ELECTRONIC DEVICEWITH COOLING FAN

Cross-Reference to Related Applications

[0001] This application claims priority from U.S. Provis@ Serial No. 62/384,041, filed on
September 6, 2016, entitled ELECTRONIC DEVICE WIT®OLING FAN, and from U.S.
Provisional Serial No. 62/413,395, filed on OctoBér 2016, entitted ELECTRONIC DEVICE
WITH COOLING FAN, which are hereby incorporatedreyerence in their entirety for all

purposes.
Field

[0002] This relateggenerallyto electronic devices, and more specifically,lextonic

devices with internal cooling fans.

Background

[0003] As recent models of electronic devices are becomicrgasingly faster and more
powerful, they are also becoming sleeker and smiallsize. Consumer preferences and
demands tend to drive both of these trends towastf and smaller. Electronic device makers
are thus faced with the challenges of incorporataster and more powerful electronic chips and

circuitry into smaller electronic device offerings.

[0004] Electronic devices contain components that prodheed during normal operation.
Fans, heat sinks, and/or other heat managementor@mni(s are used to reduce heat. But
increasingly faster and more powerful chips andgrdated circuitry can generate more heat than
previous generations of electronics. Placemettiege components into smaller overall

volumes can create new challenges.

Summary

[0005] In an exemplary electronic device with a cooling,fa fan assembly is attached to a
keyboard assembly of the electronic device. Theafsembly includes an impeller at least

partially inside a fan enclosure. The fan enclesas, on a surface, an inlet opening and an



external protrusion. The electronic device furtimetudes a bottom case. The fan assembly is
positioned between the keyboard assembly and therb@ase and oriented such that the inlet
opening and the external protrusion face the bottase. The external protrusion maintains a

passage between the fan enclosure and the botsmitltat allows air to enter the inlet opening.

Brief Description of the Drawings

[0006] FIG. 1A illustrates a front perspective view ofeactronic device, according to

various examples.

[0007] FIG. 1B illustrates a partial plan view of an intemregion of a base portion of an

electronic device with a cooling fan, accordiny#&oious examples.

[0008] FIG. 1C illustrates a cross-sectional view of atiparof an electronic device with an

internal cooling fan, according to various examples

[0009] FIGs. 2A-2B illustrate top perspective views ofalng fan of an electronic device,

according to various examples.

[0010] FIG. 2C illustrates a bottom perspective view gbaling fan of an electronic device,

according to various examples.

[0011] FIG. 2D illustrates a cross-sectional view of ale@pfan of an electronic device,

according to various examples.

[0012] FIG. 3 illustrates a magnified perspective vievanfexternal protrusion on the

surface of a cooling fan, according to various epias

[0013] FIG. 4 illustrates simulated airflow around an em# protrusion of a cooling fan,
where the external protrusion has a teardrop-shamss-section, according to various

examples.

[0014] FIG. 5 illustrates simulated airflow around an exé protrusion of a cooling fan,

where the external protrusion has a circular ceestion, according to various examples.



[0015] FIG. 6 illustrates a cross-sectional view of audi#fr portion of a cooling fan,

according to various examples.

[0016] FIG. 7 illustrates a cover portion of a fan enclesof a cooling fan, according to

various examples.

[0017] FIG. 8 illustrates a base plate of a fan enclos@igecooling fan, according to various

examples.

[0018] FIGs. 9A-9B illustrate cross-sectional perspectiavs of a cover portion of a fan

enclosure of a cooling fan, according to variousregles.

[0019] FIG. 10 illustrates a cross-sectional view of acgbnic device where the
motherboard is attached to a cover portion of aefaziosure of a cooling fan, according to

various examples.

[0020] FIG. 11 illustrates a cross-sectional view of acebnic device where the
motherboard is attached to a base plate of a felosure of a cooling fan, according to various

examples.

[0021] FIG. 12A illustrates a top-down view of a cooliranfattached to a base layer of a

keyboard assembly, according to various examples.

[0022] FIG. 12B illustrates a top-down view of a base@laita fan enclosure of a cooling

fan attached to a base layer of a keyboard asseadaigrding to various examples.

[0023] FIG. 13 illustrates a top-down view of a portionaof electronic device where cooling
fans are attached to a keyboard assembly thatrfeasfseveral possible configurations,

according to various examples.

[0024] FIG. 14A illustrates a cross-sectional view of atjpm of an electronic device where
a cooling fan is attached to a keyboard assemhbly\iase plate of the cooling fan, according to

various examples.

[0025] FIG. 14B illustrates a cross-sectional view of &ipa of an electronic device where



a motherboard is attached a base plate of a cof@imgccording to various examples.

Detailed Description

[0026] The following description is presented to enabpeeson of ordinary skill in the art to
make and use the various embodiments. Descriptibgigecific devices and applications are
provided only as examples. Various modificatiam$ie examples described herein will be
readily apparent to those of ordinary skill in #rg and the general principles defined herein
may be applied to other examples and applicatidtieowt departing from the spirit and scope of
the various embodiments. Thus, the various embenlisnare not intended to be limited to the
examples described herein and shown, but are éotmded the scope consistent with the

claims.

[0027] Electronic devices contain components that prodheeg during normal operation.

As such, fans, heat sinks, and other heat divexsiarponents are used to manage operating
temperatures in some electronic devices. Heatymind components generate heat at increasing
levels, and ongoing consumer demands require thates become smaller and thinner, such
that fans and other components need to be smaltemare efficient. However, integrating fans
into smaller or thinner devices can result in #resfbeing more susceptible to damage during
user handling events. In particular, fans thatiregrated into smaller or thinner devices can
have components that are positioned very closdhlege This increases the likelihood that
stationary and moving components in the fan rulbmsgaach other and cause damage or
unwanted noise during user handling events. Famgke, force exerted on the keyboard or
external case of an electronic device can tranieftére fan and cause stationary components of
the fan (e.g., the fan enclosure) to rub againstingopcomponents of the fan (e.g., the impeller).
Furthermore, fans that are integrated into smallehinner devices can be more susceptible to
localized obstruction to airflow, which can regualhigher friction losses, more turbulent
airflow, vortex shedding, and increased aeroacoustise. There is thus a desire for improved
fan designs that occupy less space, have suffistemttural support and margin to resist user
handling events, and/or produce reduced aeroacausise while still delivering acceptable

levels of device heat management.

[0028] In accordance with at least some of the embodins&itiorth herein, various



structures and arrangements for cooling fans atmelpic devices are described that address the
challenges discussed above. In one exemplaryehectdevice, a fan assembly is attached to a
keyboard assembly of the electronic device. Theatssembly includes an impeller at least
partially inside a fan enclosure. The fan enclesas, on a surface, an inlet opening and an
external protrusion. The electronic device furtinetudes a bottom case. The fan assembly is
positioned between the keyboard assembly and therb@ase and oriented such that the inlet
opening and the external protrusion face the bottase. The external protrusion maintains
clearance between the fan assembly and the botsenduring user handling events to ensure

proper fan operation.

[0029] FIG. 1A illustrates a front perspective view of@emplary electronic device. In
various embodiments, an electronic device suitedslase with the disclosed cooling fan can
include a desktop computing device with a builthsplay, a portable computing device, or a
video-streaming device, for example. In the exangblown in FIG. 1A, electronic device 100
can be a consumer electronic device such as glaptaputer. As shown, electronic device 100
includes display housing 102 coupled with basei@ort04, allowing display housing 102 to
pivot with respect to base portion 104. In somaneples, display housing 102 and base portion
104 are formed from a metal, such as aluminunother examples, display housing 102 and
base portion 104 are formed from plastic. Displaysing 102 includes display panel 106
designed to provide visual content. Base portidh ibcludes top case 112 coupled with a
bottom case (e.g., bottom case 122 shown in FIG. I6p case 112 and the bottom case define
a space designed to receive several componenksobfomic device 100, such as processor
circuits, memory circuits, and one or more battapdules. Also, base portion 104 includes
several components allowing a user to input ormaare controls to the electronic device 100,
such as touch pad 116 and keyboard assembly 118.

[0030] During use of electronic device 100, some of thessd components enclosed within
the space defined by the top and bottom cases dazleetrical energy into heat, thereby causing
an increase in the temperature of electronic deli To reduce the temperature, base portion
104 can include an internal cooling fan. For exiEmplG. 1B illustrates a partial plan view of

an interior region of base portion 104 of electcatevice 100, according to various examples.

The bottom case of base portion 104 is removetddw ooling fan 200 disposed within base



portion 104. In the perspective view shown in F18, keys 124 of keyboard assembly 118 are
oriented into the plane of the drawing and coofarg200 is positioned over the bottom surface
of keyboard assembly 118. Cooling fan 200 includdesenclosure 202 and impeller 206
disposed at least partially inside fan enclosurz ZBan enclosure 202 forms an exterior surface
for the fan and defines inlet opening 212 and owitening 210 of cooling fan 200. Heat from
at least some of the several components of eldctdmvice 100 can be transported via a heat
pipe (not shown) to cooling fins 120 that are dggwbadjacent to outlet opening 210. A motor
(not shown) of cooling fan 200 is configured toatetimpeller 206 to draw air into inlet opening
212 and expel air through outlet opening 210 imoliag fins 120, thereby removing heat from

cooling fins 120 and cooling electronic device 100.

[0031] FIG. 1C illustrates a cross-sectional view of atiporof electronic device 100 with
cooling fan 200, according to various examplesec8ally, FIG. 1C is a cross-sectional view
of electronic device 100 taken along the portiatidgated by dotted line 123 on FIG. 1B.
Bottom case 122 of base portion 104 is includatiéndepiction of electronic device 100 in FIG.
1C. As shown, keyboard assembly 118 and coolin@@9 are disposed at least partially
between top case 112 and bottom case 122 of baibotion 104. Keyboard assembly 118, in
some examples, is attached to top case 112. @o@alin200 is attached to base layer 126 of
keyboard assembly 118 and is oriented such thett @plening 212 and external protrusion 214
face bottom case 122. Cooling fan 200, in somengkes, does not directly contact bottom case
122. As shown in FIG. 1C, external protrusion pidtrudes from outer surface 204 of fan
enclosure 202. External protrusion 214 is sepdrfaten bottom case 122 by gap 130 and thus
does not directly contact bottom case 122. In sexaenples, height 134 of gap 130 is
approximately 0.8-1.2 mm. In a specific exampkaght 134 of gap 130 is approximately 1.0
mm.

[0032] External protrusion 214 can serve to increase tiguat of force that cooling fan 200
can sustain from user handling of electronic deti@@ before damage is incurred. For example,
during user handling of electronic device 100, ¢ape 112 and/or bottom case 122 can
experience compressive forces that cause bottoenl&sto translate toward cooling fan 200 or
vice versa. During such events, external protrugit4 resists inner surface 132 of bottom case

122 from directly contacting impeller 206. Direcntact of bottom case 122 with impeller 206



is undesirable as it can interfere with the rotatdimpeller 206, which can generate

undesirable frictional noise and also cause dart@ageoling fan 200.

[0033] External protrusion 214 maintains passage 128 lastvign enclosure 202 and bottom
case 122 that allows air to enter the inlet opeit®. Specifically, during most user handling
events where compressive forces are applied todee 112 and/or bottom case 122, inner
surface 132 of bottom case 122 can directly comeaiernal protrusion 214 without inner surface
132 of bottom case 122 directly contacting impe2i@8 or portion 216 of fan enclosure 202.
External protrusion 214 thus increases the amdiufiorce that top case 112 and/or bottom case
122 can sustain before bottom case 122 interfeitbstie rotation of impeller 206. This can
enable base portion 104 to have a thinner desigause less clearance between bottom case 122
and fan enclosure or between blades 222 and p&ti6érof fan enclosure 202 would need to be
provided. Additionally, external protrusion 214abtes cooling fan 200 to be positioned closer
to bottom case 122 because external protrusiors@dves to limit the motion of cooling fan 200
during a shock event (e.g., electronic device epped and impacts a surface). This is desirable
because reducing the motion of cooling fan 200 ceduhe amount of strain that cooling fan 200
experiences. In some examples, height 136 of gask28 between portion 216 and bottom case
122 is approximately 1.8-2.0 mm. In some exampuletance 138 between the hub of impeller
206 and bottom case 122 is approximately 1.5-1.8 rAdditional details regarding external
protrusion 214 are described below with referendelGs. 2A-D and FIGs. 3-5.

[0034] As depicted in FIG. 1C, cooling fan 200 is posigdrbetween keyboard assembly
118 and bottom case 122. Cooling fan 200 is atih¢t base layer 126 of keyboard assembly
118 and keyboard assembly 118 is attached to & TE2, in some examples. In addition to
base layer 126, keyboard assembly 118 includes K&yssupport mechanisms 110, and
electronics package 108. Each key 124 is suppbstetipport mechanism 110 that translates
key 124 vertically in response to a downward faynekey 124 during a keystroke event. In
some examples, each electronics package 108 irschudeitch attached to a flexible printed
circuit board. The switch of electronics packa@8 hiases key 124 to be in its natural, non-
depressed position. When key 124 is placed irpeedsed position by a keystroke event, the
switch can cause the keystroke event to be registey circuitry associated with the switch or

by other circuitry contained within electronics page 108. In some examples, each electronics



package 108 further includes a light source (&ght-emitting diode) for backlighting the
respective key 124. Support mechanisms 110 acti@hécs packages 108 are attached to base
layer 126 of keyboard assembly 118. Base layerch?orovide the platform for the
components contained within the keyboard assemblgome examples, base layer 126
includes openings (e.g., openings 1206 shown irs FIZA-B) that extend from a top surface to
a bottom surface of base layer 126. The openingble air under key 124 to vent through base
layer 126 into an internal region of base porti6d When key 124 is depressed. Base layer 126
includes one or more layers. For example, bass [B36 includes one or more of a feature
plate, a circuit board, an illumination panel, @emsor membrane. One skilled in the art would
recognize that base layer 126 can include othersayecessary for the function of keyboard
assembly 118. In some examples, base layer 1R&lggan electromagnetic inference (EMI)
shielding layer for shielding the electronic coments of keyboard assembly 118 (e.g.,
electronics packages 108 or the circuit board e€bayer 126) from EMI generated by
components within bottom portion 104. The EMI #tirey layer also shields EMI generated by
components within bottom portion 104, thereby rédyithe amount of EMI escaping into free-
space. The EMI shielding layer, in some exampethe bottommost layer of base layer 126
adjacent to cooling fan 200. In some examplesEiéshielding layer includes a metal film

that extends across base layer 126. The EMI shegldyer can be grounded. In a specific

example, the EMI shielding layer includes an aluedd Mylar layer.

[0035] In the present example, cooling fan 200 is direattgched to keyboard assembly
118. Specifically, cooling fan 200 is directly attachtedthe bottom surface of keyboard
assembly 118 such that a majority of an outer saréd back wall 232 is positioned substantially
flush against the bottom surface of keyboard asgeirdt8. The majority of the outer surface of
back wall 232 is thus in direct contact with thétbm surface of keyboard assembly 118. In the
present example, the bottom surface of keyboamhatsly 118 corresponds to the bottom
surface of base layer 126. Specifically, the botsurface of base layer 126 is oriented toward
bottom case 122 and away from keys 124. Back 2&dlof fan enclosure 202 is disposed on a
side of the fan enclosure 202 opposite of inlethapg212. Back wall 232 is thus oriented
toward top case 112. Positioning back wall 23fanfenclosure 202 directly against the bottom
surface of keyboard assembly 118 can be desirabtgitice the vertical space occupied by the

fan, which enables a thinner base portion 104exftednic device 100. Additionally, the amount



of noise generated during operation of coolingZ@f is reduced. Specifically, when back wall
232 is positioned directly against base layer ifA6egboard assembly 118, the vibration of back
wall 232 caused by the rotation of the motor angelter 206 is dampened by base layer 126 and
other components of keyboard assembly 118. Thlisces the amplitude of vibration generated
by cooling fan 200. In contrast, if cooling fan®2@ere attached to keyboard assembly 118 with
spacers that maintain a gap (e.g., greater thamt2yap) between the outer surface of back
wall 232 and the bottom surface of keyboard assgt®, back wall 232 is less supported and
various vibration modes can develop on back wall @3ing operation of cooling fan 200. This
could result in increased vibrational noise fromlogy fan 200. Additional aspects regarding
positioning back wall 232 of cooling fan 200 agaithe bottom surface of keyboard assembly

118 are described below with reference to FIGs.-B2A

[0036] Various aspects of cooling fan 200 are now desdribeletail with reference to FIGs.
2A-D. FIGs. 2A-B illustrate top perspective vieafscooling fan 200, according to various
examples. FIG. 2C illustrates a bottom perspeatie® of cooling fan 200, according to various
examples. FIG. 2D illustrates a cross-section woéaooling fan 200 with the motor and
bearing not shown, according to various exampléd®e cross-sectional view of cooling fan 200
in FIG. 2D is taken along dotted line 240 showiiG. 2B. Cooling fan 200 can also be
referred to as a fan assembly.

[0037] In the present example, cooling fan 200 is a ceergal fan designed to draw air
through inlet opening 212 into the center of thedad drive the air radially outward from the
center of the fan and out through outlet openin@ @lthe fan. Cooling fan 200 includes fan
enclosure 202 that forms an exterior surface ferféim and impeller 206 that is disposed at least
partially inside fan enclosure 202. Fan enclo2@2 also defines a fan cavity that at least
partially houses impeller 206. Impeller 206 in@sd plurality of blades 222 positioned around
hub 238. A portion of impeller 206 extends outirthe interior of fan enclosure 202 through
inlet opening 212. Specifically, as shown in FIGA:D, hub 238 of impeller 206 extends at
least partially out through inlet opening 212 shbuld be recognized that in other examples, the
impeller can be entirely disposed within the fanlesure such that the hub of the impeller does
not extend beyond the plane of inlet opening 2ARhough in the present example, cooling fan

200 is a centrifugal fan, it should be recognizeat ait least some of the features of cooling fan



200 described herein are applicable to other mecaldian configurations.

[0038] Cooling fan 200 further includes a motor and beg(imot shown) disposed within fan
hub 238 that rotates impeller 206 with respecbtation axis 226 that is aligned to the center of
hub 238. Power is transmitted to the motor viaifie printed circuit (FPC) 236 of cooling fan
200 (shown in FIG. 2C). As the motor turns, theanemits a back electromotive force (EMF)
signal that is transmitted through FPC 236 to aedrcircuit separate from cooling fan 200. FPC
236 is thus configured to transmit a back EMF digieaerated by the motor of cooling fan 200
to the driver circuit. The back EMF signal indiesaithe rotational speed of the motor. One end
of FPC 236 is attached to the motor within fan esate 202. FPC 236 extends out from fan
enclosure 202 through opening 237 (e.g., similadentical to opening 802 shown in FIG. 8) on
back wall 232. An external portion of FPC 236 ésitioned along the outer surface of back wall

232 of fan enclosure 202.

[0039] Fan enclosure 202 includes front wall 224 dispasedne side of impeller 206 and
back wall 232 disposed on an opposite side of ilep2D6. Fan housing 202 also includes
sidewalls 234 that surround most of the perimetémpeller 206. Sidewalls 234 couple back
wall 232 to front wall 224. In the present examient wall 224 and side wall 234 are formed
integrally as one part. Front wall 224 definegtimdpening 212 for allowing air to enter into fan
enclosure 202 of cooling fan 200. In some examplegcond inlet opening for allowing air into
the fan enclosure can be included on the backafdlie fan enclosure. Fan enclosure 202
further includes diffuser portion 230 disposed ae side of cooling fan 200. During operation
of cooling fan 200, air is directed through a dstfu channel (e.qg., diffuser channel 606 shown in
FIG. 6) of diffuser portion 230 and expelled owrr outlet opening 210. Outlet opening 210 is
disposed at the end of the diffuser channel andénted approximately perpendicularly to inlet
opening 212. It should be recognized that varatesnative air inlet and air outlet arrangements

may also be used.

[0040] The dimensions of fan enclosure 202 are suitaldygded to address the challenges
discussed above. In one aspect, the verticallprofifan enclosure is small to enable a thinner
and sleeker electronic device. For instance, mesexamples, distance 248 from outer surface

204 of front wall 224 adjacent to blade 222 to ostaface of back wall 232 is approximately

10



4.0-4.4 mm, distance 252 from outer surface 20dooit wall 224 at outlet opening 210 to outer
surface of back wall 232 at outlet opening is agpnately 5.0-6.0 mm, and distance 250 from
end surface of external protrusion 214 to outefaserof back wall 232 is approximately 5.0-6.0

mm.

[0041] As briefly discussed above, fan enclosure 202 geduexternal protrusion 214 that
protrudes from outer surface 204 of fan enclos@& 2an some examples, external protrusion
214 is approximately perpendicular to outer surf2@4 of fan enclosure 202. External
protrusion 214 is configured to resist bottom cBEa2 from directly contacting impeller 206 or
outer surface 204 of fan enclosure 202, therebneasing the amount of force that cooling fan
200 can sustain during user handling events befanegage or unwanted rubbing noise is
incurred. In particular, during most user handivgnts, passage 128 is maintained between
outer surface 204 of fan enclosure 202 and bot@se ¢22 and allows air to enter inlet opening
212. Atthe same time, because external protrugldnprotrudes from outer surface 204,
external protrusion can partially obstruct airfleaward inlet opening 212. Excessive
obstruction to the airflow can cause the formatdturbulent airflow upstream of inlet opening
212. The turbulent airflow can be intensified mpeller 206 after entering inlet opening and
can cause airflow exiting outlet opening 210 todme even more turbulent. Turbulent airflow
entering or exiting cooling fan 200 is undesiraddt produces undesirable aeroacoustic noise.
In order to reduce the formation of turbulent awflthrough passage 128, external protrusion
214 can be positioned away from areas where airfiave strongest. For example, external
protrusion 214 can be positioned on outer surf@kevéhere airflow toward inlet opening 212 is
minimal. In the present example, airflow towarbtktropening 212 is the strongest near diffuser
portion 230 and near inlet opening 212. Thushasva in FIGs. 2A-B, external protrusion 214
is positioned proximate to a side opposite of difiuportion 230 such that inlet opening 212 is
positioned between external protrusion 214 andisif portion 230. Additionally, external
protrusion 214 is positioned proximate to sideV28# and thus away from inlet opening 212
where airflow is stronger. Specifically, exterpabtrusion 214 is positioned closer to sidewall
234 of fan enclosure 202 than inlet opening 212.

[0042] In the present example, as shown in FIG. 2D, &t l@gortion of external protrusion

214 directly overlaps with a portion of sidewald23Positioning external protrusion 214 at the
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perimeter of outer surface 204 and above sidev@dlican be desirable for providing greater
support and strength to external protrusion 214orée applied to external protrusion 214 by
bottom case 122 would thus be distributed throudgnvell 234 rather than cause front wall 224
to translate toward blades 222. This is advantagjéar providing further resistance against

front wall 224 contacting blades 222.

[0043] In some examples, the external protrusion is aerahycally-shaped to further

reduce the formation of undesirable air flow stuwes such as vortices or turbulent wakes
around the external protrusion. FIG. 3 illustrat@sagnified perspective view of external
protrusion 214 on outer surface 204 of cooling2@0, according to various examples. As
shown, the cross-section of external protrusiont2Zdgla teardrop shape to reduce the
disturbance to the surrounding air flow field calibg external protrusion 214. In the present
example, the teardrop-shaped cross-section is symomeith its axis of symmetry aligned with
the local air flow direction. In other exampldse teardrop shaped cross-section can be
asymmetric. The cross-section of external protru&il4 is tapered toward the inlet opening
212. Specifically, the wider end of the teardropss-section is proximate to sidewall 234 and
the narrower end of the teardrop cross-sectionasimate to inlet opening. Both the wider end
and the narrower end of external protrusion 214@uaded. In some examples, diameter 306 at
the wider rounded end of external protrusion 214.%3.0 mm and diameter 306 at the narrower
rounded end of external protrusion 214 is 0.5-1m5. nin some examples, long dimension 302 of
external protrusion 214 is aligned radially witlspect to the center of impeller 206 or the center
of inlet opening 212. In other examples, long disien 302 of external protrusion 214 is
aligned with the local direction of the air flowhieh is towards the center of impeller 206 or the
center of inlet opening 212. In some examplesgy kimension 302 of external protrusion 214 is
approximately 5-7 mm, and height 304 of externatnoision 214 is approximately 1-3 mm. It
should be recognized that various other similan@garamic designs can be implemented for
external protrusion 214. For example, externalrpsion 214 can generally have an elongated
cross-section with a narrow end and a wider endbther examples, external protrusion 214 has

an elliptical cross-section with narrower oppositels and a wider middle portion.

[0044] The aerodynamic shape of external protrusion 2h4esadvantageous to reduce the

formation undesirable airflow structures or inceghturbulence. FIG. 4 illustrates simulated

12



airflow around external protrusion 402 of a coolfag, where external protrusion 402 has a
teardrop-shaped cross-section. As air flows araxternal protrusion 402, only a relatively
small region 404 of separated wake flow is formedmistream of the narrow end of external
protrusion 402. In contrast, FIG. 5 illustratesglated airflow around external protrusion 502

of a cooling fan, where external protrusion 502 hagcular cross-section. As air flows around
external protrusion 502, the flow separates extehsirom the circular cross-section and causes
a significantly larger region of separated wakevflnd alternating vorticity downstream of
external protrusion 502. Thus, as illustrated Wy<-4 and 5, an aerodynamically shaped (e.qg.,
teardrop-shaped) external protrusion can be adgaats as it reduces the formation of unsteady
and turbulent airflow in its wake and thus reduttesamount of aeroacoustic noise generated by

the cooling fan.

[0045] Although in the present example, cooling fan 200epicted as having only one
external protrusion 502 on surface 204 of fan enaie 202, it should be recognized that in some
examples, the cooling fan can have more than otegreat protrusion on the surface of the fan
enclosure. In some examples, more than one ekianotausion can be desirable to distribute
any applied force over a larger surface. This fayexample, reduce the likelihood that any
applied force would cause an external protrusiotiaimage (e.g., cause an indentation or crack
in) the bottom case of the electronic device. additional structural support from multiple
external protrusions may also reduce the likelinthad a user handling event would cause the
bottom case to directly contact the impeller onfravall 224 of the fan enclosure. In addition,
the external protrusion(s) can act together withrtised diffuser portion 230 with height 252 to
provide additional support against deflection dfttvm case 122. In other examples, having
more than one external protrusion may not be dasifeom an aerodynamic point of view. The
additional external protrusions can cause additiobstruction and produce significant
undesirable air flow structures or turbulent airflthat generates excessive aeroacoustic noise.
In these examples, the cooling fan 200 has onlyesternal protrusion on an outer surface of the
fan enclosure.

[0046] With reference back to FIGs. 1C and 2D, front v2&{ of fan enclosure 202 adjacent
to blades 222 is discussed in greater detail. iSgadty, front wall 224 of fan enclosure 202

adjacent to blades 222 may not have a uniform tigsk. In some examples at least a portion
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216 of front wall 224 of fan enclosure 202 incresagethickness radially outward from the inlet
opening 212. As shown, portion 216 includes thei@o of front wall 224 surrounding inlet
opening 212 and adjacent to blades 222 of impellée thickness variation can be desirable to
improve clearance 228 between inner surface 2p®ion 216 of front wall 224 and blades
222. Specifically, during a keystroke event wheeferce is applied to keyboard assembly 118,
the applied force can cause base layer 126 of keglaissembly 118 to deflect toward cooling
fan 200, which can in turn cause back wall 232aofénclosure 202 to translate impeller 206
toward portion 216 of front wall 224. The thicksegriation of portion 216 of front wall 224
increases clearance 228 between front wall 224rapédller 206, which increases the amount of
force required to cause impeller 206 to contaattfieall 224 and reduces the likelihood that

impeller 206 contacts front wall 224.

[0047] In some examples, each blade 222 of impeller 2@&pisred such that height 254 of
each blade decreases toward the perimeter of ienf0b along the length of the blade.
Specifically, each blade 222 includes edge 220iprate to portion 216 of front wall 224. Edge
220 of each blade 222 is sloped away from a ratatios 226 of impeller 206 to form a tapered
blade. In some examples, edge 220 has a lingae.slBhe thickness of portion 216 of front wall
224 varies such that inner surface 218 of portib® & front wall 224 has a slope that is similar
to edge 220 of each blade. For example, inneaser218 of portion 216 of front wall 224 is
approximately parallel to edge 220 of each bladg #Pthat the slope of the taper to inner
surface 218 matches the slope of the taper to 22igef blade 222. In some examples, inner
surface 218 of portion 216 has a linear sloperiadaal direction with respect to a center of inlet
opening 212. In some examples, inner surface 2p8rtion 216 is sloped in a radial direction
with respect to a center of inlet opening 212 aaiagle of approximately 5-9 degrees with
respect to the plane of rotation of impeller 2@&lditionally, in some examples, edge 220 of
each blade 222 is positioned no more than apprdgign@.6 mm from inner surface 218 of
portion 216 of front wall 224. In some exampledge 220 of each blade 222 is positioned
approximately 0.3-0.6 mm from inner surface 21®aftion 216 of front wall 224. In some
examples, the average distance of edge 220 oft#ada 222 to inner surface 218 of portion 216

of front wall 224 is approximately 0.4-0.6 mm.

[0048] Further, in some examples, the outer surface diqro216 of front wall 224 has a
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slope that is different than inner surface 218atipn 216 of front wall 224. Specifically, the
slope of the outer surface of portion 216 of fraall 224 can be configured based on aesthetic
considerations or aerodynamic considerations fibairover the outer surface 204. In some
examples, outer surface of portion 216 has a cusiggze. The outer surface of portion 216 of
front wall 224 can be sloped in a manner that reduke thickness profile of cooling fan 200. In
some examples, the outer surface of portion 2%foat wall 224 is approximately parallel to the
rotation plane of impeller 206. In other examptbs, outer surface of portion 216 of front wall
224 is sloped toward rotation axis 226. In somengples, thickness 256 of portion 216 at inlet
opening 212 is 0.3-0.5 mm and thickness 258 oi@o16 at the perimeter of impeller 206 is
0.4-0.6 mm.

[0049] Turning now to FIG. 6, diffuser portion 230 of cog fan 200 is described in greater
detail. FIG. 6 illustrates a cross-section vievdibfuser portion 230 of cooling fan 200,
according to various examples. As discussed Pradbve, diffuser portion 230 channels
airflow out through outlet opening 210. Diffuserpon 230 includes the portion of fan
enclosure 202 that extends from an outer edge pélisr 206 to outlet opening 210. Diffuser
portion 230 includes diffuser channel 606 thatafireed by front wall 224, sidewall 234, and
back wall 232 of fan enclosure 202. Outlet oper@th is disposed at an end of diffuser channel
606. Diffuser portion 230 and outlet opening 21® suitably designed to reduce the use of
space (e.g., in the horizontal direction with f&®2ying on back wall 232). Diffuser portion
230 and outlet opening 210 are suitably designeddace the occurrence of flow separation
from wall surfaces, or formation of turbulent aosil while providing sufficient volume of

airflow to cool the cooling fins. In some exampliength 612 of diffuser channel 606 is less
than the radius of impeller 206. Specificallysmme examples, length 612 of diffuser channel
606 is 6-11 mm. In some examples, the width (hots) of diffuser channel 606 is greater
than the diameter of impeller 206. In the conteXEIG. 6, the width of diffuser channel 606 is
perpendicular to the plane of the drawing and pelrtd the plane of rotation of impeller 206.
The width of diffuser channel 606 refers to theatise between opposite sidewalls of diffuser
channel 606. In some examples, the cross-sectidiffeser channel 606 along a plane
perpendicular to the drawing of FIG. 6 has an as@io of greater than 12, where the aspect
ratio is the ratio of the width of the diffuser cimel to the height of the diffuser channel.
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[0050] Diffuser channel 606 diverges such that the hedfjkliffuser channel 606 increases
towards outlet opening 210 (e.g., from the edgenpkller 206). For example, height 614 of
diffuser channel 606 at the edge of impeller 208.1s3.8 mm and height 616 of diffuser
channel 606 at outlet opening 210 is approximately5.1 mm. A diverging diffuser channel
can enable outlet opening 210 to be suitably adaptéhe height of cooling fins 120 (FIG. 1B)
while keeping the vertical profile of the remain@ércooling fan thin so that air can enter the fan
inlet with reduced impedance. In the present exanfipnt wall 224 along diffuser channel 606
diverges toward outlet opening 210 with respedtaok wall 232. Specifically, in some
examples, inner surface 602 of front wall 224 djesrat an angle of 5-10 degrees, 5-7 degrees,
or 6-7 degrees with respect to the plane of ratatiompeller 206. In other examples, inner
surface 602 of front wall 224 diverges at an amdl8-10 degrees, 5-7 degrees, or 6-7 degrees
with respect to the plane of back wall 232. Thanpl of rotation of impeller 206 is perpendicular
to rotation axis 226. It should be recognized thaither examples, back wall 232 along diffuser
channel 606 can (additionally or alternatively)atiye toward outlet opening 210 with respect to
front wall 234.

[0051] Diffuser portion 230 diverges in a manner that ceguflow separation within diffuser
channel 606 and thus reduces turbulent airflowirexibutlet opening 210. Less turbulent

airflow can result in less aeroacoustic noise. és@mple, as shown in FIG. 6, inner surface 602
of diffuser portion 230 is linearly sloped towalgtoutlet opening and with respect to the plane
of rotation of the impeller. In contrast, a cunstdpe for inner surface 602 can, in some
examples, cause undesirable flow separation. Auxhdily, a gradual divergence angle can be
desirable to reduce flow separation. For exantpke)inear slope of inner surface is 5-10
degrees, 5-7 degrees, or 6-7 degrees. In somepéesrthe slope of inner surface 602 of
diffuser portion 230 is different from the slopeifer surface 218 of portion 216 of front wall
224. Specifically, in the present example, thaditgon between inner surface 218 of portion
216 and inner surface 602 of diffuser portion 286ubstantially abrupt rather than gradual
where a distinct inflection region 608 exists adjado outer edge 610 of impeller between inner
surface 218 of portion 216 and inner surface 60&ftdser portion 230. In some examples, the
slope of outer surface 604 of front wall 224 attjpor 216 and diffuser portion 230 is
independent from the slope of inner surfaces 218682 of front wall 224. The slope of outer

surface 604 of front wall 224 is aerodynamicallyimized for airflow toward inlet opening 212.
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For example, outer surface 604 of front wall 22ddgrally slopes from inlet opening 212 to
outlet opening and does not have an inflectionagiAdditionally, outer surface 604 of front

wall 224 has a gradual curved slope rather thamead slope along diffuser portion 230.

[0052] Turning now to FIGs. 7 and 8, portions that form &nclosure 202 of cooling fan

200 are described. FIG. 7 illustrates a perspectiew of cover portion 700 of fan enclosure
202, according to various examples. The perspeeoisw of FIG. 7 shows the surface of cover
portion 700 that corresponds to the inner surfddaroenclosure 202. FIG. 8 illustrates base
plate 800 of fan enclosure 202, according to variexamples. The perspective view of FIG. 8
shows the surface of base plate 800 that corresporttie inner surface of fan enclosure 202. In
the present example, fan enclosure 202 of coong?D0 is constructed of only two discrete
pieces: cover portion 700 and base plate 800 wdnielattached to each other using one or more
attaching components (e.g., one or more of fasteaéhesive, etc.) Specifically, cover portion
700 and base plate 800 form front wall 224, sidea284, and back wall 232 of cooling fan 200
that define the fan cavity in which impeller 60Giideast partially housed. Cover portion 700
and base plate 800 are each single-piece membersexample, neither cover portion 700 nor
base plate 800 is constructed of two or more gansected together. It should be recognized
that in other examples, the fan enclosure can hstaacted with two or more discrete pieces. In
those examples, the cover portion or the base pfates fan enclosure can include two or more
parts connected together. In some examples, daver portion 700 and base plate 800 is
formed from a single material. For example, cquation 700 is formed from die-cast

aluminum or injection molded plastic. Base pldd® & formed from steel or aluminum.

[0053] Base plate 800 includes wall 806 that forms théklveadl of the fan enclosure (e.qg.,
back wall 232 of fan enclosure 202). Inner surfaiceall 806 is, in some examples,
substantially planar. In some examples, outeraser{not shown in FIG. 8) of wall 806 includes
a recessed channel for the FPC (e.g., recessedealz68 for FPC 236 shown in FIG. 2C). In
some examples, the recessed channel is recessggitmximately 0.10-0.16 mm. Wall 806
includes opening 802 through which FPC 236 conrtedise motor of the cooling fan. In some
examples, the thickness of wall 806 is approxinyaded-0.6 mm. In a specific example, the
thickness of wall 806 is approximately 0.5 mm.stime examples, wall 806 has a substantially

uniform thickness (excluding the recessed chanrelexamples where base plate 800 is formed
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using two or more parts connected together, bage BDO can include a spacer layer attached to
a main layer. In these examples, the spacer yemclude an opening that defines the
recessed channel when attached to the main |18yer.spacer layer can comprise a plastic film

and the main layer can comprise a metal plate.

[0054] Base plate 800 further includes one or more veértates 808 that each extend from

an edge along the perimeter of base plate 800ticdktabs 808 are adapted to fit into slots 714
of cover portion 700, thereby increasing the s and strength of the adhesive joint between
cover 700 and base plate 800. Base plate 800redsmes one or more horizontal tabs 804a-b.
In some examples, horizontal tabs 804a are adaptatach a motherboard (sometimes called a
main board, main logic board, or MLB) to base p&@8. For example, as shown in FIG. 8,
horizontal tabs 804a include protruding threadeerits to which a motherboard can be attached
using one or more attaching components (e.g., ongoee fasteners). In some examples,
horizontal tabs 804b are adapted to attach base 808 to the base layer (e.g., base layer 126)
of the keyboard assembly. In the present exantigess in FIG. 8, horizontal tabs 804b do not

include protruding threaded inserts.

[0055] Cover portion 700 includes front wall 702 and sid#sv704, which form, for
example, front wall 224 and sidewalls 234 of fanlesure 202. Front wall 702 and sidewalls
704 are integrally formed as a single-piece memhdrare not two discrete pieces that are
connected together. Because front wall 702 arelstls 704 are integrated as a single piece
and not assembled together from two separate piaddgional tolerance or margin need not be
provided for assembly. This enables cover porfidd to be constructed with a smaller
thickness 706 and enables a reduced clearance@2&:r portion 700 also occupies a smaller
horizontal area since additional attaching comptséng., fasteners, flanges, rivets, adhesives,
etc.) to connect front wall 702 and sidewalls 7@& ot needed. Moreover, because front wall
702 and sidewalls 704 are integrally formed aspaee, cover portion 700 is, as a whole,
structurally stiffer. This enables cover portidd0to better support base plate 800 to resist
translation of the impeller against the front wadlthe fan enclosure during keystroke events on
the keyboard. Cover portion 700 also includes #l&that are adapted to attach cover portion
700 to base plate 80 or to base layer 126 of kegbassembly 118 using one or more attaching

components (e.g., one or more fasteners or adl®sive
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[0056] In some examples, cover portion 700 is die-casiedtégrate front wall 702 and
sidewalls 704 as a single-piece member. Die-agstm be desirable to form the inner surface
of cover portion 700 independent from the outefazigr of cover portion 700. For example, the
inner surface of cover portion 700 can be optimicedhe airflow characteristics within the fan
enclosure whereas the outer surface of cover pord® can be optimized for aesthetics and for
airflow characteristics toward the inlet openinglod fan enclosure. Specifically, as discussed in
greater detail below with respect to FIGs 9A-B, itiveer and outer surfaces of diffuser portion
710 of cover portion 700 can be independently sthap@irthermore, forming cover portion 700
with die-casting can be desirable to integrateettternal protrusion (e.g., external protrusion
214) on the outer surface of cover portion 700chSuategration enables greater strength and
stiffness of front wall 702 when a load is appliedhe external protrusion. Injection molding of
cover portion 700 using a plastic material can glesimilar benefits, though the stiffness tends

to be less than that associated with die-cast méde.g., metal).

[0057] FIGs. 9A-B illustrate cross-sectional perspectiieaws of cover portion 700,
according to various examples. In particular, F8.is a cross-sectional perspective view of
cover portion 700 along dotted line 902 indicatad=tG. 9A. As shown in FIGs. 9A-B, the
thickness of sidewall 704 is greater than the téds of front wall 702. A thicker sidewall 704
can be desirable for providing greater structunglp®rt and stiffness whereas a thinner front
wall 702 can be desirable to reduce the overatktiess of cooling fan, thereby enabling a
thinner electronic device. The thickness graduatiuces and tapers from sidewall 704 to front
wall 702. The gradual taper can be desirablenimroved mold flow and manufacturing process
yield during die-casting. Additionally, the graditegper can provide improved aerodynamic
airflow and thus less aeroacoustic noise. In @aldr, the inner and outer surfaces of cover
portion 700 transition smoothly from sidewalls 284ront wall 702 and do not include any gap
or interface that would be characteristic of frasill 702 and sidewalls 704 being two separate
pieces that are joined together. For example, reitrence to FIG. 9B, internal and external
corners 914 and 912 between front wall 702 andnsitle 704 are smooth and gradually rounded

(e.g., with radius of 1-3 mm).

[0058] As shown in FIG. 9A, the thickness of front wal2Agaries from one sidewall to the

opposite sidewall of cover portion 700 at diffupertion 710. As a result, the height of the
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diffuser channel (e.qg., diffuser channel 606 of Féin the diffuser portion of the fan enclosure
(e.g., diffuser portion 230 of FIGs. 2A-2B) varssoss the outlet opening. For example, as
shown in FIG. 2B, height 242 of outlet opening Z&a@es across width 244 of outlet opening
210, where height 242 is perpendicular to width.2¥idth 244 is parallel to the plane of
rotation of impeller 206. Varying the thicknessfrmint wall 702 of cover portion 700 and thus
the height of the diffuser channel across the walttine diffuser channel can be desirable to
optimize the aerodynamics of the diffuser chanfdlis in turn can reduce the generation of
aeroacoustic noise. In particular, airflow proxient the center portion of the diffuser channel
between the opposite sidewalls of fan enclosurer2@p have a strong cross-flow component
due to the tangential velocity induced by the fotabf impeller 206. The cross-flow component
can lead to flow separation along the inner surtdatiffuser portion 230. Increasing the
thickness of front wall 702 of cover portion 70@ahus reducing height 242 of outlet opening
210 proximate to the center of the diffuser chammael reduce flow separation by accelerating

the flow in that region and thus reduce the fororatf turbulence.

[0059] Additionally, varying the thickness of front waldDZ of cover portion 700 and thus
the height of the diffuser channel can enableairflo exit outlet opening 210 with a more
uniform velocity across width 244 of outlet openRIp. Specifically, as shown in FIG. 2B,
height 242 of outlet opening 210 can be greatestravhirflow rate is the greatest and smallest
where airflow rate is the lowest at outlet operdg. In the present example, height 242 of
outlet opening 210 is the greatest adjacent tonstle 234 and smallest at position 246 of outlet
opening 210 that is between sidewalls 234. He2gatgradually reduces from sidewalls 234
toward position 246 of outlet opening 210. In se@ramples, height 242 of outlet opening
adjacent to sidewalls is approximately 3.5-4.2 nmah leight 242 of outlet opening at position
246 is approximately 2.5-3.5 mm. Position 246ispdsed between sidewalls 260 and 262 of
outlet opening 210. In particular, position 24@lisposed closer to sidewall 260 and to sidewall
262. Sidewall 260 is closer to impeller 206 thelewall 262. In some examples, the ratio of
the distance between position 246 and sidewallt@@be distance between position 246 and
sidewall 262 is 0.20-0.40. Alternatively, in otletamples (not shown), height 242 of outlet
opening 210 is approximately uniform across widtl,2vhere height 242 of outlet opening 210

is not reduced at position 246.
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[0060] Returning to FIG. 9A, thickest portion 916 of framall 702 in diffuser portion 710 is
where dotted line 902 intersects with edge 904wEc portion 700. As shown, the thickness of
front wall 702 in diffuser portion 710 tapers frahmckest portion 916 toward each sidewall of
opposite sidewalls 704. Additionally, as showrriG. 9B, the thickness of front wall 702 in
diffuser portion 710 increases from inlet openidg 7o thickest portion 916. In some examples,
the inner surface of front wall 702 in diffuser fpon 710 has a topography that is independent of
the topography on the outer surface of front waR i diffuser portion 710. In particular, as
shown in FIGs. 9A-B, the inner surface of front W&2 in diffuser portion 710 slopes away

from thickest portion 916 toward sidewalls 704 amdt opening 712. In contrast, the
topography on the outer surface of front wall 7@2liffuser portion 710 is more uniform and is

not dependent on the position of thickest portidf.9

[0061] Turning now to FIGs. 10 and 11, two different mongtconfigurations with respect

to a cooling fan in an electronic device are désdi FIG. 10 illustrates a cross-sectional view
of electronic device 1000 where motherboard 10@8teched to cover portion 1008 of the fan
enclosure of cooling fan 1004, according to variexsamples. FIG. 11 illustrates a cross-
sectional view of electronic device 1100 where radibard 1106 is attached to base plate 1110
of the fan enclosure of cooling fan 1104, accordmgarious examples. In both mounting
configurations, the cooling fan is disposed betwthenkeyboard assembly and the motherboard
where the motherboard is mounted to the coolingafaththe cooling fan is mounted to the
keyboard assembly. The cooling fan is thus a mogmoint for the motherboard and functions
as an integral structural component for the motbendh. This can be advantageous for more
efficiently integrating the internal componentdiué electronic device into a smaller space,
thereby enabling a thinner and sleeker electroewtcg. The motherboard includes at least a
printed circuit board and a plurality of electric@mponents that include at least a central

processing unit (CPU) and memory.

[0062] As shown in FIG 10, the fan enclosure of cooling 1804 is constructed of two
separate pieces: cover portion 1008 and base 104®@, which can be similar or identical to
cover portion 700 and base plate 800, respectivelyhis example, motherboard 1006 is
attached to cover portion 1008 of cooling fan 108ecifically, cover portion 1008 includes

one or more tabs 1016 that extend from the mairy bbdover portion 1008. One or more tabs
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1016 can be similar or identical to tabs 708 ofezquortion 700 (FIG. 7). Motherboard 1006 is
directly attached to one or more tabs 1016 of cpeetion 1008 without directly contacting any
portion of base plate 1010. In some examplesoomeore attaching components 1018 (e.g., one
or more fasteners or adhesives) directly attachiherboard 1006 to cooling fan 1004, cooling
fan 1004 to keyboard assembly 1002 (via base [Hy20), and keyboard assembly 1002 to top
case 1012. Motherboard 1006 and cooling fan 10@4iaposed between top case 1012 and
bottom case 1014.

[0063] In other examples (not shown), base plate 1010estty attached to keyboard
assembly 1002 and top case 1012 using one or rttashimg components via one or more tabs
of base plate 1010 (e.g., tabs 804b of FIG. 8)di#ahally, motherboard 1006 is directly
attached to cover portion 1008 using one or mdeghing components via one or more tabs of
cover portion 1008 (e.g., tabs 708 of FIG. 7)sdme examples, motherboard 1006 is directly
attached to one or more tabs of cover portion MifiBout being directly attached to base plate
1010.

[0064] With reference to FIG. 11, electronic device 11€8imilar to electronic device 1000
except that cover portion 1108 and base plate ha¥6 a different mounting configuration with
respect to motherboard 1106. In this example, erbthard 1106 is attached to base plate 1110
of the fan enclosure of electronic device 1100 waithbeing directly attached to cover portion
1108. Specifically, base plate 1110 includes anaare tabs 1116 that extend from the main
body of base plate 1110. One or more tabs 111®eammilar or identical to tabs 804a of base
plate 800. In the present example, one or more 146 include threaded inserts 1118.
Motherboard 1106 is attached to one or more tathé dibase plate 1110 via threaded inserts
1118 without directly contacting cover portion 1108 other examples, the threaded inserts can
be optional. In some examples, one or more attgatomponents 1120 (e.g., one or more
fasteners or adhesives) directly attach: mothethdai 6 to cooling fan 1114, cooling fan 1104
to keyboard assembly 1102 (via base layer 1122 kagyboard assembly 1102 to top case 1112.
In some examples, attaching components 1120 aregoesl through tabs 1116 of base plate
1110 without being positioned through cover portldi®8. Motherboard 1106 and cooling fan
1104 are disposed between top case 1112 and botimenl114.
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[0065] Turning now to FIGs. 12A-B, additional aspects t@ehing a cooling fan against a
bottom surface of a keyboard assembly are describEd. 12A illustrates a top-down view of
cooling fan 1202 attached to base layer 1204 a@ydbdard assembly, according to various
examples. Cooling fan 1202 and base layer 1204iaméar or identical to cooling fan 200 and
base layer 126 of FIG. 1C, respectively. In thedown view of FIG. 12A, the bottom surface
of base layer 1204 is shown. The keys (not sh@#tt)e keyboard assembly are facing into the
plane of the drawing. Base layer 1204 includesafity of openings 1206 that extend from the
top surface to the bottom surface of base layed1Rurality of openings 1206 can serve to
allow air to vent through base layer 1204 intoittterior of the electronic device during, for
example, a keystroke event. In the present exgroptding fan 1202 has a fan enclosure that

includes cover portion 1214 and base plate 1208.

[0066] FIG. 12B illustrates a similar configuration as FIRA, except that most of the
components of cooling fan 1202 (including covertipor 1214 and the impeller) have been
removed to more clearly show the features betwase layer 1204 of the keyboard assembly
and base plate 1208 of cooling fan 1202. As shonly, base plate 1208 and FPC 1210 of
cooling fan 1202 remain. The top-down view of bplsge 1208 in FIG. 12B shows the inner
surface of base plate 1208 and the bottom surfelbase layer 1204. The outer surface (not
shown) of base plate 1208 is oriented toward th®bosurface of base layer 1204. Cooling fan
1202 is attached to the keyboard assembly suclatimatjority of the outer surface of base plate
1208 is positioned substantially flush againstiitbtom surface of base layer 1204. FPC 1210 is
disposed between base plate 1208 and base lay¢isu2h that FPC 1210 directly contacts the
outer surface of base plate 1208 and the bottofaciof base layer 1204. Because base plate
1208 is positioned directly against base layer 19@4e plate 1208 and base layer 1204 provide
EMI shielding to FPC 1210. For example, each Ipdaste 1208 and base layer 1204 comprises a
metal layer that inherently shields FPC 1210 fravhl Benerated by the electronic components
within the electronic device. As a result of tbafiguration, FPC 1210 need not include a
separate EMI shielding layer. Specifically, in firesent example, FPC 1210 does not include
an EMI shielding layer, such as a metal layer.sThiadvantageous for enabling a thinner FPC,
which results in a thinner overall system. A tlenRPC also enables the recessed channel (e.qg.,
recessed channel 268) of base plate 1208 to bewkal which can reduce the extent that the
recessed channel detracts from the stiffness & plase 1208. A stiffer base plate 1208 is
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desirable for resisting against deflection under lsading and associated rubbing between the

impeller and the cover portion.

[0067] As shown in FIG. 12B, base layer 1204 includesssee portion 1212. In some
examples, recessed portion 1212 has a recessddalépi-0.2 mm with respect to bottom
surface of base layer 1204. Two or more openi2@64 of plurality of openings 1206 coincide
with recessed portion 1212. Recessed portion datizhe outer surface of base plate 1208
form a venting channel. One or more edges 1216agfssed portion 1212 extend beyond a
perimeter of base plate 1208. The one or moreetigjg6 thus form openings 1218 with base
plate 1208 to allow air to exit from venting chahn€&he venting channel couples two or more
openings 1206a such that during keystroke eveintsaa vent through each of two or more
openings 1206a into the venting channel and ooutyir the one or more openings 1218 at edges
1216 of recessed portion 1212. Venting channebeadesirable to provide a desirable tactile
response to the user when the user depressespasiéipned directly above cooling fan 1202.
Additionally, it enables the keys positioned dikgebove cooling fan 1202 to have a similar

tactile response as other keys on the keyboardrébgewhich improves the user experience.

[0068] Further, recessed portion 1212 can be advantadeoteducing movement of base
plate 1208 during a keystroke event. This redticesikelihood that base plate 1208 would
cause the impeller to directly contact the covetipo of the fan assembly. In particular,
recessed portion 1212 is positioned to correspormhé or more components of the keyboard
assembly that coincide with a load path duringyskeke event. When a key directly above
cooling fan 1202 is depressed, a load is transdhitten the key through the one or more
components to a portion of base layer 1204 thaesponds to recessed portion 1212. The load
causes base layer 1204 to locally depress towasel flate 1208 of cooling fan 1202. However,
due to the presence of recessed portion 1212 |&pesel1204 locally deforms into the venting
channel, which reduces the likelihood that basteda08 is translated by the key depression
event. This in turn reduces the likelihood that ithpeller is forced into the cover portion.

[0069] In some examples, at least part of recessed padtfid@ coincides with the path along
which FPC 1210 is routed between base plate 120®ase layer 1204. In these examples, FPC
1210 is routed through the channel formed by restepsrtion 1212 and base plate 1208. The
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depth of the recessed channel (e.g., recessedaliz68) of base plate 1208 can thus be reduced
or, alternatively, the recessed channel of bage pl208 can be completely eliminated.
Eliminating the recessed channel (or reducingefstio) of base plate 1208 can be desirable for
improving the overall stiffness of base plate 120Bich enables base plate 1208 to better resist
against deflection under user loading and assatratabing between the impeller and the cover

portion.

[0070Q] With reference back to FIGs. 7 and 8, tabs 70&wécportion 700 or tabs 804b of
base plate 800 are, in some examples, configuredable the cooling fan to be attached to
approximately the same location of the keyboardmdigss of the mechanical layout (e.qg.,
ANSI, ISO, or JIS) of the keys of the keyboard anithout having to customize tabs 708 or
804b for each mechanical layout. For example, ESllustrates a top-down view of a portion
of electronic device 1300 where cooling fans 13(B06 are attached to keyboard assembly
1306 that has one of three possible configurati&®soling fans 1304, 1306 are similar or
identical to cooling fan 200, described abovethia example, keys 1302 of keyboard assembly
1306 are facing into the plane of the drawing amaling fans 1304, 1306 are disposed over
keyboard assembly 1306 such that the inlet opesfiegich cooling fan is facing away from
keyboard assembly 1306. In FIG. 13, three possit@ehanical layouts (e.g., ANSI, I1SO, or
JIS) of the keys 1302 of keyboard assembly 1306l@oe/n overlapping together. Specifically,
solid lines 1312 depict the configuration of theglkeard web of the top case (e.g., top case 112)
of electronic device 1300 surrounding the keys 1802 yboard assembly for the ANSI
keyboard layout. Dotted lines 1310 depict diffeenin the configuration of the keyboard web
of the top case for ISO and JIS keyboard layougdive to the ANSI keyboard layout. In this
example, the overall area occupied by each keydagiadit (ANSI, I1SO, or JIS) is

approximately the same.

[0071] As shown in FIG. 13, the base plate of each codhngl304, 1306 includes four tabs
(e.g., tabs 1314 of cooling fan 1304 and tabs I81®oling fan 1306). Tabs 1314, 1316 are
similar or identical to tabs 804b, described abwita reference to FIG. 8. Each of tabs 1314,
1316 includes an opening for receiving a fasteesy. (fastener 1416 shown in FIG. 14A). In
some examples, the openings of one or more ofltab4, 1316 have an elliptical shape to

provide flexibility for the mounting position toehkeyboard web. Each tab of tabs 1314, 1316 is
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configured such that the center of each openingectes with a respective mounting point on
the keyboard web of the top case. Specificallg,ttounting points are positioned where a
horizontal portion (e.g., 1318) and a vertical mort(e.g., 1320) of the keyboard web intersect
between keys 1302 of keyboard assembly 1308. Nothiz same mounting points are chosen
such that they are present on the keyboard welsdlega of the keyboard layout (e.g., ANSI,
ISO, or JIS) that is implemented. As a resultliogagans 1304, 1306 can be attached at
approximately the same location with respect tdok@yd assembly 1308 for multiple keyboard
layouts (e.g., ANSI, I1SO, or JIS) using the sanmedanfiguration. This is technically desirable

as it beneficially reduces manufacturing variatitorshe cooling fan and the electronic device.

[0072] In a specific example of cooling fan 1304, the apgs of tabs 1314 are aligned with
fourth specific mounting points on the keyboard \iledt are position between specific keys
1302 of keyboard assembly 1308, which has an ARSIgrican English) layout. In this
example, a first mounting point is disposed atraersection in the keyboard web between three
keys 1302 corresponding to the number “1,” the sylirttb,” and the “tab” function,

respectively. A second mounting point is disposedn intersection in the keyboard web
between three keys 1302 corresponding to the $eti€rand “R” and the number “4”,
respectively. A third mounting point is disposea intersection in the keyboard web between
three keys 1302 corresponding to the letters “I3,” ‘and “X,” respectively. Finally, a fourth
mounting point is disposed at an intersection enkayboard web between three keys 1302

corresponding to the “shift,” “control,” and “optid functions, respectively.

[0073] In a specific example of cooling fan 1306, the apgs of tabs 1316 are aligned with
fourth specific mounting points on the keyboard \iledt are position between specific keys
1302 of keyboard assembly 1308, which has an ANRBIgrican English) layout. In this
example, a first mounting point is disposed atraersection in the keyboard web between three
keys 1302 corresponding to the numbers “9” anddifd the letter “O,” respectively. A second
mounting point is disposed at an intersection enkayboard web between three keys 1302
corresponding to the symbols “]” and “\” and theslete” function, respectively. A third
mounting point is disposed at an intersection enkayboard web between three keys 1302
corresponding to the letter “L” and the punctuatmoarks “.” and “;”, respectively. Finally, a

fourth mounting point is disposed at an interseciiothe keyboard web between three keys
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1302 corresponding to the “shift,” “left arrow,” @&flup/down arrow” functions, respectively.

[0074] Although the cooling fans 1304, 1306 shown in F1Geach have four tabs 1314,
1316 for attaching cooling fans 1304, 1306 to keydassembly 1308, it should be recognized
that in other examples, the number of tabs 131%6 £an vary. Furthermore, although in the
present example, cooling fans 1304, 1306 are athtthkeyboard assembly 1306 via tabs 1314,
1316 extending from the base plate of the coolargsf it should be appreciated that in other
examples, the configuration describe above withegessto FIG. 13 can similarly be implemented
using tabs (e.g., tabs 708 in FIG. 7) extendingftbe cover portion of the cooling fans. For
example, tabs 1314, 1316 can extend from the quweion rather than from the base plate of

the cooling fans.

[0075] Turning now to FIGs. 14A-B, cross-sectional vievis @ortion of electronic device
1400 are shown, according to various examplescifsgaly, FIG. 14A illustrates an exemplary
mounting configuration of cooling fan 1403 in electic device 1400, and FIG. 14B illustrates
an exemplary mounting configuration of motherbab4@8 to cooling fan 1403. As shown in
FIG. 14A, cooling fan 1403 includes base plate 14@é is attached to cover portion 1404 by
fastener 1410. Base plate 1406 includes one oe tabs 1412b that are similar or identical to
tabs 804b of FIG. 8. Fastener 1416 attaches aptdim 1403 through an opening of tab 1412b
and threads into a portion of keyboard web 141¢hettop case. The portion of keyboard web
1414 that receives fastener 1416 corresponds tofothe mounting points on the keyboard web
discussed above in FIG. 13. As shown in FIG. 1#A,portion of keyboard web 1414 includes
mini boss 1415 that extends toward tab 1412b. klgis 1415 serves to increase the threading
and thus strengthen the threaded joint. Mini degksS is in clearance to tab 1412b of base plate
1406 such that cooling fan 1403 is fixed againsedayer 1407 of keyboard assembly 1401,
thereby clamping keyboard assembly 1401 againdidayl web 1414 of the top case. In some
examples, tab 1412b is laser etched around tharapehtab 1412b such that fastener 1416
creates a conductive path between cooling fan &03he top case of electronic device 1400.

[0076] In some examples, motherboard 1408 is structutigiti/to the top case of electronic
device 1400 through one or more tabs 1412a of plase 1406. This is a desirable design

feature that enables flexibility for mounting matbeard 1408 in electronic device 1400 and
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allows more efficient layout of motherboard 1408&hivi electronic device 1400. In contrast, if
motherboard 1406 were to be mounted to keyboardié&B of the top case rather than to tabs
1412a of base plate 1406, the mounting points aherboard 1408 would need to align with
common intersections on keyboard web 1414 for uarleeyboard layouts, thereby restricting
the mounting options for motherboard 1408. As showFIG. 14B, motherboard 1408 is
attached to tab 1412a of base plate 1406 usingfasii418. Specifically, fastener 1418 passes
through an opening in motherboard 1408 and tiestmeaded insert 1420 that is attached to tab
1412b of base plate 1406. In some examples, alairpiece of conductive foam is disposed
between tab 1412a and base layer 1407 of keybsaetbly 1401. The conductive foam
creates an additional conductive path betweenmgddin 1403 and base layer 1407 of keyboard

assembly 1401.

[0077] The foregoing description should be understood¢tude embodiments of cooling
fans and electronic devices with cooling fans theltude any combination of the features
described herein. For example, one embodimentobéing fan includes a single-piece cover
portion (e.g., cover portion 700) having indepenlyeoptimized aerodynamic internal and
external surfaces. The cover portion includesveadis (e.g., sidewall 704) that gradually taper
to the front wall (e.g., front wall 702). The covyrtion also includes a sloped portion
surrounding the inlet opening (e.g., inner surfat® of portion 216) to provide additional
margin to the blades of the impeller. An extepraitrusion (e.g., external protrusion 214)
extends from an external surface of the cover gortiFurther, the cover portion includes a
diffuser portion (e.g., diffuser portion 710) wdin internal surface topography designed to
reduce localized flow separation. The slope ofitiner surface of the diffuser portion is

independent of the slope of the outer surface eftliffuser portion.

[0078] Another embodiment of an electronic device inclualesoling fan that is directly
mounted to a keyboard assembly such that a magfritye outer surface of the base plate (e.qg.,
base plate 1208) is flush against the base laygr, (®se layer 1204) of the keyboard assembly.
The FPC (e.g., FPC 236) of the cooling fan is digglowithin a recessed channel (e.g., recessed
channel 268) on the base plate of the cooling Tme FPC is further positioned between the
base layer of the keyboard assembly and the base gfi the cooling fan. The FPC is shielded

from EMI by being positioned between the base @atdthe base layer and does not have a
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separate EMI shielding layer. The cooling fantiached to the keyboard assembly via tabs
(e.g., tabs 708) that extend from the cover porbibtine cooling fan. Alternatively, the cooling

fan is attached to keyboard assembly via tabs, falgs 804) that extend from the base plate of
the cooling fan. The tabs of the cover portionhar base portion include threaded inserts. The
base layer of the keyboard assembly includes @sedeportion (e.g., recessed portion 1212) that

forms a venting channel with the base plate otcth@ing fan.

[0079] The terminology used in the description of the masidescribed examples herein is
for the purpose of describing particular examplely and is not intended to be limiting. As
used in the description of the various describeximptes and the appended claims, the singular
forms “a,” “an,” and “the” are intended to inclutlee plural forms as well, unless the context
clearly indicates otherwise. It will also be urgteod that the term “and/or” as used herein
refers to and encompasses any and all possibleicatidns of one or more of the associated
listed items. It will be further understood thia¢ tterms “includes,” “including,” “comprises,”
and/or “comprising,” when used in this specificatispecify the presence of stated features,
integers, steps, operations, elements, and/or coem®, but do not preclude the presence or
addition of one or more other features, integeepss operations, elements, components, and/or
groups thereof.

[0080] The foregoing description, for purpose of explasathas been described with
reference to specific embodiments. However, thstilative discussions above are not intended
to be exhaustive or to limit the invention to threqse forms disclosed. Many modifications and
variations are possible in view of the above teaghi The embodiments were chosen and
described in order to best explain the principlethe techniques and their practical applications.
Others skilled in the art are thereby enabled &1 bglize the techniques and various

embodiments with various modifications as are slibethe particular use contemplated.

[0081] Although the disclosure and examples have beey delcribed with reference to the
accompanying drawings, it is to be noted that warichanges and modifications will become
apparent to those skilled in the art. Such chaagdsmodifications are to be understood as
being included within the scope of the disclosuré examples as defined by the claims.
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WHAT IS CLAIMED IS:

1. An electronic device having an internal cooling,fére electronic device comprising:
a fan assembly attached to a keyboard assemblyathassembly comprising:
a fan enclosure having, on a surface, an inlenhiogeand an external protrusion;
and
an impeller at least partially inside the fanlesare; and
a bottom case, the fan assembly positioned bettheekeyboard assembly and the
bottom case and oriented such that the inlet ogesma the external protrusion face the bottom
case,
wherein the external protrusion maintains a pasbatween the fan enclosure and the

bottom case that allows air to enter the inlet apgn

2. The device of claim 1, wherein a cross-sectiorhefdxternal protrusion has a teardrop
shape.
3. The device of claim 2, wherein the cross-sectiothefexternal protrusion tapers toward

the inlet opening.

4. The device of any of claims 1-3, wherein the exdepmotrusion is separated from the

bottom case by a gap.

5. The device of any of claims 1-4, wherein the imleéning is positioned between the

external protrusion and a diffuser portion of the énclosure.
6. The device of any of claims 1-5, wherein the exdepmotrusion is positioned closer to a
sidewall of the fan enclosure than the inlet opgnand wherein at least a portion of the sidewall

of the fan enclosure is parallel to a rotation afithe impeller.

7. The device of any of claims 1-6, wherein a portddthe impeller extends out from

within the fan enclosure through the inlet opening.
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8. The device of any of claims 1-7, wherein at legsbdion of a wall on which the surface
is disposed increases in thickness radially outvirand the inlet opening.

9. The device of any of claims 1-8, wherein the igleéning is disposed on a wall of the
fan enclosure, wherein the impeller comprises eafity of blades, each blade of the plurality of
blades includes an edge proximate to a portioh®fall surrounding the inlet opening, and
wherein the edge of each blade of the pluralitplafies is sloped away from a rotation axis of
the impeller.

10.  The device of claim 9, wherein an inner surfacthefportion of the wall surrounding the

inlet opening is approximately parallel to the edfjeach blade of the plurality of blades.

11. The device of any of claims 9-10, wherein the edlgeach blade of the plurality of
blades is positioned no more than approximatelynth6from the inner surface of the portion of

the wall surrounding the inlet opening.

12.  The device of any of claims 1-11, wherein the fadl@sure comprises a diffuser portion
having:
a diffuser channel; and
an outlet opening through which air exits the fasembly, the outlet opening
disposed at an end of the diffuser channel,
wherein the diffuser channel diverges toward thigebopening with respect to a plane of
rotation of the impeller.

13. The device of claim 12, wherein at least a wathef diffuser channel diverges toward

the outlet opening at an angle of 5-7 degrees mggpect to the plane of rotation of the impeller.
14.  The device of any of claims 12-13, wherein:

an inner surface of the diffuser portion is lingaloped toward the diffuser opening and
with respect to the plane of rotation of the imeell
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15.  The device of any of claims 12-14, wherein:

a height of a cross-section of the outlet opensngerpendicular to a width of the cross-
section of the outlet opening; and

the height of the cross-section of the outlet opgwaries across the width of the cross-

section of the outlet opening.

16. The device of any of claims 12-15, wherein:

a thickest portion of a wall of the diffuser portis disposed between opposite sidewalls
of the diffuser portion; and

a thickness of the wall of the diffuser portiongepfrom the thickest portion toward each

sidewall of the opposite sidewalls.

17.  The device of claim 16, wherein an inner surfacthefwall of the diffuser portion has a
topography that is independent of a topographynadigter surface of the wall of the diffuser

portion.

18.  The device of any of claims 1-17, wherein the fadl@sure comprises at least two

discrete pieces.

19.  The device of any of claims 1-17, wherein the fadl@sure consists of a first piece and a

second piece that are attached to each other asmgQr more attaching components.

20. The device of any of claims 1-19, further compigsenmotherboard, wherein the fan

assembly is disposed between the keyboard assemélthe motherboard.

21.  The device of claim 20, wherein:

the fan enclosure comprises a first piece and @nskpiece that are disposed on opposite
sides of the impeller;

the first piece of the fan enclosure has the iofpetning; and

the motherboard is directly attached to the firste of the fan enclosure.
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22.  The device of claim 20, wherein:

the fan enclosure comprises a first piece and @nskpiece that are disposed on opposite
sides of the impeller;

the first piece of the fan enclosure has the iopetning; and

the motherboard is directly attached to the se@eck of the fan enclosure without

being attached to the first piece of the fan encies

23.  The device of any of claims 1-22, wherein:

the fan enclosure includes a second wall dispoeasiide of the fan enclosure opposite
of the inlet opening; and

a majority of an outer surface of the second vgafiositioned flush against a bottom

surface of the keyboard assembly.

24.  The device of claim 23, wherein:

the fan assembly includes a flexible printed circonfigured to transmit a back
electromotive force signal generated by a motdheffan assembly;

the flexible printed circuit is disposed betweea tluter surface of the second wall of the
fan enclosure and the bottom surface of the keybassembly; and

the flexible printed circuit does not include aaattomagnetic interference (EMI)

shielding layer.

25.  The device of any of claims 1-24, wherein:

a base layer of the keyboard assembly includearaljty of openings configured to
allow air to pass through the base layer; and

a recessed portion of the base layer and an autiace of the fan enclosure form a

venting channel, the venting channel coupling twanore openings of the plurality of openings.

26.  The device of claim 25, wherein an edge of thesgeg portion of the base layer extends

beyond a perimeter of the fan assembly.
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