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NOTEBOOK COMPUTER WITH HEAT DISSIPATING
LID HINGE STRUCTURE

The present invention generally relates to
component operating heat dissipation in electronic
apparatus and, in a preferred embodiment thereof, more
particularly relates to the transfer of electrical
component heat from the CPU housing portion of a
notebook computer to its associated display housing
portion for dissipation therefrom during use of the
notebook computer.

Various electronic components used in computers
generate heat during their normal operation. Among
these components are typically microprocessors. If not
removed from the heat-generating component, the heat
raises the device temperature to a level that degrades
the reliability and service life of the device, and may



NOTEBOOK COVPUTER W TH HEAT DI SSI PATI NG . LI D H NGE
STRUCTURE 5 . The present invention generally relates to
conponent operating heat dissipation in electronic apparatus and, in a
preferred enbodi nent thereof, nore particularly relates to the
transfer of electrical conmponent heat fromthe CPU housing portion of
a 10 not ebook conputer to its associ ated di splay housing portion for
di ssi pation therefromduring use of the not ebook conputer.

Various el ectroni c conponents used in conputers 15 generate heat during
their normal operation. Anpng t hese coWponents are typically

m cr oprocessors. |f not renmoved fromthe heat-generating conponent,

t he heat rai ses the device tenperature to a | evel that degrades

‘the reliability and service life of the device, and may

also adversely affect nearby components as well. This

p:oblem has become more acute in recent years due to

the increasing power of mnicroprocessors, and other

electronic components, accompanied by correspondingly
5 greater heat generation.

Contemporary notebook and subnotebook computer

designs incorporate a central précessing unit (CPU)
~ housing and a display housing which is pivotally
secured to the CPU housing and serves as a lid for
10 selectively closing the computer for storage and
transport thereof, and opening the computer to display
its keyboard portion. The display or 1lid housing
contains the visual display assembly and various other
components., A relatively small proportion of the heat
15 generated during computer operation is generated within
the display housing.

Typically, an operating small computer dissipates
a large fraction of 1its heat by elevating the
temperature of the various surfaces of the CPU housing.

20 Without forced air circulation within the CPU housing,
only natural convention and radiation are available to
remove heat from the CPU housing. Both of these
phenomena must occur at the exterior surfaces of the
CPU housing in order to remove heat from the housing

25 (as opposed from simply redistributing heat within the
housing).

The heat that can be transferred from a given
surface, either by natural convection (as opposed to
some manner of forced convection) or radiation, is

30 limited by the surface area available and by the
temperature difference between the surface and its
surroundings (for example, air). For a notebook
computer, the exterior surface of the housing and other



- 2- : al so adversely affect nearby conponents as well. This
Pprobl em has becone nor.e acute in recent years due to t he increasing
power of m croprocessors, and ot her el ectroni c conponents, acconpani ed
by correspondingly 5 greater heat generation. Cont enpor ary

not ebook and subnot ebook conput er designs incorporate a central
processing unit (CPU) housi ng and a di spl ay housing which is pivotally
secured to the CPU housing and serves as a lid for 10 sel ectively closing
the conmputer for storage and transport thereof, and opening the
computer to display its keyboard porti®o¥:  The display or lid housing
contains the visual display assenbly and vari ous ot her conponents. A
relatively small proportion of the heat 15 '~ generated during conputer
operation is generated within t he di spl ay housi ng.

case parts cannot be permitted to exceed temperatures

that are comfortable to the user of the computer. At

the same time, it is in the nature of such an

intentionally compact computer class that the housing

5 exterior surface must be small, so that the surface
temperature must be correspondingly high to carry away

the requisite amount of operatiné heat. These two

- conditions -~ the maintenance of relatively cool
exterior surface temperature with only relatively small

10 surface areas to dissipate relatively large operating
heat quantities - are fundamentally contradictory.

"It is therefore of great value to designers of
small computers such as notebook computers to employ as
much available surface area as possible for heat

15 transfer to ambient via the heat transfer mechanisms of
natural convection and radiation. The larger the
external housing surface area that can be used for heat
transfer, the lower the average surface temperature can
be while still transferring heat at the same rate.

20 Currently, the back surface of the display housing
of notebook computers is under-utilized in this respect
in that during operation the temperature of this
surface is elevated only slightly above ambient if at
all., Meanwhile, the temperatures of the CPU housing

25 surfaces approach levels that cause distinct operator
discomfort when touched by the operator.

To the present applicant’s knowledge, no
production method is currently being utilized to
efficiently transfer CPU housing heat to the display

30 housing for dissipation to ambient air during computer
operatioh. Heat is generally dissipated by a fan
and/or by transfer through CPU housing exterior
surfaces, as described above, without significant use



Typical ly, an operating small conputer dissipates a large fraction of
its heat by elevating the tenperature of the various surfaces of the
CPU housi ng. 20 Wthout forced air circulation within the CPU housi ng,
only natural convention and radiation are available to renove heat
fromthe CPU housing. Bot h of these phenomena nust occur at the
exterior surfaces of the CPU housing in order to renove heat fromthe
housi ng 25 (as opposed fromsinply redistributing heat within the

housi ng) . The heat that can be transferred froma given

surface, either by natural convection (as opposed to sonme manner of
forced convection) or radiation, is 30 limted by the surface area
avai |l abl e and by the tenperature di fference between the surface and
its surroundings (for exanple, air). For a not ebook conput er,

fg? exterior surfa%% %5et%ﬁs%ﬁ%§!%%u%Q%gp%ge% heat transfer entity and
without explicit efforts to transfer heat between the
CPU housing and the display housing.
Despite the Xnown availability of the display
5 housing as a potential sizeable augmentation to the
operation heat convection and radiation dissipation
area of the housing pbrtion of: the computer, an
- important hindrance to the efficient use of the display
housing as a heat rejection surface for CPU housing-
10 generated heat is the requirement that the display or
housing rotate between open and closed positions
relative to the CPU or base housing portion of the
computer. While conducting heat between two fixed
points is not generally difficult, transferring heat
15 between two points whose relative 1locations are
designed to change is complex under the constraints of
the design of diminutive computers such as notebook and
subnotebook computers.
It 1is accordingly an object of the present
20 invention to provide apparatus and methods for
efficiently transferring operating heat from a heat
generating electrical component in a first computer
housing portion to a second computer housing portion
pivotally secured to the first housing portion to
25 thereby facilitate heat dissipation to ambient from the
second housing portion in a manner reducing the
operating surface temperature of the first housing
portion.



case parts cannot be permitted to exceed tenperatures that are
confortable to the user of the conputer. At the sane tine, it is in
the nature of such an intentionally conpact conputer class that the
housing 5 exterior surface nust be small, so that the surface
tenperature nust be correspondingly high to carry away the requisite
anount of operating heat. These two conditions - the maintenance of
relatively cool exterior surface tenperature with only relatively
smal | 10 surface areas to dissipate relatiyvely |arge operating heat
guantities - are fundanentally contradlctorfy It is therefore of
great value to designers of smal | conputers such as not ebook conputers
to enploy as much avail abl e surface area as possible for heat 15
transfer to anbient via the heat transfer mechani sns of nat ur al
convection and radiation. The | arger the external housing surface

area that can be used for heat transfer, the_l ower the_ average surface
tenperature can beIRhi FRXEYing tPHﬁsf@FP-Pﬁ@PIllﬁﬁt of t kbesamE

Currently, the backn&&hﬁ@aﬁ,oﬁnt b@cdt&ﬁh@é Raeni Ag prefezebdn@nmtmhent
conputers is undert#tl Ib%e eg ?I S {espe 'I n t hat sﬁ%ﬁ a&qv%g&r atai_on
the tenperature of RFe BrFERRIF s %?%ﬁ%ﬁ (NHKFgﬁ? a e
anbient if ats natebobdkamompier | hes peoyddatiuthat oinchededPla housiing 25
surfaces approac“ ha¥ehg ! B3ksEaUsfiad! SLLBRK OBSE:%EBBS, with a heat
generating component such as a processor being carried
- in the first housirig portion.
A hinge structure interconnects the first and
10 second housing portions for pivotal movement relative
to one another, the hinge structure having (1) a first
section connected to the first housing portion, and (2)
a second section which 1is connected to the second
housing portion, is in a heat transfer relationship
15 with the second housing portion, and is rotationally
coupled to the first hinge section.

A heat transfer member is operative to transfer
therethrough heat generated by the component in the
first housing portion to the second housing portion via

20 the hinge structure, the heat transfer member having a
first portion in thermal communication with the
component, and a second portion defining the first
hinge section.

In a preferred embodiment of the invention, the

25 heat transfer member is a first thermosyphoning heat
pipe having an evaporation end portion in thermal
communication with the heat generating component, and
a condensing end portion journaled in the second hinge
structure section. Thus, the first heat pipe serves

30 the unique dual role of (1) transferring component
operating heat from the first housing portion to the
second housing portion for dissipation therefrom to
ambient, and (2) defining a portion of the hinge



di sconfort when touched by the operator. To the present
applicant's know edge, no production nethod is currently being
utilized to efficiently transfer CPU housing heat to the display 30
housi ng for dissipation to anbient air during conputer oper ati on.

Heat is generally dissipated by a fan and/ or by transfer through CPU
housi ng exterior surfaces, as described above, w thout significant use
-4- of the display housing as a heat transfer entity and

wi thout explicit efforts to transfer heat between the CPU housi ng and
t he di spl ay housi ng. Despite the Kfown availability of the
display 5 housing as a potential sizeable augnentation to the

structure that pivotally interconnects the first and
second housing portions to one another.
To provide an increased amount of friction between
the heat pipe condensing end portion and the second
5 hinge section in which it is Jjournaled, thereby
permitting the overall hinge structure to function as
a rotational friction clutch méchanism, a higher
- coefficient of friction material is suitably placed on
the opposing pivot surfaces of the heat pipe condensing
10 end portion and the second hinge section in which the
heat pipe condensing end portion is journaled.
According to another feature of the invention, the
component operating heat transfer to the second housing
portion is augmented using a second thermosyphoning
15 heat pipe disposed in the second housing portion and
having an evaporation end in thermal communication with
the second hinge section, and a condensing end portion
in thermal communication with the second housing
portion at a location thereon spaced apart from the
20 hinge structure.

FIG. 1 is a simplified perspective view of
portions of CPU and display housing portions of a
representative notebook computer in which heat pipes
25 are incorporated in a specially designed heat
dissipating hinge structure pivotally interconnecting
the CPU and display housing portions and used to
efficiently transfer electronic component operating
heat from the CPU housing to the display housing for
30 dissipation to ambient during use of the computer;
FIG. 2 is an enlarged scale cross-sectional view
through the heat dissipating hinge structure taken
generally along line 2-2 of FIG. 1; and



operation heat convection and radiation dissipation: area of the
housing portion of 'the conputer, an | nportant hindrance to the

ef ficient use of the display housi ng as a heat rejection surface for
CPU housi ng- 10 generated heat is the requirenent that the display or
housi ng rotate between open and cl osed positions relative to the CPU
or base housing portion of the conputer. \Wile conducting heat

bet ween two fi xed points is not generally difficult, transferring heat
15 between two points whose relative |ocations are designed to
change i s conpl ex under the constraints of =/ the design of dimnutive
conputers such as not ebook and subnot ebook conputers. It is
accordingly an object of the present 20 invention to provide apparatus
and nethods for efficiently transferring operating heat from a heat

generating el ectrical cegpaneqt ;i3 g Ehﬁgﬁaﬁfﬁﬁgrillustmie{p?élq{a{ﬂé)n to
a second conputer housing portion ghvota y Secured to the tirst
housi ng portion tomeghodshef inats gentnekively aAssnaiating Sheteendanssing from

the second NOWHENGPQH A1} Ay HIMYe [RIUDtG Heat pipdPHAEHY
surface tenperaturga%%ukgg Bag%&agnghggng‘ portion.
5
Perspectively illustrated in FIG. 1 is a portion
of an electronic device, represen%atively a notebook
- computer 10, embodying principles of the present
invention. Computer 10 includes a base or CPU housing
10 portion 12, and a 1lid or display housing portion 14.
CPU housing 12 has a generally rectangular shape with
a bottom side wall 16, an upstanding peripheral wall 18
with an indented corner portion 18a, and an open top
side 20 across which a keyboard structure (not shown)
15 horizontally extends. Representatively, among other
computer circuitry disposed within the CPU housing is
a printed circuit board 22 mounted on the bottom side
wall 16. A heat generating component, representatively
a processor chip 24, is operatively mounted on the top
20 side of the printed circuit board 22.
The display housing 14 has a rectangular
configuration generally complementary to that of the
CPU housing 12, and has a top side wall 26, a depending
peripheral wall portion 28, and an open bottom side 30
25 across which a display screen 32 extends, the display
screen 32 having a metal peripheral frame 34. Compared
to the CPU housing 12 which typically has a variety of
heat generating components (not shown) in addition to
the representatively illustrated processor chip 24, the
30 display housing 14 has only a relatively minimal amount
of heat generating apparatus therein.
Thus, during operation of a conventionally
constructed notebook computer its CPU housing tends to



In carrying out principles of the present I nvention, in accordance
with a preferred enbodi nent t hereof, el ectronic apparatus,
representatively a 5 not ebook conputer, is provided that includes a
housi ng having first and second portions, with a heat generati ng
conponent such as a processor being carried in the first housing
portion. A hinge structure interconnects the first and 10
second housi ng portions for pivotal novenent relative t o one anot her,
the hinge structure having (1) a first section connected to the first
housi ng portion, and (2) a second secti"&T which is connected to the
second housing portion, is in a heat transfer relationship 15 wth
t he second housing portion, and is rotationally coupled to the first
hi nge secti on. A heat transfer nmenmber is operative to transfer

et oual et SEBSHR LRl B ROIP Y Sal " e ne el SRS e
: display housing ~ each of which dissipates heat
generated therein primarily by the heat transfer
mechanisms of radiation and natural convection to
5 ambient. As notebook computers become faster and more
powerful, and the operating heat loads within their CPU
housings correspondingly increése, the exterior
- temperatures of their CPU housings continuously
increase toward a user-unacceptable level, and the need
10 for heat dissipation beyond the previously relied on
heat radiation and natural convection to ambient from
the CPU housing becomes more critical.
Accelerating this need for additional heat
dissipation from a notebook computer CPU housing is the
15 trend toward making the computer smaller and smaller.
This, of coufse, reduces the exterior surface of the
CPU housing available to dissipate internal operating
heat to ambient via radiation and natural convection.
The shrinking of the exterior space envelope of modern
20 notebook and subnotebook computers continues to make
conventional auxiliary methods of carrying away
interior operating heat from the CPU housing, such as
internal cooling fans, more difficult and ineffective.
The present invention, however, uniquely transfers
25 operating heat from the processor 24 (or other heat
generating component as the case may be) to the display
housing 14, to take advantage of its large exterior
surface area in supplementing the radiant and
convective heat dissipation to ambient of the CPU
30 housing 12, using a specially designed heat dissipating
friction hinge structure 36 shown in FIGS. 1 and 2. In
conjunction with other suitable hinge apparatus of a
conventional configuration (not shown) the hinge



20 - the hi nge structure, the heat transfer nenber having a first

portion in thermal comrunication with the conponent, and a second
portion defining the first hi nge secti on. In a preferred
enbodi nent of the invention, the 25 heat transfer nenber is a first

t her nosyphoni ng heat pi pe having an evaporation end portion in thermal
communi cation with the heat generating conponent, and a condensi ng end
portion journaled in the second hinge structure section. Thus, the
first heat pipe serves 30 t he uni que dual role of (1) transferring
conponent operating heat fromthe first?housing portion to the

second housing portion for dissipation therefromto anbi ent, and (2)

defining a portion of the hinge

structure 36 serves to pivotally interconnect the

display housing 14 to a rear side edge portion of the

CPU housing 12 for pivotal movement between a generally

upright operating orientation shown in FIG. 1, and a

5 generally horizontal closed position (not shown).

According to a Xkey aspect of the present

invention, however, the hinge structure 36 also serves

- to transfer a considerable amount of the operational
heat from the processor 24 to the display housing 14

10 via the hinge 36 using a generally conventional
thermosyphoning heat pipe 38 which is in heat transfer
communication with the processor 24 and also uniquely
defines a portion of the heat dissipating hinge
structure 36.

15 The heat pipe 38 has an exterior copper wall
portion 40, is sealed at both ends, and has an
evaporation end portion 38a for receiving heat, and a
condensing end portion 38b for discharging the received
heat. The interior of the heat pipe 38 is under a

20 partial vacuum and contains a quantity of a vaporizable
and condensable heat transfer liquid such as water.
Along its length the interior side surface of the heat
pipe 38 is lined with a suitable wicking material 42.

In a conventional manner, heat transmitted to the

25 heat pipe evaporation end 38a evaporates liquid
disposed in the wicking material therein and causes the
evaporated liguid to travel to the condensing end 38b
through the interior 44 of the heat pipe 38 for removal
of heat from the evaporated liquid via the condensing

30 end 38b of the heat pipe 38. The resultant cooling of
the evaporated liguid in the heat pipe end portion 38b
condenses the liguid which is then absorbed by the
wicking material 40 in heat pipe end 38b and wicked



structure that pivotally interconnects the first and second housi ng

portions to one another. To provide an increased anount of
friction between t he heat pipe condensing end portion and the second
5 hi nge section in which it is journaled, thereby permtting
the overall hinge structure to function as a rotational friction
clutch nmechani sm a higher coefficient of friction material is
suitably placed on t he opposing pivot surfaces of the heat pipe
condensi ng 10 end portion and the second hinge section in which the
heat pipe condensing end portion is journaléﬂQ‘ According to
anot her feature of the invention, the conponent operating heat
transfer to the second housing portion is augnented using a second

t her nosyphoni ng 15 heat pi pe disposed in the second housing portion and

havi ng an evaporati ng.i hernal ggpqgj L onayath, b o
hi nge section, and lgg%]gnggngh%g%gn Sg’ t1on d:a:;éé)i F}g\%hgrengya%%]h’ﬁtu%@ga?lgon

with the second housepeat thepdhersesiphaningathiest tiransfiers peyeke apust

fromthe 20  hingeggddpiba €. FIG 1is a sinplified
per spective view of portions of CPU_and displa% housi n ortigns,of a
representative notebook 2orfRRREY | Fhekmad hBAPck; pt& Jisee o FC. nddr pdfat ed

in a specialsy ogsépishedeaitop thdi Spresésser hinge ) r uohduetpigbyal |y
interconnecting .o LR ERPANG S N T IFRO" Hnd"2nd"dviipsPat fon
end 38a of the heat pipe 38 is poéitioned against the
- top side of the thermal block 46 to in turn
conductively receive heat therefrom for transfer to the
10 condensing end 38b of the heat pipe 38. The condensing
end portion 38b of the heat pipe 38 is representatively
extended outwardly through a circular opening 48 in the
CPU housing peripheral wall 18 and journaled in a
cylindrical passage 50 formed in a hinge section 52

15 suitably anchored to an inner side surface portion of
the display housing in a heat conductive relationship
therewith.

Representatively, the hinge section 52 is formed
from copper, and the display housing 14 (like the CPU
20 housing 12) is formed from plastic. However, the
display housing 14 could be formed from metal, with the
hinge section 36 being an integral portion of the
display housing, if desired.
As viewed in FIG. 2, in cross-section the hinge
25 section 52 has a partially circular base portion 54
through which the cylindrical passage 50 is formed, a
radial slit 56 extending upwardly through the bottom
side of base portion 54 into the cylindrical passage
50, and a partially circular top side projection 58
30 through which a cylindrical passage 60 extends parallel
to the passage 50.
The overall hinge structure 36, an integral
portion of which is uniquely formed by the condensing



efficiently transfer el ectronic conponent operating heat fromthe
housing to the display housing for 30 di ssipation to anbient during u

of the computer; FIG 2 is an enlarged scal e cross-sectional

t hrough the heat dissipating hinge structure taken general ly al ong
line 2-2 of FIG 1; and -7-
FIGS. 3 and 4 schenmatically illustrate alternate nmet hods of heat
conductively associating the condensing end of an auxiliary hinge
structure heat pipe to the conput er di splay housing. 5
Perspectively illustrated in FIG 1 is a porikon of an electronic
devi ce, representatively a notebook
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end 38a of the heat pipe 38, is what may be referred to
as a controlled friction hinge or a rotational "clutch"®
which permits relative rotation between the display
housing 14 and the CPU housing 12 while permitting the
user to adjust and maintain the angular use orientation
of the display screen 32 relative to the CPU housing
12. A "threshold" torque is friétionally maintained
between the heat pipe end portion 38b and the hinge
section. This threshold torgue must be overcome by the
user to change the previously selected angular
orientation between the CPU and display housing
portions 12,14 of the computer 10. Stated otherwise,
the threshold torque serves to releasably prevent the

CPU
se
Vi ew

display housing 14 from simply falling forwardly or-

rearwardly from its selected angular use orientation.

Since copper is representatively used to form the
hinge section 52 and the outer wall portion of the
thermosyphoning heat pipe 38, because of the high
thermal conductivity of copper, the pivotal clutch
friction and wear characteristics at the interface
between the heat pipe end portion 38b and the hinge
section are preferably improved by respectively placing
thin layers 62,64 of a frictional material on the outer
side surface of the heat pipe end portion 38b and the
hinge section passage 50 within which the heat pipe end
portion 38b is journaled. This frictional material is
preferably a harder metallic material and may
representatively be electroplated chrome deposited on
the outer side surface of the condensing heat pipe end
38b and the interior side surface of the hinge section
passage 50, or thin steel bands press-fitted into the
passage 50 and onto the heat pipe end portion 38b. The
radial £1it 56 in the hinge section 52 permits the



conput er 10, enbodying principles of the present I nventi on. Conputer
10 includes a base or CPU housing 10 portion 12, and a lid or display
housi ng portion 14. CPU housing 12 has a generally rectangul ar shape
W th a bottomside wall 16, an upstandi ng peripheral wall 18 W th
an indented corner portion 18a, and an open top side 20 across which a
keyboard structure (not shown) 15 hori zontal | y extends.

Representati vely, anong ot her conputer circuitry disposed within the
CPU housing is a printed circuit board 22 nounted on the bottom side
wal | 16. A heat generating conponent, repré?éﬁtatively a processor
chip 24, is operatively nounted on the top 20 side of the printed circuit
board 22. The di splay housing 14 has a rectangul ar

configuration generally conplenentary to that of the CPU housing 12,

and has a top sidey ' peLisp : |l A o] ,
and an open bottomlﬁgﬁg%?éﬁgg@%&MPéﬁeagé%g’?gglf‘gg?ggﬁpgfe&%lﬁ%s,
t he di spl ay s @aseRIe2 SRate ngl tohkl vl "sprinaetile hinge sacttembasse

to the CPU housing pbg-e#onC 54l Spiwadddy 13521 48&i+&1 Mi%ection B8hafipRSIML I NG
conponents (not shown) i,n addition to e representatively illustrated

th
processor chip 24, & h&WFablg s Auietianal g alibels faxee, Retissn the
m ni mal anmounts contaRedngyErecaiongloanaterias 1Apsrs N62,64. Thus,

during operation of a consly Wfallakion of ORAL" Uehledd! SROoSEIRES 1o
heat from the processor 24 is conducted to the
- evaporation end 38a of the heat pipe 38 through the
thermal block 46. Operating heat received by the heat
10 pipe evaporation end 38a is transferred along the
length of the heat pipe 38 to its condensing/hinge
member end 38b, and then transferred through the hinge
section 52 to the display housing 14 for dissipation to
surrounding ambient air by radiation and natural
15 convection. Accordingly, processor (or other heat
generating component) heat which in conventionally
constructed portable computers was for the most part
absorbed in the CPU housing, is now advantageously
"split" between the CPU and display housings 12,14 with
20 the result that the CPU housing 12 is now considerably
cooler to the touch and the heat sensitive components
in the CPU housing 12 are desirably subjected to lower
operating temperatures.
During the usual operating orientation of the
25 notebook computer 10, its CPU housing bottom side wall
16 is rested on a horizontal support surface such as a
desktop or an airline seatback tray, thereby
substantially interfering with both radiant and natural
convention heat dissipation from this major exterior
30 surface portion of the CPU housing 12. However, in
contrast, the raised display housing 14 is entirely
exposed to ambient air for purposes of radiant and
convective heat dissipation thereto. Thus, the use in



- 8- beconme considerably warnmer to the touch than its

di spl ay
housing - each of which dissipates heat generated therein primarily by
t he heat transfer mechani sms of radiation and natural convection to 5
anbi ent. As not ebook conputers becone faster and nore power ful, and
t he operating heat |oads within their CPU housi ngs correspondi ngly
I ncrease, the exterior tenperatures of their CPU housings
conti nuously i ncrease toward a user-unacceptable |level, and the need
10 for heat dissipation beyond the previgH%Ly relied on heat
radi ati on and natural convection to anbi ent from t he CPU housi ng
becones nore critical. Accelerating this need for additional heat

di ssipation from a notebook conputer CPU housing is the 15

trend toward

maki ng the conputer smaller and snaller. This, of course, reduces the
exterior surface ofnNPresent invention of the display housing’s large
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heat dissipation surface area adds a major supplemental
heat dissipation path to the computer.

In the representatively illustrated portable
notebook computer 10, CPU housing component operating
heat transfer from the hinge section 52 to the display
housing 14 is preferably augmente& using an auxiliary
second heat pipe 66 disposed in the display housing 14.
Heat pipe 66 is of the same construction as the
previously described heat pipe 38, and has an
evaporation end portion 66a, and a condensing end
portion 66b. Evaporation end portion 66a is received
in hinge section passage 60, which is in close
proximity to the hinge section passage 50 that receives
the condensing end portion 38b of the heat pipe 38, and
the condensing end portion 66b of the heat pipe 66 is
spaced apart from the evaporation end portion 66a and
in thermal communication with the display housing 14.

In this manner, heat received by the hinge section
52 from the condensing end portion 38b of the heat pipe
38 is transferred to the evaporation end portion 66b of
the heat pipe 66 and then transferred through the heat
pipe 66 to a location of the display housing 14 remote
from the hinge section 52, thereby more efficiently
"spreading® CPU housing component heat along the
display housing 14.

Representatively, as shown in FIG. 1, the
condensing end portion 66b of the auxiliary heat pipe
66 is positioned against a copper thermal block 68 in
turn positioned against the interior side surface of
the display housing top side wall 26. Alternatively,
and by way of example, the heat pipe condensing end
portion 66b may be positioned against the metal frame



CPU housing available to dissipate internal operating heat to anbi ent
wi a radiation and natural convection. The shrinking of the exterior
space envel ope of nodern 20 not ebook and subnot ebook conputers conti nues
to make conventional auxiliary nethods of carrying away interior
operating heat fromthe CPU housing, such as i nternal cooling fans,
nore difficult and ineffective. The present invention, however,
uni quely transfers 25 operating heat fromthe processor 24 (or other heat
generating conponent as the case may be) to the display housing 14, to
t ake advantage of its large exterior sutface area in supplenenting the
radi ant and convective heat dissipation to anbient of the CPU 30
housi ng 12, using a specially designed heat dissipating friction hinge
structure 36 shown in FIGS. 1 and 2. In conjunction with other

tsﬁiet ﬁib'ngehi nge appy&itioi3f of the%‘l%%’i%&o%kreaﬁn_ﬁ'g?'{&ét 5ABwhNPh FREWN)

3), or against a metal EMI shield portion 70 of the

display housing 14 (as shown in FIG. 70).
The foregoing detailed description is to be
5 clearly understood as being given by way of
illustration and example only, the spirit and scope of
the present invention being limited solely by the

- appended claims.



structure 36 serves to pivotally interconnect the ~ display housing 14
to a rear side edge portion of the CPU housing 12 for pivotal novenent
bet ween a general ly upright operating orientation shown in FIG 1, and
a 5 generally horizontal closed position (not shown).

According to a key aspect of the present I nvention, however, the hinge
structure 36 al so serves to transfer a considerable anount of the

oper at i onal heat fromthe processor 24 to the display housing 14 10
via the hinge 36 using a generally conventional t her rosyphoni ng heat
pi pe 38 which is in heat transfer commkPcation with the processor 24
and al so uni quely defines a portion of the heat dissipating hinge
structure 36. 15 The heat pipe 38 has an exterior copper wall
portion 40, is sealed at both ends, and has an evaporation end portion

38a for receiving heat, ,and LN 38b for

di scharging the recelve& Eieﬁgg?nng%§p$$ﬁéh$’ékéhfﬁ jeat pipe 38 is
under a 20 parti al va@uhnuamuqcbavangsfarQUammdtseQﬁnéapnnﬁidngable

and condensabhp heat trgngf ?belbﬂﬁhﬁtﬁf&h1ﬁ§e¥@$§é$ctl dﬂanfh a SU|tabIe

the interior side surface o
wi cki ng mat eri4l 4second hOUS1n9npﬁr§6ﬁ0§nf?ﬁnﬁ%"%é@vm trekatdivea ed

to the 25 heat RoPBneCyRGElct] @aideHingdSStrevaRe Halhng (UYi 4 first

6 section connected to said first housing portion, and
7 (2) a second section which is connected to said second
- 8 housing portion, is in a heat transfer relationship
9 with said second housing portion, and is rotationally
10 coupled to said first hinge section:;
11 a heat generating component carried in said first
12 housing portion; and
13 a heat transfer member operative to transfer
14 therethrough heat generated by said component to said
15 second housing portion via said hinge structure, said
16 heat transfer member having a first portion in thermal
17 communication with said component, and a second portion
18 defining said first hinge section.

2. The electronic apparatus of Claim 1 wherein:
2 said electronic apparatus is a portable computer.

3. The electronic apparatus of Claim 2 wherein:
2 said portable computer is a notebook computer.

4. The electronic apparatus of Claim 1 wherein:
said heat generating component is a first heat
pipe having an evaporating end portion in heat transfer
communication with said heat generating component, and
a condensing end portion defining said first section of

O

"

o U N

said hinge structure.




di sposed in the wicking material therein and causes the evapor at ed
liquidto travel to the condensing end 38b through the interior 44 of
t he heat pipe 38 for renoval of heat fromthe evaporated liquid via

t he condensing 30 end 38b of the heat pipe 38. The resultant cooling of
the evaporated liquid in the heat pipe end portion 38b condenses the
| iquid which is then absorbed by the w cking material 40 in heat pipe
end 38b and w cked -10-

back to the heat pipe end 38a for re-evaporation to repeat the

t her nosyphoni ng heat transfer cycle just =16—descri bed. A copper
thermal block 46 (see FIG 1) is b5 positioned atop the processor 24
to conductively

5. The electronic apparatus of Claim 4 further
comprising:

a second heat pipe having an evaporating end
portion in heat transfer communication with said second
hinge structure section, and a condensing end portion
in heat transfer communication with‘ said second housing

N o WN

portion.
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recei ve operating heat therefrom and the evaporation end 38a of the
heat. pipe 38 is positioned against the top side of the thernmal bl ock
46 to in turn conductively receive heat therefromfor transfer to the
10 condensi ng end 38b of the heat pipe 38. The condensi ng end
portion 38b of the heat pipe 38 is representatively ext ended outwardly
through a circular opening 48 in the CPU housi ng peripheral wall 18
and journaled in a cylindrical passage 50 formed in a hinge section 52
15 suitably anchored to an inner side surface portion of t he di spl ay
housing in a heat conductive relationship =17= therewith.

Representatively, the hinge section 52 is forned from copper, and the
di splay housing 14 (like the CPU 20 housing 12) is forned from pl astic.
However, the di splay housing 14 could be formed fromnetal, with the

hinge section 36 bel,19 1 etk BOLLARIN n s srepofhrRl O
section 52 hag? a parti all firstcheakt pape pavingnaBs4end portiongtefinisig t he
cylindrical Q§sag%_§qr%§ gﬁhggdgtﬁucturerégéggpﬁl'£m§6 ext endi ng upwardly

t hrough the bottom ase tion Into the cylindrical
passage 50, and a Baﬁﬁpamiyhéﬁlg% LFF'%FFUQW% iseetios Eerned of ydheat

t hrough which ;2 cyldondiictaePangeaei g, exE80dS 886hd e ninge Scidassage

aglch i s unlngrg %%ﬁ%gbhbyogggaggﬁucturfa;%% égld glrgtahlnge sé%ucté¥é(ﬁ

section and being in a heat conductlve relationship
- 8 therewith.

7. The heat dissipating hinge structure of Claim
6 further comprising:

a second heat pipe having an end portion secured
to said second hinge structure section, in a heat
conductive relationship therewith, for rotation with
said second hinge structure section relative to said

N O o WwN

first hinge structure section.

8. The heat dissipating hinge structure of Claim
6 wherein:
3 said end portion of said first heat pipe is a
condensing end portion thereof.

Ll
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end 38a of the heat pipe 38, is what may be referred-to as a
controlled friction hinge or a rotational "clutch" whi ch permts
relative rotation between the display housi ng 14 and t he CPU housi ng
12 while permtting the 5 user to adjust and mmintain the angul ar use
orientation of the display screen 32 relative to the CPU housing

12. A "threshold" torque is frictionally maintained bet ween the heat
pi pe end portion 38b and the hinge section. This threshold torque mnust
be overcone by the 10 user to change the previously selected

angul ar orientation between the CPU antl8fspl ay housing portions
12,14 of the conputer 10. Stated otherw se, the threshol d torque
serves to rel easably prevent the di spl ay housing 14 from sinply
falling forwardly or

9. The heat dissipating hinge structure of Claim
6 wherein:

said second hinge section has a generally
cylindrical passage therein which receives said end
portion of said first heat pipe and has an interior
side surface with a coefficient of friction and lined
with a frictional material havin;; a coefficient of
friction greater than that of said interior side
surface, and

said end portion of said first heat pipe has an

W 0 9 60 0 d W N

[
[

exterior side surface having a coefficient of friction
and being covered with a frictional material having a
coefficient of friction greater than that of said
exterior side surface and being frictionally but
releasably engaged by said frictional material on said
interior side surface of said second hinge section.

L
OV e W N

10. The heat dissipating hinge structure of Claim
9 wherein:

said second hinge section and the outer wall
portion of said first heat pipe are formed from cobper,
and each of said frictional materials is formed from a

N0 WN

harder metal material.

L
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15 rearwardly fromits sel ected angul ar use orientation. Si nce
copper is representatively used to formthe hi nge section 52 and the
outer wall portion of the t her nosyphoni ng heat pipe 38, because of the
hi gh thermal conductivity of copper, the pivotal clutch 20 friction
and wear characteristics at the interface bet ween the heat pipe end
portion 38b and the hinge section are preferably inproved by
respectively placing thin layers 62,64 of a frictional nmaterial on the
out er side surface of the heat pipe end portion 38b and the 25 hi nge
section passage 50 within which the heat pipd%nd portion 38b is
journaled. This frictional material is preferably a harder netallic
mat eri al and may representatively be el ectroplated chronme deposited on
the outer side surface of the condensing heat pi pe end 30 38b and the

interior side surface of e hj nge n 50 r thin stee
bands press-fitted into tlgé A %5§§g 5(9%‘%3&516’91(;&&9%a§r%p8 dgat
portion 38b. Tke qeneaatanqsbompéﬁenn iheahfﬁgstsﬂumsxngEﬁbuﬁﬂdﬁtor1&&8

3 electronic device, said method comprising the steps of:
4 providing a second housing portion having a hinge
5 section thereon;
6 providing a first heat pipe having an evaporation
7 end and a condensing end; ‘
* 8 placing said@ evaporation end in thermal
9 communication with the component;
10 rotatably coupling said condensing end of said
11 first heat pipe to said hinge section; and
12 transferring heat from the component to said
13 second housing portion sequentially through said first
14 heat pipe and said hinge section.

12. The method of Claim 11 further comprising the
steps of:

providing a second heat pipe having an evaporation
end and a condensing end;

placing said evaporation end of said second heat
pipe in thermal communication with said hinge section
to receive heat from said condensing end of said first
heat pipe; and

placing said condensing end of said second heat

W 0o N0 s WwN
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pipe in thermal communication with said second housing
portion to thereby augment the transfer of heat from
the component to said second housing portion.

| o
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-12- I nsertion of the heat pipe end portion 38b into the

passage 50 to slightly ."spring" the hinge section base portion 54
outwardly in a lateral direction to naintain a suitable frictional
clutch force between the 5 contacting frictional material |ayers 62, 64.

During operation of the conputer 10, operating heat fromthe processor
24 is conducted to the evaporation end 38a of theaﬁgaF_BTﬁé_BB‘rhrough
eal 10 pi

t he t hermal bl ock 46. Operating heat received by t

evaporation end 38a is transferred along the | engt h -

38 to its condensing/ hi nge menber end ¥8b; and t hen

t hrough t he hi nge section 52 to the display housing 1 :

to surroundi ng anbient air by radiation and natural 15 convectlon
Accordi ngly, processor (or other heat generating conponent) heat which
I n conventionally gpstructe%ﬁgirtab onputer .was for the nost part
absorbed in the CPU hou SVSHPBB BhsPOMPELSINGS)| i ¢ » phetween t he

CPU and di spl a& housings.cwﬁlhowsuhgzo the result that the CPU housing 12

comonents 3 -in’tne GuRs.achir e ia: tideBpat fa, Bfte P vio ey

operating tenpkratures. @ dlsplay ous1ng,

5 a hinge section secured to said display housing in
6 a heat transfer relationship therewith; and
7 a first heat pipe operative to transfer heat from
- 8 said component to said hinge section and thus to said
9 display housing for dissipation therefrom,
10 said first heat pipe having an evaporating
11 end portion thermally communicated with said component
12 to receive operating heat therefrom, and a condensing
i3 end portion journaled in said hinge section to permit
14 said display housing to pivot about said condensing end
15 portion relative to said CPU housing.
14. The portable computer of Claim 13 wherein:
2 said portable computer is a notebook computer.
15. The portable computer of Claim 13 wherein:
2 said heat generating component is a processor.
16. The portable computer of Claim 13 wherein:
said condensing end portion of said first heat
3 pipe and said hinge section form a friction hinge
4 structure.
17. The portable computer of Claim 13 further
2 comprising:
3 a second heat pipe having an evaporating end
4 portion in heat transfer communication with said hinge
5 section, and a condensing end portion in heat transfer
6 communication with said display housing.

W |




Durlng the usual operating orientation of the 25 not ebook conputer 10,
its CPU housing bottomside wall 16 is rested on a horizontal support
surface such as a desktop or an airline seatback tray, thereby
substantially interfering with both radi ant and natural conventi on
heat dissipation fromthis major exterior 30 surface-ngLLgQ~QL~£2§‘£§EL
housing 12. However, in contrast, the raised display hou5|ng '
entirely exposed to ambient air for purposes of radThms
convective heat dissipation thereto. Thus, the use in

- 13- the present invention of the d2dg ay housin I{'UM
heat di ssi pation surface area adds a maj or suppl enent al

di ssipation path to the conputer.

Been Replaced

18. The portable computer of Claim 17 wherein:

said display housing has an outer wall portion,
with an inner side surface,

said portable computer further comprises a
metallic heat transfer member positioned against said
inner side surface in a spaced relationship with said
hinge section, and '

said condensing end portion of said second heat
pipe is in contact with said heat transfer member.

W o N 0 0 & W N

19. The portable computer of Claim 17 wherein:

said display housing has a display screen with a
metallic frame, and

said condensing end portion of said second heat

O & W N

pipe is in contact with said metallic frame.

20. The portable computer of Claim 17 wherein:

said display housing has a metallic EMI shield
member therein, and

said condensing end portion of said second heat

U s WwoN

pipe is in contact with said EMI shield member.

21. The portable computer of Claim 13 wherein:

said portable computer further comprises a
metallic heat transfer member sandwiched between and in
heat conductive contact with said heat generating
component and said evaporating end portion of said
first heat pipe.

OO WwN

22. The portable computer of Claim 21 wherein:
2 said heat generating component is a processor.

- :
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In-the representatively illustrated portable 5 not ebook conputer 10, CPU
housi ng conponent operating heat transfer fromthe hinge section 52 to
t he di spl ay housing 14 is preferably augnmented using an aUX|I|ary
second heat pipe 66 disposed in the display housing I# t—ptpe—66

Is of the sane construction as the 10 previously deg& pi pe
38, and has an evaporation end portion 66a, an ; d
portion 66b. Evaporation end portion 66a is received Jf-jf‘ ! tion
passage 60, which is in .close proximty to the hi ngdiiditdihiq Hsage
50 that receives 15 t he condensing end port426n 38b of the heat pi pe 38,
and t he condensi ng end portion 66b of the heat pipe 66 is spaced
apart fromthe evaporation end portion 66a and i n thernal

comuni cation with the display housing 14. In this manner, heat
recei ved by the hinge segtion om t he conde ng e rtiqn 38b
of the heat pipe 385|5s t?é%s?%?%%%i?oc?mu%%pﬁ#a(#%@ Q%d €83 66b
of the he#& pipe 66sahd tbdnger arsgatriand thasugh t fdriséat generalilye 66

to a location af thquhﬁa}_.%aﬂou§hgga§é r%ﬂgs_,gl&:u RE'EBm thediiage 3854 on

52, thereby nDre eff|C|ent ousi ng conponent eat

eadin
al ong the 4i spFePaRBEinggend. portlon of sei Siaratathens wines anéuvd in
FIG 1, the 5 cosdedalngeedalayt i@y Gfh-ifalt hgaé‘ﬁ%é' ahichededdiRRs

turn positioned

66 d
aga: ?lslto OtS IhteI |02t% er ?gg ?;gégﬁgfig%@%feer{ﬁor%_}gndpgpﬁgg,dh%%gq% hear [ipe-val |

26. Alternatively, and by way of exanple, the heat pipe condensing end
- 24, The portable computer of Claim 23 wherein:
2 said first and second passages are closely spaced
3 within said hinge section and generally parallel to one
4 another.

25. The portable computer of Claim 13 wherein:

said hinge section has a generally cylindrical
passage therein which receives said condensing end
portion of said first heat pipe and has an interior
side surface with a coefficient of friction and lined
with a frictional material having a coefficient of
friction greater than that of said interior side
surface, and

W 08 N & O b~ W N

said condensing end portion of said first pipe has
an exterior side surface having a coefficient of
friction and being covered with a frictional material
having a coefficient of friction greater than that of
said exterior side surface and being frictionally but
releasably engaged by said frictional material on said

ol ol B R R
U D W Ny RO

interior side surface of said hinge section.

26. The portable computer of Claim 25 wherein:

said hinge section and the outer wall portion of
said first heat pipe are formed from copper, and each
of said frictional materials is formed from a harder
metallic material.

ARED g
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portion 66b may be positioned against the netal frane

- 14- portion 34 of the display screen 32 (as shown in FIG 3),
or against a nmetal EM shield portion 70 of the di spl ay housing 14 (as
shown in FIG 70). The foregoing detailed descriptionis to be 5
clearly wunderstood as being given by way of il lustration and
exanpl e only, the spirit and scope of the present invention being
limted solely by the ~appended cl ai ns.

-23-

NOTEBOOK COMPUTER WITH HEAT DISSIPATING LID
HINGE STRUCTURE

ABSTRACT OF THE DISCLOSURE

A notebook computer display housing is pivotally
connected to its associated CPU housing by a heat
dissipating hinge structure having telescoped,
5 relatively rotatable first and second sections
respectively anchored to the CPU and display housings.
The heat absorbing evaporation end of a thermosyphoning
- heat pipe 1is conductively connected to a heat
generating electronic component within the CPU housing,
10 with the heat rejecting condensing end of the heat.pipe
defining the first hinge structure section. During
computer operation, heat from the electronic component
is sequentially transferred through the heat pipe and
the second hinge structure section to the display
15 housing for dissipation therefrom to ambient. Heat
transfer from the second hinge structure section to the
display housing is representatively facilitated by a
second thermosyphoning heat pipe operatively
interconnected between the second hinge structure

20 section and the display housing.

\
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15 CLAI V5 . 1. El ectroni c apparatus conpri sing:
a housing having first @and second portions; 5 a heat generating
conponent carried in said first housing portion; a first heat
pipe carried within said first housing portion and having an
evaporative first end thermally coupled to said heat generating conponent,
and al so havi ng a second condensati on end; a second heat
pi pe carried within said second housing portion and having a 10
condensation first end thermally coupl ggdyto said second housing portion,
and al so havi ng an evaporative second end; and a hinge
structure intercondecting ®aid fikstt agdsecgnd housi ng portions and
supporting them foNpi vota}) nogeren 2l qti M@ to one another, said hinge
structure havi ny heat{ conducti ve\{i and second hi nge sections; said
first hinge sectio/ BNCA0T & 1107 OGP ONR. 58 nd second housi ng
sections and connected to the QL R &id first and
second heat pipes in heat excha e¥ewi t h, and said
second hi nge section deffifred er of sai d
first and second heat pi\pe: -|rss\hinge section
I n heat transfer r¢g rm ngesan i ntegra

~

i

>
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2. ; The electronic apparatus of Claim1l wherein said electronic apparatus
IS a portabl e conputer, 25 3. The el ectronic _apparatus of Claim

27wherein sald_portabke-eeﬁpuLeL.ls a not ebook co
par atus of Claim1 conprising a pe{al FAPEMENT, SHEET

X4pliced st hi nge section is an |1tegraJ portian f

4. The el ectr
housi ng portion
sai d second 30
16

second condensation

ni

n.

en

Bctronic apparatus of d a ntéumnﬁ[eln t hd
of said second heat pipejfis journalled wtihin

3] bib 997

said first hinge section, and the evhPorative sekand end_of the

second heat pipe is accormmpbdated within the first
exchange rel ati onciamasther ewi t h.

5 hinge section in heat

1. Electronic apparatus comprising:

2 a housing having first and second portions;
3 a hinge structure interconnecting said first and
4 second housing portions for pivotal movement relative
B to one another, said hinge structure having (1) a first
.6 section connected to said first housing portion, and
7 (2) a second section which is connected to said second
8 housing portion, is in a heat transfer relationship
9 with said second housing portion, and is rotationally
10 coupled to said first hinge section;
11 a heat generating component carried in said first
12 housing portion; and
13 a heat transfer member operative to transfer
14 therethrough heat generated by said component to said
15 second housing portion via said hinge structure, said
16 heat transfer member having a first portion in thermal
17 communication with said component, and a second portion
18 defining said first hinge section.
2. The electronic apparatus of Claim 1 wherein:
2 said electronic apparatus is a portable computer.
3. The electronic apparatus of Claim 2 wherein:
2 said portable computer is a notebook computer.
4. The electronic apparatus of Claim 1 wherein:
2 said heat generating component is a first heat
3 pipe having an evaporating end portion in heat transfer
4 communication with said heat generating component, and
5 a condensing end portion defining said first section of
6 said hinge structure.
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I 4"40&,(‘4(-,"(
6. , Electronic apparatus having a base portion pivotally secured to a lid
yorti on by a hinge structure which supports themfor pivotal nnvenent

rel ative to one anot her, wherein the hinge structure includes:

a first hinge nenber provided by a thermally conducti vd

t he lid portion in heat transfer relation theremﬁthﬁgigﬁﬁgggﬁpgﬁﬁﬁ
hi nge nenber provi ded by an end portion of a heat jpiipe supported
t he base portion; the heat pipe having a condensi g {erid {poLCi‘Ow
joumal l ed in a passage in the thermally conductive masg tio perm t
frictional relative rotation between the first and sec¢nd hi nge nenbers
during 15 opening and closing of the lid portion, theiheat pipe and the
thermal | y conductive mass i n heat -23ansfer relation with each other;
an evaporative end portion of the heat pipe in heat transfer relation

Wi th a heat generating conponent |ocated in the base ortion for the
transfer of heat ROUEBOOE meU’gEnGimH FREATD BIGSEPATING L2 t hermal |y

conducti ve nass tﬁ?:ﬁaﬁ g&.ﬂup,%kkon - T The el ectronic

apparatus of d ai where said first hinge nenber has a
generally cylindrical passage t herei n which recei ves said condensi ng
end portion of said heat pipe, said passage has an interior surface
lined with a frictional naterial having a coefficient of friction greater
than that 25 of SBSFRAGT:OF,THE PISCEOSHRE sai d condensi ng end

portion of said heat piapedtebovk @emputer a4kbIa9 hSusing £8VEIGStatiy a
frictional naterlal haV|n%§atcoeff|C|ent of frictio reater. than that of
said exterior surfc ?r LS REFPGE %ﬁdrﬁgagﬁg} Singh BY¥ed Hheal g

frictional rrmtasuiammgsal Hingeer |svl:rxs¢n|:1ime tlavizgd f telésboped,
menber. 30 g relatively rotatable first and second sections
respectively anchored to the CPU and display housings.
The heat absorbing evaporation end of a thermosyphoning
heat pipe is conductively connected to a heat

generating electronic component within the CPU housing,
10 with the heat rejecting condensing end of the heat pipe
defining the first hinge structure section.- During
computer operation, heat from the electronic component
is sequentially transferred through the heat pipe and
the second hinge structure section to the display
15 housing for dissipation therefrom to ambient. Heat
transfer from the second hinge structure section to the
display housing is representatively facilitated by a
second thermosyphoning heat pipe operatively
interconnected between the second hinge structure
20 section and the display housing.

(Fig. 1)



: . 5 q{ug-\
17, 8. The el ectronic apparatus of Claim?7 wher & i
said first hinge nenber and the outer wall portion of said heat pipe are
formed from copper, and each of said frictional materials is formed froma

har der netal material. 5 9. The el ectroni c apparatus of
any of Clains 6 - 8 including a further heat pi pe having an
evaporative end secured in heat transfeysrelation tow

hi nge menber and a condensation end secured in heat fransfer relation to
the lid portion at a | ocation spaced apart fromth mm‘g\m nge
menber. 16 AIMS 10. The el ectronic apparatus of ﬂl ‘- ikl t he
further heat prpe is received in a further passage kn ¢the tMerfally
conductive mass, and said further passage i s spaced apart fromthe

passage acco dat :@g the first  heat 11. The electronic

appar at us of Cifori¢ apparagus C%B'E%ﬁ%rl sing a portabl e conputer

wherein the h%ﬂho%ﬂ@hé@h@@’rﬁ%ﬁ%&@hd'p‘éﬂ%r@ ocessor and the lid
portion accommodates a diSpla 12. A portable conputer

conpridsi ng: 2@ heat geneaatmgﬁomn@mei@ cavisshinsaid firsyheusiegpodioner at i ng
housi ng by a 1 et bept, itk T Ngithh Od 5S¢ RelSnbr BORERC Snd e A
rel ative dvaperativerfitbhérnd thermally coupled to said heat generating component, and also
having a second condensation end;
a second heat pipe carried within said second housing portion and having a
10 condensation first end thermally coupled to said second housing portion, and also
having an evaporative second end; and
a hinge structure interconnecting said first and second housing portions and
supporting them for pivotal movement relative to one another, said hinge structure
having heat conductive first and second hinge sections; said first hinge section
15 anchored to one of said first and second housing sections and connected to the
second end of one of said first and second heat pipes in heat exchange relationship
therewith, and said second hinge section defined by the second end of the other of
said first and second heat pipes and journalled within said first hinge section in heat
transfer relationship therewith thereby forming an integral portion of said hinge
20 structure.

2, The electronic apparatus of Claim 1 wherein said electronic apparatus
is a portable computer.

25 3. The electronic apparatus of Claim 2 wherein said portable computer is
a notebook computer.

4, The electronic apparatus of Claim 1 comprising a metal framed second

housing portion wherein said first hinge section is an integral portion of said second
30  housing portion.
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sai.d hinge structure including a heat conductive nmass defining a first

hi nge section secured to said display housing in a heat transfer
relationship therewith; a 25 heat pipe operative to transfer heat from
sai d conponent to said heat conductive mass and thus to said display
housi ng for dissipation therefrom sai d heat pipe having an
evaporating end portion thermally conmunjigcated with sai d conponent to
recei ve operating heat therefrom and a condensing end portion _
journaled in said heat conductive mass and rotatably supported by said CPU
30 housing to provide a second hinge section of said hinge structure to
permt said

18

di spl ay housing-to pgn¢dtiectstic apparatusaticiaimfywhateindihei sacondicondessatiors ai d
i . . . X 0 r
G i m 12 \H-of'Said sepond heat pipecls o HENRE W SaORRY biloseeid, Bnt

14. The mvapatstivecserpnteendbdf Geasordnd heatChipenis lacoohenedatedanithinahe first

: ssor
generat| n%incgoengé)&i%rr]ttin heat ekchange relationship therewith,

6. Electronic apparatus having a base portion pivotally secured to a lid
portion by a hinge structure which supports them for pivotal movement relative to one
another, wherein the hinge structure includes:

10 a first hinge member provided by a thermally conductive mass anchored to the
lid portion in heat transfer relation therewith, and a second hinge member provided
by an end portion of a heat pipe supported by the base portion; the heat pipe having
a condensing end portion journalled in a passage in the thermally conductive mass to
permit frictional relative rotation between the first and second hinge members during

15 opening and closing of the lid portion, the heat pipe and the thermally conductive
mass in heat transfer relation with each other; an evaporative end portion of the heat
pipe in heat transfer relation with a heat generating component located in the base
portion for the transfer of heat from the heat generating component via the thermally
conductive mass to the lid portion.

20

7. The electronic apparatus of Claim 6 wherein:

said first hinge member has a generally cylindrical passage therein which
receives said condensing end portion of said heat pipe, said passage has an interior
surface lined with a frictional material having a coefficient of friction greater than that

25  of said interior surface, and

said condensing end portion of said heat pipe has an exterior surface is
covered with a frictional material having a coefficient of friction greater than that of
said exterior surface and is frictionally but releasably engaged by said frictional
material on said interior surface of said first hinge member.

30 REPLACEMENT SHEET |
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10 . 15. he portable computer of Caim 12 wherein: said condensing

end portion of said first heat pipe and said hinge section forma
friction hinge structure. 16. The portable conputer of Caim
12 further conprising: a second heat pipe having an evaporating
end portion in heat transfer 15 comunication wth said hinge section, and
a condensing end portion in heat transfqy communi cation with said

di spl ay housi ng. 17. The portable conputer of C aim 16

wher ei n: sai d display housing has an outer wall portion, with an
i nner side surfgace, The electromcapparétuwftcabine‘/wm@émer further conprises a
netallic heat transfer p05| tioned ai nst said inner side

surface in a sgakkdf "rstemngebnmembamami guteriwall portionset saighhealhpipe are

ai d " T R BB, MCoadbbF <SR RIHonA Thallh | el Rh iNd, o1

C ai m 16 \whetakimaterial. sai d di splay housing has a display screen with
a netallic frane, and sai d condensi ng end portion of said second
heat pPpe is in contact with said metallic franme. 30

9. The electronic apparatus of any of Claims 6 - 8 including a further heat
pipe having an evaporative end secured in heat transfer relation to the heat sinking
hinge member and a condensation end secured in heat transfer relation to the lid
portion at a location spaced apart from the heat sinking hinge member.

10

10.  The electronic apparatus of Claim 9 wherein the further heat pipe is
received in a further passage in the thermally conductive mass, and said further
passage is spaced apart from the passage accommodating the first heat pipe.

15 11. The electronic apparatus of any one of Claims 6 - 10 comprising a
portable computer wherein the heat generating component is a processor and the lid

portion accommodates a display.

12. A portable computer comprising:
20 a CPU housing accommodating a heat generating component;
a display housing pivotally connected to the CPU housing by a hinge structure
supporting them for pivotal movement relative to one another;
said hinge structure including a heat conductive mass defining a first hinge
section secured to said display housing in a heat transfer relationship therewith; a
25 heat pipe operative to transfer heat from said component to said heat conductive
mass and thus to said display housing for dissipation therefrom,
said heat pipe having an evaporating end portion thermally communicated with
said component to receive operating heat therefrom, and a condensing end portion
journaled in said heat conductive mass and rotatably supported by said CPU
30 housing to provide a second hinge section of said hinge structure to permit said
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19 19. The portable conputer of Caim 16 wherein

sai d display housing has a netallic EM shield nenber therein, and

said condensing end portion of said second heat pipe is in contact with
sai d EM shield nenber. 5 20. The portabl e conputer of
Cl aim 12 wherein: said portable conputer further conprises a
metallic heat transfer nenber sandwigched between and in heat
conductive contact with said heat generating conponent and said
evaporating end portion of said first heat pipe. 10 21. The

portabl e gfgpmit ﬁbu@iﬁg%bivb?%bggﬁéﬁi%”bonﬁﬁirﬁi 8hd IVH6RIrblRive to, s&i@noPoent

i's a processor. he portabl e conmputer of Claim1l6
wher ei n s&PUsihOnge section has a 15 first generally cylindrical passage

t herein which receives said condensing end portion of said first heat
pi pe, and a second generally cylindrical passage which receives said

evaporati ng end3por Therparabiecempaterst ¢lamh 171 dreClaim 12 wherein said portablae
portabl e conputer, of Claim?22 wherein said first and second 20 passages

are cl dselCPTPYRILS apatebepksepmpuenge section and general ly parallel to one
anot her .

14. The portable computer of Claim 11 or Claim 12 wherein said heat

generating component is a processor.

10 15.  he portable computer of Claim 12 wherein: said condensing end portion
of said first heat pipe and said hinge section form a friction hinge structure.

16.  The portable computer of Claim 12 further comprising:
a second heat pipe having an evaporating end portion in heat transfer
15 communication with said hinge section, and a condensing end portion in heat transfer
communication with said display housing.

17.  The portable computer of Claim 16 wherein:
said display housing has an outer wall portion, with an inner side surface,

20 said portable computer further comprises a metallic heat transfer member
positioned against said inner side surface in a spaced relationship with said hinge
section, and

said condensing end portion of said second heat pipe is in contact with said
heat transfer member.

25

18.  The portable computer of Claim 16 wherein:
said display housing has a display screen with a metallic frame, and
said condensing end portion of said second heat pipe is in contact with said

metallic frame.
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24. The portable conmputer of C aim 12 wherein: sai d hinge
section has a generally cylindrical passage therein which receives 25 said
condensi ng end portion of said first heat pipe and has an interior surface
i ned with a frictional material having a coefficient of friction
greater than that of said interior surface, and sai d
condensing end portion of said first pipge has an exterior surface covered
with a frictional material having a coefficient of friction greater than

that of said exterior surface and being frictionally but
rel easabl y engdged Ehe?,mr@bfefd:mpmeﬂbfClalmﬁl@t\é&her%in on said interior side
surface of said h| nge secti The portable conputer of

d ai m 24 wher eSaid digp! ﬁW‘i‘PH@'@Qé’@@tﬂ @S'ﬁtaﬁﬁ‘dEW]éhl@ld member therein, godt i on of said
7 nea 5 o PO 008 e b 4 i cordh U

materials is forrre
EMI shield member.

5
20.  The portable computer of Claim 12 wherein:
said portable computer further comprises a metallic heat transfer member
sandwiched between and in heat conductive contact with said heat generating
component and said evaporating end portion of said first heat pipe.
10

21.  The portable computer of Claim 20 wherein: said heat generating

component is a processor.

22.  The portable computer of Claim 16 wherein said hinge section has a

15 first generally cylindrical passage therein which receives said condensing end portion

of said first heat pipe, and a second generally cylindrical passage which receives said
evaporating end portion of said second heat pipe.

23. The portable computer of Claim 22 wherein said first and second
20 passages are closely spaced within said hinge section and generally paraflel to one
another.

24.  The portable computer of Claim 12 wherein:
said hinge section has a generally cylindrical passage therein which receives
25 said condensing end portion of said first heat pipe and has an interior surface lined
with a frictional material having a coefficient of friction greater than that of said interior
surface, and
said condensing end portion of said first pipe has an exterior surface covered
with a frictional material having a coefficient of friction greater than that of said
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20

exterior surface and being frictionally but releasably engaged by said frictional
material on said interior side surface of said hinge section.

25.  The portable computer of Claim 24 wherein: said hinge section and the
outer wall portion of said first heat pipe are formed from copper, and each of said
frictional materials is formed from a harder metallic material.
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