fq"%|§ﬁ%a’éq?%fgﬁ‘?l}}ﬁﬁ’@ﬁ5§ 18 thgrupestt Bises
alternating currents wthin the heat pipe 22. Wthout grounding the heat
pi pe 22, t platarlasmmil4 ang deflgeted dosvivarde The cleflectinrsef the plite clmynkldiis

radi ation fromthe heat pipe 22 to a surrounding area. Such .

el ect r omagagiinst aam@gpﬁmﬁm&m eaatisql Petidlhaa®plpd daitaciDdRshioal] e
because it may irnterfere with functioning of nearby conmponents, and 20

becauses of ugﬁaaém-fa%e%@% hebt Rgase]%' %ﬁ@élual\md%ggé%lféﬁeﬁé Eirkiskd §7897 g

[ 0038] The ternating curre e heat pi are however conducte

to the grqund plane 60 which, in turn , nay . ke connected to a ground socket

(ot "shouftt e e Ao iltact Br ey B 227 T800%E T eapiisf s ng

currents dq not cause el ectroma?neti c radiation fromthe heat pipe 22. The
i

evapor at oreleffeicalsopingt bevern the hepting eeptesridigndithe hpataipe &2 st 14, t he
clanp standoff conponents 112, and the clanp ground pads 132. O her
portions afurtdn ciue aonghiqydet@@n thadkeaopipg 22 had ¢hbplatSd@amgnii4t he condenser
end portion 36 are grounded through a respective one of the arrangenents

26 to a respective one of the heat
{0033} The forces F1 and F2 tend to collapse the heat pipe 22, thereby tending

10 to reduce the dimensions of the cavity 76 of the heat pipe 22 in the region of the
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 sﬁrface agamst the upi)er half 72 of the heat pipe 22
and a lower surface against the lower half 70 of tl';e 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.

[003;'4} 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 extends in 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



_pi pe ground pads 64 (Figures 1, 2, and 4). 10. [0039] It can thds JHY 4UBn
that the elvpglsgai§s assenbly 10 provides for cooling of the die 20
utilizing a heat pipe 22. Structural integrity of the heat pTQEUSH/A49897
ensured by the insert 142 and because the seat portions 74 and 76 contact
one anot hemy jhQE Bk G oGHI hRal L RiP§.22 are ¢andycted to
ground at various locati ons){) %%Iﬁggﬂee%tg%'i %@aﬂg‘?‘?gmﬁiﬁﬁﬁﬁsi’g%‘e 1eH

el ectromag j adi ation. .15 40] Wil e certain exenplary enbodi nents

%?(H\St({) reacil:qfay E}}e;yﬁ 19?

have been describe Tn the acconpanying drawings, it is to be

understood that such enbodinents are nerely illustrative and not
restrictive of the current invention, and that this invention is not

restricted[0085} he dpagefihe diODSpéntshiedReatdilen ALLIIAIR, and
descri bed since nodifications rr%y occur to thnose 20 ordi ngrrl 3’%}5 Iled in

the art. 13y i | - . An el.ectrani ¢ ass

conpri si ng:g.l ghggrl}% ?%?Cﬁgcﬁ%{]ﬁ g{t%vg %gllr?eq%de\‘nrd opnglugoﬁﬁﬁtoghetqﬁﬁag?’?f%@e%i ncl udi ng
a grou pl.ane; a first heat pi .ground, pad on the carrier substrate and
el ect rirggal ]%tggﬁ%%gke&f' g %‘E Qg‘gﬁ‘gﬁl&ﬁ?éﬁ‘é’f showp} en Beemat swifices af denpunt ed
to the carrier substrate; a heat pipe having an evaporator portion adjacent
the die, @RORIRETLA theevepAratirendmortionad.t Bke evaporatad diudd thersfloteat pi pe
ground contact distant fromthe die; and a first heat pipe grounding
conponent fhemithgemprgtarend petion 8alo HeeohHbral bMd%@ﬂEﬁPﬁ@EPi%ﬂetﬂ).e first
heat pipe ground contact, another ground term nal éelectricalTy connected to

he fi ' ' ikl d
the first Heals @nRRcBHONBE: thB30ndaidr ﬁ%ﬁ@%&%ﬁ’tﬁfﬁ%ﬁg?@ A% GoNGlct

curirent between the ground termnals ectronic assenbly of
claiml f'f'xrotnbﬂ'[e fﬁ%@éé:ﬁbl'}% over the fins 30 convect the heat to ambient.

10 [0036]7' Transfer of heat away from the condenser end portion 36 causes
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 wouid be
‘undesirable because it may interfere with functioning of nearby components, and

20 because of legal reasons.
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_a second heat pipe ground pad on the carrier substrate and el ectri cal Ly3 JUN 200
connect ed tp bhhesgisound plane, the heat pipe having a second heat gfi Pe =
ground contact distant fromthe die; and a second heat pipe HrBURYHIE7
conponent having one ground ternminal electrically connected to the second
at b pe wmEnd coAfiernAngl Ntedl B el fach S RGLELEALLM EARNE ! o 1o

ad, an uct

t he second heat pipe ground a con tive portron to con
rmnals thereof. 3. The el ectronic assenbly

current be en the,ground. t

of claim.l %p af P%%%W‘@Pﬁgc I furn, Ry 8¢ SoIEEtedds ApBRBRt SATRAL RPta base
attached to the carrier substrate and a standoff portion distant fromthe
carri er sub¥¥a Secansg the Rpaipipa v isgrounder éhanttewhtiug torrehts dotmatdof f
portion and a heat pipe contact electrically connected to the heat pipe,
t he cl anp swanedlettromepgpetiernidiztich friwe the hegt g’iFé 02l Yhéevaiorgtor kdheat pi pe
electrically connected to the die. 4. The electronic assenbly of claim3

wher ei 15 t hRorgbatR id groeﬂnaearthﬁﬁlgigﬁlth(%%ﬁeuri@ata 1R, i ghpunhdane. 5. The

el ectronic assenbly of claim4 furt conprising: a ftirst clanp ground pad

on the card, 4k l.anp. bein ~e ically caonnected through
the cl arrpcros grrllgg%?l lﬁgér%gdoﬁ{gﬁmﬁg%f %an?%ﬂgr %%F%ﬁwﬁzﬁ.‘e }t%eaqﬂ‘%e

el ectronic,ass |y of claim5 wherein the clanp _has a first clanp ground
cont act a%d’ ’f‘ﬁ@ﬁ?ﬁlﬁ}?ﬁ‘%‘f‘aﬁg}oﬁw%ﬁﬁaﬁ%&r rad PerdoROeETeaPdedal

electrical |y connected to the first clanp ground contact, another ground
terninal &reughagaspactive one of ik aroangeenchits 3 tocd mspedivelwnme qidble heatd a
conductive portion to conduct current between the ground term nals thereof.

7. /;The el pitergynind padesb|(Figatesdl, aj amd3y)f urt her conprising: an insert inside
the evaporator portion, the insert being | ocated between the heat pipe

contact and the die and preventing collapse of the heat pipe due to a
cl arrpjpﬁg I{‘?@g e on_the ﬂeaﬁ) pipe. 8. The electraonic assenbly of claim?7
~ wherefh t eat P e thus be spavihal theglrstronia assambly 10prravides fongealing

direction thereof and the insert is |located substantially mdway between
t he edgesef the dipR0 wtilizing ediest pipediZh Siructural iategrity of ehechent pliyee 2iser t
i ncl udes:

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 understooed that such
embodiments are merely illustrative and not restrictive’lof 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.
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13 3 JUN 2005 at least three elongate elenents, the el enents having, ﬁm 2005
that are connected at a common | ocation and extending away fromthe c N $
| ocation. 10. The el ectronic assenbly of claim9 wherein the insert has at

| east four of the elenents formng a cross. 11. The el ectronic assenbly of
claim7 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

assenbl wrei iselamtett | wherein the heat pipe includes: opposing halves, a

first of the halves having a first seat that is recessed towards a second

of the 1hal ¢lesiropiE asdembfyicogpridvent pi pe groundi ng conponent being a first

heat pipe standoff and the grounding conponent having one end attached to

the fir8Casigaiubsirie aretdfom 2plurally ctlayrsgineladingreorennd plae; substrate. 13. The

Pl f on it B bR opyed Gl e Pieiel Peckeitaipruebas o byt of
the secgpghdddroniddie mmﬁte BT Eé’rﬁér%ugsgr%?e?bl y of claim12 wherein the second

half has a first seat that 1s recess towards the first seat of the first

hal f. 15 neditpe@db@fd &P&afora®h SoinyadRticemt it did, HoMRBE& partdn bilsfapt fra@ ik gROT ti on

of the &nd strsttebfpigngradnidebntadteistant Bém tee@d; aed the first half is forned

rests against a first seat portion of the second half on which the first =
seat of fitsheeaseippgrdunitigfcomporent havihg obe grolingteahied tefeomicaly assrentel Yo ihé fict ai m 12
wher ei nhgat Pige 1R @Atact, aprliargtpsing feemingeipstiicallyconngitet hetht firss beat pieagroofid t he

first hef% 2ARCArSugPertitido sedyRiFURaMbetwean the@round tasminals thgreak fir st i

f ast ene ving a head.and a shapk, the shank being inserted through the

first f%sﬂtﬂgﬁ'éa‘r: "o T%&&ﬁﬁﬁniﬁﬁﬁ'ﬁ@&?mﬁ”f'ﬂg't he first heat pipe standoff and

gr oundi Q&&m@%gm&% palil i &t QM saRSRE @BEt}‘rcaﬂ& SinLed gthe\zAQr(e)trmeal n thread

on the ghanthePbatlphR Halih§h sl 8EK rpipb%rc;uﬁﬁ el biiant 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 conductive portion to conduct current between the ground terminals thereof.
3. The electronic assembly of claim 1 further comprising:

a clamp standoff component having a base attached to the carrier substrate and a standoff portion
distant from the carrier substrate; 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.

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 carrier substrate, the clamp being electrically 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 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:

‘an insert inside the evaporator portion, the insert being located between the heat pipe contact and the
die and preventing collapse of the heat pipe due to a clamping force on the heat pipe.

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:
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engaged with thread on the first heat pipe standoff and grounding = 3 JuN 2005
component. 18. The electronic assenbly of claim1l further conprising: a
plurality of fins thermally connected to the condenser portion. 19. The

el ectroni c assenmbly of claim 18 wherein the fins are |located between the
heat pipe and the carrier substrate. 20. The electronic assenbly of claim
18 wherein the fins are forned by a sheet of netal having a plurality of
strips that are folded onto one another. 21. The electronic assenbly of

cl ai m 18t feastthher clo@aerdahang, thateldneasthadng e sd3lteke Brel ddhdcteRian B 6B IokstRnf | NS

to the eonhddersing gy fromthe co@ZnonTdvati@l. ect roni ¢ assenbly of claim 18 further
conpri si ngr: a fan assenbly including a fan housing having an inlet and an

out | et 4RdThg elesionigeseerablngfiriaim g whereit iavinsert hasi aifegsifois of hasiemgnistieraingta t he

inl et afff®&xpel the air out of the outlet, the housing being orient edn%lo
direc_t FIPefhgiefec%/n?crastsgrﬁblfj)f“c?a‘i ]74 h?ére‘?l‘ﬁnezloosni 23, Anr'6|fecttero?l‘c %Sse y |
COMDY | Sk ond oF i D R B Llath S bt Eandohill & D1 U1 arF Y P PAYERS ¥kl uding |
a ground plane; a nicroelectronic die nounted to the carrier substrate; a
heat pi pg e ¢icbebrt hsedAMPSRRIMA 1RMEldidRe AL BpeMHaukile die and a condenser
portion distant fromthe die; a clanp standoff conponent having a base

at t achedprosing halvasaa filsesf tissHasies adengpaiitstasest tha (hobEesped folvards ade&dnadtthér om t he
carri er hajyassf thetfiest heat dipa goliadimo drenpiongnt deibgis érsabdabpibe stabdpfftdne tret gamcheing

por t i onCUMPENtiang grierad ebierhad to the st setaildlapotberand @ttached tathe baridreat pi pe,

t he cl affPs&#&ndof f conponent and the clanp jointly hol ding the heat pipe

electri SI: 3’51 I'I'Ihé:/ electronic assembly of claim 12 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.

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 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 of the first half 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.

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

18. The electronic assembly of claim 1 further comprising:
a plurality of fins thermally connected to the condenser portion.

- 19. The electronic assembly of claim 18 wherein the fins are located between the heat pipe and the
carrier substrate.

20. The electronic assembly of claim 18 wherein the fins are formed by a sheet of metal having a
piurality of strips that are folded onto one another.

21. The electronic assembly of claim 18 further comprising:

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 infet and expel the air out of the outlet, the housing being oriented to
direct the air over the fins.
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connected to the die, the clanp being electrically connected to thnggquﬁﬁZME

pl ane. 24. The el ectronic assenbly of claim 23 further conprising: a first

clanp ground pad on the carrier substrate, the clanp being electrically

connected through the clanp standoff conponent to the first clanmp ground

pad. 25. The electronic assenbly of claim23 wherein the clanp has a first

cl anp ground contact and the clanp standoff conponent has one ground

t er m naksedregddiroRiabd¥mbRRBRBhGE: to the first clanp ground contact, another

ground termnal electrically connected to the first clanp ground pad, and a

conduct iaverripogubbteate fooneidfrutiug plulty belaerbiatugeda bloengpionead t erm nal s t her eof .

26. An electronic assenbly conprising: a carrier substrate; a

m cr oel @dtigresiedrodc diemynted ¢ the carnier slbstrateer substrate; and a heat pipe

havi ng an evaporator portion adjacent the die and a condenser portion

di st ant SPPAHRHEREVING PR Svagpralon BeII4n FURSPRIAN Hibaal A BEIaRSSF PR J5A Tamdhe

standofgebonponent havi ng a base attached to the carrier substrate and g

st andof ' ' - L er I : I i ng a base
b cBﬂ{pts Lot Q@g@ hefa\ﬁr'%rg l;eﬁg ﬁggcgagé]gj at?éég?ﬁér sBk teaéinﬁ a%%fngaﬁq%y

at t achedistoft hoietns b2 (AR LhAPN _ pi pe contact &l ec |
connected to the heat pipe with the insert |ocated between the heat pipe

cont act aalathpthbénglh Basetaft@chel &e StaaddiGiottion @AITR AER Ripe aBkladt BRcFibANRodRERY | Y

hol di ngtotthehdat pibe, phep@anad stardoifcahpgneatandelet @t pintifieoldihgtha Reatiplpe cldasiesity

pr event tengeded fodipsdie, dfe dadnep briragt elgritpellychvendateddo teanpindglahaer ce of t he heat
pi pe contact. 27. The electronic assenbly of claim26 wherein the heat pipe
has opp&bilhgeletitpals assaeheR slain A3 fwtherco@ALRSe direction thereof and the

i t i ted bst anti al | i d bet ween the edges. 28. The

o et el S A R Bl G ante v e

el ongat e el enent s, PReeP erren §aﬁg§5ﬁb gﬁ%s that are connected at a common
| ocat i o5 TROEe&hRRISADEMRYKIN SPIRIBR tHUEHH hds QG bBRp 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 terminais thereof.

26. An electronic assembly comprising:
a carrier subsirate;
a microelectronic die mounted to the carrier substrate; and

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

an insert inside the evaporator portion;

a clamp standoff component having a base attached to the carrier substrate and a standoff portion
distant from the carrier substrate;

a clamp having a base attached to the standoff portion and a heat pipe contact electrically connected

- to the heat pipe with the insert located between the heat pipe contact and the die, the clamp standoff
component and the clamp jointly holding the heat pipe electrically connected fo the die and the insert
preventing 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.

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.

29. The electronic assembly of claim 26 wherein the insert has at least four of the elements forming a
Cross. ’ '
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29. The el ectronic assenbly of claim26 wherein the insert has at F_, §SUUN 2005
four of the elenents formng a cross. 15 3 JUN 2005 30. The el ectrdnic
assenbly of claim26 wherein the clanping force is a spring force exercised
by at |east one of the clanp and the clanp standoff conponent. 31. An
el ectronic assenbly conprising: a carrier substrate; a mcroelectronic die
nmounted to the carrier substrate; a heat pipe having an evaporator portion
adj acenzol e efcforddhsam QP BIAARE €6 wWhBleld tRE cisth Sih@tceflid 283l forcdb@rcideR S Ete at
pi pe havwdashneppns cagphad wesianpreanabi tdhepdiattves having a first seat { i's
recessed towards the other half; and a first heat pipe standoff conponent
havi ng éheireaktiragjaasrsinblylsemprisirgt seat and another end attached to the
carrier substrate. 32. The electronic assenbly of claim31 wherein a first
seat po?tcf"ré'ﬁr%'PStt% first half on which the first seat is formed rests
orti e secon 33. ' The el ectronic assenbly of

t
2lggl 2153?1%1%8?' ?ttrﬁ’?f Hg "éoé'et(?ﬂ&"tﬁ%ﬁm‘r‘fzf‘é'gﬂ S rst seat that is recessed towards

S the T Shesple rBlind fPeabbritor Btidr aciton EHELAEL LML R PSSR Nard il M 31
wher ei ndlteiatr'@ hedt a\énéﬁékﬁr?ga f na(% r‘]P{hB‘?] |vé§‘ﬁa%’? E ’fsﬁ'agegt tlaP anc} ol the

first hmrc@m{bdtmrﬂgglana he second hal f, further orrpr|5| ng: a firrst

fastener having a head and a shank, the shank being inserted through the

first fagtsemeai pip@ﬁandoﬁgsmmuénﬂmg‘agede ehd dyatnbighé firssdeahe@tanptheendtzéaghed fo and
gr oundi thg ceoenohgrte. 35. The el ectronic assenbly of claim 31 wherein thread
on the shank of the first fastener is threadably engaged with thread on
the firs$ Tﬁt‘?orme @SS cRim AHWErei0 AdTH Ggﬁg?é%@h@“rﬁte firgtehalf on which the first

seat is rests against a first portion of the secon

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 formed through the first
seat of the first half 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.

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.
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